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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




NOTES FOR CMOS DEVICES

(1) VOLTAGE APPLICATION WAVEFORM AT INPUT PIN: Waveform distortion due to input noise or a
reflected wave may cause malfunction. If the input of the CMOS device stays in the area between VIL
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction. Take care to prevent chattering noise
from entering the device when the input level is fixed, and also in the transition period when the input level
passes through the area between VIL (MAX) and VIH (MIN).

(2) HANDLING OF UNUSED INPUT PINS: Unconnected CMOS device inputs can be cause of malfunction. If
an input pin is unconnected, it is possible that an internal input level may be generated due to noise, etc.,
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using pull-up or pull-down circuitry. Each unused pin should be
connected to VDD or GND via a resistor if there is a possibility that it will be an output pin. All handling
related to unused pins must be judged separately for each device and according to related specifications
governing the device.

(3) PRECAUTION AGAINST ESD: A strong electric field, when exposed to a MOS device, can cause
destruction of the gate oxide and ultimately degrade the device operation. Steps must be taken to stop
generation of static electricity as much as possible, and quickly dissipate it when it has occurred.
Environmental control must be adequate. When it is dry, a humidifier should be used. It is recommended
to avoid using insulators that easily build up static electricity. Semiconductor devices must be stored and
transported in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work benches and floors should be grounded. The operator should be grounded using a wrist
strap. Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken
for PW boards with mounted semiconductor devices.

(4) STATUS BEFORE INITIALIZATION: Power-on does not necessarily define the initial status of a MOS
device. Immediately after the power source is turned ON, devices with reset functions have not yet been
initialized. Hence, power-on does not guarantee output pin levels, 1/O settings or contents of registers. A
device is not initialized until the reset signal is received. A reset operation must be executed immediately
after power-on for devices with reset functions.

(5) POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately
for each device and according to related specifications governing the device.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or 1/O pull-up
power supply may cause malfunction and the abnormal current that passes in the device at this time may
cause degradation of internal elements. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.




Readers

Purpose

Organization

How to Read This Manual

How to Use This Manual

This manual is intended for user engineers who wish to understand the functions of the
uPD78F0730 and design and develop application systems and programs for this device.

The target product is as follows.

uPD78F0730

This manual is intended to give users an understanding of the functions described in the
Organization below.

The pPD78F0730 manual is separated into two parts: this manual and the instructions
edition (common to the 78K/0 Series).

H#PD78F0730 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions

e Pin functions e CPU functions

¢ Internal block functions o Instruction set

o Interrupts o Explanation of each instruction

It

Other on-chip peripheral functions
Electrical specifications

is assumed that the readers of this manual have general knowledge of electrical

engineering, logic circuits, and microcontrollers.

To gain a general understanding of functions:

— Read this manual in the order of the CONTENTS. The mark "<R>" shows major
revised points. The revised points can be easily searched by copying an "<R>" in the
PDF file and specifying it in the "Find what:" field.

How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a reserved
word in the RA78K0, and is defined as an sfr variable using the #pragma sfr directive
in the CC78KO0.

To check the details of a register when you know the register name:

— See APPENDIX C REGISTER INDEX.

To know details of the 78K/0 Series instructions:

— Refer to the separate document 78K/0 Series Instructions User’s Manual
(U12326E).



Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representations: XXxx (overscore over pin and signal name)

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary = XXXX OF XxxXB
Decimal “r s XXXX
Hexadecimal -:-xxxxH
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
uPD78F0730 User's Manual This manual
78K/0 Series Instructions User's Manual U12326E
78K0/Kx2 Flash Memory Programming (Programmer) Application Note U17739E
78K0/Kx2 Flash Memory Self Programming User’s Manual U17516E
78K0/Kx2 EEPROM™ Emulation Application Note U17517E
78K0 Microcontrollers Self Programming Library Type01 User's Manual U18274E
78K0 Microcontrollers EEPROM Emulation Library Type0O1 User’'s Manual U18275E

Documents Related to Flash Memory Programming

Document Name Document No.
PG-FP5 Flash Memory Programmer User's Manual R20UTO0008E
QB-MINI2 On-Chip Debug Emulator with Programming Function User’'s Manual U18371E
QB-Programmer Programming GUI User’'s Manual U18527E

Documents Related to Development Tools (Hardware)

Document Name Document No.
QB-780731 In-Circuit Emulator User’'s Manual U17804E
QB-MINI2 On-Chip Debug Emulator with Programming Function User’'s Manual U18371E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.



Documents Related to Development Tools (Software)

Document Name Document No.

RA78KO0 Ver.3.80 Assembler Package Operation U17199E
User's Manual ">’ Language U17198E

Structured Assembly Language U17197E
78K0 Assembler Package RA78KO0 Ver.4.01 Operating Precautions (Notification Document) """ ZUD-CD-07-0181-E
CC78K0 Ver.3.70 C Compiler Operation U17201E
User's Manual "***? Language U17200E
78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions (Notification Document) Note2 ZUD-CD-07-0103-E
SM+ System Simulator Operation U18601E
User's Manual User Open Interface U18212E
ID78K0-QB Ver.2.94 Integrated Debugger User’'s Manual Operation U18330E
ID78K0-QB Ver.3.00 Integrated Debugger User’'s Manual Operation U18492E
PM plus Ver.5.20"*°* Users Manual U16934E
PM+ Ver.6.30""°* User's Manual U18416E

Notes 1. This document is installed into the PC together with the tool when instaling RA78K0 Ver. 4.01. For

descriptions not included in “78K0 Assembler Package RA78KO0 Ver. 4.01 Operating Precautions”, refer to the
user’'s manual of RA78K0 Ver. 3.80.

This document is installed into the PC together with the tool when instaling CC78K0 Ver. 4.00. For
descriptions not included in “78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions”, refer to the user’s
manual of CC78KO0 Ver. 3.70.

PM plus Ver. 5.20 is the integrated development environment included with RA78KO0 Ver. 3.80.

PM+ Ver. 6.30 is the integrated development environment included with RA78KO0 Ver. 4.01. Software tool
(assembler, C compiler, debugger, and simulator) products of different versions can be managed.

Other Documents

Document Name Document No.
RENESAS MICROCOMPUTER GENERAL CATALOG R0O1CS0001E
78K MICROCONTROLLERS SELECTION GUIDE U17652E
Semiconductor Device Mount Manual Note
Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

Note See the “Semiconductor Device Mount Manual” website (http://www2.renesas.com/pkg/en/mount/index.html).

Caution

The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.



All trademarks and registered trademarks are the property of their respective owners.

EEPROM is a trademark of Renesas Electronics Corporation.

Windows and Windows NT are registered trademarks or trademarks of Microsoft Corporation in the United States and/or
other countries.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the United States
and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.
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CHAPTER 1 OUTLINE

1.1 Features

O High speed instruction execution (0.125 us: @ 16 MHz operation with high-speed system clock)
O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
O ROM, RAM capacities

ltem | Program Memory (ROM) Data Memory
Part Number Flash memory"*® Internal High-Speed RAM"*® Internal Expansion RAM"*
#PD78F0730 16 KB 1KB 2 KB

Note The internal flash memory, internal high-speed RAM capacities, and internal expansion RAM capacities can
be changed using the internal memory size switching register (IMS) and the internal expansion RAM size
switching register (IXS). For IMS and IXS, see 19.1 Internal Memory Size Switching Register and 19.2
Internal Expansion RAM Size Switching Register.

O On-chip USB function controller (USBF)
O On-chip single-power-supply flash memory
O Self-programming (with boot swap function)
O On-chip debug function"*
O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
O On-chip watchdog timer (operable with the internal low-speed oscillation clock)
O 1/0 ports: 19 (N-ch open drain: 2)
O Timer: 5 channels
¢ 16-bit timer/event counter: 1 channel
¢ 8-bit timer/event counter: 2 channels
o 8-bit timer: 1 channel
e Watchdog timer: 1 channel
O Serial interface: 3 channels
e UART: 1 channel
e CSI: 1 channel
e USB: 1 channel
O Power supply voltage: Vob=4.0t0 5.5V
O Operating ambient temperature: Ta= -40 to +85°C

Note The 4PD78F0730 has an on-chip debug function, which is provided for development and evaluation. Do not use
the on-chip debug function in products designated for mass production, because the guaranteed number of
rewritable times of the flash memory may be exceeded when this function is used, and product reliability
therefore cannot be guaranteed. NEC Electronics is not liable for problems occurring when the on-chip debug
function is used.

1.2 Applications

O USB - serial conversion

RO1UHO0308EJ0300 Rev.3.00 15
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pPD78F0730 CHAPTER 1 OUTLINE

1.3 Ordering Information
e Flash memory version

Part Number Package
H#PD78F0730MC-CAB-AX 30-pin plastic SSOP (7.62 mm)

1.4 Pin Configuration (Top View)

e 30-pin plastic SSOP (7.62 mm)

P30/INTP1 O=— 30 |=—=0 P10/SCK10

—_

P01/TI010/TO00 O=—| 2 O 29 [«—=0 P11/S110
P0OO/TI000 O=—=|3 28 |=—=0 P12/S010
P120/INTPO O~ 4 27 |=—=0 P13/TxD6
RESET 0—~|5 26 |=—=0 P14/RxD6
FLMDO 0—| 6 25 |~—=0 P15
P122/X2/EXCLK/OCDOB 0—— 7 24 |=+—+0 P16/TOH1
P121/X1/OCDOA 0——| 8 23 |=—=0 P17/TI150/TO50
REGCo—{9 22 |«—0 P33/TI51/TO51

Vss 0—— 10 21 —OEVss
Voo O—— 11 20 —©OEVmp
USBREGC o—— 12 19 [+=—0 P31/INTP2/OCD1A
USBP O=—»13 18 [=—=0 P32/INTP3/0OCD1B
USBM O=—»| 14 17 f=—0 P60
USBPUC o0=—+ 15 16 [«—0 P61

Caution Connect the REGC and USBREGC pins to Vss via a capacitor (0.47 to 1 u4F: recommended).

RO1UHO0308EJ0300 Rev.3.00 16
Sep 22, 2011
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Pin Identification

EVob:
EVss:
EXCLK:

FLMDO:

INTPO to INTPS3:
OCDOA, OCDO0B:
OCD1A, OCD1B:

P00, PO1:
P10to P17:
P30 to P33:
P60, P61:
P120 to P122:
REGC
RESET:
RxD6:

Power supply for port
Ground for port

External clock input

(main system clock)

Flash programming mode
External interrupt input

On chip debug input/output
On chip debug input/output
Port 0

Port 1

Port 3

Port 6

Port 12

Regulator capacitance
Reset

Receive data

SCK10:
SI10:
S0O10:

TI000, TIO10:

TI50, TI51:
TOO0O:

TO50, TO51:

TOH1:
TxD6:
USBM:
USBP:
USBPUC:
USBREGC:
Voo:

Vss:

X1, X2:

Serial clock input/output
Serial data input

Serial data output

Timer input

Timer input

Timer output

Timer output

Timer output

Transmit data

USB port (-)

USB port (+)

USB pull-up resistor control
USB regulator capacitance
Power supply

Ground

Crystal oscillator (main system clock)

R0O1UH0308EJ0300 Rev.3.00
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1.5 Block Diagram

TOO00/TI010/P01
TIO00/P0O
RxD6/P14

17

16-bit timer/event
counter 00

{

TOH1/P16

8-bit timer H1

4

i

Internal
low-speed
oscillator

l

Watchdog timer

TI50/TO50/P17 ~—

8-bit timer/event
counter 50

TI51/TO51/P33 =—

8-bit timer/event
counter 51

RxD6/P14 ——
TxD6/P13 <~—f

Serial interface
UART6

SI10/P11 ——=
SO10/P12 =—
SCK10/P10 =~—

Serial interface
CsSI10

RxD6/P14
INTPO/P120

INTP1/P30 to
INTP3/P32

Interrupt control

g 4 8 ¢ 4§

78K/0
CPU
core

Flash
memory

g u

U U

Internal
expansion
RAM

Internal
high-speed
RAM

Voo, Vss, FLMDO

EVoo EVss

g ¢ 3880 0¢

Port 0 K2 >P00, PO1
Port 1 K8 >P10to P17
Port 3 K4 >P30to P33
Port 6 K2 >Pe0, P61
Port 12 K3 >P120-P122
Clock output
control
Power-on clear/
Low voltage P(ggt/rl‘o\lll
indicator
-———~UsBP
USBM
usB USBPUC
USBREGC
PLL

Reset control

g g3

On-chip debug

OCDO0A/X1, OCD1A/P31
OCDO0B/X2, OCD1B/P32

System control

Internal
high-speed
oscillator

RESET
X1/P121
X2/EXCLK/P122

Voltage regulator

REGC
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CHAPTER 1 OUTLINE

1.6 Outline of Functions

(1/2)

ltem 1 PD78F0730
Internal Flash memory 16 KB
memory (self-programming
supported)"*
High-speed RAM™* | 1 KB
Expansion RAM"* |2 KB
Memory space 64 KB

Main system
clock

High-speed system
clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
12 or 16 MHz: Voo =4.0t0 5.5V

(oscillation
frequency)

Internal high-speed
oscillation clock

Internal oscillation
16 MHz (TYP.): Voo =4.0t0 5.5V

Internal low-speed oscillation clock
(for TMH1, WDT)

Internal oscillation
240 kHz (TYP.): Voo =4.0t0 5.5V

USB clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
12/2 or 16/4 MHz: Voo = 4.0 to 5.5 V (multiplied by 8 or 12 by PLL function)

General-purpose registers

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time

0.125 us (high-speed system clock: @ fx# = 16 MHz operation)

0.125 us (internal high-speed oscillation clock: @ fri = 16 MHz (TYP.) operation)

Instruction set

* 8-bit operation, 16-bit operation

* Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)

¢ Bit manipulate (set, reset, test, and Boolean operation)
¢ BCD adjust, etc.

1/0O ports Total: 19

CMOS 1/0: 17

N-ch open-drain I/O (6 V withstanding voltage): 2
Timers ¢ 16-bit timer/event counter: 1 channel

¢ 8-bit timer/event counter: 2 channels
¢ 8-bit timer: 1 channel
¢ Watchdog timer: 1 channel

Timer outputs

4 (PWM output: 3, PPG output: 1)

Serial interface e UART: 1 channel
¢ 3-wire serial 1/0: 1 channel
* USB: 1 channel

Vectored Internal 14

interrupt sources | Exiernal 4

Reset

* Reset using RESET pin

* Internal reset by watchdog timer

* Internal reset by power-on-clear

* Internal reset by low-voltage detector

Note The internal flash memory capacity, internal high-speed RAM capacity, and internal expansion RAM capacity can

be changed using the internal memory size switching register (IMS) and the internal expansion RAM size switching
register (1XS).
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pPD78F0730 CHAPTER 1 OUTLINE
(2/2)
ltem 1 PD78F0730

On-chip debug function Provided

Power supply voltage Voo =4.0t0 5.5V

Operating ambient temperature Ta =-40 to +85°C

Package 30-pin plastic SSOP (7.62 mm)

An outline of the timer is shown below.
16-Bit Timer/ 8-Bit Timer/ 8-Bit Timer H1 Watchdog Timer
Event Counter 00 Event Counters
50 and 51
TMO0O TM50 TM51 TMHA1

Function | Interval timer 1 channel 1 channel | 1 channel 1 channel -
External event 1 channel 1 channel | 1 channel - -
counter
PPG output 1 output - - - -
PWM output - 1 output 1 output 1 output -
Pulse width 2 inputs - - - -
measurement
Square-wave 1 output 1 output 1 output 1 output -
output
Carrier generator - - - 1 output™? -
Watchdog timer - - - - 1 channel

Interrupt source 2 1 1 1 -

Note TM51 and TMH1 can be used in combination as a carrier generator mode.
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Sep 22, 2011

RENESAS



pPD78F0730 CHAPTER 2 PIN FUNCTIONS

CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

There are two types of pin I/O buffer power supplies: EVop and Vop. The relationship between these power supplies
and the pins is shown below.

Table 2-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
EVoo Port pins other than P121 and P122
Vob ¢ P121 and P122

e Pins other than port

(1) Port functions

Function Name I/0 Function After Reset | Alternate Function

P00 I/0 Port 0. Input port TI000

PO1 2-bit 1/O port. TI010/TO00
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.

P10 1/0 Port 1. Input port SCK10

P11 8-bit 1/0 port. S0
Input/output can be specified in 1-bit units.

P12 Use of an on-chip pull-up resistor can be specified by a software SO10

P13 setting. TxD6

P14 RxD6

P15 -

P16 TOHA1

P17 TI50/TO50

P30 1/0 Port 3. Input port INTP1

P31 4-bit I/O port INTP2/OCD1A
Input/output can be specified in 1-bit units.

P32 Use of an on-chip pull-up resistor can be specified by a software INTP3/0OCD1B

P33 setting. TI51/TO51

P60 I/0 Port 6. Input port -

P61 2-bit 1/0 port. _
Output of P60 and P61 is N-ch open-drain output (6 V
tolerance).
Input/output can be specified in 1-bit units.

P120 1/0 Port 12. Input port INTPO

P121 S-bit /O port. X1/OCDOA
Input/output can be specified in 1-bit units.

P22 Only for P120, use of an on-chip pull-up resistor can be X2/EXCLK/OCDOB
specified by a software setting.
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(2) Non-port functions

Function Name I/0 Function After Reset Alternate Function
FLMDO - Flash memory programming mode setting - -
INTPO Input External interrupt request input for which the valid edge (rising | Input port P120
INTP1 edge, falling edge, or both rising and falling edges) can be P30
INTP2 specified P31/OCD1A
INTP3 P32/0CD1B
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -
for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF: recommended).
RESET Input System reset input - -
RxD6 Input Serial data input to UART6 Input port P14
SCK10 I/0 Clock input/output for CSI10 Input port P10
S0 Input Serial data input to CSI10 Input port P11
SO10 Output | Serial data output from CSI10 Input port P12
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port P00
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TIO10 Input Capture trigger input to capture register (CR000) of 16-bit Input port P01/TO00
timer/event counter 00
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51
TOO00 Qutput | 16-bit timer/event counter 00 output Input port PO1/TI010
TO50 Output | 8-bit timer/event counter 50 output Input port P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51
TOH1 8-bit timer H1 output P16
TxD6 Output | Serial data output from UART6 Input port P13
USBM 1/0 USB data input/output (-) Input port -
USBP 1/0 USB data input/output (+) Input port -
USBPUC Output | USB pull-up resistor control pin Low level -
output
USBREGC - Regulator output (3.3 V) stabilization capacitance for USB. - -
Connect to Vss via a capacitor (0.47 to 1 uF: recommended).
X1 - Connecting resonator for main system clock Input port P121/OCDOA
X2 - Input port P122/EXCLK/OCDOB
EXCLK Input External clock input for main system clock Input port P122/X2/0CD0B
Vop - Positive power supply (P121 and P122 and except for ports) - -
EVop - Positive power supply for ports (other than P121 and P122) - -
Vss - Ground potential (P121 and P122 and except for ports) - -
EVss - Ground potential for ports (other than P121 and P122) - -
OCDOA Input Connection for on-chip debug mode setting pins Input port P121/X1
OCD1A P31/INTP2
ocboB - P122/X2/EXCLK
ocbh1B P32/INTP3
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2.2 Description of Pin Functions

2.2.1 P00 and P01 (port 0)
P00 and P01 function as a 2-bit I/0 port. These pins also function as timer 1/O.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P00 and P01 function as a 2-bit I/O port. P00 and P01 can be set to input or output port in 1-bit units using port mode
register 0 (PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

(2) Control mode
P00 and P01 function as timer I/O.

(a) TIOOO
This is the pin for inputting an external count clock to 16-bit timer/event counter 00 and are also for inputting a
capture trigger signal to the capture registers (CR000, CR010) of 16-bit timer/event counter 00.

(b) TIO10
This is the pin for inputting a capture trigger signal to the capture register (CR000) of 16-bit timer/event counter
00.

(c) TO00
This is the timer output pin of 16-bit timer/event counter 00.
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2.2.2 P10 to P17 (port 1)
P10 to P17 function as an 8-bit I/O port. These pins also function as pins for serial interface data 1/O, clock 1/O, and
timer 1/0.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P10 to P17 function as an 8-bit /0O port. P10 to P17 can be set to input or output port in 1-bit units using port mode

register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1 (PU1).

(2) Control mode
P10 to P17 function as serial interface data 1/O, clock 1/O, and timer I/O.

(a)

(b)

(c)

(d)

(e)

®

(9)

(h)

S0
This is a serial data input pin of serial interface CSI10.

SO10
This is a serial data output pin of serial interface CSI10.

SCK10
This is a serial clock 1/O pin of serial interface CSI10.

RxD6
This is a serial data input pin of serial interface UART®6.

TxD6
This is a serial data output pin of serial interface UART6.

TI50

This is the pin for inputting an external count clock to 8-bit timer/event counter 50.

TO50
This is a timer output pin of 8-it timer/event counter 50.

TOH1
This is the timer output pin of 8-bit timer H1.
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2.2.3 P30 to P33 (port 3)

P30 to P33 function as a 4-bit I/0O port. These pins also function as pins for external interrupt request input and timer

I/0.

1

()

The following operation modes can be specified in 1-bit units.

Port mode
P30 to P33 function as a 4-bit 1/0 port. P30 to P33 can be set to input or output port in 1-bit units using port mode
register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3 (PU3).

Control mode
P30 to P33 function as external interrupt request input and timer 1/O.

(a) INTP1 to INTP3
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) TI51
This is an external count clock input pin to 8-bit timer/event counter 51.

(c) TO51
This is a timer output pin from 8-bit timer/event counter 51.

Cautions 1. In the 4PD78F0730, be sure to pull the P31/INTP2/OCD1A pin down before a reset release to
prevent malfunction.
2. When writing the flash memory with a flash memory programmer, connect P31/INTP2/OCD1A as
follows.
* P31/INTP2/0CD1A: Connect to EVss via a resistor (10 kQ: recommended).
The above connection is not hecessary when writing the flash memory by means of self
programming.

Remark Only for the xPD78F0730, P31 and P32 can be used as on-chip debug mode setting pins (OCD1A, OCD1B)
when the on-chip debug function is used. For how to connect an on-chip debug emulator (QB-MINI2), see
CHAPTER 20 ON-CHIP DEBUG FUNCTION.

2.2.4 P60 and P61 (port 6)

P60 and P61 function as a 2-bit I/O port.
The following operation modes can be specified in 1-bit units.

(1) Port mode

P60 and P61 function as a 2-bit I/0 port. P60 and P61 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6).
Output of P60 and P61 is N-ch open-drain output (6 V tolerance).
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2.2.5 P120 to P122 (port 12)

P120 to P122 function as a 3-bit I/O port. These pins also function as pins for external interrupt request input,
connecting resonator for main system clock, and external clock input for main system clock. The following operation
modes can be specified in 1-bit units.

(1) Port mode
P120 to P122 function as a 3-bit I/0 port. P120 to P122 can be set to input or output port using port mode register 12
(PM12). Only for P120, use of an on-chip pull-up resistor can be specified by pull-up resistor option register 12
(PU12).

(2) Control mode
P120 to P122 function as pins for external interrupt request input, connecting resonator for main system clock, and
external clock input for main system clock.

(a) INTPO
This functions as an external interrupt request input (INTPO) for which the valid edge (rising edge, falling edge, or
both rising and falling edges) can be specified.

(b) X1, X2
These are the pins for connecting a resonator for main system clock.

(c) EXCLK
This is an external clock input pin for main system clock.

Caution When writing the flash memory with a flash memory programmer, connect P121/X1/OCDOA as
follows.
* P121/X1/0CDOA: When using this pin as a port, connect it to Vss via a resistor (10 kQ:
recommended) (in the input mode) or leave it open (in the output mode).
The above connection is not necessary when writing the flash memory by means of self
programming.

Remark Only for the 4PD78F0730, X1 and X2 can be used as on-chip debug mode setting pins (OCDOA, OCDO0B)
when the on-chip debug function is used. For how to connect an on-chip debug emulator (QB-MINI2), see
CHAPTER 20 ON-CHIP DEBUG FUNCTION.

2.2.6 RESET
This is the active-low system reset input pin.
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2.2.7 REGC
This is the pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect this pin

: f REGC
1
1
1
1
1
1
!

H;""' Vss

Caution Keep the wiring length as short as possible for the broken-line part in the above figure.

to Vss via a capacitor (0.47 to 1.0 uF: recommended).

2.2.8 USBM
This is the pin for inputting/outputting data (-) to USB ports.

2.2.9 USBP
This is the pin for inputting/outputting data (+) to USB ports.

2.2.10 USBPUC
This is the pin for controlling pull-up resistors connected to USB ports.

2.2.11 USBREGC
This is the pin for connecting regulator output (3.3 V) stabilization capacitance for USB ports. Connect this pin to Vss
via a capacitor (0.47 to 1.0 uF: recommended).

2.2.12 Vop and EVobp
Vo is the positive power supply pin for P121, P122 and other than ports.
EVop is the positive power supply pin for ports other than P121 and P122.

2.2.13 Vss and EVss
Vss is the ground potential pin for P121, P122 and other than ports.
EVss is the ground potential pin for ports other than P121 and P122.

2.2.14 FLMDO

This is a pin for setting flash memory programming mode.

Connect FLMDO to EVss or Vss in the normal operation mode.

In flash memory programming mode, connect this pin to the flash programmer.

To rewrite the data of the flash memory on-board, or to execute on-chip debug, connect this pin to Vss via a resistor (10
kQ: recommended).
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 2-2 shows the types of pin I/O circuits and the recommended connections of unused pins.

See Figure 2-1 for the configuration of the I/O circuit of each type.

Table 2-2. Pin I/O Circuit Types

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
P0OO0/TI000 5-AH 1/0 Input:  Independently connect to EVop or EVss via a resistor.
PO1/TI010/TO00 Output: Leave open.

P10/SCK10

P11/SI10

P12/SO10 5-AG

P13/TxD6

P14/RxD6 5-AH

P15 5-AG

P16/TOH1

P17/T150/TO50 5-AH

P30/INTP1

P31/INTP2/OCD1A "'

P32/INTP3/0CD1B

P33/T151/TO51

P60 13-AD Input:  Connect to EVss.

P61 Output: Leave this pin open at low-level output after clearing
the output latch of the port to 0.

P121/X1/OCDOA""**? 37 Input:  Independently connect to Voo or Vss via a resistor.

P122/X2/EXCLK/OCDOB " * Output: Leave open.

USBM 24-A Connect to EVss.

USBP 24-A

USBPUC 3-C Output | Leave open.

FLMDO 38 - Connect to EVss or Vss. "*°*

RESET 2 Input Connect directly to Voo or via a resistor.

Notes 1. When writing the flash memory with a flash memory programmer, connect P31/INTP2/OCD1A as follows.

* P31/INTP2/0OCD1A: Connect to EVss via a resistor (10 kQ: recommended).
The above connection is not necessary when writing the flash memory by means of self programming.

2. When writing the flash memory with a flash memory programmer, connect P121/X1/OCDOA as follows.

* P121/X1/OCDOA: When using this pin as a port, connect it to Vss via a resistor (10 kQ: recommended) (in the

input mode) or leave it open (in the output mode).

The above connection is not necessary when writing the flash memory by means of self programming.

3. Use recommended connection above in I/O port mode (see Figure 5-2 Format of Clock Operation Mode
Select Register (OSCCTL)) when these pins are not used.
4. FLMDO is a pin that is used to write data to the flash memory. To rewrite the data of the flash memory on-board,
or to execute on-chip debug, connect this pin to Vss via a resistor (10 kQ: recommended).
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Figure 2-1. Pin I/O Circuit List (1/2)

Type 2 Type 3-C

VDD

—| = P-ch
IN -

Schmitt-triggered input with hysteresis characteristics | *— N-ch

Type 5-AG Type 5-AH

EVDD EVDD

Pull-up Pull-up |
enable {>O I P-ch enable {>O | P-ch

EVDD EVDD
Data 4»:‘:)3_' . Data 4":Do—| é.ch
IN/OUT O IN/OUT
Qutput —N-ch Qutput N-ch
disable disable
EVss EVss
P e R U
Input Input
enable enable
Type 13-AD Type 24-A
VREG
Data »——O IN/OUT
Output %ﬂ e TXDXP | = pcn
disable RXDX
o———OIN/OUT
EVss

- i—‘ TXDXN I EN-ch
Input

enable
777
Vss
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Figure 2-1. Pin I/O Circuit List (2/2)

Type 37

RESET EVoD

Data

gh%

Type 38

Output
disable [~ N-ch

enable
RESET

Data

EVss
Input ‘I
z

OIN

o X2
] bj
Input
enable
o X1

Output . N
disable N-ch

EVss
Input

enable
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space
The 4PD78F0730 can access a 64 KB memory space. Figure 3-1 shows the memory map.

Cautions 1. Regardless of the internal memory capacity, the initial values of the internal memory size
switching register (IMS) and internal expansion RAM size switching register (IXS) are fixed (IMS =
CFH, IXS = 0CH). Therefore, set the value as indicated below.
2. To set the memory size, set IMS and then IXS. Set the memory size so that the internal ROM and
internal expansion RAM areas do not overlap.

Table 3-1. Set Values of Internal Memory Size Switching Register (IMS)
and Internal Expansion RAM Size Switching Register (IXS)

Flash Memory Version IMS IXS ROM Internal High-Speed Internal Expansion
(«PD78F0730) Capacity RAM Capacity RAM Capacity
uPD78F0730 C4H 08H 16 KB 1 KB 2 KB
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Figure 3-1. Memory Map

Data memory

space

Program RAM area

memory space T~

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
| Internal high-speed RAM |
T 1024 x 8 bits T

FBOOH
FAFFH

USB area

303 x 8 bits

F9D1H
F9DOH

Reserved
F8O00H

T F7FFH

0000H

16384 x 8 bits T

RAM space in L Internal expansion RAM |
(which instruction) a 2048 x 8 bits T
can be fetched
¢ FOOOH
EFFFH
- Reserved -
4000H
3FFFH
Program L Flash memory L

3FFFH ’J- J-
=& Program area -~
108FH 1FFFH
108EH On-chip debug security
ID setting areaNote 1
1085H 10 x 8 bits
1084H Option byte areaNote 1 Boot cluster 1
1080H 5 x 8 bits
107FH
Program area
1000H
0FFFH
L CALLF entry area L
T 2048 x 8 bits T
0800H
07FFH
L Program area -L
008FH 1905 8 bits Boot cluster oNote 2
008EH On-chip debug security
ID setting areaNote 1
0085H 10 x 8 bits
0084H Option byte areaNote 1
0080H 5 x 8 bits
7FH
00 CALLT table area
64 x 8 bits
0040H
003FH Vector table area
64 x 8 bits
0000H

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security IDs

When boot swap is used:

to 0085H to O08EH.

Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the on-chip
debug security IDs to 0085H to 008EH and 1085H to 108EH.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 19.8 Security Setting).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers, see

3FFFH

Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

Block OFH

Block 01H

Block O0H

1KB
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Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-2. Correspondence Between Address Values and Block Numbers in Flash Memory

Address Value Block
Number
0000H to O3FFH 00H
0400H to 07FFH 01H
0800H to OBFFH 02H
0COOH to OFFFH 03H
1000H to 13FFH 04H
1400H to 17FFH 05H
1800H to 1BFFH 06H
1COOH to 1FFFH 07H
2000H to 23FFH 08H
2400H to 27FFH 09H
2800H to 2BFFH OAH
2CO00H to 2FFFH OBH
3000H to 33FFH OCH
3400H to 37FFH ODH
3800H to 3BFFH OEH
3CO00H to 3FFFH OFH
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3.1.1 Internal program memory space
The internal program memory space stores the program and table data. Normally, it is addressed with the program

counter (PC).

The uPD78F0730 incorporates internal ROM (flash memory), as shown below.

Table 3-3. Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

uPD78F0730

Flash memory | 16,384 x 8 bits (0000H to 3FFFH)

The internal program memory space is divided into the following areas.

(1) Vector table area

The 64-byte area 0000H to 003FH is reserved as a vector table area. The program start addresses for branch upon

reset or generation of each interrupt request are stored in the vector table area.

Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd addresses.

Table 3-4. Vector Table

Vector Table Address Interrupt Source Vector Table Address Interrupt Source
0000H RESET input, POC, LVI, WDT 0018H INTCSI10
0004H INTLVI 001AH INTTMH1
0006H INTPO 001CH INTUSB2
0008H INTP1 001EH INTTM50
000AH INTP2 0020H INTTMO00
000CH INTP3 0022H INTTMO10
000EH INTUSBO 0024H INTRSUM
0010H INTUSBH1 002AH INTTM51
0012H INTSRE6 003EH BRK
0014H INTSR6
0016H INTST6
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(2) CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

(3) Option byte area
A 5-byte area of 0080H to 0084H and 1080H to 1084H can be used as an option byte area. Set the option byte at
0080H to 0084H when the boot swap is not used, and at 0080H to 0084H and 1080H to 1084H when the boot swap is
used. For details, see CHAPTER 18 OPTION BYTE.

(4) CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).

(5) On-chip debug security ID setting area
A 10-byte area of 0085H to 008EH and 1085H to 108EH can be used as an on-chip debug security ID setting area.
Set the on-chip debug security ID of 10 bytes at 0085H to 008EH when the boot swap is not used and at 0085H to
008EH and 1085H to 108EH when the boot swap is used. For details, sse CHAPTER 20 ON-CHIP DEBUG
FUNCTION.
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3.1.2 Internal data memory space
The uPD78F0730 incorporates the following RAMSs.

(1) Internal high-speed RAM

Table 3-5. Internal High-Speed RAM Capacity

Part Number Internal High-Speed RAM

uPD78F0730 1,024 x 8 bits (FBOOH to FEFFH)

The 32-byte area FEEOH to FEFFH is assigned to four general-purpose register banks consisting of eight 8-bit
registers per bank.

This area cannot be used as a program area in which instructions are written and executed.

The internal high-speed RAM can also be used as a stack memory.

(2) Internal expansion RAM

Table 3-6. Internal Expansion RAM Capacity

Part Number Internal Expansion RAM

1PD78F0730 2,048 x 8 bits (FOOOH to F7FFH)

The internal expansion RAM can also be used as a normal data area similar to the internal high-speed RAM, as well
as a program area in which instructions can be written and executed.
The internal expansion RAM cannot be used as a stack memory.

3.1.3 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area from FFOOH to FFFFH (see
Table 3-7 Special Function Register List in 3.2.3 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.
3.1.4 USB area

Some registers for USB (UFODDO to UFODD17 and UFOCIEO to UFOCIE255) are allocated in the area from FOD1H to
FAFFH (see 12.4.3 Request data registers).
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3.1.5 Data memory addressing

Addressing refers to the method of specifying the address of the instruction to be executed next or the address of the
register or memory relevant to the execution of instructions.

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
uPD78F0730, based on operability and other considerations. For areas containing data memory in particular, special
addressing methods designed for the functions of special function registers (SFR) and general-purpose registers are
available for use. Figure 3-2 shows correspondence between data memory and addressing. For details of each
addressing mode, see 3.4 Operand Address Addressing.

Figure 3-2. Correspondence Between Data Memory and Addressing

FFFFH T ]
Special function registers (SFR) SFR addressing
256 x 8 bits
FF2OH}
FF1FH
FFOOH
FEFFH _ }
General-purposg registers Register addressing
FEEOH 32 x 8 bits { Short direct
FEDFH addressing
- Internal high-speed RAM -
1024 x 8 bits
=
FE1FH
FBOOH
FAFFH
USB area
303 x 8 bits
FOD1H Direct addressing
FODOH
F800H Reserved Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
0 Internal expansion RAM -
2048 x 8 bits
FOOOH
EFFFH
9~ Reserved -
4000H
3FFFH
£ Flash memory L
B 16384 x 8 bits [~
0000H ¥
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3.2 Processor Registers

The 4PD78F0730 incorporates the following processor registers.

3.2.1 Control registers

The control registers control the program sequence, statuses and stack memory. The control registers consist of a

program counter (PC), a program status word (PSW) and a stack pointer (SP).

(1) Program counter (PC)
The program counter is a 16-bit register that holds the address information of the next program to be executed.
In normal operation, PC is automatically incremented according to the number of bytes of the instruction to be fetched.
When a branch instruction is executed, immediate data and register contents are set.
Reset signal generation sets the reset vector table values at addresses 0000H and 0001H to the program counter.
Figure 3-3. Format of Program Counter
15 0
PC [PC15|PC14|PC13|PC12|PC11|PC10|PC9|PC8 |PC7 |PC6 |PC5 |PC4 |PC3|PC2 |PC1|PCO
(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.
Program status word contents are stored in the stack area upon interrupt request generation or PUSH PSW
instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
Reset signal generation sets PSW to 02H.
Figure 3-4. Format of Program Status Word
7 0
PSW | IE Z |RBS1| AC |RBSO| © ISP | CY
(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and interrupt request acknowledgement is controlled
with an in-service priority flag (ISP), an interrupt mask flag for various interrupt sources, and a priority
specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgement and is set (1) upon El
instruction execution.
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(b) Zero flag (2)
When the operation result is zero, this flag is set (1). It is reset (0) in all other cases.

(c) Register bank select flags (RBS0 and RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction execution is
stored.

(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). Itis reset (0) in all other cases.

(e) In-service priority flag (ISP)
This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-level
vectored interrupt requests specified by a priority specification flag register (PROL, PROH, PR1L, PR1H) (see
13.3 (3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)) can not be acknowledged. Actual
request acknowledgement is controlled by the interrupt enable flag (IE).

(f) Carry flag (CY)
This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out value upon
rotate instruction execution and functions as a bit accumulator during bit operation instruction execution.

(3) Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-speed RAM area
can be set as the stack area.

Figure 3-5. Format of Stack Pointer

15 0

SP [SP15|SP14|SP13|SP12|SP11|SP10| SP9 |SP8 |SP7 |SP6 |SP5 |SP4 | SP3|SP2|SP1|SP0O

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restored) from the
stack memory.
Each stack operation saves/restores data as shown in Figures 3-6 and 3-7.

Caution Since reset signal generation makes the SP contents undefined, be sure to initialize the SP before
using the stack.
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SP

SP

Figure 3-6. Data to Be Saved to Stack Memory

(@) PUSH rp instruction (when SP = FEEOH)

— FEEOH

FEDFH

Register pair higher

l«—— FEDEH

Register pair lower

(b) CALL, CALLF, CALLT instructions (when SP = FEEOH)

SP

SP

SP

SP

= FEEOH

FEDFH

PC15 to PC8

l«—— FEDEH

PC7 to PCO

(c) Interrupt, BRK instructions (when SP = FEEQOH)

FEEOH = FEEOH
: FEDFH PSW
| FEDEH PC15 to PC8
v

FEDDH <« FEDDH PC7 to PCO
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pPD78F0730

Figure 3-7. Data to Be Restored from Stack Memory

(a) POP rp instruction (when SP = FEDEH)

SP FEEOH <—— FEEOH

1

1 FEDFH Register pair higher
SP FEDEH — FEDEH Register pair lower

(b) RET instruction (when SP = FEDEH)

SP FEEOH <—— FEEOH

1

} FEDFH PC15 to PC8
SP FEDEH — FEDEH PC7 to PCO

SP FEEOH l~—— FEEOH
A
! FEDFH PSW
FEDEH PC15 to PC8
SP FEDDH — FEDDH PC7 to PCO
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) of the data memory. The general-
purpose registers consists of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H).

Each register can be used as an 8-bit register, and two 8-bit registers can also be used in a pair as a 16-bit register (AX,
BC, DE, and HL).

These registers can be described in terms of function names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and absolute
names (RO to R7 and RPO to RP3).

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because of the 4-
register bank configuration, an efficient program can be created by switching between a register for normal processing and
a register for interrupts for each bank.

Figure 3-8. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FEFFH
H
Register bank 0 HL
L
FEF8H
D
Register bank 1 DE
E
FEFOH
B
Register bank 2 BC
C
FEE8H
A
Register bank 3 AX
X
FEEOH
15 0 7 0
(b) Absolute name
16-bit processing 8-bit processing
FEFFH
R7
Register bank 0 RP3
R6
FEF8H
R5
Register bank 1 RP2
R4
FEFOH
R3
Register bank 2 RP1
R2
FEE8SH
R1
Register bank 3 RPO
RO
FEEOH
15 0 7 0
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3.2.3 Special function registers (SFRs)
Unlike a general-purpose register, each special function register has a special function.
SFRs are allocated to the FFOOH to FFFFH area.
Special function registers can be manipulated like general-purpose registers, using operation, transfer, and bit

manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register type.

Each manipulation bit unit can be specified as follows.

1-bit manipulation

Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand (sfr.bit).
This manipulation can also be specified with an address.

8-bit manipulation

Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (sfr).
This manipulation can also be specified with an address.

16-bit manipulation

Describe the symbol reserved by the assembler for the 16-bit manipulation instruction operand (sfrp).
When specifying an address, describe an even address.

Table 3-7 gives a list of the special function registers. The meanings of items in the table are as follows.

Symbol

Symbol indicating the address of a special function register. It is a reserved word in the RA78K0, and is defined as
an sfr variable using the #pragma sfr directive in the CC78K0. When using the RA78KO0, ID78K0-QB, and SM+ for
78K0, symbols can be written as an instruction operand.

R/W

Indicates whether the corresponding special function register can be read or written.

R/W: Read/write enable

R:  Read only

W:  Write only

Manipulatable bit units

Indicates the manipulatable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.

After reset

Indicates each register status upon reset signal generation.
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Table 3-7. Special Function Register List (1/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bt 8Bits | 16Bits | Reset
FFOOH | Port register 0 PO R/W 3 3 - O00H
FFO1H Port register 1 P1 R/W \/ y - 00H
FFO2H UFO0 EPO read register UFOEOR R - v - Undefined
FFO3H Port register 3 P3 R/W y y - 00H
FFO6H | Port register 6 P6 R/W y y - O0H
FFOAH Receive buffer register 6 RXB6 R - v - FFH
FFOBH Transmit buffer register 6 TXB6 R/W - v - FFH
FFOCH | Port register 12 P12 R/W v v - 00H
FFODH UFO bulk out 1 register UFO0BO1 R - v - Undefined
FFOEH UFO bulk in 1 register UFO0BI1 w - v - Undefined
FFOFH Serial I/O shift register 10 SI010 R - y - 00H
FF10H 16-bit timer counter 00 TMO00 R - - v 0000H
FF11H
FF12H 16-bit timer capture/compare register 000 CR000 R/W - - v 0000H
FF13H
FF14H 16-bit timer capture/compare register 010 CRoO10 R/W - - v 0000H
FF15H
FF16H 8-bit timer counter 50 TM50 R - v - 00H
FF17H | 8-bit timer compare register 50 CR50 R/W - y - OOH
FF18H UFO0 EPO setup register UFOEOST R - v - 00H
FF19H UFO EPO write register UFOEOW W - v - Undefined
FF1AH 8-bit timer H compare register 01 CMPO1 R/W - v - O00H
FF1BH 8-bit timer H compare register 11 CMP11 R/W - y - O00H
FF1FH 8-bit timer counter 51 TM51 R - v - 00H
FF20H Port mode register 0 PMO R/W v v - FFH
FF21H Port mode register 1 PM1 R/W y y - FFH
FF23H Port mode register 3 PM3 R/W v v - FFH
FF26H Port mode register 6 PM6 R/W y y - FFH
FF27H | UFO INT status O register UFO0ISO R - y - OOH
FF28H UFO INT status 1 register UFOIS1 R - v - 00H
FF29H | UFO INT status 2 register UFo0IS2 R - y - 00H
FF2AH UFO INT status 3 register UFO0IS3 R - v - 00H
FF2BH | UFO INT status 4 register UF0IS4 R - y - 00H
FF2CH | Port mode register 12 PM12 R/W y y - FFH
FF2DH UFO GPR register UFOGPR R/wW - y - 00H
FF2EH | UFO mode control register UFOMODC | RW v v - 00H
FF2FH | UFO mode status register UFOMODS R v v - 00H
FF30H Pull-up resistor option register 0 PUO R/W v v - 00H
FF31H Pull-up resistor option register 1 PU1 R/W v v - O0H
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Table 3-7. Special Function Register List (2/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | heset
FF33H | Pull-up resistor option register 3 PU3 R/W v v - 00H
FF37H UFO INT mask O register UFO0IMO R/W - v - 00H
FF38H UFO INT mask 1 register UFOIMA1 R/W - y - 00H
FF39H UFO INT mask 2 register UF0IM2 R/W - v - 00H
FF3AH | UFO INT mask 3 register UFoIM3 R/W - v - 00H
FF3BH | UFO INT mask 4 register UF0IM4 R/W - V - 00H
FF3CH | Pull-up resistor option register 12 PU12 R/W N N - 00H
FF41H 8-bit timer compare register 51 CR51 R/W - v - 00H
FF43H | 8-bit timer mode control register 51 TMC51 R/W N N - 00H
FF48H | External interrupt rising edge enable register EGP R/W v v - 00H
FF49H External interrupt falling edge enable register EGN R/W v N - 00H
FF4AH | UFO INT clear O register UF0ICO w - v - FFH
FF4BH UFO INT clear 1 register UF0IC1 w - N - FFH
FF4ACH | UFO INT clear 2 register UF0IC2 w - N - FFH
FF4DH | UFO INT clear 3 register UF0IC3 w - N - FFH
FF4EH | UFO INT clear 4 register UFO0IC4 W - N - FFH
FF50H Asynchronous serial interface operation mode | ASIM6 R/W v v - 01H
register 6
FF53H Asynchronous serial interface reception error ASIS6 R - N - 00H
status register 6
FF55H Asynchronous serial interface transmission ASIF6 R - v - O00H
status register 6
FF56H Clock selection register 6 CKSR6 R/W - v - 00H
FF57H Baud rate generator control register 6 BRGC6 R/W - N - FFH
FFeoH UF0 EPONAK register UFOEON R/wW - y - 00H
FF61H | UFO EPONAKALL register UFOEONA R/W - V - 00H
FF62H | UFO EPNAK register UFOEN R/W - v - 00H
FF63H UF0 EPNAK mask register UFOENM R/W - V - 00H
FF64H | UFO SNDSIE register UFOSDS R/W - v - 00H
FF65H | UFO CLR request register UFOCLR - N - 00H
FF66H UFO SET request register UFOSET - v - 00H
FF67H | UFO EP status 0 register UFOEPSO0 - y - 00H
FF68H UFO0 EP status 1 register UFOEPS1 v N - 00H
FF69H | UFO EP status 2 register UFOEPS2 R/W y y - 00H
FF6AH | Timer clock selection register 50 TCL50 R/W v N - 00H
FF6BH | 8-bit timer mode control register 50 TMC50 R/W N v - 00H
FF6CH | 8-bit timer H mode register 1 TMHMD1 R/W V v - 00H
FF6DH | 8-bit timer H carrier control register 1 TMCYCH R/W N N - 00H
FF70H UFO active interface number register UFOAIFN R/W - v - 01H
FF71H UFO0 active alternative setting register UFOAAS R/W - N - 1FH
FF72H UFO alternative setting status register UFOASS R - N - FFH
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Table 3-7. Special Function Register List (3/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | eset
FF73H UFO0 endpoint 1 interface mapping register UFOE1IM R/W - v - 00H
FF74H UF0 endpoint 2 interface mapping register UFOE2IM R/W - v — 00H
FF75H UFO data end register UFODEND | R/W - v - 00H
FF76H UFO0 EPO length register UFOEOL - v - O00H
FF77H UFO bulk out 1 length register UFOBO1L - v - 00H
FF78H UFO descriptor length register UFODSCL R/W - v - 00H
FF79H UFO FIFO clear 0O register UFOFICO w - v - O00H
FF7AH UFO FIFO clear 1 register UFOFIC1 W - y - 00H
FF80H | Serial operation mode register 10 CSIM10 R/W \ y - OOH
FF81H Serial clock selection register 10 csIc10 R/W v v - O0H
FF84H Transmit buffer register 10 SOTB10 R/W v v - 00H
FF8BH USB function 0 buffer control register UFOBC R/W - v - O00H
FF8CH | Timer clock selection register 51 TCL51 R/W v v - 00H
FF90H UFO address register UFOADRS R - v - 00H
FF91H UFO configuration register UFOCNF R - v - 00H
FF92H UFO interface 0 register UFOIFO R - v - 00H
FF93H UFO0 interface 1 register UFOIF1 R - v - 00H
FF94H UFO interface 2 register UFOIF2 R - y - O00H
FF95H UFO0 interface 3 register UFOIF3 R - v - 00H
FF96H UFO interface 4 register UFOIF4 R - y - 00H
FF99H Watchdog timer enable register WDTE R/W - v - 1AH/SXEI-1|
FFOAH | UFO device status register UFODSTL R/W - y - 00H
FFOCH UFO0 EPO status register UFOEOSL R/W - v - 00H
FFODH | UFO EP1 status register UFOE1SL R/W - y - 00H
FFOEH UFO EP2 status register UFOE2SL R/W - y - 00H
FFOFH | Clock operation mode select register OSCCTL RW v v - 00H
FFAOH | Internal oscillation mode register RCM R/W v v - 80H""*
FFA1H | Main clock mode register MCM RW v v - 00H
FFA2H | Main OSC control register MOC R/W v v - 80H
FFA3H Oscillation stabilization time counter status register| OSTC R v v - 00H
FFA4H Oscillation stabilization time select register OSTS R/W - v - 05H
FFA6H [ PLL control register PLLC R/W \ y - OOH
FFA7H | USB clock control register UCKC RW v v - 00H
FFACH | Reset control flag register RESF R - v - 00H""*
FFBAH | 16-bit timer mode control register 00 TMCO00 R/W v v - 00H
FFBBH | Prescaler mode register 00 PRMOO RW v v - 00H
FFBCH | Capture/compare control register 00 CRCO00 R/W N N - O0H
Notes 1. The reset value of WDTE is determined by setting of option byte.
2. The value of this register is 00H immediately after a reset release but automatically changes to 80H after
oscillation accuracy stabilization of high-speed internal oscillator has been waited.
3. The reset value of RESF vary depending on the reset source.
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Table 3-7. Special Function Register List (4/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | Heset
FFBDH | 16-bit timer output control register 00 TOC00 R/W v V - 00H
FFBEH | Low-voltage detection register LVIM R/W v v - 0oH"""
FFBFH | Low-voltage detection level selection register LVIS RW v v - 0oH"""
FFEOH | Interrupt request flag register OL IFO |IFOL | R/W v N N O0H
FFE1H | Interrupt request flag register OH IFOH | RW v v 00H
FFE2H | Interrupt request flag register 1L IF1 | IFIL | RW y y y O0H
FFE3H | Interrupt request flag register 1H IF1H | RW v v O0H
FFE4H | Interrupt mask flag register OL MKO | MKOL| R'W v v v FFH
FFE5H | Interrupt mask flag register OH MKOH| R/W y y FFH
FFE6H | Interrupt mask flag register 1L MK1 | MK1L| R/W v v v FFH
FFE7H | Interrupt mask flag register 1H MK1H| R/W v v FFH
FFE8H | Priority specification flag register OL PRO | PROL|RW y y y FFH
FFE9H | Priority specification flag register OH PROH| RW v v FFH
FFEAH | Priority specification flag register 1L PR1 | PRIL| R/W v v v FFH
FFEBH | Priority specification flag register 1H PR1H| R/W y y FFH
FFFOH Internal memory size switching register"** IMS R/W - v - CFH
FFF4H Internal expansion RAM size switching register*™** | IXS R/W - v - OCH
FFFBH | Processor clock control register PCC RW v v - O1H
Notes 1. The reset values of LVIM and LVIS vary depending on the reset source.
2. Regardless of the internal memory capacity, the initial values of the internal memory size switching register

(IMS) and internal expansion RAM size switching register (IXS) are fixed (IMS = CFH, IXS = 0CH). Therefore,

be sure to set IMS to C4H and IXS to 08H.
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3.3 Instruction Address Addressing

An instruction address is determined by contents of the program counter (PC), and is normally incremented (+1 for
each byte) automatically according to the number of bytes of an instruction to be fetched each time another instruction is
executed. When a branch instruction is executed, the branch destination information is set to PC and branched by the
following addressing (for details of instructions, refer to the 78K/0 Series Instructions User’s Manual (U12326E)).

3.3.1 Relative addressing

[Function]
The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the start
address of the following instruction is transferred to the program counter (PC) and branched. The displacement
value is treated as signed two’s complement data (—128 to +127) and bit 7 becomes a sign bit.
In other words, relative addressing consists of relative branching from the start address of the following instruction to
the —128 to +127 range.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[lustration]

15 0
__ PCindicates the start address

PC of the instruction after the BR instruction.

+
15 8 7 6 0

o S
jdisp8

15 0

PC

When S = 0, all bits of « are 0.
When S = 1, all bits of & are 1.

RO1UH0308EJ0300 Rev.3.00 48
Sep 22, 2011
P RENESAS



pPD78F0730 CHAPTER 3 CPU ARCHITECTURE

3.3.2 Immediate addressing

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !addr16 or BR !addr16 or CALLF !addr11 instruction is executed.
CALL 'addr16 and BR !addr16 instructions can be branched to the entire memory space.
The CALLF !'addr11 instruction is branched to the 0800H to OFFFH area.

[llustration]
In the case of CALL !addr16 and BR !addr16 instructions

7 0
CALL or BR
Low Addr.
High Addr. T
15 { 87 0

PC

In the case of CALLF !addr11 instruction

7 6 4 3 0
4{ fato-s CALLF
far-o
15 11 10 87 0

PC|O0O 0 0 0 1

RO1UHO0308EJ0300 Rev.3.00 49
Sep 22, 2011
P RENESAS



pPD78F0730 CHAPTER 3 CPU ARCHITECTURE

3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the immediate
data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.
This instruction references the address stored in the memory table from 40H to 7FH, and allows branching to the
entire memory space.

[lllustration]

15 8 7 6 5 10

addr5 |0 0 0 0O O O O taso 0

o
o
-

Operation code 1 1 tas-o 1

15 8 7 6 5 l 10

... The value of the effective address is

Effective address 0 0 0 0O 0O 0 O the same as that of addr5.

7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T

15 l 8 7 0

o
o
-
o

PC
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3.3.4 Register addressing

[Function]
Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC) and
branched.
This function is carried out when the BR AX instruction is executed.

[lustration]

7 0o 7 0
p A X
15 8 7 0
PC
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3.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) to undergo manipulation during
instruction execution.

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the xPD78F0730 instruction words, the following instructions employ implied addressing.

Instruction Register to Be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage
DIVUW AX register for dividend and quotient storage
ADJBA/ADJBS A register for storage of numeric values that become decimal correction targets
ROR4/ROL4 A register for storage of digit data that undergoes digit rotation

[Operand format]
Because implied addressing can be automatically determined with an instruction, no particular operand format is
necessary.

[Description example]
In the case of MULU X
With an 8-bit x 8-bit multiply instruction, the product of A register and X register is stored in AX. In this example, the
A and AX registers are specified by implied addressing.
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3.4.2 Register addressing

[Function]

The general-purpose register to be specified is accessed as an operand with the register bank select flags (RBSO0 to
RBS1) and the register specify codes of an operation code.

Register addressing is carried out when an instruction with the following operand format is executed. When an 8-bit
register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

Identifier Description
r X,A,C,B,ED,LH
s AX, BC, DE, HL

‘r and ‘rp’ can be described by absolute names (RO to R7 and RPO to RP3) as well as function names (X, A, C, B, E,
D, L, H, AX, BC, DE, and HL).

[Description example]

MOV A, C; when selecting C register as r

Operation code 01 100 0 1 0|
L |

—— Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 100 0 0 10 0|

LL Register specify code
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3.4.3 Direct addressing

[Function]

The memory to be manipulated is directly addressed with immediate data in an instruction word becoming an

operand address.

This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description
addr16 Label or 16-bit immediate data
[Description example]
MOV A, I0FEOOH; when setting !laddr16 to FEOOH
Operation code | 100011 10 | OP code

| 0 00 0O OOOD O | O00H

|1 11 1 1 1 1 0| FEH
[llustration]

7 0
OP code

addr16 (lower)

addr16 (upper)

Memory
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3.4.4 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal high-speed RAM and special function
registers (SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area. Ports
that are frequently accessed in a program and compare and capture registers of the timer/event counter are mapped
in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH, bit 8
is set to 1. See the [lllustration] shown below.

[Operand format]

Identifier Description
saddr Immediate data that indicate label or FE20H to FF1FH
saddrp Immediate data that indicate label or FE20H to FF1FH (even address only)

[Description example]
LB1 EQU OFE30H ; Defines FE30H by LB1.

MOV LB1, A ; When LB1 indicates FE30H of the saddr area and the value of register A is transferred to that

address
Operation code | 1111 0 0 10 | OP code
| 0011 0O0O0O0 | 30H (saddr-offset)

[Mustration]

OP code

saddr-offset ﬁ

15 8 7 0

Short direct memory

Effective address 11 1 1 1 1 1 |

When 8-bit immediate data is 20H to FFH, =0
When 8-bit immediate data is OOH to 1FH, or=1
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3.4.5 Special function register (SFR) addressing

[Function]

A memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction word.
This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFRs

mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

Identifier

Description

sfr

Special function register name

sfrp

16-bit manipulatable special function register name (even address only)

[Description example]

MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code

[ustration]

|11110110|

|OO1000OO|

OP code

sfr-offset

15

20H (sfr-offset)

SFR

Effective address 1 1
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3.4.6 Register indirect addressing

[Function]

Register pair contents specified by a register pair specify code in an instruction word and by a register bank select

flag (RBS0 and RBS1) serve as an operand address for addressing the memory.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

MOV A, [DE]; when selecting [DE] as register pair

Operation code 1000 01T 01
[lllustration]
16 8 7 0
DE D E
The memory address
specified with the
7 Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

[Function]

8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in the
register bank specified by the register bank select flag (RBSO and RBS1), and the sum is used to address the
memory. Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from the 16th

bit is ignored.

This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier

Description

[HL + byte]

[Description example]

MOV A, [HL + 10H]; when setting byte to 10H

[lllustration]

16

Operation code

HL

The contents of the memory
addressed are transferred.

7 Memory

+10
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3.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction word are added to the contents of the base register, that is,
the HL register pair in the register bank specified by the register bank select flag (RBSO and RBS1), and the sum is
used to address the memory. Addition is performed by expanding the B or C register contents as a positive number
to 16 bits. A carry from the 16th bit is ignored.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description

- [HL + B], [HL + C]

[Description example]

MOV A, [HL +B]; when selecting B register

Operation code 101010 11
[Mustration]
16 8 7 0
HL H L
+
7 0
B
7 Memory 0
The contents of the memory
addressed are transferred.
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3.4.9 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) contents.
This addressing method is automatically employed when the PUSH, POP, subroutine call and return instructions are
executed or the register is saved/reset upon generation of an interrupt request.
With stack addressing, only the internal high-speed RAM area can be accessed.

[Description example]

PUSH DE; when saving DE register

Operation code 101 1010 1
[MMustration]
7 Memory 0
SP FEEOH — FEEOH
: FEDFH D
y
SP FEDEH <~—— FEDEH E
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

There are two types of pin I/O buffer power supplies: EVop and Vob. The relationship between these power supplies
and the pins is shown below.

Table 4-1. Pin I/0 Buffer Power Supplies

Power Supply Corresponding Pins

EVoo Port pins other than P121 and P122

Vop e P121 and P122
* Non-port pins

The uPD78F0730 is provided with the ports shown in Figure 4-1, which enable variety of control operations. The
functions of each port are shown in Table 4-2.

In addition to the function as digital 1/O ports, these ports have several alternate functions. For details of the alternate
functions, see CHAPTER 2 PIN FUNCTIONS.

Figure 4-1. Port Types

-— ] P30 Eg? . [ Porto
Port 3 -
-— 1 P33 P10 j+—— =
-—— 1 P60 . .
Port 6 { -~ P61 R .
Port 1
Port 124 —— e
-~ P122 P17 f~—
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Table 4-2. Port Functions

Only for P120, use of an on-chip pull-up resistor can be
specified by a software setting.

Function Name I/0 Function After Reset | Alternate Function

P00 1/0 Port 0. Input port TI000

PO 2-bit /O port. TI010/TO00
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.

P10 110 Port 1. Input port SCK10

P11 8-bit 1/0 port. sI10

P12 Input/output can be specified in 1-bit units. 5010
Use of an on-chip pull-up resistor can be specified by a software

P13 setting. TxD6

P14 RxD6

P15 -

P16 TOH1

P17 TI50/TO50

P30 110 Port 3. Analog input | INTP1

P31 4-bit VO port. INTP2/0CD1A
Input/output can be specified in 1-bit units.

P32 . . - INTP3/0CD1B
Use of an on-chip pull-up resistor can be specified by a software

P33 setting. TI51/TO51

P60 /0 Port 6. Input port -

P61 2-bit I/O port. _
Output of P60 and P61 is N-ch open-drain output (6 V
tolerance).
Input/output can be specified in 1-bit units.

P120 /10 Port 12. Input port INTPO

P121 3-bit I/O port. X1/0CDOA
Input/output can be specified in 1-bit units.

P122 X2/EXCLK/OCDOB

4.2 Port Configuration

Ports include the following hardware.

Table 4-3. Port Configuration

Iltem

Configuration

Control registers

Port mode register (PM0, PM1, PM3, PM6, PM12)
Port register (PO, P1, P3, P6, P12)
Pull-up resistor option register (PUO, PU1, PU3, PU12)

Port

Total: 19 (CMOS I/O: 17, N-ch open drain 1/O: 2)

Pull-up resistor

Total: 15
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4.2.1 Port0
Port 0 is a 2-bit I/0 port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units using

port mode register 0 (PM0). When the P00 and P01 pins are used as an input port, use of an on-chip pull-up resistor can
be specified in 1-bit units by pull-up resistor option register 0 (PUO).

This port can also be used for timer 1/O.

Reset signal generation sets port 0 to input mode.

Figures 4-2 and 4-3 show block diagrams of port 0.

Figure 4-2. Block Diagram of P00

EVop
M
WReu
l PUO
S PUOO
P-ch
Alternate function
RD
l | g O<] O@] |
S 3
E ! 3
é WRpProrT
L PO
£
A Qutput latch
~ (POO) © P00/TI000
WRem
PMO
S PMO00
—~_/
PO: Port register 0

PUO: Pull-up resistor option register 0
PMO:  Port mode register 0

RD: Read signal

WRxx: Write signal
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pPD78F0730
Figure 4-3. Block Diagram of P01
EVob
M-  WReu
l PUO
> PUO1
Alternate
function
RD
I 2 :] :] |
N | g
2 @
E WRPpoRT
g PO
=
A Output latch
~ (PO1) ——O PO1/TI010/TO00
WRem
PMO
S PMO1
Alternate
function
%
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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4.2.2 Port 1
Port 1 is an 8-bit I/O port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units using

port mode register 1 (PM1). When the P10 to P17 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 1 (PU1).

This port can also be used for serial interface data 1/O, clock I/O, and timer 1/O.

Reset signal generation sets port 1 to input mode.

Figures 4-4 to 4-9 show block diagrams of port 1.

Caution To use P10/SCK10 and P12/SO10 as general-purpose ports, set serial operation mode register 10
(CSIM10) and serial clock selection register 10 (CSIC10) to the default status (00H).

Figure 4-4. Block Diagram of P10

EVop
M-  WRru
l PU1
S PU10
P-ch
Alternate
function
RD
| | g <= |
[$]
3 %)
Ke)
? WRProRT
;‘:’ P1
C
- Qutput latch .
~ (P10) ] —©O) P10/SCK10
WRem
l PM1
© PM10
Alternate
function
AN
P1: Port register 1

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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pPD78F0730
Figure 4-5. Block Diagram of P11 and P14
EVoo
] WRpu
l PU1
S PU11, PU14
P-ch
Alternate
function

RD
8 5 |
53, 4 | S :] :]
© 14 | °
C
§ n
£ WRPpoRT

P1
A Output latch
S (P11, P14) © P11/s110,
P14/RxD6
WRem
PM1
S PM11, PM14
%
P1: Port register 1

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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pPD78F0730
Figure 4-6. Block Diagram of P12 and P16
EVoo
M- WReru
l PU1
> PU12, PU16
RD
S
& A g NG
\I g
é WRProRT
= P1
£
2 Fary OUtpU'[ latch
= - (P12, P16) ——O P12/5010
WRem P16/TOHA1
PM1
S PM12, PM16
Alternate
function
AN
P1: Port register 1
PU1: Pull-up resistor option register 1

PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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pPD78F0730
Figure 4-7. Block Diagram of P13
EVop
M|  WReu
l PU1
> PU13
RD
Pary /I % L
%) w
2 WRpoRrT
g P1
@
S EN Output latch
WRem
PM1
S PM13
Alternate
function
N4
P1: Port register 1
PU1: Pull-up resistor option register 1

PM1:  Port mode register 1

RD: Read signal
WRxx: Write signal
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pPD78F0730
Figure 4-8. Block Diagram of P15
EVoo
™1 WRe
l PU1
= PU15
b—l P-ch
RD
3 5 ( J
= 2
g l—a < 8 -
~ 3
WRPporT
P1
A Output latch
¥ (P15) ™ OP15
WRepm
PM1
S PM15
N
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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pPD78F0730
Figure 4-9. Block Diagram of P17
EVoo
™  WReu
l PU1
N PU17
Alternate
function
RD
I 2 <] <] |
= 8
: | 8
e}
© WRPpoRrT
s P1
S
- A Output latch
~ (P17) ——O P17/TI50/TO50
WRpm
PM1
S PM17
Alternate
function
N
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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4.2.3 Port3
Port 3 is a 4-bit 1/0 port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units using

port mode register 3 (PM3). When the P30 to P33 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 3 (PU3).

This port can also be used for external interrupt request input and timer 1/0.

Reset signal generation sets port 3 to input mode.

Figures 4-10 and 4-11 show block diagrams of port 3.

Cautions 1. Be sure to pull the P31 pin down before a reset release to prevent malfunction.
2. When writing the flash memory with a flash memory programmer, connect P31/INTP2/OCD1A as

follows.
* P31/INTP2/0CD1A: Connect to EVss via a resistor (10 kQ: recommended).
The above connection is not necessary when writing the flash memory by means of self

programming.

Remark The P31 and P32 pins of the uPD78F0730 can be used as on-chip debug mode setting pins (OCD1A,
OCD1B) when the on-chip debug function is used. For details, see CHAPTER 20 ON-CHIP DEBUG

FUNCTION.
Figure 4-10. Block Diagram of P30 to P32
EVoo
™1 WReu
l PU3
O PU30 to PU32 ) |
P-ch
Alternate
function
RD
1]
> - 3
- | S <| <|
g = | 8
[0
E »
WReProRrT
P3
N Output latch
~ (P30 to P32) © P30/INTP1,
P31/INTP2/OCD1A,
WRpm P32/INTP3/0CD1B
PM3
S PM30 to PM32
%
P3: Port register 3
PUS: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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pPD78F0730
Figure 4-11. Block Diagram of P33
EVop
M-  WRru
l PU3
© PU33
Alternate
function
RD
I 2 i] i] |
O 3
E | ;
g WRPpoRrT
o P3
£
A Output latch
~ (P33) —© P33/TI51/TO51
WRem
PM3
S PM33
Alternate
function
N
P3: Port register 3

PU3: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal
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4.2.4 Port6

Port 6 is a 2-bit I/0 port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units using

port mode register 6 (PM6).

The output of the P60 and P61 pins is N-ch open-drain output (6 V withstanding voltage).

Reset signal generation sets port 6 to input mode.

Figure 4-12 shows a block diagram of port 6.

Figure 4-12. Block Diagram of P60 and P61

© P60,

A
RD
5 (7
Fany I 8 L
n
» WRPporT
a P6
©
c Output latch
Q N\
2 (P60, P61)
WRem
l PM6
© PM60, PM61
—_/
P6: Port register 6

PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal

P61
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4.2.5 Port 12

Port 12 is a 3-bit I/O port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit units using
port mode register 12 (PM12). When used as an input port only for P120, use of an on-chip pull-up resistor can be
specified by pull-up resistor option register 12 (PU12).

This port can also be used as pins for external interrupt request input, connecting resonator for main system clock, and
external clock input for main system clock.

Reset signal generation sets port 12 to input mode.

Figures 4-13 and 4-14 show block diagrams of port 12.

Cautions 1. When using the P121 and P122 pins to connect a resonator for the main system clock (X1, X2) or
to input an external clock for the main system clock (EXCLK), the X1 oscillation mode or external
clock input mode must be set by using the clock operation mode select register (OSCCTL) (for
details, see 5.3 (1) Clock operation mode select register (OSCCTL). The reset value of OSCCTL
is O0H (all of the P121 and P122 pins are I/O port pins). At this time, setting of the PM121, PM122,
P121, and P122 pins is not necessary.

2. When writing the flash memory with a flash memory programmer, connect P121/X1/OCDOA as
follows.
* P121/X1/0CDOA: When using this pin as a port, connect it to Vss via a resistor (10 kQ:
recommended) (in the input mode) or leave it open (in the output mode).
The above connection is not necessary when writing the flash memory by means of self
programming.

Remark The X1 and X2 pins of the #PD78F0730 can be used as on-chip debug mode setting pins (OCDOA, OCDOB)
when the on-chip debug function is used. For details, see CHAPTER 20 ON-CHIP DEBUG FUNCTION.
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Figure 4-13. Block Diagram of P120
EVop
™1 wRe
l PU12
© PU120
Alternate
function
RD
~' e
=} — ’
o ie]
E o | 3
WRPpoRT
P12
A Output latch
S (P120) © P120/INTPO
WRem
PM12
S PM120
—~_
P12: Port register 12

PU12:  Pull-up resistor option register 12
PM12: Port mode register 12

RD: Read signal
WRxx: Write signal
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pPD78F0730
Figure 4-14. Block Diagram of P121 and P122
v, i
OSCCTL
OSCSEL/
RD OSCSELS
Fary I % L
\oy 2
[ ©
N
WRporT
P12
A Output latch
~ (P122) © P122/X2/EXCLK/OCDOB
WRem
PM12
&S PM122 ‘! N
OSCCTL
OSCSEL OSCCTL
(2]
2 EXCLK, OSCSEL R {X
5 (@)
=
3
=
RD
Y I % L
", <@
[ ©
w
WRepoRT
P12
N Output latch
~ (P121) © P121/X1/0CDOA
WRem
PM12
& PM121 ﬁl_/(\
OSCCTL
OSCSEL
P12: Port register 12

PM12: Port mode register 12

OSCCTL: Clock operation mode select register
RD: Read signal

WRxx:  Write signal
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4.3 Registers Controlling Port Function

Port functions are controlled by the following three types of registers.

e Port mode registers (PMO0, PM1, PM3, PM6, PM12)
e Port registers (PO, P1, P3, P6, P12)
o Pull-up resistor option registers (PUO, PU1, PU3, PU12)

(1) Port mode registers (PM0, PM1, PM3, PM6, and PM12)

These registers specify input or output mode for the port in 1-bit units.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to FFH.

When port pins are used as alternate-function pins, set the port mode register by referencing 4.5 Settings of Port

Mode Register and Output Latch When Using Alternate Function.

Figure 4-15. Format of Port Mode Register

After reset
FFH

FFH

FFH

FFH

FFH

R/W

R/W

R/W

R/W

R/W

Symbol 7 6 5 4 3 2 1 0 Address
PMO | 1 1 | 1 | 1 | 1 | 1 | evor | pmoo | FrooH
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PMi2 | PM11 | PM10 | FF21H
PM3 | 1 1 | 1 | 1 | pves | Pma2 | Pva1 | Pm3o | FrasH
PM6 | 1 1 | 1 | 1 ] 1 | 1 | pwet | pmeo | FFoeH
PMI2 [ 1 1 | 1 [ 1 ] 1 [pwmiz2 | pmizr | pmizo | Fr2cH

PMmn Pmn pin /0 mode selection
(m=0,1,3,6,12,n=0107)
0 QOutput mode (output buffer on)
1 Input mode (output buffer off)
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(2) Port registers (PO, P1, P3, P6, P12)
These registers write the data that is output from the chip when data is output from a port.
If the data is read in the input mode, the pin level is read. If it is read in the output mode, the value of the output latch
is read.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to 00H.

Figure 4-16. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
o[ o | o | o | o | o | o | pot | Poo | FFOOH  0OH (outputlaich) RMW
Pt [ P17 | Pte | Pts | P14 | P13 | Pi2 | P11 | P10 | FFOIH  0OH (outputlaich) RMW
P o | o | o | o | P | P2 | P31 | P30 | FFOBH  0OH (outputlatch) RM
e[ o | o | o | o | o | o | pet | Peo | FFOBH  0OH (outputlaich) RMW
P2 o | o | o | o | o | P22 | P12t | P120 | FFOCH  00H (output latch) RW
Pmn m=0,1,3,6,12;,n=0to 7
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level
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(3) Pull-up resistor option registers (PUO, PU1, PU3, and PU12)
These registers specify whether the on-chip pull-up resistors of P00 and P01, P10 to P17, P30 to P33, or P120 are to
be used or not. On-chip pull-up resistors can be used in 1-bit units only for the bits set to input mode of the pins to
which the use of an on-chip pull-up resistor has been specified in PUO, PU1, PU3, and PU12. On-chip pull-up
resistors cannot be connected to bits set to output mode and bits used as alternate-function output pins, regardless of
the settings of PUO, PU1, PUS, and PU12.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to 00H.

Symbol 7

Figure 4-17. Format of Pull-up Resistor Option Register

6 5 4 3 2 1 0 Address

Puo | o

o | o | o | o | o | puot | puoo | FF3oH

PUt | PU17 | PUt6 | PU15 | PU14 | PU1B | PUt2 | PUT1 | PUt0 | FFa1H

After reset
00H

00H

00H

00H

R/W
R/W

R/W

R/W

R/W

PUs | o 0 0 o | Puss | puse | Pust | Puso | FFasH
PUT2 [ o o | o | o | o | o | o |Pputzo| FracH
PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,3,12;n=0t07)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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4.4 Port Function Operations

Port operations differ depending on whether the input or output mode is set, as shown below.

Caution In the case of 1-bit memory manipulation instruction, although a single bit is manipulated, the port is
accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output pins, the output
latch contents for pins specified as input are undefined, even for bits other than the manipulated bit.

4.4.1 Writing to I/O port

1

()

Output mode

A value is written to the output latch by a transfer instruction, and the output latch contents are output from the pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.

The data of the output latch is cleared when a reset signal is generated.

Input mode

A value is written to the output latch by a transfer instruction, but since the output buffer is off, the pin status does not
change.

Once data is written to the output latch, it is retained until data is written to the output latch again.

The data of the output latch is cleared when a reset signal is generated.

4.4.2 Reading from I/O port

1

)

Output mode
The output latch contents are read by a transfer instruction. The output latch contents do not change.

Input mode
The pin status is read by a transfer instruction. The output latch contents do not change.

4.4.3 Operations on /O port

1

)

Output mode

An operation is performed on the output latch contents, and the result is written to the output latch. The output latch
contents are output from the pins.

Once data is written to the output latch, it is retained until data is written to the output latch again.

The data of the output latch is cleared when a reset signal is generated.

Input mode

The pin level is read and an operation is performed on its contents. The result of the operation is written to the output
latch, but since the output buffer is off, the pin status does not change.

The data of the output latch is cleared when a reset signal is generated.
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4.5 Settings of Port Mode Register and Output Latch When Using Alternate Function
To use the alternate function of a port pin, set the port mode register and output latch as shown in Table 4-5.

Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function

Pin Name Alternate Function PMxx Pxx
Function Name /0

P00 TI000 Input 1 X
PO1 TIO10 Input 1 X
TOO00 Output 0 0

P10 SCK10 Input 1 X
Output 0 1

P11 S0 Input 1 X
P12 SO10 Output 0 0
P13 TxD6 Output 0 1
P14 RxD6 Input 1 X
P16 TOHA1 Output 0 0
P17 TI50 Input 1 X
TO50 Output 0 0

P30 to P32 INTP1 to INTP3 Input 1 X
P33 TI51 Input 1 X
TO51 Output 0 0

P120 INTPO Input 1 X
P121 X1 - X X
P122 xaree - X X
EXCLK™™" Input X x

Note When using the P121 and P122 pins to connect a resonator for the main system clock (X1, X2) or to input an
external clock for the main system clock (EXCLK), the X1 oscillation mode or external clock input mode must be
set by using the clock operation mode select register (OSCCTL) (for details, see 5.3 (1) Clock operation mode
select register (OSCCTL). The reset value of OSCCTL is 00H (all of the P121 and P122 are I/O port pins). At
this time, setting of PM121, PM122, P121, and P122 is not necessary.

Remarks 1. x: Don’t care
PMxx: Port mode register
Pxx:  Port output latch
2. The X1, X2, P31, and P32 pins of the #PD78F0730 can be used as on-chip debug mode setting pins
(OCDOA, OCDOB, OCD1A, OCD1B) when the on-chip debug function is used. For details, see
CHAPTER 20 ON-CHIP DEBUG FUNCTION.
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CHAPTER 5 CLOCK GENERATOR

5.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.
The following kinds of system clocks and clock oscillators are selectable.

(1) Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 12 or 16 MHz by connecting a resonator to X1 and X2. Oscillation can be
stopped by executing the STOP instruction or using the main OSC control register (MOC).

<2> Internal high-speed oscillator
This circuit oscillates a clock of frH = 16 MHz (TYP.). After a reset release, the CPU always starts operating
with this internal high-speed oscillation clock. Oscillation can be stopped by executing the STOP instruction
or using the internal oscillation mode register (RCM).

An external main system clock (fexck = 12 or 16 MHz) can also be supplied from the EXCLK/X2/P122 pin. An
external main system clock input can be disabled by executing the STOP instruction or using MOC.

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or internal high-
speed oscillation clock can be selected by using the main clock mode register (MCM).

(2) Internal low-speed oscillation clock (clock for watchdog timer)
o Internal low-speed oscillator

This circuit oscillates a clock of faL = 240 kHz (TYP.). After a reset release, the internal low-speed oscillation
clock always starts operating.
Oscillation can be stopped by using the internal oscillation mode register (RCM) when “internal low-speed
oscillator can be stopped by software” is set by option byte.
The internal low-speed oscillation clock cannot be used as the CPU clock. The following hardware operates with
the internal low-speed oscillation clock.

o Watchdog timer
o 8-bit timer H1 (when frL, fRU/2, or fr/2°is selected)

Remarks 1. fx: X1 clock oscillation frequency
2. fRH: Internal high-speed oscillation clock frequency
3. fexcik:  External main system clock frequency
4. frL: Internal low-speed oscillation clock frequency
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(3) USB clock
e PLL
This circuit multiplies the clock generated by the X1 oscillator (fx) or external main system clock (fexcik) by 8 or
12.
Multiplication ratio x8 or x12 can be selected using the PLLM bit of the PLL control register (PLLC), and
operation of PLL is started or stopped by setting the PLLSTOP bit.

Remarks 1. fx: X1 clock oscillation frequency
2. fexck:  external main system clock frequency

5.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

ltem Configuration

Control registers Clock operation mode select register (OSCCTL)

Processor clock control register (PCC)

Internal oscillation mode register (RCM)

Main OSC control register (MOC)

Main clock mode register (MCM)

Oscillation stabilization time counter status register (OSTC)
Oscillation stabilization time select register (OSTS)

PLL control register (PLLC)
USB clock control register (UCKC)

Oscillators X1 oscillator
Internal high-speed oscillator
Internal low-speed oscillator
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Remarks 1. fx:

fRH:
fexcLk:
fxH:
fxp:
frRs:
fepu:

fRL:

© e N OREODN

fuss:

X1 clock oscillation frequency

Internal high-speed oscillation clock frequency
External main system clock frequency
High-speed system clock oscillation frequency
Main system clock oscillation frequency
Peripheral hardware clock oscillation frequency
CPU clock oscillation frequency

Internal low-speed oscillation clock frequency
USB clock oscillation frequency

5.3 Registers Controlling Clock Generator

The following ten registers are used to control the clock generator.

o Clock operation mode select register (OSCCTL)

e Processor clock control register (PCC)

¢ Internal oscillation mode register (RCM)

e Main OSC control register (MOC)

e Main clock mode register (MCM)

¢ Oscillation stabilization time counter status register (OSTC)
¢ Oscillation stabilization time select register (OSTS)

e PLL control register (PLLC)

¢ USB clock control register (UCKC)
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(1) Clock operation mode select register (OSCCTL)
This register selects the operation modes of the high-speed system clock and the gain of the on-chip oscillator.
OSCCTL can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 5-2. Format of Clock Operation Mode Select Register (OSCCTL)

Address: FFO9FH After reset: OOH R/W

Symbol <7> <6> 5 4 3 2 1 <0>
OSCCTL | EXCLK | OSCSEL 0 0 o | o | o | AweH
EXCLK OSCSEL | High-speed system clock P121/X1 pin P122/X2/EXCLK pin
pin operation mode
0 0 I/0O port mode 1/O port
0 1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 I/0O port mode 1/O port
1 1 External clock input I/O port External clock input
mode
AMPH Operating frequency control
0 fxi < 10 MHz
1 10 MHz < fxn
Cautions 1. Be sure to set AMPH to 1 if the high-speed system clock oscillation frequency

Remark fxH:

exceeds 10 MHz.

. Set AMPH before setting the peripheral functions after a reset release. The value of

AMPH can be changed only once after a reset release. The clock supply to the CPU
is stopped for 5 us (MIN.) after AMPH has been set to 1.

. If the STOP instruction is executed with AMPH set to 1 when the internal high-speed

oscillation clock or external main system clock is used as the CPU clock, then the
clock supply to the CPU is stopped for 5 us (MIN.) after the STOP mode has been
released. If the X1 clock is used as the CPU clock, oscillation stabilization time is
counted after the STOP mode has been released.

. To change the value of EXCLK and OSCSEL, be sure to confirm that bit 7 (MSTOP) of

the main OSC control register (MOC) is 1 (the X1 oscillator stops or the external
clock from the EXCLK pin is disabled).

High-speed system clock oscillation frequency
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(2) Processor clock control register (PCC)
This register is used to select the CPU clock and the division ratio.
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PCC to 01H.

Figure 5-3. Format of Processor Clock Control Register (PCC)

Address: FFFBH  After reset: 01H R/W

Symbol 7 6 5 4 3 2 1 0
PCC 0 0 0 0 o | poc2 | pcct | pcoo
PCC2 PCCA1 PCCO CPU clock (fcru) selection

0 0 fxp

0 1 fxp/2 (default)

0 1 0 fxp/2°

0 1 1 fxp/2°

1 0 0 fxp/2*

Other than above Setting prohibited

Caution Be sure to clear bits 3 and 7 to 0.

Remark fxp: Main system clock oscillation frequency

The fastest instruction can be executed in 2 clocks of the CPU clock in the 4PD78F0730. Therefore, the relationship
between the CPU clock (fcpu) and the minimum instruction execution time is as shown in Table 5-2.

Table 5-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fceu) Minimum Instruction Execution Time: 2/fcru
High-Speed System Clock"*® Internal High-Speed Oscillation Clock™*®
At 12 MHz Operation | At 16 MHz Operation At 16 MHz (TYP.) Operation
fxp 0.167 us 0.125 us 0.125 us (TYP.)
fxp/2 0.333 us 0.25 us 0.25 us (TYP.)
fxp/2? 0.667 us 0.5 us 0.5 us (TYP.)
fxp/2° 1.33 us 1.0 us 1.0 us (TYP.)
fxp/2" 2.67 us 2.0 us 2.0 us (TYP.)

Note The main clock mode register (MCM) is used to set the main system clock supplied to CPU clock (high-speed

system clock/internal high-speed oscillation clock) (see Figure 5-6).
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(3) Internal oscillation mode register (RCM)
This register sets the operation mode of internal oscillators.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 80H""".

Figure 5-4. Format of Internal Oscillation Mode Register (RCM)

Address: FFAOH  After reset: 80H"™ ' R/W""*?

Symbol <7> 6 5 4 3 2 <1> <0>
RCM RSTS 0 0 0 0 0 LSRSTOP RSTOP

RSTS Status of internal high-speed oscillator
0 Waiting for accuracy stabilization of internal high-speed oscillator
1 Stability operating of internal high-speed oscillator

LSRSTOP Internal low-speed oscillator oscillating/stopped

0 Internal low-speed oscillator oscillating
1 Internal low-speed oscillator stopped

RSTOP Internal high-speed oscillator oscillating/stopped
0 Internal high-speed oscillator oscillating
1 Internal high-speed oscillator stopped

Notes 1. The value of this register is 00H immediately after a reset release but automatically changes to

80H after internal high-speed oscillator has been stabilized.
2. Bit 7 is read-only.

Caution When setting RSTOP to 1, be sure to confirm that the CPU operates with a clock other
than the internal high-speed oscillation clock. Specifically, set RSTOP to 1 under the

following condition.
e When MCS = 1 (when CPU operates with the high-speed system clock)
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(4) Main OSC control register (MOC)
This register selects the operation mode of the high-speed system clock.
This register is used to stop the X1 oscillator or to disable an external clock input from the EXCLK pin when the CPU
operates with a clock other than the high-speed system clock.
MOC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 80H.

Figure 5-5. Format of Main OSC Control Register (MOC)

Address: FFA2H  After reset: 80H R/W

Symbol <7> 6 5 4 3 2 1 0
MOC MSTOP 0 0 0 0 ‘ 0 ‘ 0 0
MSTOP Control of high-speed system clock operation
X1 oscillation mode External clock input mode
0 X1 oscillator operating External clock from EXCLK pin is enabled
1 X1 oscillator stopped External clock from EXCLK pin is disabled

Cautions 1. When setting MSTOP to 1, be sure to confirm that the CPU operates with a clock
other than the high-speed system clock. Specifically, set MSTOP to 1 under the
following condition.

e When MCS = 0 (when CPU operates with the internal high-speed oscillation clock)
2. Do not clear MSTOP to 0 while bit 6 (OSCSEL) of the clock operation mode select
register (OSCCTL) is 0 (I/O port mode).
3. The peripheral hardware cannot operate when the peripheral hardware clock is
stopped. To resume the operation of the peripheral hardware after the peripheral
hardware clock has been stopped, initialize the peripheral hardware.

RO1UH0308EJ0300 Rev.3.00 89
Sep 22, 2011
RENESAS



pPD78F0730

CHAPTER 5 CLOCK GENERATOR

(5) Main clock mode register (MCM)
This register selects the main system clock supplied to CPU clock and clock supplied to peripheral hardware clock.

MCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 5-6. Format of Main Clock Mode Register (MCM)

Address: FFATH  After reset: 00H R/W"*

Symbol
MCM

7 6 5 4 3 <2> <1> <0>
0 0 0 0 0 XSEL MCS MCMO
XSEL MCMO Selection of clock supplied to main system clock and peripheral hardware
Main system clock (fxr) Peripheral hardware clock (fers)
0 0 Internal high-speed oscillation clock Internal high-speed oscillation clock
0 1 (faH) (faH)
1 0 Setting prohibited
1 1 High-speed system clock (fx+) High-speed system clock (fx+)
MCS Main system clock status
0 Operates with internal high-speed oscillation clock
1 Operates with high-speed system clock

Note Bit 1 is read-only.

Cautions 1. XSEL can be changed only once after a reset release.
2. Be sure to set XSEL=1, MCMO0=1 if using the USB function.
3. A clock other than frrs is supplied to the following peripheral functions regardless of
the setting of XSEL and MCMO.
o Watchdog timer (operates with internal low-speed oscillation clock)
e When “faL”, “fr/27”, or “fR/2°” is selected as the count clock for 8-bit timer H1
(operates with internal low-speed oscillation clock)
o Peripheral hardware selects the external clock as the clock source
(Except when the external count clock of TMOO is selected (TI000 pin valid edge))
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(6) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1 clock
oscillation starts with the internal high-speed oscillation clock used as the CPU clock, the X1 clock oscillation
stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of MOC
register) = 1 clear OSTC to O0H.

Figure 5-7. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3SH Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=12MHz | fx=16 MHz
1 0 0 0 0 2"/fx min. | 170.7 s min.| 128 us min.
1 1 0 0 0 2%fx min. | 682.7 zs min.| 512 s min.
1 1 1 0 0 2%fx min. | 1.37 ms min. | 1.024 ms min,
1 1 1 1 0 2fx min. | 2.73 ms min. | 2.048 ms min.
1 1 1 1 1 2'%fx min. | 5.46 ms min. | 4.096 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.

2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

3. The X1 clock oscillation stabilization wait time does not include the time until clock

oscillation starts (“a” below).

STOP mode release

X1 pinvoltage | l
waveform

Remark fx: X1 clock oscillation frequency
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(7) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation waits for the time set using OSTS after the STOP
mode is released.
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. The oscillation stabilization time can be
checked up to the time set using OSTS.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to 05H.

Figure 5-8. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 ‘ OSTS1 ‘ OSTS0
0OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =12 MHz fx =16 MHz
0 0 1 2" ffx 170.7 us 128 us
0 1 0 2 682.7 us 512 s
0 1 1 2"/fx 1.37 ms 1.024 ms
1 0 0 2"%/fx 2.73 ms 2.048 ms
1 0 1 2"%/fx 5.46 ms 4.096 ms
Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS before
executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

3. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. The X1 clock oscillation stabilization wait time does not include the time until clock

oscillation starts (“a” below).

STOP mode release

X1 pinvoltage l
waveform

Remark fx: X1 clock oscillation frequency
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(8) PLL control register (PLLC)
This register sets the operation mode of PLL.

PLLC can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 01H.

Figure 5-9. Format of PLL Control Register (PLLC)

Address: FFAGH After reset: 01H R/W

Symbol 7 6 5 4 2 <1> <0>
PLLC 0 0 0 0 0 0 PLLM PLLSTOP
XSEL PLLM Selection of multiplication ratio for clock supplied to PLL/PLL
Supply clock Multiplication ratio selection

0 0 Setting prohibited Setting prohibited
1 Setting prohibited Setting prohibited

1 0 fxn/2 x8"!
1 fxn/4 xq2"e?

PLLSTOP PLL operation control
0 PLL oscillating
1 PLL stopped

Notes 1. fuss
2. fuss

Cautions.

Remark XSEL:

= 48 MHz when fx1 = 12 MHz.
=48 MHz when fxH = 16 MHz.

When using the USB function, set the clock supplied to PLL as initial setting after

reset.
<Setting procedure>
<1> Stop PLL. (PLLSTOP=1)

<2> Select PLLM (0: fxi=12 MHz 1: fxu=16 MHz).

<3 > Set XSEL to 1.

<4> enable PLL driven. (PLLSTOP=0)

Bit 2 of the main clock mode register (MCM)
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(9) USB clock control register (UCKC)
This register controls the USB clock (fuss) supplied to the USB function controller.
UCKC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 5-10. Format of USB Clock Control Register (UCKC)

Address: FFA7H  After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
UCKC UCKCNT 0 0 0 0 0 0 0
UCKCNT Control of USB clock supplied to USB function controller
0 Stops USB clock supply.

1 Supplies USB clock.

Caution Before shifting to the STOP mode, stop the clock supply to the USB function controller.
After the STOP mode is released, count the PLL oscillation stabilization time (800 us)
using software, and supply the clock to the USB function controller after the oscillation
stabilization wait time has elapsed.
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 20 MHz) connected to the X1 and X2
pins.

Figure 5-11 shows an example of the external circuit of the X1 oscillator.

Figure 5-11. Example of External Circuit of X1 Oscillator (Crystal or Ceramic Oscillation)

| Vss
s
: —

1

1

X2

Crystal resonator
or
ceramic resonator

Cautions 1. When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the
Figure 5-11 to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.
¢ Do not cross the wiring with the other signal lines. Do not route the wiring near a signal line
through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vss. Do not
ground the capacitor to a ground pattern through which a high current flows.
¢ Do not fetch signals from the oscillator.
Figure 5-12 shows examples of incorrect resonator connection.

Figure 5-12. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line

PORT

= =
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Figure 5-12. Examples of Incorrect Resonator Connection (2/2)

(c) Wiring near high alternating current (d) Current flowing through ground line of oscillator

(potential at points A, B, and C fluctuates)
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(e) Signals are fetched
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5.4.2 Internal high-speed oscillator

An internal high-speed oscillator is incorporated in the #PD78F0730. Oscillation can be controlled by the internal
oscillation mode register (RCM).

After a reset release, the internal high-speed oscillator automatically starts oscillation (16 MHz (TYP.)).

5.4.3 Internal low-speed oscillator

An internal low-speed oscillator is incorporated in the £PD78F0730.

The internal low-speed oscillation clock is only used as the watchdog timer and the clock of 8-bit timer H1. The internal
low-speed oscillation clock cannot be used as the CPU clock.

“Can be stopped by software” or “Cannot be stopped” can be selected by the option byte. When “Can be stopped by
software” is set, oscillation can be controlled by the internal oscillation mode register (RCM).

After a reset release, the internal low-speed oscillator automatically starts oscillation, and the watchdog timer is driven
(240 kHz (TYP.)) if the watchdog timer operation is enabled using the option byte.

5.4.4 Prescaler
The prescaler generates various clocks by dividing the main system clock when the main system clock is selected as
the clock to be supplied to the CPU.
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5.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
mode (see Figure 5-1).

e Main system clock fxp

e High-speed system clock fxH

X1 clock fx
[External main system clock fexcik

¢ Internal high-speed oscillation clock frH
o Internal low-speed oscillation clock frL
e CPU clock fcpu
e USBclock fuss
o Peripheral hardware clock frrs

The CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the
uPD78F0730, thus enabling the following.

(1) Enhancement of security function
When the X1 clock is set as the CPU clock by the default setting, the device cannot operate if the X1 clock is
damaged or badly connected and therefore does not operate after reset is released. However, the start clock of the
CPU is the internal high-speed oscillation clock, so the device can be started by the internal high-speed oscillation
clock after a reset release. Consequently, the system can be safely shut down by performing a minimum operation,
such as acknowledging a reset source by software or performing safety processing when there is a malfunction.

(2) Improvement of performance
Because the CPU can be started without waiting for the X1 clock oscillation stabilization time, the total performance
can be improved.
When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-13.
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Figure 5-13. Clock Generator Operation When Power Supply Voltage Is Turned On

When 2.7 V/1.59 V POC Mode Is Set (Option Byte: POCMODE = 1)

2.7V (TYP.)
Power supply
voltage (Vbp)

oV

; :
Internal reset signal |

1<2>  Reset processing

; Switched b!
: (20 ps (TYP.)) software Y
: 3 <4>

CPU clock < Internal high-speed X High-speed system clock

oscillation clock

Internal high-speed
oscillation clock (faH) ‘

High-speed v ‘ 1
system clock (fx) Waiting for oscillation <3
selected) ] 1

X1 clock :
¢oscillation stabilization time:
2"/fx to 2'6/fxNete

Starting X1 oscillation
is specified by software.

<1> When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.

<2> When the power supply voltage exceeds 2.7 V (TYP.), the reset is released and the internal high-speed oscillator
automatically starts oscillation.

<3> After the reset is released and reset processing is performed, the CPU starts operation on the internal high-speed
oscillation clock.

<4> Set the start of oscillation of the X1 clock via software (see (1) in 5.6.1 Example of controlling high-speed
system clock).

<5> When switching the CPU clock to the X1 clock, wait for the clock oscillation to stabilize, and then set switching via
software (see (3) in 5.6.1 Example of controlling high-speed system clock).

Note When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the internal high-
speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC). If the CPU operates on the high-speed system clock (X1
oscillation), set the oscillation stabilization time when releasing STOP mode using the oscillation stabilization
time select register (OSTS).

Cautions 1. It is not necessary to wait for the oscillation stabilization time when an external clock input from
the EXCLK pin is used.
2. For the uPD78F0730, be sure to set the 2.7 V/1.59 V POC mode by using the option byte
(POCMODE = 1).

Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via software
settings. The internal high-speed oscillation clock and high-speed system clock can be stopped by executing
the STOP instruction (see (4) in 5.6.1 Example of controlling high-speed system clock and (3) in 5.6.2
Example of controlling internal high-speed oscillation clock).
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5.6 Controlling Clock

5.6.1 Controlling high-speed system clock
The following two types of high-speed system clocks are available.
o X1 clock: Crystal/ceramic resonator is connected across the X1 pin.
o External main system clock: External clock is input to the EXCLK pin.

When the high-speed system clock is not used, the X1/P121 and X2/EXCLK/P122 pins can be used as 1/O port pins.
Caution The X1/P121 and X2/EXCLK/P122 pins are in the I/O port mode after a reset release.

The following describes examples of setting procedures for the following cases.

(1) When oscillating X1 clock

(2) When using external main system clock

(3) When using high-speed system clock as CPU clock and peripheral hardware clock
(4) When stopping high-speed system clock

(1) Example of setting procedure when oscillating the X1 clock
<1> Setting frequency (OSCCTL register)
Using AMPH, set the gain of the on-chip oscillator according to the frequency to be used.

AMPH" " Operating Frequency Control
0 fxn <10 MHz
1 10 MHz < fxn

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can be
changed only once after a reset release. When AMPH is set to 1, the clock supply to the CPU is
stopped for 5 us (MIN.).

Remark fxH: High-speed system clock oscillation frequency

<2> Setting P121/X1 and P122/X2/EXCLK pins and selecting X1 clock or external clock (OSCCTL register)
When EXCLK is cleared to 0 and OSCSEL is set to 1, the mode is switched from port mode to X1 oscillation

mode.
EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin
0 1 X1 oscillation mode Crystal/ceramic resonator connection

<3> Controlling oscillation of X1 clock (MOC register)
If MSTORP is cleared to 0, the X1 oscillator starts oscillating.
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)

()

<4> Waiting for the stabilization of the oscillation of X1 clock
Check the OSTC register and wait for the necessary time.
During the wait time, other software processing can be executed with the internal high-speed oscillation clock.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the X1 clock is operating.
2. Set the X1 clock after the supply voltage has reached the operable voltage of the clock to be
used (see CHAPTER 22 ELECTRICAL SPECIFICATIONS).

Example of setting procedure when using the external main system clock
<1> Setting frequency (OSCCTL register)
Using AMPH, set the frequency to be used.

AMPH" " Operating Frequency Control
0 fxn <10 MHz
1 10 MHz < fxu

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can be
changed only once after a reset release. When AMPH is set to 1, the clock supply to the CPU is
stopped for 5 us (MIN.).

Remark fxH: High-speed system clock oscillation frequency

<2> Setting P121/X1 and P122/X2/EXCLK pins and selecting operation mode (OSCCTL register)
When EXCLK and OSCSEL are set to 1, the mode is switched from port mode to external clock input mode.

EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin

1 1 External clock input mode | I/O port External clock input

<3> Controlling external main system clock input (MOC register)
When MSTORP is cleared to 0, the input of the external main system clock is enabled.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the external main system clock is
operating.
2. Set the external main system clock after the supply voltage has reached the operable voltage
of the clock to be used (see CHAPTER 22 ELECTRICAL SPECIFICATIONS).

Example of setting procedure when using high-speed system clock as CPU clock and peripheral hardware
clock

<1> Setting high-speed system clock oscillation"*®

(See 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of setting

procedure when using the external main system clock.)

Note The setting of <1> is not necessary when high-speed system clock is already operating.
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<2> Setting the high-speed system clock as the main system clock (MCM register)
When XSEL and MCMO are set to 1, the high-speed system clock is supplied as the main system clock and
peripheral hardware clock.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (frrs)
1 1 High-speed system clock (fxH) High-speed system clock (fxH)
Caution If the high-speed system clock is selected as the main system clock, a clock other than the

high-speed system clock cannot be set as the peripheral hardware clock.

<3> Setting the main system clock as the CPU clock and selecting the division ratio (PCC register)
When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock division
ratio, use PCCO0, PCC1, and PCC2.

CSS PCC2 PCCA1 PCCO CPU Clock (fcru) Selection
0 0 0 0 fxp
0 0 1 fxp/2 (default)
0 1 0 fxp/2°
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

(4) Example of setting procedure when stopping the high-speed system clock
The high-speed system clock can be stopped in the following two ways.
¢ Executing the STOP instruction to set the STOP mode
e Setting MSTOP to 1 and stopping the X1 oscillation (disabling clock input if the external clock is used)

(a) To execute a STOP instruction
<1> Setting to stop peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that cannot be
used in STOP mode, see CHAPTER 14 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after standby release
When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed.

<3> Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and X1 oscillation is
stopped (the input of the external clock is disabled).
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(b) To stop X1 oscillation (disabling external clock input) by setting MSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the high-speed system clock.
When CLS = 0 and MCS = 1, the high-speed system clock is supplied to the CPU, so change the CPU
clock to the internal high-speed oscillation clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock

<2> Stopping the high-speed system clock (MOC register)
When MSTOP is set to 1, X1 oscillation is stopped (the input of the external clock is disabled).

Caution Be sure to confirm that MCS = 0 or CLS = 1 when setting MSTOP to 1. In addition, stop
peripheral hardware that is operating on the high-speed system clock.

5.6.2 Example of controlling internal high-speed oscillation clock

The following describes examples of clock setting procedures for the following cases.

(1) When restarting oscillation of the internal high-speed oscillation clock

(2) When using internal high-speed oscillation clock as CPU clock, and internal high-speed oscillation clock or high-
speed system clock as peripheral hardware clock

(3) When stopping the internal high-speed oscillation clock

(1) Example of setting procedure when restarting oscillation of the internal high-speed oscillation clock""'
<1> Setting restart of oscillation of the internal high-speed oscillation clock (RCM register)
When RSTORP is cleared to 0, the internal high-speed oscillation clock starts operating.

<2> Waiting for the oscillation accuracy stabilization time of internal high-speed oscillation clock (RCM register)
Wait until RSTS is set to 1""**,

Notes 1. After a reset release, the internal high-speed oscillator automatically starts oscillating and the internal
high-speed oscillation clock is selected as the CPU clock.
2. This wait time is not necessary if high accuracy is not necessary for the CPU clock and peripheral
hardware clock.
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(2) Example of setting procedure when using internal high-speed oscillation clock as CPU clock and
peripheral hardware clock
<1> e Restarting oscillation of the internal high-speed oscillation clock™"

(See 5.6.2 (1) Example of setting procedure when restarting internal high-speed oscillation clock).
¢ Oscillating the high-speed system clock™*
(This setting is required when using the high-speed system clock as the peripheral hardware clock. See
5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of setting

procedure when using the external main system clock.)

Note The setting of <1> is not necessary when the internal high-speed oscillation clock or high-speed
system clock is already operating.

<2> Selecting the clock supplied as the main system clock and peripheral hardware clock (MCM register)
Set the main system clock and peripheral hardware clock using XSEL and MCMO.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (fers)
0 0 Internal high-speed oscillation clock | Internal high-speed oscillation clock
0 1 (frH) (frH)

Caution If the internal high-speed oscillation clock is selected as the main system clock, a clock
other than the internal high-speed ocsillation clock cannot be set as the peripheral
hardware clock.

<3> Selecting the CPU clock division ratio (PCC register)
When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock division
ratio, use PCCO0, PCC1, and PCC2.

CSSs PCC2 PCCA1 PCCO CPU Clock (fcru) Selection
0 0 0 fxp
0 1 fxp/2 (default)
0 1 0 fxp/2?
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

(3) Example of setting procedure when stopping the internal high-speed oscillation clock
The internal high-speed oscillation clock can be stopped in the following two ways.
e Executing the STOP instruction to set the STOP mode
¢ Setting RSTOP to 1 and stopping the internal high-speed oscillation clock

(a) To execute a STOP instruction
<1> Setting of peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that cannot be
used in STOP mode, see CHAPTER 14 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after standby release
When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed.
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<3> Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and internal high-speed
oscillation clock is stopped.

(b) To stop internal high-speed oscillation clock by setting RSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the internal high-speed
oscillation clock.
When CLS = 0 and MCS = 0, the internal high-speed oscillation clock is supplied to the CPU, so change
the CPU clock to the high-speed system clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock

<2> Stopping the internal high-speed oscillation clock (RCM register)
When RSTOP is set to 1, internal high-speed oscillation clock is stopped.

Caution Be sure to confirm that MCS =1 or CLS = 1 when setting RSTOP to 1. In addition, stop peripheral
hardware that is operating on the internal high-speed oscillation clock.

5.6.3 Example of controlling internal low-speed oscillation clock
The internal low-speed oscillation clock cannot be used as the CPU clock.
Only the following peripheral hardware can operate with this clock.
* Watchdog timer
o 8-bit timer H1 (if faL, fr/2, or fR/2° is selected as the count clock)

In addition, the following operation modes can be selected by the option byte.
« Internal low-speed oscillator cannot be stopped
« Internal low-speed oscillator can be stopped by software

The internal low-speed oscillator automatically starts oscillation after a reset release, and the watchdog timer is driven
(240 kHz (TYP.)) if the watchdog timer operation has been enabled by the option byte.

(1) Example of setting procedure when stopping the internal low-speed oscillation clock
<1> Setting LSRSTOP to 1 (RCM register)
When LSRSTORP is set to 1, the internal low-speed oscillation clock is stopped.

(2) Example of setting procedure when restarting oscillation of the internal low-speed oscillation clock
<1> Clearing LSRSTOP to 0 (RCM register)
When LSRSTOP is cleared to 0, the internal low-speed oscillation clock is restarted.

Caution If “Internal low-speed oscillator cannot be stopped” is selected by the option byte, oscillation of the
internal low-speed oscillation clock cannot be controlled.

RO1UH0308EJ0300 Rev.3.00 105
Sep 22, 2011
RENESAS



pPD78F0730 CHAPTER 5 CLOCK GENERATOR

5.6.4 Example of controlling USB clock
The clock (fuse = 48 MHz) of the USB function controller (USBF) uses multiplication of division clock of high-speed
system clock (fxH) by PLL.

e Example of setting procedure when supplying the USB clock from the high-speed system clock (fxn = 12/16

MHz)

<1>

<2>

<3>

<4>

<5>

<6>

Setting PLLSTOP to 1 (PLLC register)
When PLLSTOP is set to 1, the PLL stops operation.

Setting PLLM to 0/1 (PLLC register)
In the case of fx1 = 12 MHz, PLLM is set to 0 in order to select “8 times”.
In the case of fx1 = 16 MHz, PLLM is set to 1 in order to select “12 times”.

Setting XSEL to 1 (MCM register)
When XSEL is set to 1, the high-speed system clock is supplied to the PLL.

Clearing PLLSTOP to 0 (PLLC register)
When PLLSTORP is cleared to 0, the PLL starts operating.

Waiting for oscillation stabilization of the PLL
Wait for 800 us by software. Other software processing can be executed while waiting.

Setting UCKCNT to 1 (UCKC register)
When UCKCNT is set to 1, the USB clock is supplied to the USB function controller.

[Control flow]

PLL operation stop (PLLSTOP = 1)

When fx1 = 12 MHz, setting PLLM to 0.
When fx1 = 16 MHz, setting PLLM to 1.

Setting XSEL to 1

PLL operation start (PLLSTOP = 0)

Oscillation stabilization wait (800 us)

USB clock supplying (UCKCNT = 1)
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5.6.5 Clocks supplied to CPU and peripheral hardware

The following table shows the relation among the clocks supplied to the CPU and peripheral hardware, and setting of
registers.

Table 5-3. Clocks Supplied to CPU and Peripheral Hardware, and Register Setting

Supplied Clock XSEL CSS MCMO EXCLK
Clock Supplied to CPU Clock Supplied to Peripheral Hardware
Internal high-speed oscillation clock 0 0 X X
X1 clock 1 0 1 0
External main system clock 1 0 1 1

Remarks 1. XSEL: Bit 2 of the main clock mode register (MCM)
2. CSs: Bit 4 of the processor clock control register (PCC)
3. MCMO: Bit 0 of MCM
4. EXCLK: Bit 7 of the clock operation mode select register (OSCCTL)
5. x: don’t care
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5.6.6 CPU clock status transition diagram

Figure 5-14 shows the CPU clock status transition diagram of this product.

Figure 5-14. CPU Clock Status Transition Diagram

When 2.7 V/1.59 V POC Mode Is Set (Option Byte: POCMODE = 1)

Regulator: Operating in normal mode
Internal low-speed oscillator: Operable

CPU: Operating
with internal high-

Internal high-speed oscillator: Operating speed oscillation

X1 oscillation/EXCLK input:
Selectable by CPU

Regulator: Operating in normal mode

Internal low-speed oscillator: Operable

Internal high-speed oscillator: (C)

Selectable by CPU

X1 oscillation/EXCLK input: Operating CPU: Operating

EXCLK input

(D)

CPU: X1
oscillation/EXCLK
input > HALT

Regulator: Woken up

Internal low-speed oscillator: Woken up

Internal high-speed oscillator: Woken up

X1 oscillation/EXCLK input: Stops (I/O port mode)

Voo < 2.7 V (MIN.)

Voo = 2.7 V (MIN.)

Regulator: Operating in normal mode

Internal low-speed oscillator: Operating

Internal high-speed oscillator: Operating

X1 oscillation/EXCLK input: Stops (I/O port mode)

with X1 oscillation or

Regulator: Operating in normal mode
Internal low-speed oscillator: Operable
Internal high-speed oscillator: Operable
X1 oscillation/EXCLK input: Operating

Voo = 1.8 V (MIN.)

CPU: X1
oscillation/EXCLK
input > STOP.

Regulator: Operating in low

operating current mode
Internal low-speed oscillator: Operable
Internal high-speed oscillator: Stops
X1 oscillation/EXCLK input: Stops

Remark In the 2.7 V/1.59 V POC mode (option byte: POCMODE = 1), the CPU clock status changes to (A) in the
above figure when the supply voltage exceeds 2.7 V (TYP.), and to (B) after reset processing (20 us (TYP.)).
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Table 5-4 shows transition of the CPU clock and examples of setting the SFR registers.

Table 5-4. CPU Clock Transition and SFR Register Setting Examples (1/3)

(1) CPU operating with internal high-speed oscillation clock (B) after reset release (A)

Status Transition

SFR Register Setting

(A) > (B)

SFR registers do not have to be set (default status after reset release).

(2) CPU operating with high-speed system clock (C) after reset release (A)

(The CPU operates with the internal high-speed oscillation clock immediately after a reset release (B).)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register | AMPH EXCLK | OSCSEL | MSTOP OSTC XSEL MCMO

Status Transition Register

(A) — (B) = (C) (X1 clock: fx1 < 10 MHz) 0 0 1 0 Must be 1 1
checked

(A) = (B) - (C) 0 1 1 0 Must not be 1 1

(external main clock: fxn < 10 MHz) checked

(A) = (B) = (C) (X1 clock: 10 MHz < fx+ ) 1 0 1 0 Must be 1 1
checked

(A) - (B) > (C) 1 1 1 0 Must not be 1 1

(external main clock: 10 MHz < fxu ) checked

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 22 ELECTRICAL SPECIFICATIONS).

Remarks 1. (A) to (E) in Table 5-4 correspond to (A) to (E) in Figure 5-14.

2. EXCLK, OSCSEL, AMPH:

Bits 7, 6 and 0 of the clock operation mode select register (OSCCTL)
MSTOP: Bit 7 of the main OSC control register (MOC)

XSEL, MCMO: Bits 2 and 0 of the main clock mode register (MCM)
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (2/3)

(3) CPU clock changing from internal high-speed oscillation clock (B) to high-speed system clock (C)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register | AMPH""* | EXCLK | OSCSEL | MSTOP OSTC XSEL™ | MCMO

Status Transition Register

(B) = (C) (X1 clock: fx1 <10 MHz) 0 0 1 0 Must be 1 1
checked

(B) — (C) (external main clock: fx1 < 10 MHz) 0 1 1 0 Must not be 1 1
checked

(B) = (C) (X1 clock: 10 MHz < fxn ) 1 0 1 0 Must be 1 1
checked

(B) — (C) (external main clock: 10 MHz < fxu ) 1 1 1 0 Must not be 1 1
checked

~

Unnecessary if these registers Unnecessary if the
are already set CPU is operating
with the high-speed
system clock

Note The value of this flag can be changed only once after a reset release. This setting is not necessary if it has already
been set.

Cautions1. Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 22 ELECTRICAL SPECIFICATIONS).
2. CPU clock cannot changes from high-speed system clock (C) to internal high-speed oscillation
clock (B)

Remarks 1. (A)to (E)in Table 5-4 correspond to (A) to (E) in Figure 5-14.
2. EXCLK, OSCSEL, AMPH:
Bits 7, 6 and 0 of the clock operation mode select register (OSCCTL)
MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO:  Bits 2 and 0 of the main clock mode register (MCM)
RSTS, RSTOP: Bits 7 and 0 of the internal oscillation mode register (RCM)
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (3/3)

(5) HALT mode (D) set while CPU is operating with high-speed system clock (C)

Status Transition

Setting

(C) -» (D)

Executing HALT instruction

(6) STOP mode (E) set while CPU is operating with high-speed system clock (C)

(Setting sequence)

v

Status Transition

Setting

(C) = (E) Stopping peripheral functions that Executing STOP instruction
cannot operate in STOP mode
Remark (A) to (E) in Table 5-4 correspond to (A) to (E) in Figure 5-14.

5.6.7 Condition before changing CPU clock and processing after changing CPU clock
Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-5. Changing CPU Clock

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Internal high- X1 clock Stabilization of X1 oscillation ¢ Internal high-speed oscillator can be

speed oscillation
clock

¢ MSTOP =0, OSCSEL =1, EXCLK=0
o After elapse of oscillation stabilization time

External main
system clock

Enabling input of external clock from EXCLK

pin
¢ MSTOP =0, OSCSEL =1, EXCLK =1

stopped (RSTOP = 1).
o Clock supply to CPU is stopped for 5 us
(MIN.) after AMPH has been set to 1.

X1 clock

External main
system clock

Internal high-
speed oscillation
clock

Oscillation of internal high-speed oscillator

X1 oscillation can be stopped (MSTOP = 1).

¢ RSTOP =0

External main system clock input can be
disabled (MSTOP = 1).
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5.6.8 Time required for switchover of CPU clock and main system clock

By setting bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC), the division ratio of the main
system clock can be changed.

The actual switchover operation is not performed immediately after rewriting to PCC; operation continues on the pre-
switchover clock for several clocks (see Table 5-6).

Table 5-6. Time Required for Switchover of CPU Clock and Main System Clock Cycle Division Factor

Set Value Before Set Value After Switchover
Switchover
PCC2[PCC1|PCCO| PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO
0 0 0 0 0 1 0 1 0 0 1 1 1 0 0
0 0 0 16 clocks 16 clocks 16 clocks 16 clocks
0 0 1 8 clocks 8 clocks 8 clocks 8 clocks
0 1 0 4 clocks 4 clocks 4 clocks 4 clocks
0 1 1 2 clocks 2 clocks 2 clocks 2 clocks
1 0 0 1 clock 1 clock 1 clock 1 clock

Remark The number of clocks listed in Table 5-6 is the number of CPU clocks before switchover.

By setting bit 0 (MCMO) of the main clock mode register (MCM), the main system clock can be switched (the internal
high-speed oscillation clock to the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to MCMO; operation continues on the pre-
switchover clock for several clocks (see Table 5-7).

Whether the CPU is operating on the internal high-speed oscillation clock or the high-speed system clock can be
ascertained using bit 1 (MCS) of MCM.

Table 5-7. Maximum Time Required for Main System Clock Switchover

Set Value After Switchover
MCMO
1

Set Value Before Switchover

MCMO

1 + 2fru/fxn clock

Caution When switching the internal high-speed oscillation clock to the high-speed system clock, bit 2
(XSEL) of MCM must be set to 1 in advance. The value of XSEL can be changed only once after a
reset release.

Remarks 1. The number of clocks listed in Table 5-7 is the number of main system clocks before switchover.
2. Calculate the number of clocks in Table 5-7 by removing the decimal portion.

Example When switching the main system clock from the internal high-speed oscillation clock to the
high-speed system clock (@ oscillation with frH = 16 MHz, fx1 = 12 MHz)
1+ 2fm/fxi=1+2%x16/12=1+2%x1.33=1+2.66 =3.66 — 3 clocks
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5.6.9 Conditions before clock oscillation is stopped
The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and

conditions before the clock oscillation is stopped.

Table 5-8. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
Internal high-speed MCS =1 RSTOP =1
oscillation clock (The CPU is operating on a clock other than the internal high-speed
oscillation clock)
X1 clock MCS =1 MSTOP =1
External main system clock (The CPU is operating on a clock other than the high-speed system clock)

5.6.10 Peripheral hardware and source clocks
The following lists peripheral hardware and source clocks incorporated in the xPD78F0730.

Table 5-9. Peripheral Hardware and Source Clocks

Source Clock

Peripheral Hardware
Clock (frrs)

Internal Low-Speed
Oscillation Clock (faL)

TM50 Output

External Clock from
Peripheral Hardware

Peripheral Hardware Pins
16-bit timer/event counter 00 Y N N Y (TI000 pin)
8-bit timer/ 50 Y N N Y (TI50 pin)
event counter 51 % N N Y (TI51 pin)
8-Bit timer H1 Y Y N N
Watchdog timer N Y N N
Serial interface UART6 Y N Y N
csl1o Y N N Y (SCK10 pin)

Remark Y: Can be selected, N: Cannot be selected
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

6.1 Functions of 16-Bit Timer/Event Counter 00

16-bit timer/event counter 00 has the following functions.

(1) Interval timer
16-bit timer/event counter 00 generates an interrupt request at the preset time interval.

(2) Square-wave output
16-bit timer/event counter 00 can output a square wave with any selected frequency.

(3) External event counter
16-bit timer/event counter 00 can measure the number of pulses of an externally input signal.

(4) One-shot pulse output
16-bit timer event counter 00 can output a one-shot pulse whose output pulse width can be set freely.

(5) PPG output
16-bit timer/event counter 00 can output a rectangular wave whose frequency and output pulse width can be set freely.

(6) Pulse width measurement
16-bit timer/event counter 00 can measure the pulse width of an externally input signal.
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6.2 Configuration of 16-Bit Timer/Event Counter 00

16-bit timer/event counter 00 includes the following hardware.

Table 6-1. Configuration of 16-Bit Timer/Event Counter 00

ltem Configuration

Time/counter

16-bit timer counter 00 (TMO0O)

Register

16-bit timer capture/compare registers 000, 010 (CR000, CR010)

Timer input

TI000, TIO10 pins

Timer output

TOO0O0 pin, output controller

16-bit timer mode control register 00 (TMCO00)

16-bit timer capture/compare control register 00 (CRCO00)
16-bit timer output control register 00 (TOCO00)

Prescaler mode register 00 (PRMO00)

Port mode register 0 (PMO)

Port register 0 (PO)

Control registers

Figure 6-1 shows the block diagram.

Figure 6-1. Block Diagram of 16-Bit Timer/Event Counter 00

¢ Internal bus §

Capture/compare
control resister 00 (CRC00)

To CRO10

S
g 8 INTTMO0O
Noise rg 16-bit timer capture/compare 2
TI010/TO00/PO1© elimi- 2 register 000 (CR000)
nator 2]
M Match
frrs _ ﬁ
fens/2® g 16-bit ti ter 00
o] -bit timer counter
3 Clear
uﬂ (TM00) R Output
L controller ’ > ;3100/“010/
Noise| Match Q
fers —= elimi-| 12 —
nator Out(pF:JS”atC PMO1
Noise [
I o 16-bit timer capture/compare
T1000/P00O ﬁmf [ register 010 (CR010)
] AI gl i INTTMO10
H —
CRC002 —
PRM001PRMO00) [coosTMC002TMC001/0VFO0] |OSPTO0OSPEONTOC004/LVS00|LVRO0[TOC001|TOEOO]
Prescaler mode 16-bit timer mode 16-bit ;(imer out%%t
f control register 00 control register
register 00 (PRMO00) (TMCO00) (TOCO00)
S Internal bus

Remark frrs: Peripheral hardware clock frequency

RO1UHO308EJ0300 Rev.3.00 115

Sep 22, 2011
o RENESAS



pPD78F0730 CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

(1)

()

16-bit timer counter 00 (TMO0O0)

TMOO is a 16-bit read-only register that counts count pulses.

The counter is incremented in synchronization with the rising edge of the count clock.

If the count value is read during operation, then input of the count clock is temporarily stopped, and the count value at
that point is read.

Figure 6-2. Format of 16-Bit Timer Counter 00 (TMO0O)

Address: FF10H, FF11H (TMOO) After reset: 0000H R
FF11H (TMOO) FF10H (TMOO)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

FAC e I I A B B B B

The count value of TM0O can be read by reading TM0O when the value of bits 3 and 2 (TMC003 and TMCO002) of 16-
bit timer mode control register 00 (TMCOO) is other than 00. The value of TM0O is 0000H if it is read when TMCO003
and TMCO002 = 00.

The count value is reset to 0000H in the following cases.

o At reset signal generation

If TMCO003 and TMCO002 are cleared to 00

e |f the valid edge of the TI000 pin is input in the mode in which the clear & start occurs when inputting the valid edge
to the TI000 pin

¢ |f TMOO and CR000 match in the mode in which the clear & start occurs when TM0O and CR000 match

e OSPTOO is set to 1 or the valid edge is input to the TIO00 pin in one-shot pulse output mode

Cautions 1. Even if TMOO is read, the value is not captured by CR010.
2. When TMOO is read, input of the count clock is temporarily stopped and it is resumed after the
timer has been read. Therefore, no clock miss occurs.

16-bit timer capture/compare register 000 (CR000), 16-bit timer capture/compare register 010 (CR010)

CRO000 and CR010 are 16-bit registers that are used with a capture function or comparison function selected by using
CRCO0o0.

Change the value of CR000 while the timer is stopped (TMC003 and TMCO002 = 00).

The value of CR010 can be changed during operation if the value has been set in a specific way. For details, see
6.5.1 Rewriting CR010 during TMOO operation.

These registers can be read or written in 16-bit units.

Reset signal generation sets these registers to 0000H.

Figure 6-3. Format of 16-Bit Timer Capture/Compare Register 000 (CR000)

Address: FF12H, FF13H (CR000) After reset: 0000H R/W
FF13H (CR000) FF12H (CR000)

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oo | | [ [ [ I [ [T P P T P[] ]
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(i) When CRO000 is used as a compare register
The value set in CR000 is constantly compared with the TMOO count value, and an interrupt request signal
(INTTMOO00) is generated if they match. The value is held until CR0OO is rewritten.

(ii) When CRO000 is used as a capture register
The count value of TMOO is captured to CR0O00 when a capture trigger is input.
As the capture trigger, an edge of a phase reverse to that of the TIO00 pin or the valid edge of the TI010 pin can
be selected by using CRC00 or PRMO0O.

Figure 6-4. Format of 16-Bit Timer Capture/Compare Register 010 (CR010)

Address: FF14H, FF15H (CR010) After reset: 0000H R/W
FF15H (CR0O10) FF14H (CR010)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oo | | [ [ [ I [ [T I [ [ I [ [ ]}

(i) When CR010 is used as a compare register
The value set in CRO10 is constantly compared with the TMOO count value, and an interrupt request signal
(INTTMO10) is generated if they match.

(ii) When CRO010 is used as a capture register
The count value of TMOO is captured to CR010 when a capture trigger is input.
It is possible to select the valid edge of the TIO00 pin as the capture trigger. The TI000 pin valid edge is set by
PRMO0O.

Cautions 1. To use this register as a compare register, set a value other than 0000H to CR000 and CR010.

2. The valid edge of TI010 and timer output (TO00) cannot be used for the P01 pin at the same time.
Select either of the functions.

3. If clearing of its 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00 (TMC00)
to 00 and input of the capture trigger conflict, then the captured data is undefined.

4. To change the mode from the capture mode to the comparison mode, first clear the TMC003 and
TMCO002 bits to 00, and then change the setting.
A value that has been once captured remains stored in CR000 unless the device is reset. If the
mode has been changed to the comparison mode, be sure to set a comparison value.

5. CRO000/CR010 does not perform the capture operation when it is set in the comparison mode,
even if a capture trigger is input to it.
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Table 6-2. Capture Operation of CR000 and CR010

External Input
Signal TI000 Pin Input I | ‘ | TI010 Pin Input I | I |
Capture ‘
Operation
Capture operation of | CRC001 =1 Set values of ES001 and | CRC001 bit=0 Set values of ES101 and
CR000 TIO0O0 pin input ES000 TI010 pin input ES100
(reverse phase) Position of edge to be Position of edge to be
captured captured
01: Rising | | | | 01: Rising
00: Falling 00: Falling
11: Both edges 11: Both edges
(cannot be captured) | t I 1
Interrupt signal INTTMOOO signal is not Interrupt signal INTTMOOO signal is
generated even if value generated each time
is captured. value is captured.
Capture operation of | TI000 pin input"™ Set values of ES001 and
CR010 ES000

Position of edge to be

I—I _I_ captured
‘ 01: Rising

-

00: Falling

-
7

11: Both edges

1

Interrupt signal INTTMO10 signal is
generated.

=

Note The capture operation of CR010 is not affected by the setting of the CRC001 bit.

Caution To capture the count value of the TMO0O register to the CR000 register by using the phase reverse to
that input to the TI0O00 pin, the interrupt request signal (INTTMO00O) is not generated after the value
has been captured. If the valid edge is detected on the TI010 pin during this operation, the capture
operation is not performed but the INTTMO00O signal is generated as an external interrupt signal. To
not use the external interrupt, mask the INTTMO0OO signal.

Remark CRCO001: See 6.3 (2) Capture/compare control register 00 (CRCO00).
ES101, ES100, ES001, ES000: See 6.3 (4) Prescaler mode register 00 (PRMO00).
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6.3 Registers Controlling 16-Bit Timer/Event Counter 00
Registers used to control 16-bit timer/event counter 00 are shown below.

e 16-bit timer mode control register 00 (TMCO0)
e Capture/compare control register 00 (CRCO00)
e 16-bit timer output control register 00 (TOCO00)
¢ Prescaler mode register 00 (PRMO00)

e Port mode register 0 (PMO)

e Port register 0 (P0)

(1) 16-bit timer mode control register 00 (TMCO00)
TMCOO is an 8-bit register that sets the 16-bit timer/event counter 00 operation mode, TMOO clear mode, and output
timing, and detects an overflow.
Rewriting TMCOO is prohibited during operation (when TMC003 and TMCO002 = other than 00). However, it can be
changed when TMCO003 and TMCO002 are cleared to 00 (stopping operation) and when OVFOQO is cleared to 0.
TMCOO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets TMCOO0 to 00H.

Caution 16-bit timer/event counter 00 starts operation at the moment TMC002 and TMCO003 are set to values
other than 00 (operation stop mode), respectively. Set TMC002 and TMC003 to 00 to stop the
operation.
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Figure 6-5. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

Address: FFBAH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 <0>
TMCO00 0 0 0 0 TMCO003 TMCO002 TMCO001 OVF00
TMCO003 TMCO002 Operation enable of 16-bit timer/event counter 00
0 0 Disables TMO0O operation. Stops supplying operating clock. Asynchronously resets
the internal circuit.
0 1 Free-running timer mode
1 0 Clear & start mode entered by TI000 pin valid edge input™*®
1 1 Clear & start mode entered upon a match between TM00 and CR000
TMCO001 Condition to reverse timer output (TOO00)
0 * Match between TM0O and CR0O00 or match between TM0O and CR010
1 * Match between TM0O and CR0O00 or match between TM0O and CR010
e Trigger input of TI000 pin valid edge
OVFO00 TMOO overflow flag
Clear (0) Clears OVF00 to 0 or TMC003 and TMC002 = 00
Set (1) Overflow occurs.
OVFOO is set to 1 when the value of TM0O changes from FFFFH to 0000H in all the operation modes (free-running
timer mode, clear & start mode entered by TI000 pin valid edge input, and clear & start mode entered upon a match
between TM00 and CR000).
It can also be set to 1 by writing 1 to OVFOO.

Note The TIOO0O0 pin valid edge is set by bits 5 and 4 (ES001, ES000) of prescaler mode register 00 (PRMO00).
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(2) Capture/compare control register 00 (CRC00)
CRCOO is the register that controls the operation of CR0O00 and CR010.
Changing the value of CRCOO is prohibited during operation (when TMC003 and TMCO002 = other than 00).
CRCO00 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears CRC00 to O0H.

Figure 6-6. Format of Capture/Compare Control Register 00 (CRC00)

Address: FFBCH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 CRC002 CRCO001 CRC000
CRCO002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO001 CRO000 capture trigger selection
0 Captures on valid edge of TI010 pin
1 Captures on valid edge of TI000 pin by reverse phase"*®

The valid edge of the TI010 and TI000 pin is set by PRMOO.
If ES001 and ES000 are set to 11 (both edges) when CRCO001 is 1, the valid edge of the TIO00 pin cannot
be detected.

CRCO000 CRO000 operating mode selection
0 Operates as compare register
1 Operates as capture register

If TMC003 and TMCO002 are set to 11 (clear & start mode entered upon a match between TMOO and
CRO000), be sure to set CRC000 to 0.

Note When the valid edge is detected from the TIO10 pin, the capture operation is not performed but the INTTMO0O
signal is generated as an external interrupt signal.

Caution To ensure that the capture operation is performed properly, the capture trigger requires a pulse two
cycles longer than the count clock selected by prescaler mode register 00 (PRM00).
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Figure 6-7. Example of CR010 Capture Operation (When Rising Edge Is Specified)

Valid edge
\
Count clock _| | | | | | 4\ | |
I
™o [ N-3 f N-2 X N-1 X/ N, f] N+i1
I
/
TI000 I ! |
Rising edge detection !
I
|
CR010 In
INTTMO10 \‘| |

(3) 16-bit timer output control register 00 (TOC00)
TOCOO is an 8-bit register that controls the TOO0O0 pin output.
TOCO00 can be rewritten while only OSPTOO is operating (when TMCO003 and TMCO002 = other than 00). Rewriting the
other bits is prohibited during operation.
However, TOC004 can be rewritten during timer operation as a means to rewrite CR010 (see 6.5.1 Rewriting CR010
during TMOO operation).
TOCOO0 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TOCO00 to 00H.

Caution Be sure to set TOCO00 using the following procedure.
<1> Set TOC004 and TOCO001 to 1.
<2> Set only TOEO0O to 1.
<3> Set either of LVS00 or LVRO0O to 1.
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Figure 6-8. Format of 16-Bit Timer Output Control Register 00 (TOC00)

Address: FFBDH  After reset: 00H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO00 0 OSPT00 OSPEO00 TOC004 LVS00 LVR0OO TOCO001 TOEOO0
OSPTO00 One-shot pulse output trigger via software
0 —
1 One-shot pulse output

The value of this bit is always “0” when it is read. Do not set this bit to 1 in a mode other than the one-
shot pulse output mode.
If it is set to 1, TMOO is cleared and started.

OSPEOQ0 One-shot pulse output operation control
0 Successive pulse output
1 One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by
TI000 pin valid edge input.
The one-shot pulse cannot be output in the clear & start mode entered upon a match between TM0O and CR000.

TOCO004 TOO0O0 pin output control on match between CR010 and TM00
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO010) is generated even when TOC004 = 0.

LVSO00 LVRO0O Setting of TO0O pin output status
0 0 No change
0 1 Initial value of TOOO pin output is low level (TOO0O pin output is cleared to 0).
1 0 Initial value of TOOO pin output is high level (TOO0O pin output is set to 1).
1 1 Setting prohibited

e LVS00 and LVROO can be used to set the initial value of the output level of the TO0O pin. If the initial
value does not have to be set, leave LVS00 and LVRO0O0 as 00.

¢ Be sure to set LVS00 and LVR0O when TOEOQO = 1.
LVS00, LVRO00, and TOEOQO being simultaneously set to 1 is prohibited.

e LVS00 and LVROO are trigger bits. By setting these bits to 1, the initial value of the output level of the
TOO0O0 pin can be set. Even if these bits are cleared to 0, output of the TOOO pin is not affected.

e The values of LVS00 and LVROO are always 0 when they are read.

e For how to set LVS00 and LVROO, see 6.5.2 Setting LVS00 and LVR00.

TOCO001 TOOO0 pin output control on match between CR000 and TMOO
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMOO0O) is generated even when TOCO001 = 0.

TOEOO TOOO0 pin output control
0 Disables output (TOO0O pin output fixed to low level)
1 Enables output
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(4) Prescaler mode register 00 (PRMO00)

PRMOO is the register that sets the TM0O count clock and TI000 and TI1010 pin input valid edges.
Rewriting PRMOO is prohibited during operation (when TMCO003 and TMCO002 = other than 00).
PRMOO can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets PRMOO to O0H.

Cautions 1. Do not apply the following setting when setting the PRM001 and PRMO000 bits to 11 (to specify
the valid edge of the TI000 pin as a count clock).
o Clear & start mode entered by the TI000 pin valid edge

¢ Setting the TI000 pin as a capture trigger

2. If the operation of the 16-bit timer/event counter 00 is enabled when the TIO00 or TI0O10 pin is at
high level and when the valid edge of the TI000 or TI010 pin is specified to be the rising edge or
both edges, the high level of the TI0O00 or TI010 pin is detected as a rising edge. Note this when
the TIO00 or TIO10 pin is pulled up. However, the rising edge is not detected when the timer
operation has been once stopped and then is enabled again.

3. The valid edge of TI010 and timer output (TO00) cannot be used for the P01 pin at the same time.

Select either of the functions.

Figure 6-9. Format of Prescaler Mode Register 00 (PRMO00)

Address: FFBBH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1
PRMO00 ES101 ES100 ES001 ES000 0 | 0 | PRMO001 | PRMO000
ES101 ES100 TI010 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited

Both falling and rising edges

ES001 ES000 TIO0O0 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO001 PRMO000 Count clock selection
frrs = 12 MHz frrs = 16 MHz
0 0 frRs 12 MHz 16 MHz
0 1 frrs/2° 3 MHz 4 MHz
1 0 Setting prohibited

TI000 valid edge™*

Note The external clock requires a pulse two cycles longer than internal clock (fers).

Remark frrs: Peripheral hardware clock frequency
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(5) Port mode register 0 (PMO0)

This register sets port 0 input/output in 1-bit units.

When using the P01/TO00/T1010 pin for timer output, set PMO1 and the output latches of P01 6 to 0.

When using the P0O/TI000 and P01/TO00/TI0O10 pins for timer input, set PM0OO and PMO1 to 1. At this time, the
output latches of P00 and PO1 may be 0 or 1.

PMO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PMO to FFH.

Figure 6-10. Format of Port Mode Register 0 (PMO0)

Address: FF20H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMO 1 1 1 1 1 1 PMO1 [ PMOO
PMON POn pin I/O mode selection (n =0, 1)
0 Output mode (output buffer on)

Input mode (output buffer off)
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6.4 Operation of 16-Bit Timer/Event Counter 00

6.4.1 Interval timer operation

If bits 3 and 2 (TMCO003 and TMCO002) of the 16-bit timer mode control register (TMCOO0) are set to 11 (clear & start
mode entered upon a match between TM00 and CRO000), the count operation is started in synchronization with the count

clock.

When the value of TMOO later matches the value of CR000, TMOO is cleared to 0000H and a match interrupt signal
(INTTMOO0O) is generated. This INTTMOOO signal enables TMOO to operate as an interval timer.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO0).

2. For how to enable the INTTMOOQO interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 6-11. Block Diagram of Interval Timer Operation

Clear ¢—

16-bit counter (TMOO0)

Count clock )

Operable bits

{} Match signal
i

TMCO003, TMC002

CROO0O register

INTTMOOO signal

Figure 6-12. Basic Timing Example of Interval Timer Operation

N
TMOO register

0000H

A N — N

Operable bits

(TMC003, TMCo02) 00

11

Compare register
(CR000)

Compare match interrupt
(INTTMO000)

Interval
(N+1)

Interval
(N+1)

Interval
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Figure 6-13. Example of Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVF00
Lo [ o[ o of «+ [+ ] o] o]

Clears and starts on match

between TM0O0 and CR000.

(b) Capture/compare control register 00 (CRC00)

CRCO002 CRCO001 CRCO000
L o [ o] of ol o o of o
[ CRO0O0 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEOO0 TOC004 LVSO0 LVROO TOCO001 TOEOO

Lol ofofofo]ofofeo]

(d) Prescaler mode register 00 (PRMO0O0)

ES101 ES100 ES001 ES000 3 2 PRM001T PRMOO0O
|o\o\o\o\o\o\0/1\0/1|

\—|—1— Selects count clock

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR0OO0O, the interval time is as follows.

e Interval time = (M + 1) x Count clock cycle

Setting CRO00 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)

Usually, CRO10 is not used for the interval timer function. However, a compare match interrupt (INTTMO10) is

generated when the set value of CR010 matches the value of TMO0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-14. Example of Software Processing for Interval Timer Function

N — N — N R
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

CROO0O register x N
INTTMOOO signal —| —| —|

<1> <2>

00 11

<1> Count operation start flow

=

Reg::?:\(/leggnirt(iazlissteetrting Initial setting of these registers is performed before
CRCO0 register, setting the TMC003 and TMCO002 bits to 11.
CROOO register,

port setting
TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits =
003, TMCO02 bits = 00 by clearing the TMC003 and TMCO02 bits to 00.

=
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6.4.2 Square wave output operation

When 16-bit timer/event counter 00 operates as an interval timer (see 6.4.1), a square wave can be output from the
TOOO pin by setting the 16-bit timer output control register 00 (TOCO00) to 03H.

When TMCO003 and TMCO002 are set to 11 (count clear & start mode entered upon a match between TM00 and CR000),
the counting operation is started in synchronization with the count clock.

When the value of TMOO later matches the value of CR000, TMQO is cleared to 0000H, an interrupt signal (INTTMOQO)
is generated, and output of the TOOO pin is inverted. This TO0O pin output that is inverted at fixed intervals enables TO00
to output a square wave.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 6-15. Block Diagram of Square Wave Output Operation

Clear ¢—

Output .

Dq 16-bit counter (TMO0O0) "1 controller —=O© TO00 pin
r {} Match signal

Operable bits
TMCO003, TMCO002

Count clock

INTTMOOO signal

CRO00O0 register

Figure 6-16. Basic Timing Example of Square Wave Output Operation

N — N — N — N N
TMOO register

0000H

Operable bits
(TMC003, TMC002) 90 11

Compare register N
(CR000)
TOO0O pin output

Compare match interrupt _| _| _|
(INTTMO0O00)

‘

Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)
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Figure 6-17. Example of Register Settings for Square Wave Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVF00
Lo [ o[ o] of «+ [+ ] o] o]

LH

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TM00 and CR000.

CRC002 CRC001_CRC000
Lo [ o[ o of o of o] o]

\— CRO000 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO0 TOC004 LVS00 LVROO TOC001 TOEOO

Lol ofof ool o] +] ]

\— Enables TO0O0 pin output.

Inverts TOO0O pin output on match
between TM00 and CR000.

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ESO001 ES000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 |

T

Selects count clock

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR0OO0O, the interval time is as follows.

e Square wave frequency = 1/[2 x (M + 1) x Count clock cycle]

Setting CRO00 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)

Usually, CR010 is not used for the square wave output function. However, a compare match interrupt

(INTTMO10) is generated when the set value of CR010 matches the value of TM0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-18. Example of Software Processing for Square Wave Output Function

N — N — N —
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

CROO0O register x N

TOO0O0 pin output

INTTMOOO signal _| _| _|

TOO0O0 output control bit
(TOEO00)

00 11

<1> <2>

<1> Count operation start flow

=

Register initial setting Initial setting of these registers is performed before
PRMOO register, setting the TMC003 and TMCO002 bits to 11.
CRCOO register,

TOCO0 registerNete,
CRO0OO register,
port setting

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits = 00 by clearing the TMC003 and TMC002 bits to 00.

=

Note Care must be exercised when setting TOC00. For details, see 6.3 (3) 16-bit timer output control register 00
(TOCO00).
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6.4.3 External event counter operation

When bits 1 and 0 (PRM001 and PRMO000) of the prescaler mode register 00 (PRMO00) are set to 11 (for counting up
with the valid edge of the TI000 pin) and bits 3 and 2 (TMCO003 and TMCO002) of 16-bit timer mode control register 00
(TMCO00) are set to 11, the valid edge of an external event input is counted, and a match interrupt signal indicating
matching between TM0OO and CR000 (INTTMO0QO) is generated.

To input the external event, the TIO00 pin is used. Therefore, the timer/event counter cannot be used as an external
event counter in the clear & start mode entered by the TI000 pin valid edge input (when TMCO003 and TMC002 = 10).

The INTTMOOO signal is generated with the following timing.

¢ Timing of generation of INTTMOOO signal (second time or later)
= Number of times of detection of valid edge of external event x (Set value of CR000 + 1)

However, the first match interrupt immediately after the timer/event counter has started operating is generated with the
following timing.

¢ Timing of generation of INTTMOOO signal (first time only)
= Number of times of detection of valid edge of external event input x (Set value of CR0O00 + 2)

To detect the valid edge, the signal input to the TI000 pin is sampled during the clock cycle of frrs. The valid edge is
not detected until it is detected two times in a row. Therefore, a noise with a short pulse width can be eliminated.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 6-19. Block Diagram of External Event Counter Operation

frrs
Clear
Output .
. Edge - ——©) TOO00 pin
T1000 pin @ yetection }—{  16-bit counter (TM0O) controller
r {} Match signal .
Operable bits {} INTTMOOO signal
TMCO003, TMCO002
CRO0O0O register
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Figure 6-20. Example of Register Settings in External Event Counter Mode

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO01 OVFO0
Lo [ ol of ol «+ [+ [ of o]

L’J

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TM0O and CR00O.

CRC002 CRC001_CRC000
Lo [ o[ o of o of o] o]

\— CRO000 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO0 TOC004 LVS00 LVROO TOC001 TOEOO

Lo [ oo ofoe]ofcol] o]

(d) Prescaler mode register 00 (PRMO0O0)

ES101 ES100 ESO001 ES000 3

n

PRMO001 PRMO000

|o‘o‘0/1‘0/1‘0‘0‘1‘1|

L
Selects count clock

(specifies valid edge of TI000).

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR00O, the interrupt signal (INTTMOOO) is generated when the number of external events reaches
(M +1).
Setting CR000 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)
Usually, CRO10 is not used in the external event counter mode. However, a compare match interrupt
(INTTMO10) is generated when the set value of CR010 matches the value of TMOO.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-21. Example of Software Processing in External Event Counter Mode

N — N — N N
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

Compare register
(CR000) N

Compare match signal
(INTTMO000) _| —l —l

<1> <2>

00 11

<1> Count operation start flow

o D

Register initial setting Initial setting of these registers is performed before
PRMOO register, setting the TMC003 and TMCO002 bits to 11.
CRCOO register,
CRO0O0O register,

port setting

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits = 00 by clearing the TMC003 and TMCO002 bits to 00.

=
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6.4.4 Operation in clear & start mode entered by TI0O00 pin valid edge input

When bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00 (TMCO00) are set to 10 (clear & start
mode entered by the TI000 pin valid edge input) and the count clock (set by PRMOO) is supplied to the timer/event counter,
TMOO starts counting up. When the valid edge of the TI000 pin is detected during the counting operation, TMOO is cleared
to 0000H and starts counting up again. If the valid edge of the TI0O00 pin is not detected, TMOO overflows and continues
counting.

The valid edge of the TIO00 pin is a cause to clear TM0O. Starting the counter is not controlled immediately after the
start of the operation.

CRO000 and CR010 are used as compare registers and capture registers.

(a) When CR000 and CR010 are used as compare registers
Signals INTTMO0O and INTTMO10 are generated when the value of TMOO matches the value of CR000 and
CRoO10.

(b) When CR000 and CR010 are used as capture registers
The count value of TMOO is captured to CR0O00 and the INTTMOOO signal is generated when the valid edge is
input to the TI0O10 pin (or when the phase reverse to that of the valid edge is input to the TI000 pin).
When the valid edge is input to the TI0O00 pin, the count value of TMOO is captured to CR010 and the INTTMO10
signal is generated. As soon as the count value has been captured, the counter is cleared to 0000H.

Caution Do not set the count clock as the valid edge of the TI000 pin (PRM001 and PRMO000 = 11). When
PRMO001 and PRMO000 = 11, TMOO is cleared.

Remarks 1. For the setting of the 1/O pins, see 6.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

(1) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: compare register)

Figure 6-22. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

. Edge
T1000 pin © detection
Clear
Count clock Timer counter
r (TMO0)
- {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMO00)
TMCO003, TMC002
Compare register Output .
(CR000) controller [~ TO00 pin
Match signal i Interrupt signal

ﬁ ¢ (INTTMO10)

Compare register
(CR010)
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Figure 6-23. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

(a) TOCO00 = 13H, PRMO00 = 10H, CRCO00, = 00H, TMCO00 = 08H

vd M~ M~

i M
TMOO register N N~ N~ N

N\g

0000H

Operable bits 00 <
(TMCO003, TMCO002)

Count clear input | _l _I_
(TI000 pin input)

Compare register >< M
(CR000)
Compare match interrupt
(INTTMO000) -| -| -|

Compare register

(CRO10) :X N

Compare match interrupt
(INTTMO10)

10

—
—
—
— 1

TOO00 pin output

(b) TOCO0 = 13H, PRM00 = 10H, CRC00, = 00H, TMCO00 = 0AH

v M_1 M~ M_~1

i M
TMOO register N N~ N N

A\

0000H

Operable bits 00 <
(TMCO003, TMC002)

Count clear input | _l _I_
(TI000 pin input)

Compare register >< M
(CR000)
Compare match interrupt
(INTTMO000) -| -| _|

Compare register

(CRO10) :X N

Compare match interrupt
(INTTMO10)

10

—
—
—
—

TOO00 pin output

(a) and (b) differ as follows depending on the setting of bit 1 (TMCO001) of the 16-bit timer mode control register 00
(TMCO00).
(a) The output level of the TOOO pin is inverted when TMOO matches a compare register.
(b) The output level of the TOO0O pin is inverted when TM0OO matches a compare register or when the valid edge
of the T1000 pin is detected.
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(2) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: capture register)

Figure 6-24. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register)

. Edge
T1000 pin © dete?:tor
Clear
Count clock \ Timer counter
r / (TMO0)
@ Match signal Interrupt signal
Operable bits ﬁ I (INTTMO00O)
TMCO003, TMCO002
Compare register Output ;
(CR000) controller © T000 pin
Capture signal L,| Capture register Interrupt signal
(CRO10) (INTTMO10)

Figure 6-25. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register) (1/2)

(a) TOCO00 = 13H, PRM0O = 10H, CRCO00, = 04H, TMCO00 = 08H, CR000 = 0001H

M N P Q

TMOO register

0000H

Operable bits 00 >
(TMC003, TMC002)

Capture & count clear input _l _|
(TI000 pin input)

Compare register
(CR000) X 0001H

Compare match interrupt '| '| '| '| '|
(INTTMOO0)

Capture register
(CR010) 0000H M >

Capture interrupt '| '| '| '|
(INTTMO010)

TOO00 pin output

10

pa

»

o
P
ol

This is an application example where the output level of the TOO0O pin is inverted when the count value has been
captured & cleared.

The count value is captured to CR0O10 and TMOO is cleared (to 0000H) when the valid edge of the TIO00 pin is
detected. When the count value of TM0O is 0001H, a compare match interrupt signal (INTTMO00O) is generated, and
the output level of the TOOO pin is inverted.
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Figure 6-25. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input

(CR000: Compare Register, CR010: Capture Register) (2/2)

(b) TOCO00 = 13H, PRM00 = 10H, CRCO00, = 04H, TMCO00 = 0AH, CR000 = 0003H

TMOO register

0003H
0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI000 pin input)

Compare register
(CR000)

Compare match interrupt
(INTTMO000)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

TOO0O pin output

M N

P

00 > 10
X 0003H
0000H M > S

o]l

This is an application example where the width set to CR000 (4 clocks in this example) is to be output from the TO00
pin when the count value has been captured & cleared.
The count value is captured to CR010, a capture interrupt signal (INTTMO10) is generated, TMOO is cleared (to
0000H), and the output level of the TO0O pin is inverted when the valid edge of the TI000 pin is detected. When the
count value of TM0O is 0003H (four clocks have been counted), a compare match interrupt signal (INTTMOOO) is
generated and the output level of the TOOQO pin is inverted.
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(3) Operation in clear & start mode by entered TI000 pin valid edge input
(CR000: capture register, CR010: compare register)

Figure 6-26. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register)

. Edge
T1000 pin © detection
Clear
Count clock \ Timer counter
r ) (TMO00)
- {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMO10)
TMCO003, TMC002
Compare register Output .
(CR010) controller ©T000 pin
Capture signal || Capture register Interrupt signall
(CR000) (INTTMO000)
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Figure 6-27. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (1/2)

(a) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 03H, TMCO00 = 08H, CR010 = 0001H

TMOO register

0000H

Operable bits
(TMC003, TMCO002)

Capture & count clear input
(TI000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Compare register
(CR010)

Compare match interrupt
(INTTMO10)

TOO00 pin output

e

N

v

e

00>

10

0000H M

X

0001H

This is an application example where the output level of the TO0O pin is to be inverted when the count value has been

captured & cleared.

TMOO is cleared at the rising edge detection of the TI000 pin and it is captured to CR00O at the falling edge detection

of the TI00O0 pin.

When bit 1 (CRCO001) of capture/compare control register 00 (CRCO00) is set to 1, the count value of TMO0O is captured
to CRO0O0O in the phase reverse to that of the signal input to the TI000 pin, but the capture interrupt signal (INTTMO0OO)
is not generated. However, the INTTMOOO signal is generated when the valid edge of the TI0O10 pin is detected.
Mask the INTTMOOO signal when it is not used.
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Figure 6-27. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (2/2)

(b) TOCO00 = 13H, PRM00 = 10H, CRCO00, = 03H, TMC00 = 0AH, CR010 = 0003H

TMOO register

0003H
0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI000 pin input)

Compare register
(CR000)

Compare match interrupt
(INTTMO00)

Capture register
(CRO10)

Capture interrupt
(INTTMO010)

TOO0O0 pin output

w "]

v

/

N

00>

10

0000H M

0003H

This is an application example where the width set to CR010 (4 clocks in this example) is to be output from the TO00
pin when the count value has been captured & cleared.
TMOO is cleared (to 0000H) at the rising edge detection of the TIO00 pin and captured to CR000 at the falling edge
detection of the TI000 pin. The output level of the TOOO0 pin is inverted when TMOO is cleared (to 0000H) because the
rising edge of the TIO00 pin has been detected or when the value of TMOO matches that of a compare register

(CRO10).

When bit 1 (CRC001) of capture/compare control register 00 (CRCO00) is 1, the count value of TMOO is captured to
CRO000 in the phase reverse to that of the input signal of the TIO00 pin, but the capture interrupt signal (INTTMOOO) is

not generated. However, the INTTMOOO interrupt is generated when the valid edge of the TIO10 pin is detected.
Mask the INTTMOOO signal when it is not used.
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(4) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: capture register, CR010: capture register)

Figure 6-28. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CRO000: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMCO002

N

Clear

\ Timer counter
|

Count clock (TMO0)

Capture register Interrupt signal

Capture signal (CR010) (INTTMO10)

Output iNote
= controller ©7000 pin
T1000 pin © ge 5

P detection % Capture register Interrupt signal

° CRO000) (INTTMO000)

- Not Edge © Capture (
TI010 pin™* Q detection @ signal

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI010 pin is used.

Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (1/3)

(a) TOCO00 = 13H, PRMO00 = 30H, CRC00 = 05H, TMCO00 = 0AH

L_—
TMOO register N__ Q
M—— (o p_ A R S__ T ——
0000H
Operable bits 00 10

(TMC003, TMC002)

Capture & count clear input
(TI000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTMo00) L

TS TR 0B 000
cany e 5

TOO00 pin output

0000H

I =

This is an application example where the count value is captured to CR010, TMOO is cleared, and the TO0O pin output
is inverted when the rising or falling edge of the TI000 pin is detected.

When the edge of the TI010 pin is detected, an interrupt signal (INTTMOOO) is generated. Mask the INTTMOOO signal
when it is not used.
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Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (2/3)

(b) TOCO00 = 13H, PRM00 = COH, CRCO00 = 05H, TMCO00 = 0AH

FFFFH
TMOO register

0000H
Operable bits
(TMC003, TMCO002)

Capture trigger input
(TI010 pin input)
Capture register

(CR000)

Capture interrupt
(INTTMOO00)

Capture & count clear input
(T1000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

N

v

00>

10

0000H

0000H

L

This is a timing example where an edge is not input to the TIO00 pin, in an application where the count value is
captured to CRO00 when the rising or falling edge of the TI010 pin is detected.
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Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (3/3)

(c) TOCO00 = 13H, PRM00 = 00H, CRC00 = 07H, TMCO00 = 0AH

M O S W,
TMOO register / /
L N d Q- / T
R
0000H P

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI000 pin input) -

00 10

Capture register

(CROO0) 0000H L N P R T

Capture register
(CR010)

Capture interrupt ‘| '| '| ‘|
(INTTMO010)

0000H M O Q S

— =1

Capture input
(TI010)

Compare match interrupt
(INTTMO000)

This is an application example where the pulse width of the signal input to the TI000 pin is measured.

By setting CRCO00, the count value can be captured to CR00O0 in the phase reverse to the falling edge of the TI000 pin
(i.e., rising edge) and to CR0O10 at the falling edge of the TI000 pin.

The high- and low-level widths of the input pulse can be calculated by the following expressions.

¢ High-level width = [CR010 value] — [CR000 value] x [Count clock cycle]
¢ L ow-level width = [CR0O00 value] x [Count clock cycle]

If the reverse phase of the TI000 pin is selected as a trigger to capture the count value to CR000, the INTTMO00O
signal is not generated. Read the values of CR0O00 and CR010 to measure the pulse width immediately after the
INTTMO10 signal is generated.

However, if the valid edge specified by bits 6 and 5 (ES101 and ES100) of prescaler mode register 00 (PRMO0O) is
input to the TI010 pin, the count value is not captured but the INTTMOOO signal is generated. To measure the pulse
width of the TI000 pin, mask the INTTMOOO signal when it is not used.
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Figure 6-30. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (1/2)

(a) 16-bit timer mode control register 00 (TMC00)

TMC003 TMC002 TMC001 _OVF00
1 | o 0/1 o |

L

0: Inverts TOO0O output on match
between CR000 and CR010.

1: Inverts TOOO output on match
between CR000 and CR010
and valid edge of TI000 pin.

Clears and starts at valid
edge input of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRCO00
[ o [ o [ o | o | o [ ot | on | on |

—— 0: CRO0O00 used as compare register
1: CROO0O0 used as capture register

0: TI010 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

0: CR010 used as compare register
1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO0 TOCO004 LVS00 LVROO TOC001 TOEOO
| 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 01 ‘ 01 ‘ 01 |

L

\— 0: Disables TO00 outputNete
1: Enables TOOO output

Specifies initial value of
TOOO0 output F/F

00: Does not invert TO00 output on match
between TM00O and CR000/CR010.

01: Inverts TOO0O output on match between
TMOO0 and CR000.

10: Inverts TOOO output on match between
TMO0O0 and CRO010.

11: Inverts TOOO output on match between
TMO00 and CR0O00/CR010.

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI0O10 pin is used.
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Figure 6-30. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (2/2)

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3 2 PRMO001 PRMO0O
| 0 \ 0/1 \ 0/1 \ 0/ \ 0 0 \ 0/ \ 0/ |
] ] ]

Count clock selection
(setting TI1000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRC001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TI000 or TIO10 pin"®* input as a capture trigger. When
the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR00O.

Note The timer output (TO00) cannot be used when detection of the valid edge of the TI010 pin is used.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the valid
edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-31. Example of Software Processing in Clear & Start Mode Entered by TI000 Pin Valid Edge Input

TMOO register N /M,/ N }/ N /M,/ N }

0000H —/ / / l/ /

Operable bits
(TMCO003, TMC002)

e

al

00 10

Count clear input
(TI000 pin input)

Compare register >< M
(CR000)
Compare match interrupt '| '| '| '|
(INTTMO000)

Compare register
(CR010) X N
Compare match interrupt
(INTTMO010)

TOO00 pin output r

|
—

<1> <2> <2>  <2> <2> <3>
<1> Count operation start flow <3> Count operation stop flow
) The counter is initialized
START TMCO003, TMCO002 bits =00 | and counting is stopped
by clearing the TMC003
and TMCO002 bits to 00.
Register initial setting Initial setting of these
PRMOO register, registers is performed
CRCOO register, before setting the STOP
TOCOO registerhete, TMCO003 and TMC002

CR000, CR0O10 registers, bits to 10.
TMC00.TMCO001 bit,
port setting

TMCO003, TMCO002 bits = 10 Starts count operation

<2> TMOO register clear & start flow

|

Edge input to TIO00 pin

|

When the valid edge is input to the TI000 pin,
the value of the TMOO register is cleared.

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control register 00
(TOCO00).
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6.4.5 Free-running timer operation

When bits 3 and 2 (TMC003 and TMC002) of 16-bit timer mode control register 00 (TMCOQO) are set to 01 (free-running
timer mode), 16-bit timer/event counter 00 continues counting up in synchronization with the count clock. When it has
counted up to FFFFH, the overflow flag (OVF00) is set to 1 at the next clock, and TMOO is cleared (to 0000H) and
continues counting. Clear OVF0O0 to 0 by executing the CLR instruction via software.

The following three types of free-running timer operations are available.

e Both CR000 and CR010 are used as compare registers.
¢ One of CR0O00 or CR010 is used as a compare register and the other is used as a capture register.
e Both CR000 and CR010 are used as capture registers.

Remarks 1. For the setting of the 1/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

(1) Free-running timer mode operation
(CR000: compare register, CR010: compare register)

Figure 6-32. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

Count clock

)

Timer counter
(TMO0)

-

Operable bits
TMCO003, TMC002

& Match signal

Interrupt signal

ﬁ

!

(INTTM000)

Compare register
(CR000)

Match signal

Output
controller

—(© TOO00 pin

Interrupt signal

ﬁ

Compare register
(CRO010)

(INTTMO10)
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Figure 6-33. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

¢ TOCO00 = 13H, PRM00 = 00H, CRC00 = 00H, TMCO00 = 04H

FFFFH -
M M y M/f
TMOO register NAT N = N N

0000H
Operable bits

(TMCO003, TMCO002) 00 o @
Compare register M
(CR000)
Compare match interrupt
(INTTMO000) -| -| -| -|
Compare register
(CR010) >< N

Compare match interrupt
(INTTMO10) -| -| -| -|

TOO00 pin output

OVFO00 bit —l —l _|_

T T ! ?

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where two compare registers are used in the free-running timer mode.
The output level of the TOOO pin is reversed each time the count value of TMOO matches the set value of CR0O00 or
CRO010. When the count value matches the register value, the INTTMO0OO or INTTMO10 signal is generated.

(2) Free-running timer mode operation
(CR000: compare register, CR010: capture register)

Figure 6-34. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

Count clock Timer counter
r (TMO00)

- & Match signal Interrupt signal

Operable bits ﬁ I (INTTMOOO)

TMCO003, TMC002
Compare register Qutput .
(CRO00) controller [~ TO00 pin

. Edge Capture register Interrupt signal

Tiooo pin ©—> detection Capture Signa| (CRO10) (INTTMO1O)
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Figure 6-35. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

¢ TOCO00 = 13H, PRM00 = 10H, CRC00 = 04H, TMCO00 = 04H

FFFFH
v /
TMOO register N / s P /
0000H

Operable bits
(TMC003, TMC002)

Capture trigger input
(T1000)

Compare register
(CROO00) X 0001H

Compare match interrupt
(INTTMO000) -| -| -| -| -|
Compare register
(CR010) 0000H M N S P < Q
Capture interrupt
(INTTMO10) -| -| -| -| |

TOOO0 pin output

00 01

Overflow flag

(OVF00) _l ]
f f f f

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where a compare register and a capture register are used at the same time in the free-
running timer mode.

In this example, the INTTMOOO signal is generated and the output level of the TOQO pin is reversed each time the
count value of TMOO matches the set value of CRO00 (compare register). In addition, the INTTMO10 signal is
generated and the count value of TMOO is captured to CR010 each time the valid edge of the TI0O00 pin is detected.
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(3) Free-running timer mode operation
(CR000: capture register, CR010: capture register)

Figure 6-36. Block Diagram of Free-Running Timer Mode
(CRO000: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMC002

L Timer counter
Count clock (TMO00)

Capture register Interrupt signal
(CR0O10) (INTTMO10)

Capture signal

Edge

TI000 pin : =
PO detegtion % Capture register Interrupt signal
: Edge © Capture (CR000) (INTTMO000)
T1010 pin © detection @ signal

Remark
the TOOO pin is not inverted.

If both CRO00 and CR010 are used as capture registers in the free-running timer mode, the output level of

However, it can be inverted each time the valid edge of the TIO00 pin is detected if bit 1 (TMCO001) of 16-bit

timer mode control register 00 (TMCOQO) is setto 1.
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Figure 6-37. Timing Example of Free-Running Timer Mode
(CRO000: Capture Register, CR010: Capture Register) (1/2)

(a) TOCO0 = 13H, PRMO0O = 50H, CRC00 = 05H, TMCO00 = 04H

FFFFH

/
TMOO register /M' /N S E Q"
AL . g ] / 9

0000H

Operable bits
(TMCO003, TMC002)

Capture trigger input —l |—_
(TI000)
Capture register

(CR010)

Capture interrupt u
(INTTMO10) -| -| -|

Capture trigger input
(TI010) —l

Capture register
(CRoo0) 0000H A B C D

Capture interrupt _
(INTTMO000) -| -| -| -|

Overflow flag
(OVF00)

00 01

0000H M N S P

— )

m

T T ? T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where the count values that have been captured at the valid edges of separate capture

trigger signals are stored in separate capture registers in the free-running timer mode.

The count value is captured to CR010 when the valid edge of the TI000 pin input is detected and to CR0O00 when the

valid edge of the TI010 pin input is detected.
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Figure 6-37. Timing Example of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register) (2/2)

(b) TOCO00 = 13H, PRM00 = COH, CRC00 = 05H, TMCO00 = 04H

FFFFH
TMOO register

0000H
Operable bits
(TMCO003, TMC002)

Capture trigger input
(Tl010)

Capture register
(CR000)

Capture interrupt
(INTTMOO00)

Capture trigger input
(T1000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

L 'M/N}'P/Q/FV S/T/
D0 0000000
S

This is an application example where both the edges of the TI010 pin are detected and the count value is captured to
CRO00O in the free-running timer mode.
When both CR000 and CRO010 are used as capture registers and when the valid edge of only the TI010 pin is to be
detected, the count value cannot be captured to CR010.
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Figure 6-38. Example of Register Settings in Free-Running Timer Mode (1/2)

(a) 16-bit timer mode control register 00 (TMC00)

TMC003 TMC002 TMC001 OVFOO
[ o | o [ o | o | o | 1 | on | o |
L

0: Inverts TOOO pin output on match
between CR000 and CR010.

1: Inverts TOOO pin output on match
between CR000 and CR010 and
valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

Free-running timer mode

CRC002 CRCO001 CRCO000

[ o [ o [ o | o | o [ ot | on | on |
—— 0: CRO000 used as compare register
1: CROO0O0 used as capture register
0: TI010 pin is used as capture
trigger of CR00O.
1: Reverse phase of TI000 pin is
used as capture trigger of CR000.
0: CRO10 used as compare register
1: CRO10 used as capture register
(c) 16-bit timer output control register 00 (TOCO00)
OSPT00 OSPEOO TOC004 LVSO0 LVROO TOCO001 TOEOO
| o | o | o [ o | on | o | on | o |

L]

\— 0: Disables TO00 output
1: Enables TO0O output

Specifies initial value of

TOO0O0 output F/F

00:

Does not invert TO00 output on match
between TM00 and CR000/CR010.
Inverts TOOO output on match between
TMOO0 and CR000.

Inverts TOO0O output on match between
TMOO0 and CR010.

Inverts TOO0O output on match between
TMO00 and CR000/CR010.

01:

10:

11:
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Figure 6-38. Example of Register Settings in Free-Running Timer Mode (2/2)

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO0O
[ ot | on [ o | o1 | o o | o | on |

Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRC001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TI000 or TI0O10 pin input as a capture trigger. When
the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the valid
edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-39. Example of Software Processing in Free-Running Timer Mode

FFFFH
M M M

TMOO register N, N, N _—] N 1
0000H —/ .

Operable bits
(TMC003, TMC002) 00>< 01 ><00

Compare register :>< M
(CROOO)

Compare match interrupt
(INTTMO00)

Compare register :>< N
(CR010)

Compare match interrupt
(INTTMO010)

Timer output control bits
(TOEO00, TOC004, TOCO001) J

TOOO0 pin output

<1> <2>

<1> Count operation start flow

(s )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMC002
CRCOO register, bits to 01.

TOCOO registerhete,
CRO000/CRO010 register,
TMCO00.TMCO01 bit,
port setting

TMCO003, TMCO002 bits = 0, 1 Starts count operation

<2> Count operation stop flow

) The counter is initialized and counting is stopped
TMC003, TMCO002 bits = 0, 0 by clearing the TMC003 and TMCO002 bits to 00.

=

Note Care must be exercised when setting TOC00. For details, see 6.3 (3) 16-bit timer output control register 00
(TOCO00).
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6.4.6 PPG output operation

A square wave having a pulse width set in advance by CR010 is output from the TO00 pin as a PPG (Programmable
Pulse Generator) signal during a cycle set by CR000 when bits 3 and 2 (TMC003 and TMC002) of 16-bit timer mode
control register 00 (TMCO00) are set to 11 (clear & start upon a match between TM00 and CR000).

The pulse cycle and duty factor of the pulse generated as the PPG output are as follows.

¢ Pulse cycle = (Set value of CR000 + 1) x Count clock cycle
¢ Duty = (Set value of CR010 + 1) / (Set value of CR000 + 1)

Caution To change the duty factor (value of CR010) during operation, see 6.5.1 Rewriting CR010 during TM0O

operation.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO0).

2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 6-40. Block Diagram of PPG Output Operation

Clear

Count clock

)

Timer counter
(TMO0)

-

Operable bits
TMCO003, TMC002

{} Match signal

Interrupt signal

ﬁ

!

(INTTM000O)

Compare register
(CR000)

Match signal

Qutput
controller

—©) TOO00 pin

Interrupt signal

ﬁ

Compare register
(CR010)

(INTTMO10)
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Figure 6-41. Example of Register Settings for PPG Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMCO003 TMC002 TMC001 OVFO0
Lo [ o[ ol o + [+ ] o] o]

LH

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TMO0O and CR000.

CRC002 CRC001_CRC000
Lo [ o[ o] ol of o o o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEO0 TOC004 LVS00 LVROO TOC001 TOEOO

|o‘o‘o‘1‘0/1‘0/1‘1‘1|

\—’—‘ \— Enables TOO0O0 output
Specifies initial value of

TOO0O0 output F/F

11: Inverts TO0O output on
match between TM0O
and CR0O00/CR010.

00: Disables one-shot pulse
output

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ESO001 ES000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 |

\—l—‘— Selects count clock

(e) 16-bit timer counter 00 (TMO0O0)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)

An interrupt signal (INTTMOOO) is generated when the value of this register matches the count value of TMOO.

The count value of TMOO is not cleared.

(g) 16-bit capture/compare register 010 (CR010)

An interrupt signal (INTTMO10) is generated when the value of this register matches the count value of TMOO.

The count value of TMOO is not cleared.

Caution Set values to CR000 and CR010 such that the condition 0000H < CR010 < CR000 < FFFFH is

satisfied.
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Figure 6-42. Example of Software Processing for PPG Output Operation

M M M

TMOO register N / N / N /
0000H _/ / / / -

Operable bits
(TMco03, TMCoo2) 20 11 >< 00

Compare register N
(CR000)

Compare match interrupt _| _| _|
(INTTMOO00)

Compare register M
(CR010)

Compare match interrupt ‘| ‘| ‘|
(INTTMO10)

Timer output control bits
(TOE00, TOC004, TOC001) I_

TOO0O pin output

N+ 1 N+ 1 N+ 1
M+ 1 M+ 1 M+ 1

<1> <2>

<1> Count operation start flow <2> Count operation stop flow

) The counter is initialized

START TMCO003, TMCO002 bits = 00 and counting is stopped

by clearing the TMC003

and TMCO002 bits to 00.

Register initial setting Initial setting of these
PRMOO register, registers is performed C STOP )
CRCOO register, before setting the
TOCOO registerhete, TMC003 and TMCO002
CRO000, CR010 registers, bits.
port setting

TMCO003, TMCO002 bits = 11 Starts count operation

Note Care must be exercised when setting TOC00. For details, see 6.3 (3) 16-bit timer output control register 00
(TOCO00).

Remark PPG pulse cycle = (M + 1) x Count clock cycle
PPG duty = (N + 1)/(M + 1)
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6.4.7 One-shot pulse outp

ut operation

A one-shot pulse can be output by setting bits 3 and 2 (TMC003 and TMC002) of the 16-bit timer mode control register
00 (TMCO00) to 01 (free-running timer mode) or to 10 (clear & start mode entered by the TI000 pin valid edge) and setting
bit 5 (OSPEQO0) of 16-bit timer output control register 00 (TOCQO) to 1.

When bit 6 (OSPT00) of TOCOQO is set to 1 or when the valid edge is input to the TIO00 pin during timer operation,
clearing & starting of TMOO is triggered, and a pulse of the difference between the values of CR000 and CR010 is output
only once from the TOOO pin.

Cautions 1. Do not input the trigger again (setting OSPT00 to 1 or detecting the valid edge of the TI000 pin)
while the one-shot pulse is output. To output the one-shot pulse again, generate the trigger after
the current one-shot pulse output has completed.

2. To use only the setting of OSPT00 to 1 as the trigger of one-shot pulse output, do not change the
level of the TIO00 pin or its alternate function port pin. Otherwise, the pulse will be unexpectedly

output.

Remarks 1. For the setting of the I/O pins, see 6.3 (5) Port mode register 0 (PMO0).

2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 6-43. Block Diagram of One-Shot Pulse Output Operation

TI000 edge detection
OSPTOO bit

OSPEOQO bit

Count clock

) Clear

e

Timer counter
(TMO00)

=

Operable bits
TMCO003, TMC002

{} Match signal

Interrupt signal

ﬁ

!

(INTTMO00)

Compare register
(CR000)

Match signal

Output
controller

——=(©) TOO00 pin

Interrupt signal

ﬁ

Compare register
(CR010)

(INTTMO10)
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Figure 6-44. Example of Register Settings for One-Shot Pulse Output Operation (1/2)

(a) 16-bit timer mode control register 00 (TMC00)

TMC003 TMC002 TMCO001 _OVF00
[ o [ o [ o | o | on [ on | o | o |

LH

01: Free running timer mode
10: Clear and start mode by
valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002_CRC001_CRC000
Lo [ o[ o] ol of o o o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEO0 TOCO004 LVS00 LVROO TOC001 TOEO0

|0‘0/1‘1‘1‘0/1‘0/1‘1‘1|

\— Enables TOOO pin output

Specifies initial value of
TOO0O0 pin output

Inverts TOOO output on
match between TMOO
and CR000/CR010.

Enables one-shot pulse
output

Software trigger is generated
by writing 1 to this bit
(operation is not affected
even if 0 is written to it).

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—l—‘— Selects count clock
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Figure 6-44. Example of Register Settings for One-Shot Pulse Output Operation (2/2)

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a compare register when a one-shot pulse is output. When the value of TM0O matches
that of CR0OO0O, an interrupt signal (INTTMOO0O) is generated and the output level of the TOQO pin is inverted.

(g) 16-bit capture/compare register 010 (CR010)
This register is used as a compare register when a one-shot pulse is output. When the value of TM0O matches

that of CR010, an interrupt signal (INTTMO010) is generated and the output level of the TOOO pin is inverted.

Caution Do not set identical values or 0000H for CR000 and CR001.
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Figure 6-45. Example of Software Processing for One-Shot Pulse Output Operation (1/2)

FFFFH

TMOO register M / M / M /

0000H

N/ N_iA N/

Operable bits <
(TMC003, TMC002) °°> Otlor 10
One-shot pulse enable bit
(OSPEO00) |
One-shot pulse trigger bit ‘l
(OSPTO00)

&
L

One-shot pulse trigger input
(TI000 pin)

Overflow plug '—l
(OVFO00)

Compare register
(CR000) N

Compare match interrupt _| ] _|

(INTTMO000)

Compare register >< M
(CR010)

Compare match interrupt _l _l _l
(INTTMO10)

TOOO0 pin output

M+ 1 M+ 1

TOO0O0 output control bits | /
(TOEOO, TOC004, TOCO01) TOO00 output level is not
¢ ? inverted because no one- ?

<1> <2> shot trigger is input. <2>

e Time from when the one-shot pulse trigger is input until the one-shot pulse is output
= (M + 1) x Count clock cycle

¢ One-shot pulse output active level width
= (N — M) x Count clock cycle

<3>
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Figure 6-45. Example of Software Processing for One-Shot Pulse Output Operation (2/2)

<1> Count operation start flow

(o )

Register initial setting
PRMOO register,
CRCOO register,

TOCOO0 registerNte,
CR000, CR0O10 registers,
port setting

TMCO003, TMCO002 bits =
01or10

<2> One-shot trigger input flow

|

TOC00.0SPTOO bit = 1
or edge input to TIO0O pin

l

<3> Count operation stop flow

TMCO003, TMCO002 bits = 00

=

Note Care must be exercised when setting TOCOO0.

(TOCO00).

Initial setting of these registers is performed
before setting the TMC003 and TMCO002 bits.

Starts count operation

Write the same value to the bits other than the
OSTPOO bit.

The counter is initialized and counting is stopped
by clearing the TMCO003 and TMCO002 bits to 00.

For details, see 6.3 (3) 16-bit timer output control register 00
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6.4.8 Pulse width measurement operation

TMOO can be used to measure the pulse width of the signal input to the TIO00 and TI010 pins.

Measurement can be accomplished by operating the 16-bit timer/event counter 00 in the free-running timer mode or by
restarting the timer in synchronization with the signal input to the TI000 pin.

When an interrupt is generated, read the value of the valid capture register and measure the pulse width. Check bit 0
(OVFO00) of 16-bit timer mode control register 00 (TMCO00). If it is set (to 1), clear it to O by software.

Figure 6-46. Block Diagram of Pulse Width Measurement (Free-Running Timer Mode)

Operable bits
TMCO003, TMC002

L Timer counter
Count clock (TMO00)

Captureregister | ~ _ Interrupt signal
Capture signal (CRO10) (INTTMO010)
; Edge
TI000 pin : =
PO~ detecton § Capture register Interrupt signal
- Edge © Capture (CR000) (INTTMO00)
T1010 pin © detection @ signal

Figure 6-47. Block Diagram of Pulse Width Measurement
(Clear & Start Mode Entered by TI000 Pin Valid Edge Input)

Operable bits
TMCO003, TMC002

N

Clear

Timer counter

~
/ (TM0O)

Count clock
Captureregister | ~~ _ Interrupt signal
Capture signal (CRO10) (INTTMO10)
i Edge
TI000 pin € .
PO~ getection ’§ Capture register Interrupt signal
: Edge © Capture (CR000) (INTTMO000)
TI010pin © detection @ signal

A pulse width can be measured in the following three ways.

e Measuring the pulse width by using two input signals of the TI000 and TI010 pins (free-running timer mode)
e Measuring the pulse width by using one input signal of the TI000 pin (free-running timer mode)
¢ Measuring the pulse width by using one input signal of the TIO00 pin (clear & start mode entered by the TI0O00 pin

valid edge input)

Remarks 1. For the setting of the I/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, sse CHAPTER 13 INTERRUPT FUNCTIONS.

(1) Measuring the pulse width by using two input signals of the TI000 and TI010 pins (free-running timer mode)
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Set the free-running timer mode (TMCO003 and TMCO002 = 01). When the valid edge of the TI0O00 pin is detected, the
count value of TMOO is captured to CR010. When the valid edge of the TI010 pin is detected, the count value of

TMOO is captured to CR000. Specify detection of both the edges of the TI000 and TI010 pins.

By this measurement method, the previous count value is subtracted from the count value captured by the edge of

each input signal. Therefore, save the previously captured value to a separate register in advance.

If an overflow occurs, the value becomes negative if the previously captured value is simply subtracted from the
current captured value and, therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1). If
this happens, ignore CY and take the calculated value as the pulse width. In addition, clear bit 0 (OVF00) of 16-bit

timer mode control register 00 (TMCO0) to 0.

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

Capture trigger input
(T1000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

Capture trigger input
(T1010)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Overflow flag
(OVF00)

Figure 6-48. Timing Example of Pulse Width Measurement (1)

e TMCO00 = 04H, PRMO00 = FOH, CRC00 = 05H

v

W

N
B/ C

>

D/P

00 01
0000H M N S P <Q:
0000H B E
0 write clear 0 write clear 0 write clear 0 write clear
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(2) Measuring the pulse width by using one input signal of the TI000 pin (free-running mode)
Set the free-running timer mode (TMCO003 and TMCO002 = 01). The count value of TMOO is captured to CR0QO0 in the
phase reverse to the valid edge detected on the TI0O00 pin. When the valid edge of the TIO00 pin is detected, the

count value of TMOO is captured to CR010.

By this measurement method, values are stored in separate capture registers when a width from one edge to another

is measured. Therefore, the capture values do not have to be saved. By subtracting the value of one capture register

from that of another, a high-level width, low-level width, and cycle are calculated.

If an overflow occurs, the value becomes negative if one captured value is simply subtracted from another and,
therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1). If this happens, ignore CY and
take the calculated value as the pulse width. In addition, clear bit 0 (OVFO00) of 16-bit timer mode control register 00

(TMCO00) to 0.

FFFFH

TMOO register

0000H

Operable bits
(TMC003, TMC002)

Capture trigger input
(T1000)

Capture register
(CR000)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

Overflow flag
(OVF00)

Capture trigger input
(TI010)

Compare match interrupt
(INTTMO00)

Figure 6-49. Timing Example of Pulse Width Measurement (2)

e TMCO00 = 04H, PRMO00 = 10H, CRC00 = 07H

s

v

W

e

|

S

=,

01

0000H

m

X 0000H

0 write clear

0 write clear

0 write clear

T (®

0 write clear
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(3) Measuring the pulse width by using one input signal of the TI000 pin (clear & start mode entered by the TI000
pin valid edge input)
Set the clear & start mode entered by the TI000 pin valid edge (TMC003 and TMC002 = 10). The count value of
TMOO is captured to CR0OO0O in the phase reverse to the valid edge of the TIO00 pin, and the count value of TMOO is
captured to CR010 and TMOO is cleared (0000H) when the valid edge of the TI000 pin is detected. Therefore, a cycle
is stored in CR0O10 if TMOO does not overflow.
If an overflow occurs, take the value that results from adding 10000H to the value stored in CR010 as a cycle. Clear
bit 0 (OVF00) of 16-bit timer mode control register 00 (TMCO00) to 0.

Figure 6-50. Timing Example of Pulse Width Measurement (3)

e TMCO00 = 08H, PRMO00 = 10H, CRC00 = 07H

FFFFH =
N B P Q
TMOO register M- / C ] D /
/ A S
0000H

Operable bits

(TMC003, TMC002) °°>k 10 >@
<1> <1> <1> <1>

Capture & count clear input

(T1000)
<2>|  <3> <2> <3> <2> <3> <2> <3>
Capt ist
P OR000) 0000H A B c D
Cap‘“fe(geggitg; 0000H M N S P Q
Capture interrupt -| -| -| -| -|
(INTTMO10)
Overflow flag
(OVF00)
0 write clear
Capture trigger input
(Toto) L
Capture interrupt L
(INTTMOO00)
<1> Pulse cycle = (10000H x Number of times OVFOO bit is set to 1 + Captured value of CR010) x Count
clock cycle
<2> High-level pulse width = (10000H x Number of times OVFO0O bit is set to 1 + Captured value of CR000) x Count
clock cycle

<3> Low-level pulse width = (Pulse cycle — High-level pulse width)
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Figure 6-51. Example of Register Settings for Pulse Width Measurement (1/2)

(a) 16-bit timer mode control register 00 (TMC00)

TMC003 TMC002 TMC001 _OVF00
[ o | o [ o | o | on | on | o | o |

LH

01: Free running timer mode
10: Clear and start mode entered
by valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRC000
[ o | o [ o | o | o | 1 | on | 1 |

—— 1: CRO0O00 used as capture register

0: TI010 pin is used as capture
trigger of CR00O.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOCO004 LVS00 LVROO TOC001 TOEOO
Lol ofofof ool o] o]

(d) Prescaler mode register 00 (PRMO0O0)

ES101  ES100 ES001  ES000 3 2 PRMO01 PRMO0O
|0/1\0/1\0/1\0/1\0\0\0/1\0/1|

Selects count clock
(setting valid edge of TI000 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting when CRCO001 = 1 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection
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Figure 6-51. Example of Register Settings for Pulse Width Measurement (2/2)

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a capture register. Either the TI000 or TI010 pin is selected as a capture trigger. When a
specified edge of the capture trigger is detected, the count value of TMOO is stored in CR00O.

(g) 16-bit capture/compare register 010 (CR010)
This register is used as a capture register. The signal input to the TI0O00 pin is used as a capture trigger. When
the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-52. Example of Software Processing for Pulse Width Measurement (1/2)

FFFFH
TMOO register
0000H

(a) Example of free-running timer mode

Doo

D1o

v

1 o

D11

e

v

&{{////

Dos

D13

e

e

Operable bits
(TMCO003, TMC002)

00

01

(&

Capture trigger input
(T1000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

0000H

D1o

D12

D1s

Capture trigger input
(TI010)

Capture register

0000H

Dos

Dos

(CR000)

Capture interrupt
(INTTMO000)

|

|

|

1

|

<1><2> <2>

<2> <2>

<2> <2>

<2>

<2>

(b) Example of clear & start mode entered by TI000 pin valid edge

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI000)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

<2><3>

Do

Ds> _ Ds

7

D

D4

Ds

y

y

D~

10

D

Ds

Ds

D7

0000H

Do D2

Da

Ds Ds

|

1

1

<1>

<2> <2> <2>

<2> <2>

<2> <2>

<2> <2><3>
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Figure 6-52. Example of Software Processing for Pulse Width Measurement (2/2)

<1> Count operation start flow

(s )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMCO002 bits.
CRCOO register,

port setting

TMCO003, TMCO002 bits =

01o0r10 Starts count operation

<2> Capture trigger input flow

I

Edge detection of TI000, TI010 pins

Stores count value to
CRO000, CR010 registers
Generates capture interruptNet

Calculated pulse width
from capture value

l

<3> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO002 bits = 00 by clearing the TMC003 and TMCO002 bits to 00.

=

Note The capture interrupt signal (INTTMO0O) is not generated when the reverse-phase edge of the TI000 pin input
is selected to the valid edge of CR0OQO.
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6.5 Special Use of TM0O

6.5.1 Rewriting CR010 during TMOO operation
In principle, rewriting CR000 and CR010 of the xPD78F0730 when they are used as compare registers is prohibited
while TMOO is operating (TMC003 and TMCO002 = other than 00).
However, the value of CR010 can be changed, even while TMOO is operating, using the following procedure if CR010 is
used for PPG output and the duty factor is changed (change the value of CR010 immediately after its value matches the
value of TM0O. If the value of CR010 is changed immediately before its value matches TMO0O, an unexpected operation

may be performed).

| Procedure for changing value of CR010 |

<1> Disable interrupt INTTM010 (TMMKO10 = 1).
<2> Disable reversal of the timer output when the value of TMO0 matches that of CR010 (TOC004 = 0).

<3> Change the value of CR010.

<4> Wait for one cycle of the count clock of TMO0O.
<5> Enable reversal of the timer output when the value of TM0OO matches that of CR010 (TOC004 = 1).

<6> Clear the interrupt flag of INTTM010 (TMIF010 = 0) to O.

<7> Enable interrupt INTTM010 (TMMKO010 = 0).

Remark For TMIFO10 and TMMKO10, see CHAPTER 13 INTERRUPT FUNCTIONS.

6.5.2 Setting LVS00 and LVR0O

(1) Usage of LVS00 and LVR0O

LVSO00 and LVROO are used to set the default value of the TOOO pin output and to invert the timer output without
enabling the timer operation (TMC003 and TMCO002 = 00). Clear LVS00 and LVRO0O to 00 (default value: low-level
output) when software control is unnecessary.

LVS00 LVRO0O Timer Output Status
0 0 Not changed (low-level output)
0 1 Cleared (low-level output)
1 0 Set (high-level output)

Setting prohibited
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(2) Setting LVS00 and LVRO00
Set LVS00 and LVROO using the following procedure.

Figure 6-53. Example of Flow for Setting LVS00 and LVRO0O Bits

\

Setting TOC00.0SPE00, TOC004, TOCO001 bits
\ <1> Setting of timer output operation
Setting TOC00.TOEOQO bit

|
Setting TOCO00.LVSO00, LVRO0O bits <2> Setting of timer output F/F
|
Setting TMC00.TMCO003, TMCO002 bits <3> Enabling timer operation

Caution Be sure to set LVS00 and LVRO0O following steps <1>, <2>, and <3> above.
Step <2> can be performed after <1> and before <3>.

Figure 6-54. Timing Example of LVR00 and LVS00

TOCO00.LVSO00 bit

TOCO00.LVRO0O bit

Operable bits 00

(TMC003, TMC002) 01, 10, or 11

TOO0O0 pin output

INTTMOOO signal

<1> <2> <1> <3><4>  <4> <4>

<1> The TOO0O pin output goes high when LVS00 and LVRO0O = 10.

<2> The TOO0O pin output goes low when LVS00 and LVROO = 01 (the pin output remains unchanged from the high
level even if LVS00 and LVRO0O are cleared to 00).

<3> The timer starts operating when TMCO003 and TMCO002 are set to 01, 10, or 11. Because LVS00 and LVR0O
were set to 10 before the operation was started, the TO00 pin output starts from the high level. After the timer
starts operating, setting LVS00 and LVROO is prohibited until TMC003 and TMCO002 = 00 (disabling the timer
operation).

<4> The output level of the TOO0O pin is inverted each time an interrupt signal (INTTMOOO) is generated.
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6.6 Cautions for 16-Bit Timer/Event Counter 00

(1) Restrictions for each channel of 16-bit timer/event counter 00

Table 6-3 shows the restrictions for each channel.

Table 6-3. Restrictions for Each Channel of 16-Bit Timer/Event Counter 00

Operation

Restriction

As interval timer

As square wave output

As external event counter

TOCO00 = 00H

As clear & start mode entered by
TI000 pin valid edge input

Using timer output (TOO0O0) is prohibited when detection of the valid edge of the TI010 pin is
used.
TOCO00 = 00H

As free-running timer

As PPG output

Setting identical values or 0000H to CR000 and CP010 is prohibited.

As one-shot pulse output

As pulse width measurement

TOCO00 = 00H

(2) Timer start errors

An error of up to one clock may occur in the time required for a match signal to be generated after timer start. This is

because counting TMOO is started asynchronously to the count pulse.

Figure 6-55. Start Timing of TM0O Count

Countpuse _ | [ | [ | [ [ [[ |

TMOO countvalue  0000H X 0001H X 0002H X 0003H X 0004H

Timer start

(3) Setting of CR000 and CR010 (clear & start mode entered upon a match between TM00 and CR000)
Set a value other than 0000H to CR000 and CR010 (TMOO cannot count one pulse when it is used as an external

event counter).
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(4) Timing of holding data by capture register

(a) When the valid edge is input to the TIO00/TI010 pin and the reverse phase of the TIO00 pin is detected while
CRO00/CR010 is read, CR0O10 performs a capture operation but the read value of CRO00/CR010 is not
guaranteed. At this time, an interrupt signal (INTTMOOO/INTTMO10) is generated when the valid edge of the
TI000/TI010 pin is detected (the interrupt signal is not generated when the reverse-phase edge of the TI000 pin is
detected).

When the count value is captured because the valid edge of the TI000/TI010 pin was detected, read the value of
CRO00/CRO010 after INTTMOOO/INTTMO10 is generated.

Figure 6-56. Timing of Holding Data by Capture Register

Count pulse _| L1 L] l_:_l |_| |_| I_
TMOO count value X N X N+1 X N+2 X :: X M XM+t XM+2
Edge input —| " |
INTTMO10 [ ) [ ]
Capture read signal " |_|_
Value captured to CR010 X X N +1 X
Capture lperation Capture Iperation is performed

but read value is not guaranteed.

(b) The values of CR000 and CR010 are not guaranteed after 16-bit timer/event counter 00 stops.

(5) Setting valid edge
Set the valid edge of the TIO00 pin while the timer operation is stopped (TMC003 and TMC002 = 00). Set the valid
edge by using ES000 and ES001.

(6) Re-triggering one-shot pulse
Make sure that the trigger is not generated while an active level is being output in the one-shot pulse output mode.
Be sure to input the next trigger after the current active level is output.
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(7) Operation of OVF00 flag

(a) Setting OVFOO flag (1)

The OVFOO flag is set to 1 in the following case, as well as when TMOO overflows.

Select the clear & start mode entered upon a match between TM0O and CR000.

\
Set CR000 to FFFFH.
2

When TM0O matches CR000 and TMOO is cleared from FFFFH to 0000H

Figure 6-57. Operation Timing of OVF00 Flag

Count pulse I

L

CR000 __FFFFH

T™Mo0  FFFEH X FFFFH X 0000H X 0001H X

OVF00

INTTMO00

[ ]

(b) Clearing OVF0O flag

Even if the OVFOO flag is cleared to 0 after TMOO overflows and before the next count clock is counted (before

the value of TM0O becomes 0001H), it is set to 1 again and clearing is invalid.

(8) One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or the clear & start mode entered by the

TI000 pin valid edge. The one-shot pulse cannot be output in the clear & start mode entered upon a match between

TMOO0 and CRO000.
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(9) Capture operation

(a) When valid edge of TI0O0O0 is specified as count clock
When the valid edge of TI000 is specified as the count clock, the capture register for which TI000 is specified as
a trigger does not operate correctly.

(b) Pulse width to accurately capture value by signals input to TI010 and TI000 pins
To accurately capture the count value, the pulse input to the TIO00 and TI010 pins as a capture trigger must be
wider than two count clocks selected by PRMOO (see Figure 6-7).

(c) Generation of interrupt signal
The capture operation is performed at the falling edge of the count clock but the interrupt signals (INTTMO0O and
INTTMO10) are generated at the rising edge of the next count clock (see Figure 6-7).

(d) Note when CRCO001 (bit 1 of capture/compare control register 00 (CRCO00)) is set to 1
When the count value of the TMOO register is captured to the CR0O0O register in the phase reverse to the signal
input to the TIOOO pin, the interrupt signal (INTTMOOO) is not generated after the count value is captured. If the
valid edge is detected on the TI010 pin during this operation, the capture operation is not performed but the
INTTMOOO signal is generated as an external interrupt signal. Mask the INTTMOOO signal when the external
interrupt is not used.

(10) Edge detection

(a) Specifying valid edge after reset
If the operation of the 16-bit timer/event counter 00 is enabled after reset and while the TI0O00 or TI0O10 pin is at
high level and when the rising edge or both the edges are specified as the valid edge of the TIO00 or TI010 pin,
then the high level of the TI000 or TI0O10 pin is detected as the rising edge. Note this when the TI000 or TI0O10
pin is pulled up. However, the rising edge is not detected when the operation is once stopped and then enabled
again.

(b) Sampling clock for eliminating noise
The sampling clock for eliminating noise differs depending on whether the valid edge of TI0O00 is used as the
count clock or capture trigger. In the former case, the sampling clock is fixed to frrs. In the latter, the count clock
selected by PRMOO is used for sampling.
When the signal input to the TIO00 pin is sampled and the valid level is detected two times in a row, the valid
edge is detected. Therefore, noise having a short pulse width can be eliminated (see Figure 6-7).

(11) Timer operation
The signal input to the TI0O00/TI010 pin is not acknowledged while the timer is stopped, regardless of the operation

mode of the CPU.

Remark frrs: Peripheral hardware clock frequency
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

7.1 Functions of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 have the following functions.

e |Interval timer

e External event counter
e Square-wave output

e PWM output

7.2 Configuration of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 include the following hardware.

Table 7-1. Configuration of 8-Bit Timer/Event Counters 50 and 51

ltem

Configuration

Timer register

8-bit timer counter 5n (TM5n)

Register 8-bit timer compare register 5n (CR5n)
Timer input TI5n
Timer output TO5n

Control registers

Timer clock selection register 5n (TCL5n)

8-bit timer mode control register 5n (TMC5n)

Port mode register 1 (PM1) or port mode register 3 (PM3)
Port register 1 (P1) or port register 3 (P3)

Figures 7-1 and 7-2 show the block diagrams of 8-bit timer/event counters 50 and 51.

RO1UHO308EJ0300 Rev.3.00
Sep 22, 2011

RENESAS

179



pPD78F0730 CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

Figure 7-1. Block Diagram of 8-Bit Timer/Event Counter 50

2 Internal bus 2

g

8-bit timer compare —
register 50 (CR50) 3 i :i Selectorl—» INTTM50
TI50/TO50/P17 ©—+ Match | 2
frprRs —= 2 —_} Note1
fPHS/22 — % = S aQ 5
free/2y 2] 3 || soimer OVF )NV 3
fPrs/28  — counter 50 (TM50) R o
fers/218  ——=f v
Clear Output latch
Note 2 utput latcl
S P17 PM17
3 | | Invert
R level
[
[rcLsoefTcLs01TeLs00] |TCE50|TMC506|LVS50|LVR50{TMC501 TOES0)
Timer clock selection 8-bit timer mode control
register 50 (TCL50) register 50 (TMC50)
Internal bus 2
Figure 7-2. Block Diagram of 8-Bit Timer/Event Counter 51
8 Internal bus 8
8-bit timer compare —
register 51 (CR&1) | | 5 ﬂ INTTM51
5
TI51/T051/I?3R2©—> i Match 3| —— Note 1 To 8-bit
fPRS/% — % b= S Q 5 timer H1
rizs o 8 | Jevtiner  Jove O 8
ferg/28 — @ counter 51 (TM51), R 8 © ;%51m51/
12
ferrs/212 —— Cloar
Note 2 Output lateh | pp133
S (P33)
3 Invert
R
3
TCL512ITCL5111TCLE10 [TcE51[TMC516]LVS51]LVR51]TMC511 [TOE51]
Timer clock selection 8-bit timer mode control
register 51 (TCL51) register 51 (TMC51)
2 Internal bus 2
Notes 1. Timer output F/F
2. PWM output F/F
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(1) 8-bit timer counter 5n (TM5n)
TM5n is an 8-bit register that counts the count pulses and is read-only.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 7-3. Format of 8-Bit Timer Counter 5n (TM5n)

Address: FF16H (TM50), FF1FH (TM51) After reset: 00H R

Symbol 7 6 5 4 3 2 1 0

me [T T T T T T T

In the following situations, the count value is cleared to O0H.

<1> Reset signal generation

<2> When TCEb5n is cleared

<3> When TM5n and CR5n match in the mode in which clear & start occurs upon a match of the TM5n and CR5n.

(2) 8-bit timer compare register 5n (CR5n)
CR5n can be read and written by an 8-bit memory manipulation instruction.
Except in PWM mode, the value set in CR5n is constantly compared with the 8-bit timer counter 5n (TM5n) count
value, and an interrupt request (INTTM5n) is generated if they match.
In the PWM mode, the TO5n pin becomes inactive when the values of TM5n and CR5n match, but no interrupt is
generated.
The value of CR5n can be set within 00H to FFH.
Reset signal generation sets CR5n to 00H.

Figure 7-4. Format of 8-Bit Timer Compare Register 5n (CR5n)

Address: FF17H (CR50), FF41H (CR51) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

CR5n
(n=0,1)

Cautions 1. In the mode in which clear & start occurs on a match of TM5n and CR5n (TMC5n6 = 0), do not
write other values to CR5n during operation.
2. In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock selected

by TCL5n) or more.

Remark n=0, 1
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7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51
The following four registers are used to control 8-bit timer/event counters 50 and 51.

e Timer clock selection register 5n (TCL5n)

e 8-bit timer mode control register 5n (TMC5n)

e Port mode register 1 (PM1) or port mode register 3 (PM3)
e Port register 1 (P1) or port register 3 (P3)

(1) Timer clock selection register 5n (TCL5n)
This register sets the count clock of 8-bit timer/event counter 5n and the valid edge of the TI5n pin input.
TCL5n can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets TCL5n to 00H.
Remark n=0,1

Figure 7-5. Format of Timer Clock Selection Register 50 (TCL50)

Address: FF6AH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

TCL50 0 0 0 0 0 | TCL502 | TCL501 | TCL500
TCL502 TCL501 TCL500 Count clock selection
fers = frrs =
12 MHz 16 MHz
0 0 0 TI50 pin falling edge
0 0 1 TI50 pin rising edge
0 1 0 frRs 12 MHz 16 MHz
0 1 1 frrs/2 6 MHz 8 MHz
1 0 0 frrs/2? 3 MHz 4 MHz
1 0 1 frRs/2° 187.5 kHz 250 kHz
1 1 0 frrs/2° 46.88 kHz 62.5 kHz
1 1 1 frrs/2' 1.46 kHz 1.95 kHz

Cautions 1. When rewriting TCL50 to other data, stop the timer operation beforehand.

2. Be sure to clear bits 3to 7 to 0.

Remark frrs: Peripheral hardware clock frequency
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Figure 7-6. Format of Timer Clock Selection Register 51 (TCL51)

Address: FFBCH  After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 TCL512 TCL511 TCL510
TCL512 TCL511 TCL510 Count clock selection
frrs = fers =
12 MHz 16 MHz

0 0 0 TI51 pin falling edge

0 0 1 TI51 pin rising edge

0 1 0 frRs 12 MHz 16 MHz

0 1 1 frrs/2 6 MHz 8 MHz

1 0 0 fers/2° 750 kHz 1 MHz

1 0 1 frrs/2° 187.5 kHz 250 kHz

1 1 0 frrs/2° 46.88 kHz 62.5 kHz

1 1 1 frrs/2' 2.93 kHz 3.91 kHz

Cautions 1. When rewriting TCL51 to other data, stop the timer operation beforehand.
2. Be sure to clear bits 3 to 7 to 0.

Remark frrs: Peripheral hardware clock frequency
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(2) 8-bit timer mode control register 5n (TMC5n)
TMC5n is a register that performs the following five types of settings.

<1> 8-bit timer counter 5n (TM5n) count operation control

<2> 8-bit timer counter 5n (TM5n) operating mode selection

<3> Timer output F/F (flip flop) status setting

<4> Active level selection in timer F/F control or PWM (free-running) mode.

<5> Timer output control

TMC5n can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Remark n=0,1

Address: FF6BH

Symbol
TMC50

Figure 7-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: 00H  R/W"™*

<7> 6 5 4 <3> <2> 1 <0>
TCE50 TMC506 0 0 LVS50 LVR50 | TMC501 | TOE50
TCES50 TM50 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start
TMC506 TM50 operating mode selection
0 Mode in which clear & start occurs on a match between TM50 and CR50
1 PWM (free-running) mode
LVS50 LVR50 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F clear (0) (default output value of TO50 pin: low level)
1 0 Timer output F/F set (1) (default output value of TO50 pin: high level)
1 1 Setting prohibited
TMC501 In other modes (TMC506 = 0) In PWM mode (TMC506 = 1)
Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low
TOES50 Timer output control
0 Output disabled (TM50 output is low level)

Output enabled

Note Bits 2 and 3 are write-only.

(Cautions and Remarks are listed on the next page.)
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Address: FF43H

Symbol
TMC51

Figure 7-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

After reset: OOH  R/W"™*

<7> 6 5 4 <3> <2> 1 <0>
TCE51 TMC516 0 0 LVS51 LVR51 TMC511 TOE51
TCE51 TM51 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start
TMC516 TM51 operating mode selection
0 Mode in which clear & start occurs on a match between TM51 and CR51
1 PWM (free-running) mode
LVS51 LVR51 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F clear (0) (default output value of TO51 pin: low)
1 0 Timer output F/F set (1) (default output value of TO51 pin: high)
1 1 Setting prohibited
TMC511 In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)
Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low
TOES51 Timer output control
0 Output disabled (TM51 output is low level)

Output enabled

Note Bits 2 and 3 are write-only.

Cautions 1.
2.

Remarks 1.
2.
3.

The settings of LVS5n and LVR5n are valid in other than PWM mode.
Perform <1> to <4> below in the following order, not at the same time.
<1> Set TMC5n1, TMC5n6:

<2> Set TOE5n to enable output:
<3> Set LVS5n, LVR5n (see Caution 1): Timer F/F setting
<4> Set TCE5n
Stop operation before rewriting TMC5n6.

When 8-bit timer H1 is used in the carrier generator mode, set TMC516 to 0.

Operation mode setting
Timer output enable

In PWM mode, PWM output is made inactive by clearing TCE5n to 0.
If LVS5n and LVR5n are read, the value is 0.

The values of the TMC5n6, LVS5n, LVR5n, TMC5n1, and TOE5n bits are reflected at the TO5n pin
regardless of the value of TCE5n.

.n=0,1
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(3) Port mode registers 1 and 3 (PM1, PM3)
These registers set port 1 and 3 input/output in 1-bit units.
When using the P17/TO50/TI50 and P33/TO51/TI51 pins for timer output, clear PM17 and PM33 and the output
latches of P17 and P33 to 0.
When using the P17/TO50/TI50 and P33/TO51/T151 pins for timer input, set PM17 and PM33 to 1. The output
latches of P17 and P33 at this time may be 0 or 1.
PM1 and PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 7-9. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Figure 7-10. Format of Port Mode Register 3 (PM3)

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | 1 | 1 | 1 | 1 | PM33 | PM32 | PM31 | PM30 |
PM3n P3n pin I/O mode selection (n =0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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7.4 Operations of 8-Bit Timer/Event Counters 50 and 51

7.4.1 Operation as interval timer

8-bit timer/event counter 5n operates as an interval timer that generates interrupt requests repeatedly at intervals of the
count value preset to 8-bit timer compare register 5n (CR5n).

When the count value of 8-bit timer counter 5n (TM5n) matches the value set to CR5n, counting continues with the
TM5n value cleared to 0 and an interrupt request signal (INTTM5n) is generated.

The count clock of TM5n can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n
(TCL5n).

<1> Set the registers.
e TCL5n: Select the count clock.
e CRb5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n
and CR5n.
(TMC5n = 0000xxx0B x = Don’t care)
<2> After TCE5n = 1 is set, the count operation starts.
<3> If the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
<4> [INTTMb5n is generated repeatedly at the same interval.
Set TCE5n to 0 to stop the count operation.

Caution Do not write other values to CR5n during operation.

Remarks 1. For how to enable the INTTM5n signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.
2. n=0,1

Figure 7-11. Interval Timer Operation Timing (1/2)

(a) Basic operation

(I

1 1 1
TMsn countvalue __ 00H X01HX X N XooHXotHX X N XooHXoitHX X N X
A A

Count start Cllear Cllear E

CR5n N N N N

roen u u —

A
Interrupt acknowledged

Interrupt acknowledged

| Interval time Interval time
Remark Intervaltime = (N + 1) xt

N =01H to FFH

n=0,1
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Figure 7-11. Interval Timer Operation Timing (2/2)

Count clock ||||||||||||
[ |

(b) When CR5n = 00H

TM5n 00H ' 00H 1 O0H ! | | |
1 1 1 1 1 1
CR5n ' 00H ! OOH ! ! ! !
1 1 1 1 1 1
TCE5n [ | | | : :

INTTM5n Illlllllllll

1 1
-
1 1

Interval time

(c) When CR5n = FFH

Count clock ||||__||||||||||__||||||||||

TM5n [o1H | [ FEH | FFH | o0H | [ FEH | FFH | ooH |
1 1
CR5n FFH N FFH N FFH |
1 1
TCESn | o : o :
INTTM5n |_| |_|

Remark n=0,1

Interrupt acknowledged

Interval time

A

Interrupt
acknowledged
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7.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses to be input to the TI5n pin by 8-bit timer counter
5n (TM5n).

TM5n is incremented each time the valid edge specified by timer clock selection register 5n (TCL5n) is input. Either the
rising or falling edge can be selected.

When the TM5n count value matches the value of 8-bit timer compare register 5n (CR5n), TM5n is cleared to 0 and an
interrupt request signal (INTTM5n) is generated.

Whenever the TM5n value matches the value of CR5n, INTTM5n is generated.

<1> Set each register.
¢ Set the port mode register (PM17 or PM33)"* to 1.
e TCL5n: Select TI5n pin input edge.
TI5n pin falling edge — TCL5n = 00H
TI5n pin rising edge — TCL5n = 01H
e CR5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on match of TM5n and
CR5n, disable the timer F/F inversion operation, disable timer output.
(TMC5n = 0000xx00B x = Don’t care)
<2> When TCE5n = 1 is set, the number of pulses input from the TI5n pin is counted.
<3> When the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
<4> After these settings, INTTM5n is generated each time the values of TM5n and CR5n match.

Note 8-bit timer/event counter 50: PM17
8-bit timer/event counter 51: PM33

Remark For how to enable the INTTM5n signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.

Figure 7-12. External Event Counter Operation Timing (with Rising Edge Specified)

o [T L LT L

A l
Count start !
- |
TM5n count value X 00H X 01H X 02H X 03H 041 osHX XN -1X N_XooH Xo1H X o2H X 03H X
|
CR5n N

INTTM5n []

Remark N =00H to FFH
n=0,1
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7.4.3 Square-wave output operation

A square wave with any selected frequency is output at intervals determined by the value preset to 8-bit timer compare

register 5n (CR5n).

The TO5n pin output status is inverted at intervals determined by the count value preset to CR5n by setting bit 0
(TOES5N) of 8-bit timer mode control register 5n (TMC5n) to 1. This enables a square wave with any selected frequency to

be output (duty = 50%).

<1> Set each register.

¢ Clear the port output latch (P17 or P33)"" and port mode register (PM17 or PM33)"" to 0.
e TCL5n: Select the count clock.

e CR5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n and

CRb5N.
LVS5n | LVR5n Timer Output F/F Status Setting
1 0 Timer output F/F clear (0) (default output value of TO5n pin: low level)
0 1 Timer output F/F set (1) (default output value of TO5n pin: high level)

Timer output enabled
(TMC5n = 00001011B or 00000111B)

<2> After TCE5n = 1 is set, the count operation starts.
<3> The timer output F/F is inverted by a match of TM5n and CR5n. After INTTM5n is generated, TM5n is cleared to

OOH.

<4> After these settings, the timer output F/F is inverted at the same interval and a square wave is output from TO5n.
The frequency is as follows.

e Frequency = 1/2t (N + 1)

(N: OOH to FFH)

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

Caution Do not write other values to CR5n during operation.

Remarks 1. For how to enable the INTTM5n signal interrupt, sse CHAPTER 13 INTERRUPT FUNCTIONS.

2.n=0,1
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Figure 7-13. Square-Wave Output Operation Timing

ot 1

I

o | o |
T™sn countvalue _ 00HJotH o) N1 N IXOOHXO1HX02HX NN IXOOH
Cour%start E E

1
1
|
TO5nNote L [ |_

Note The initial value of TO5n output can be set by bits 2 and 3 (LVR5n, LVS5n) of 8-bit timer mode control register
5n (TMC5n).

7.4.4 PWM output operation
8-bit timer/event counter 5n operates as a PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register 5n
(TMC5Bn) is set to 1.
The duty pulse determined by the value set to 8-bit timer compare register 5n (CR5n) is output from TO5n.
Set the active level width of the PWM pulse to CR5n; the active level can be selected with bit 1 (TMC5n1) of TMC5n.
The count clock can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n (TCL5n).
PWM output can be enabled/disabled with bit 0 (TOE5n) of TMC5n.

Caution In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock selected by
TCL5n) or more.

Remark n=0, 1
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(1) PWM output basic operation

<1>

Set each register.

¢ Clear the port output latch (P17 or P33)"" and port mode register (PM17 or PM33)"* to 0.
e TCL5n: Select the count clock.

e CR5n: Compare value
e TMC5n: Stop the count operation, select PWM mode.

The timer output F/F is not changed.

TMC5n1

Active Level Selection

0

Active-high

1

Active-low

Timer output enabled

(TMC5n = 01000001B or 01000011B)

<2> The count operation starts when TCE5n = 1.
Clear TCE5nN to 0 to stop the count operation.

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

[ PWM output operation |

<1>

<2>

<3>
<4>

<5>

PWM output (output from TO5n) outputs an inactive level until an overflow occurs.

When an overflow occurs, the active level is output. The active level is output untii CR5n matches the count
value of 8-bit timer counter 5n (TM5n).

After the CR5n matches the count value, the inactive level is output until an overflow occurs again.
Operations <2> and <3> are repeated until the count operation stops.
When the count operation is stopped with TCE5n = 0, PWM output becomes inactive.

For details of timing, see Figures 7-14 and 7-15.
The cycle, active-level width, and duty are as follows.

e Cycle = 2°%

o Active-level width =

e Duty = N/2°
(N = 00H to FFH)

Remark n=0, 1

Nt
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Figure 7-14. PWM Output Operation Timing

(a) Basic operation (active level = H)

|t|

Count clock |||| |||||||||| |||||| |||||||||| ||||||
TM5n __00H[01H] |FFH|OOH|01H|02H| | N |N+1| |FFH|00H|01H|02H| |M| 00H
1
1

CR5n N . . . .

| | | | | |
TCE5n _I ; ; 1 1 ; |
1 1 1 1 1 1
1 1 1 1 1 1
INTTMS5n - 1 ! - . 1 : !
1 1 1 1

TOSN . - R m I
4

<1> Inactive level <2> Active level <3> Inactive level <5> Inactive level

<2> Active level

(b) CR5n = 00H
| 1 |
Countclock_l LI L. _|_|_|_|_|_|_|_|_|_L _|_|_|_|_|_|_|_|_|_L JLLL
TMsn _oH [oTA] - TFFAJGoATOTHTGZH] |FFH|00H|01H|02H| |M|00H
.

CR5n 00H

1

TCE5n __| :

1

INTTM5n [ M

i

TO5n L (Inactive level)

(c) CR5n = FFH

TM5n __00H [01H] |FFH|00H|01H|02H| |FFH|00H|01H|02H| |M|00H
1
1

CR5n FFH o . .
1 1 1 1 1 :
TCE5n _I o ; 1 o ; 1 1 o |
1 1 1 1 1 1
1
INTTM5n I I R o
1 1 1 1
TO5n [ o L] I
' o atoe e |
<1> Inactive level <2> Active level <2> Active level

<5> Inactive level
<3> Inactive level

Remarks 1. <1> to <3> and <5> in Figure 7-14 (a) correspond to <1> to <3> and <5> in | PWM output operation | in 7.4.4

(1) PWM output basic operation.
2.n=0,1
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(2) Operation with CR5n changed
Figure 7-15. Timing of Operation with CR5n Changed

(a) CR5n value is changed from N to M before clock rising edge of FFH
— Value is transferred to CR5n at overflow immediately after change.

[

||
1 1
Count clock |||||||_||_||—||—||—||—||—||—||—||—||—||—||—||—|I—||—|l—||—||—||—|I—ll—ll—l
1 1 1 1 1 1 1 1
TMsn _T N IN: 1IN~ TEFHToHTOTHT02HT -~ T M W= f]We2 _~ - —TFFH]O0HTOTHT02HT -~ T M W [ 2]
! 1 1 1 1 1

CRSn N__ A M : : : :
TCE5Sn H : : : 1 1 : 1 1
INTTM5n ' ! 1 ' : Il ' '
Tosn ™| | | f 1 f |

f b <2>

<1> CR5n change (N — M)

(b) CR5n value is changed from N to M after clock rising edge of FFH
— Value is transferred to CR5n at second overflow.

[N

-

Countclock|||||||||||||||||||||||||||||||||||||||||||||||||||||||

1 1 1 1

TMsn TN Ve TIN:2] -~ _TFEATOORTOTHTOHT 17~ [N IN=f]Ne2] -~ —TFFHTO0HTOTH]OPHT -~ T M T+ T[W 2]
1
| 1 1 1 1

1
cRén W D S— .  S— .
1 1 1 1 1 1 1
TCE5n H : : 1 1 : 1 1
INTTM5n ' 1 ' ' M ' '
1 1 1 1 1 1
Tosn T | | f 1 f 1

A
o —w]- - -
v

<1> CR5n change (N — M)

Caution When reading from CR5n between <1> and <2> in Figure 7-15, the value read differs from the actual

value (read value: M, actual value of CR5n: N).
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pPD78F0730

7.5 Cautions for 8-Bit Timer/Event Counters 50 and 51

(1) Timer start error
An error of up to one clock may occur in the time required for a match signal to be generated after timer start. This is

because 8-bit timer counters 50 and 51 (TM50, TM51) are started asynchronously to the count clock.

Figure 7-16. 8-Bit Timer Counter 5n Start Timing

Count clock | | | | | | | |

00H X otH X 02H X 03H X 04H

TM5n count value

Timer start

Remark n=0,1
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CHAPTER 8 8-BIT TIMER H1

8.1 Functions of 8-Bit Timer H1

8-bit timer H1 has the following functions.

e |Interval timer

e Square-wave output
o PWM output

o Carrier generator

8.2 Configuration of 8-Bit Timer H1

8-bit timer H1 includes the following hardware.

Table 8-1. Configuration of 8-Bit Timer H1

ltem

Configuration

Timer register

8-bit timer counter H1

Registers

8-bit timer H compare register 01 (CMPO01)
8-bit timer H compare register 11 (CMP11)

Timer output

TOHA1, output controller

Control registers

8-bit timer H mode register 1 (TMHMD1)

8-bit timer H carrier control register 1 (TMCYC1)
Port mode register 1 (PM1)

Port register 1 (P1)

Figure 8-1 shows the block diagram.

RO1UHO308EJ0300 Rev.3.00
Sep 22, 2011

RENESAS

196



1102 ‘¢z des

00°€'A9 00€0r380€0HNLOY

SVS3NIR*

161

Figure 8-1. Block Diagram of 8-Bit Timer H1
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(1)

()

8-bit timer H compare register 01 (CMP01)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in all of the
timer operation modes.

This register constantly compares the value set to CMPO1 with the count value of 8-bit timer counter H1 and, when
the two values match, generates an interrupt request signal (INTTMH1) and inverts the output level of TOH1.

Rewrite the value of CMPO1 while the timer is stopped (TMHE1 = 0).

A reset signal generation sets this register to 00H.

Figure 8-2. Format of 8-Bit Timer H Compare Register 01 (CMP01)

Address: FF1AH (CMPO0O1)  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
cwpot | | | | | | | | |

Caution CMPO1 cannot be rewritten during timer count operation.

8-bit timer H compare register 11 (CMP11)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in the PWM
output mode and carrier generator mode.

In the PWM output mode, this register constantly compares the value set to CMP11 with the count value of 8-bit timer
counter H1 and, when the two values match, inverts the output level of TOH1. No interrupt request signal is
generated.

In the carrier generator mode, the CMP11 register always compares the value set to CMP11 with the count value of
8-bit timer counter H1 and, when the two values match, generates an interrupt request signal (INTTMH1). At the
same time, the count value is cleared.

CMP11 can be rewritten during timer count operation.

If the value of CMP11 is rewritten while the timer is operating, the new value is latched and transferred to CMP11
when the count value of the timer matches the old value of CMP11, and then the value of CMP11 is changed to the
new value. If matching of the count value and the CMP11 value and writing a value to CMP11 conflict, the value of
CMP11 is not changed.

A reset signal generation sets this register to 00H.

Figure 8-3. Format of 8-Bit Timer H Compare Register 11 (CMP11)

Address: FF1BH (CMP11)  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
oMPTI | | | | | | | | |

Caution In the PWM output mode and carrier generator mode, be sure to set CMP11 when starting the timer
count operation (TMHE1 = 1) after the timer count operation was stopped (TMHE1 = 0) (be sure to set
again even if setting the same value to CMP11).
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8.3 Registers Controlling 8-Bit Timer H1
The following four registers are used to control 8-bit timer H1.

o 8-bit timer H mode register 1 (TMHMD1)

8-bit timer H carrier control register 1 (TMCYC1)
e Port mode register 1 (PM1)

Port register 1 (P1)

(1) 8-bit timer H mode register 1 (TMHMD1)
This register controls the mode of timer H.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.
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Figure 8-4. Format of 8-Bit Timer H Mode Register 1 (TMHMD1)
Address: FF6CH  After reset: 00O0H R/W

<7> 6 5 4 3 2 <1> <0>
TMHMD1 | TMHE1 | Cks12 | CKS11 | CKS10 | TMMD11|TMMD10| TOLEV1 | TOENT |

TMHE1 Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)

CKS12 | CKS11 | CKS10 Count clock selection

frrs = 12 MHz frrs = 16 MHz

0 0 0 fers 12 MHz 16 MHz
0 0 1 fers/22 | 3 MHz 4 MHz
0 1 0 fers/2* | 750 kHz 1 MHz
0 1 1 fers/25 | 187.5 kHz 250 kHz
1 0 0 fers/2'2| 2.93 kHz 3.91 kHz
1 0 1 fr/2” | 1.88 kHz (TYP.)
1 1 0 fr/2° | 0.47 kHz (TYP.)
1 1 1 fRL 240 kHz (TYP.)

TMMD11| TMMD10 Timer operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
1 1 Setting prohibited

TOLEVA Timer output level control (in default mode)
0 Low level
1 High level

TOEN1 Timer output control
0 Disables output
1 Enables output

Cautions 1. When TMHE1 = 1, setting the other bits of TMHMD1 is prohibited.

2. In the PWM output mode and carrier generator mode, be sure to set 8-bit timer H compare
register 11 (CMP11) when starting the timer count operation (TMHE1 = 1) after the timer count
operation was stopped (TMHE1 = 0) (be sure to set again even if setting the same value to
CMP11).

3. When the carrier generator mode is used, set so that the count clock frequency of TMH1
becomes more than 6 times the count clock frequency of TM51.

Remarks 1. frrs: Peripheral hardware clock frequency
2. fru:  Internal low-speed oscillation clock frequency
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(2) 8-bit timer H carrier control register 1 (TMCYC1)
This register controls the remote control output and carrier pulse output status of 8-bit timer H1.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 8-5. Format of 8-Bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FF6DH  After reset: 00H  R/WNe*®

7 6 5 4 3 2 1 <0>
™cyct [ o 0 0 o | rRMc1 | NRZB1 | NRZY |

RMCH1 NRZB1 Remote control output

0 0 Low-level output

0 1 High-level output

1 0 Low-level output

1 1 Carrier pulse output
NRZ1 Carrier pulse output status flag

0 Carrier output disabled status (low-level status)

1 Carrier output enabled status

(RMCH1 = 1: Carrier pulse output, RMC1 = 0: High-level status)

Note Bit O is read-only.

(3) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P16/TOH1 pin for timer output, clear PM16 and the output latches of P16 to 0.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 8-6. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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8.4 Operation of 8-Bit Timer H1

8.4.1 Operation as interval timer/square-wave output

When 8-bit timer counter H1 and compare register 01 (CMPO1) match, an interrupt request signal (INTTMH1) is
generated and 8-bit timer counter H1 is cleared to O0H.

Compare register 11 (CMP11) is not used in interval timer mode. Since a match of 8-bit timer counter H1 and the
CMP11 register is not detected even if the CMP11 register is set, timer output is not affected.

By setting bit 0 (TOENN) of timer H mode register 1 (TMHMD?1) to 1, a square wave of any frequency (duty = 50%) is
output from TOH1.

<1> Set each register.
Figure 8-7. Register Setting During Interval Timer/Square-Wave Output Operation

(i) Setting timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1
TMHMD1| 0 ‘ 0/ ‘ 0N ‘ 01 ‘ 0 ‘ 0 ‘ 01 ‘ 0/1 |

Timer output setting

Default setting of timer output level

Interval timer mode setting

Count clock (fent) selection

Count operation stopped

(ii) CMPO1 register setting

The interval time is as follows if N is set as a comparison value.

e Interval time = (N +1)/fcnt

<2> Count operation starts when TMHE1 = 1.

<3> When the values of 8-bit timer counter H1 and the CMPO01 register match, the INTTMH1 signal is generated and
8-bit timer counter H1 is cleared to O0H.

<4> Subsequently, the INTTMH1 signal is generated at the same interval. To stop the count operation, clear TMHE1
to 0.

Remarks 1. For the setting of the output pin, see 8.3 (3) Port mode register 1 (PM1).
2. For how to enable the INTTMH1 signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.
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Figure 8-8. Timing of Interval Timer/Square-Wave Output Operation (1/2)

(a) Basic operation (Operation When 01H < CMPO01 < FEH)

Count clock ||||S|||||||| ||||||

f Count start '

8-bit timer counter H1  00H X 01H X X N X ooH X otH X X N X ooH 00H

! A A

Clear Clear

CMPO1 i N

TMHEH1

INTTMHA1 . | |
, , Interval time }
: I |
TOH1 ! .
<1> <2> <2> <3>
Level inversion, Level inversion,

match interrupt occurrence, match interrupt occurrence,
8-bit timer counter H1 clear 8-bit timer counter H1 clear

<1> The count operation is enabled by setting the TMHE1 bit to 1. The count clock starts counting no more than 1
clock after the operation is enabled.

<2> When the value of 8-bit timer counter H1 matches the value of the CMPO1 register, the value of the timer counter
is cleared, and the level of the TOH1 output is inverted. In addition, the INTTMH1 signal is output at the rising
edge of the count clock.

<3> If the TMHE1 bit is cleared to 0 while timer H is operating, the INTTMH1 signal and TOH1 output are set to the
default level. If they are already at the default level before the TMHE1 bit is cleared to 0O, then that level is
maintained.

Remark O01H <N <FEH
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Figure 8-8. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMP01 = FFH

Count clock ||||g(||||||||s(||||||

,‘ Count start

8-bit timer counter H1 I00HX 01H X X FEH X FFHX 00H X X FEH X FFH X OOHX:
' A A

. Clear i Clear

CMPO1 FFH

TMHE1 |
INTTMH1 | |

[ ]
TOH1 | |

Interval time

(c) Operation when CMP0O1 = 00H

Count clock ||||||||||||||||||||||

Cou'nt start |

=

8-bit timer counter H1 00H

CMPO1 00H

TMHET | :
INTTMH1 | |
o | o L LI LI

Interval time
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8.4.2 Operation as PWM output

In PWM output mode, a pulse with an arbitrary duty and arbitrary cycle can be output.

8-bit timer compare register 01 (CMPO01) controls the cycle of timer output (TOH1). Rewriting the CMPO1 register
during timer operation is prohibited.

8-bit timer compare register 11 (CMP11) controls the duty of timer output (TOH1). Rewriting the CMP11 register during
timer operation is possible.

The operation in PWM output mode is as follows.

The TOH1 output level is inverted and 8-bit timer counter H1 is cleared to 0 when 8-bit timer counter H1 and the
CMPO1 register match after the timer count is started. The TOH1 output level is inverted when 8-bit timer counter H1 and
the CMP11 register match.

<1> Set each register.
Figure 8-9. Register Setting in PWM Output Mode

(i) Setting timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEVi TOEN{
TMHMD1|O‘O/1‘O/1‘O/1‘ 1‘0‘0/1‘1|

| | L] L

—— Default setting of timer output level

Timer output enabled

PWM output mode selection

Count clock (fent) selection

Count operation stopped

(ii) Setting CMPO1 register
e Compare value (N): Cycle setting

(iii) Setting CMP11 register
e Compare value (M): Duty setting

Remark O00H < CMP11 (M) < CMPO1 (N) < FFH

<2> The count operation starts when TMHE1 = 1.

<3> The CMPO1 register is the compare register that is to be compared first after counter operation is enabled. When
the values of 8-bit timer counter H1 and the CMPO01 register match, 8-bit timer counter H1 is cleared, an interrupt
request signal (INTTMH1) is generated, and TOH1 output is inverted. At the same time, the compare register to
be compared with 8-bit timer counter H1 is changed from the CMPO1 register to the CMP11 register.

<4> When 8-bit timer counter H1 and the CMP11 register match, TOH1 output is inverted and the compare register to
be compared with 8-bit timer counter H1 is changed from the CMP11 register to the CMPO1 register. At this time,
8-bit timer counter H1 is not cleared and the INTTMH1 signal is not generated.
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<5> By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained.

<6> To stop the count operation, set TMHE1 = 0.
If the setting value of the CMPO1 register is N, the setting value of the CMP11 register is M, and the count clock
frequency is fent, the PWM pulse output cycle and duty are as follows.

o PWM pulse output cycle = (N + 1)/fenT
e Duty=(M+ 1)/(N + 1)

Cautions 1. The set value of the CMP11 register can be changed while the timer counter is operating.
However, this takes a duration of three operating clocks (signal selected by the CKS12 to CKS10
bits of the TMHMD1 register) from when the value of the CMP11 register is changed until the
value is transferred to the register.

2. Be sure to set the CMP11 register when starting the timer count operation (TMHE1 = 1) after the
timer count operation was stopped (TMHE1 = 0) (be sure to set again even if setting the same
value to the CMP11 register).

3. Make sure that the CMP11 register setting value (M) and CMPO1 register setting value (N) are
within the following range.
00H < CMP11 (M) < CMPO1 (N) < FFH

Remarks 1. For the setting of the output pin, see 8.3 (3) Port mode register 1 (PM1).
2. For details on how to enable the INTTMH1 signal interrupt, sse CHAPTER 13 INTERRUPT FUNCTIONS.
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Figure 8-10. Operation Timing in PWM Output Mode (1/4)

(a) Basic operation

8-bit timer counter H1 ~ 00H ).( (A5HX00HX01H)02H) (AsHY 00HY 01H) 02H) ).( 00H

<1>

<2>

<3>

<4>

' '
¢ L L (

CMPO1 A5H

CMP11 ) 01H

TMHE1J
INTTMH1 ¢ |_| ; |_| ; |_|

TOH1 ]
(TOLEV1 = 0) __ ' ( I_l

<> 1<2> 1<3> E E P <

(TOLEVEH11) |_| ” |_| ) |_|

The count operation is enabled by setting the TMHE1 bit to 1. Start 8-bit timer counter H1 by masking one count
clock to count up. At this time, TOH1 output remains the default.

When the values of 8-bit timer counter H1 and the CMPO01 register match, the TOH1 output level is inverted, the
value of 8-bit timer counter H1 is cleared, and the INTTMH1 signal is output.

When the values of 8-bit timer counter H1 and the CMP11 register match, the TOH1 output level is inverted. At
this time, the 8-bit timer counter value is not cleared and the INTTMH1 signal is not output.

Clearing the TMHE1 bit to O during timer H1 operation sets the INTTMH1 signal and TOH1 output to the default.
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Figure 8-10. Operation Timing in PWM Output Mode (2/4)

(b) Operation when CMPO01 = FFH, CMP11 = 00H

oo tmer couner 1 —oor ot erroor)oreEen_ YFroororrezn

CMPOT :Z FFH
CMP11 OOH
INTTMH1 ; ’ ” |_|

TOH1 | | | I_l I—l

(TOLEV1 = 0)

(c) Operation when CMP0O1 = FFH, CMP11 = FEH

8-bit timer counter H1 ~ 00H ' @@@m W

CMPO1 ) FFH

CMP11 FEH

INTTMH1 _| _| ||

’Ef

TOH1
(TOLEVA = 0)
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Figure 8-10. Operation Timing in PWM Output Mode (3/4)

(d) Operation when CMPO01 = 01H, CMP11 = 00H

8-bit timer counter H1

CMPO1

CMP11

INTTMH1

TOH1
(TOLEV1 = 0)

oo Yoo

)

:::--i:01|_;::--
!!!":(OOF;!!"
4o L
S e I R i I A
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Figure 8-10. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP11 (CMP11 = 02H — 03H, CMPO01 = A5H)

jIIC)IC @@@@ @@@ :>.<:

CMPO1 A5H

L q R PR . e . —
CMP11 o2H X 02H (03H) %( 03H
, (gmmmmmm e g g
TMHE J ) 5
INTTMH1 ; ) | g | : |

TOH1 5 |
(TOLEV1 = 0) T g 4 — h

<1> <3> <4> <5> <6>

<1> The count operation is enabled by setting TMHE1 = 1. Start 8-bit timer counter H1 by masking one count clock to
count up. At this time, the TOH1 output remains default.
<2> The CMP11 register value can be changed during timer counter operation. This operation is asynchronous to the
count clock.
<3> When the values of 8-bit timer counter H1 and the CMPO1 register match, the value of 8-bit timer counter H1 is
cleared, the TOH1 output level is inverted, and the INTTMH1 signal is output.
<4> If the CMP11 register value is changed, the value is latched and not transferred to the register. When the values
of 8-bit timer counter H1 and the CMP11 register before the change match, the value is transferred to the CMP11
register and the CMP11 register value is changed (<2>).
However, three count clocks or more are required from when the CMP11 register value is changed to when the
value is transferred to the register. If a match signal is generated within three count clocks, the changed value
cannot be transferred to the register.
<5> When the values of 8-bit timer counter H1 and the CMP11 register after the change match, the TOH1 output level
is inverted. 8-bit timer counter H1 is not cleared and the INTTMH1 signal is not generated.
<6> Clearing the TMHET1 bit to 0 during timer H1 operation makes the INTTMH1 signal and TOH1 output default.
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8.4.3 Carrier generator operation

In the carrier generator mode, 8-bit timer H1 is used to generate the carrier signal of an infrared remote controller, and
8-bit timer/event counter 51 is used to generate an infrared remote control signal (time count).

The carrier clock generated by 8-bit timer H1 is output in the cycle set by 8-bit timer/event counter 51.

In carrier generator mode, the output of the 8-bit timer H1 carrier pulse is controlled by 8-bit timer/event counter 51, and
the carrier pulse is output from the TOH1 output.

(1) Carrier generation
In carrier generator mode, 8-bit timer H compare register 01 (CMPO01) generates a low-level width carrier pulse
waveform and 8-bit timer H compare register 11 (CMP11) generates a high-level width carrier pulse waveform.
Rewriting the CMP11 register during the 8-bit timer H1 operation is possible but rewriting the CMPO1 register is
prohibited.

(2) Carrier output control
Carrier output is controlled by the interrupt request signal (INTTM51) of 8-bit timer/event counter 51 and the NRZB1
and RMC1 bits of the 8-bit timer H carrier control register (TMCYC1). The relationship between the outputs is shown

below.
RMC1 Bit NRZB1 Bit Output
0 0 Low-level output
0 1 High-level output
1 0 Low-level output
1 1 Carrier pulse output
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To control the carrier pulse output during a count operation, the NRZ1 and NRZB1 bits of the TMCYC1 register have
a master and slave bit configuration. The NRZ1 bit is read-only but the NRZB1 bit can be read and written. The
INTTM51 signal is synchronized with the 8-bit timer H1 count clock and is output as the INTTM5H1 signal. The
INTTM5H1 signal becomes the data transfer signal of the NRZ1 bit, and the NRZB1 bit value is transferred to the
NRZ1 bit. The timing for transfer from the NRZB1 bit to the NRZ1 bit is as shown below.

Figure 8-11. Transfer Timing

TMHET _|

8-bit timer H1 ||||||||||||||||||||

count clock ' ! | ]
INTTM51 _,_!_rl I_!_ﬂ—

INTTM5H1 | |, | |,
<> !

NRZ1 0 X 1 X 0
//22> /

NRZB1 1 )f( 0 X 1
<3>
RMC1

<1> The INTTM51 signal is synchronized with the count clock of the 8-bit timer H1 and is output as the INTTM5H1
signal.

<2> The value of the NRZB1 bit is transferred to the NRZ1 bit at the second clock from the rising edge of the
INTTM5H1 signal.

<3> Write the next value to the NRZB1 bit in the interrupt servicing program that has been started by the INTTM5H1

interrupt or after timing has been checked by polling the interrupt request flag. Write data to count the next time
to the CR51 register.

Cautions 1. Do not rewrite the NRZB1 bit again until at least the second clock after it has been rewritten, or
else the transfer from the NRZB1 bit to the NRZ1 bit is not guaranteed.
2. When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is generated
at the timing of <1>. When 8-bit timer/event counter 51 is used in a mode other than the carrier
generator mode, the timing of the interrupt generation differs.
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<1> Set each register.

Figure 8-12. Register Setting in Carrier Generator Mode

(i) Setting 8-bit timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

TMHMD1 | 0 ‘ 01 ‘ 01 ‘ 0/1 ‘ 0 ‘ 1 ‘ 01 ‘ 1 |

| | L] L

Timer output enabled

Default setting of timer output level

Carrier generator mode selection

Count clock (fenr) selection

Count operation stopped

(ii) CMPO1 register setting
e Compare value

(iii) CMP11 register setting
e Compare value

(iv) TMCYC1 register setting
¢ RMC1 =1 ... Remote control output enable bit
e NRZB1 = 0/1 ... carrier output enable bit

(v) TCL51 and TMC51 register setting
¢ See 7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51.

<2> When TMHE1 = 1, 8-bit timer H1 starts counting.

<3> When TCE51 of 8-bit timer mode control register 51 (TMC51) is set to 1, 8-bit timer/event counter 51 starts
counting.

<4> After the count operation is enabled, the first compare register to be compared is the CMPO1 register. When
the count value of 8-bit timer counter H1 and the CMPO1 register value match, the INTTMH1 signal is generated,
8-bit timer counter H1 is cleared. At the same time, the compare register to be compared with 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register.

<5> When the count value of 8-bit timer counter H1 and the CMP11 register value match, the INTTMH1 signal is
generated, 8-bit timer counter H1 is cleared. At the same time, the compare register to be compared with 8-bit
timer counter H1 is switched from the CMP11 register to the CMPO1 register.

<6> By performing procedures <4> and <5> repeatedly, a carrier clock is generated.

<7> The INTTM51 signal is synchronized with count clock of the 8-bit timer H1 and output as the INTTM5H1 signal.
The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

<8> Write the next value to the NRZB1 bit in the interrupt servicing program that has been started by the INTTM5H1
interrupt or after timing has been checked by polling the interrupt request flag. Write data to count the next time
to the CR51 register.

<9> When the NRZ1 bit is high level, a carrier clock is output from the TOH1 pin.
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<10> By performing the procedures above, an arbitrary carrier clock is obtained. To stop the count operation, clear
TMHE1 to 0.

If the setting value of the CMPO1 register is N, the setting value of the CMP11 register is M, and the count clock
frequency is fcnt, the carrier clock output cycle and duty are as follows.

o Carrier clock output cycle = (N + M + 2)/fcnt
¢ Duty = High-level width/carrier clock output width = (M + 1)/(N + M + 2)

Cautions 1. Be sure to set the CMP11 register when starting the timer count operation (TMHE1 = 1)
after the timer count operation was stopped (TMHE1 = 0) (be sure to set again even if
setting the same value to the CMP11 register).

2. Set so that the count clock frequency of TMH1 becomes more than 6 times the count clock
frequency of TM51.

3. Set the values of the CMP01 and CMP11 registers in a range of 01H to FFH.

4. The set value of the CMP11 register can be changed while the timer counter is operating.
However, it takes the duration of three operating clocks (signal selected by the CKS12 to
CKS10 bits of the TMHMD1 register) since the value of the CMP11 register has been
changed until the value is transferred to the register.

5. Be sure to set the RMC1 bit before the count operation is started.

Remarks 1. For the setting of the output pin, see 8.3 (3) Port mode register 1 (PM1).
2. For how to enable the INTTMH1 signal interrupt, see CHAPTER 13 INTERRUPT FUNCTIONS.
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<1>

<2>

<3>

<4>

<5>

<6>

<7>

Figure 8-13. Carrier Generator Mode Operation Timing (1/3)

(a) Operation when CMP01 =N, CMP11 =N

8-bit timer H1

count clock 9_|_|_
8-bit timer counter
H1 oot value OB YXX00RXC XN X00RX ;X R YGoRC, X W X0oBC XN X0 X
CMPO1 g ‘ N ‘
CMP11 N
TMHE11 |
INTTMH1
<3> <4>
<1><2> ) ‘
Carrier clock . —

8-bit timer 51 m

count clock

(M X00HX01H) 01H

M X N

TM51 count value — 00HX01B)

CR51 KX

TCE51 | :

INTTM5n1 | H [

INTTM5H1 : "

NRZB1 X i X 0 X 7 e 0

NRZf 9 3 0 i 0

Carrier clock __ [ M MMM UL
TOH11 ML=z o

When TMHE1 = 0 and TCE51 = 0, the 8-bit timer counter H1 operation is stopped.
When TMHE1 = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock remains

default.

When the count value of 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer counter
H1 is switched from the CMPO1 register to the CMP11 register. 8-bit timer counter H1 is cleared to 00H.

When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer counter
H1 is switched from the CMP11 register to the CMPO1 register. 8-bit timer counter H1 is cleared to 00H. By
performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to 50% is generated.

When the INTTM51 signal is generated, it is synchronized with the 8-bit timer H1 count clock and is output as the
INTTM5H1 signal.

The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is transferred
to the NRZ1 bit.

When NRZ1 = 0 is set, the TOH1 output becomes low level.
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Figure 8-13. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11 =M

8-bit timer H1
count clock
8-bit timer counter
H1 count value Ex: AN _X00HXOTHK A M X0OHK X N XOOHXO1H} 00H
CMPO1 ‘ N 3
CMP11 M )
TMHE1 |
INTTMHA1 3 .
<o> <4>
<1><2>
Carrier clock —

8-bit timer 51
count clock

TM51 count value 00HX01H)

CR51 :
TCE51 | . ;
I'. <5> ,’I
INTTM51 ! :
INTTMS5H1 ‘
NRZB1 0 X 1 : X 0‘ X 1‘ X o‘
NRZ1 Q — X 0 i X0
Carrier clock — 1 LU U UL it
<6> 75
TOH1 11 T

<1> When TMHE1 = 0 and TCE51 = 0, the 8-bit timer counter H1 operation is stopped.

<2> When TMHE1 = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock remains
default.

<3> When the count value of 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer counter
H1 is switched from the CMPO1 register to the CMP11 register. 8-bit timer counter H1 is cleared to 00H.

<4> When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer counter
H1 is switched from the CMP11 register to the CMPO1 register. 8-bit timer counter H1 is cleared to OOH. By
performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to other than 50% is generated.

<5> When the INTTM51 signal is generated, it is synchronized with the 8-bit timer H1 count clock and is output as the
INTTM5H1 signal.

<6> A carrier signal is output at the first rising edge of the carrier clock if NRZ1 is set to 1.
<7> When NRZ1 = 0, the TOH1 output is held at the high level and is not changed to low level while the carrier clock
is high level (from <6> and <7>, the high-level width of the carrier clock waveform is guaranteed).
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<1>

<2>

<3>

<4>

<5>

Figure 8-13. Carrier Generator Mode Operation Timing (3/3)

(c) Operation when CMP11 is changed

8-bit timer H1
count clock
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Carrier clock <1>

When TMHE1 = 1 is set, 8-bit timer H1 starts a count operation. At that time, the carrier clock remains default.
When the count value of 8-bit timer counter H1 matches the value of the CMPO1 register, the INTTMH1 signal is
output, the carrier signal is inverted, and the timer counter is cleared to 00H. At the same time, the compare
register whose value is to be compared with that of 8-bit timer counter H1 is changed from the CMPO1 register to
the CMP11 register.

The CMP11 register is asynchronous to the count clock, and its value can be changed while 8-bit timer H1 is
operating. The new value (L) to which the value of the register is to be changed is latched. When the count
value of 8-bit timer counter H1 matches the value (M) of the CMP11 register before the change, the CMP11
register is changed (<3>).

However, it takes three count clocks or more since the value of the CMP11 register has been changed until the
value is transferred to the register. Even if a match signal is generated before the duration of three count clocks
elapses, the new value is not transferred to the register.

When the count value of 8-bit timer counter H1 matches the value (M) of the CMP1 register before the change,
the INTTMH1 signal is output, the carrier signal is inverted, and the timer counter is cleared to 00H. At the same
time, the compare register whose value is to be compared with that of 8-bit timer counter H1 is changed from the
CMP11 register to the CMPO1 register.

The timing at which the count value of 8-bit timer counter H1 and the CMP11 register value match again is
indicated by the value after the change (L).
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CHAPTER 9 WATCHDOG TIMER

9.1 Functions of Watchdog Timer

The watchdog timer operates on the internal low-speed oscillation clock.

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset
signal is generated.

Program loop is detected in the following cases.

e If the watchdog timer counter overflows

¢ If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

e If data other than “ACH” is written to WDTE

e If data is written to WDTE during a window close period

e If the instruction is fetched from an area not set by the IMS and IXS registers (detection of an invalid check while the
CPU hangs up)

e If the CPU accesses an area that is not set by the IMS and IXS registers (excluding FBOOH to FFFFH) by executing a
read/write instruction (detection of an abnormal access during a CPU program loop)

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1. For
details of RESF, see CHAPTER 15 RESET FUNCTION.
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9.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 9-1. Configuration of Watchdog Timer

ltem

Configuration

Control register Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, and window open period are set by the option byte.

Table 9-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer

Option Byte (0080H)

Window open period

Bits 6 and 5 (WINDOW1, WINDOWO)

Controlling counter operation of watchdog timer

Bit 4 (WDTON)

Overflow time of watchdog timer

Bits 3 to 1 (WDCS2 to WDCSO0)

Remark For the option byte, see CHAPTER 18 OPTION BYTE.

Figure 9-1. Block Diagram of Watchdog Timer

CPU access signal

CPU access
error detector

WDCS2 to WDCSO0 of
option byte (0080H)
2'%faL to
2"7/frL )
Clock 17-bit Selector |59
fR/2 ——| input counter elector
controller
Count clear Window size
signal determination

WINDOW1 and WINDOWO
of option byte (0080H)

— Clear, reset control

signal

Overflow

Reset

controller

WDTON of option Watchdog timer enable

byte (0080H) register (WDTE)

i

Internal bus

output |——— Internal reset signal
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9.3 Register Controlling Watchdog Timer

The watchdog timer is controlled by the watchdog timer enable register (WDTE).

(1) Watchdog timer enable register (WDTE)

Writing ACH to WDTE clears the watchdog timer counter and starts counting again.

This register can be set by an 8-bit memory manipulation instruction.

Note

Reset signal generation sets this register to 9AH or 1AH™".

Figure 9-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FF99H  After reset: 9AH/1AHN"®  R/W
Symbol 7 6 5 4 3

WDTE

Note The WDTE reset value differs depending on the WDTON setting value of the option byte (0080H).

operate watchdog timer, set WDTON to 1.

WDTON Setting Value

WDTE Reset Value

0 (watchdog timer count operation disabled) 1AH

1 (watchdog timer count operation enabled) 9AH

Cautions 1. If a value other than ACH is written to WDTE, an internal reset signal is generated.

To

If the

source clock to the watchdog timer is stopped, however, an internal reset signal is generated
when the source clock to the watchdog timer resumes operation.
2. If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset signal is
generated. If the source clock to the watchdog timer is stopped, however, an internal reset

signal is generated when the source clock to the watchdog timer resumes operation.
3. The value read from WDTE is 9AH/1AH (this differs from the written value (ACH)).
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9.4 Operation of Watchdog Timer

9.4.1 Controlling operation of watchdog timer
1.  When the watchdog timer is used, its operation is specified by the option byte (0080H).

e Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (0080H) to 1 (the
counter starts operating after a reset release) (for details, see CHAPTER 18).

WDTON Operation Control of Watchdog Timer Counter/lllegal Access Detection
0 Counter operation disabled (counting stopped after reset), illegal access detection operation disabled
1 Counter operation enabled (counting started after reset), illegal access detection operation enabled

e Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (0080H) (for details, see 9.4.2
and CHAPTER 18).

e Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (0080H) (for
details, see 9.4.3 and CHAPTER 18).

2. After a reset release, the watchdog timer starts counting.

3. By writing “ACH” to WDTE after the watchdog timer starts counting and before the overflow time set by the option
byte, the watchdog timer is cleared and starts counting again.

4. After that, write WDTE the second time or later after a reset release during the window open period. If WDTE is
written during a window close period, an internal reset signal is generated.

5. If the overflow time expires without “ACH” written to WDTE, an internal reset signal is generated.
A internal reset signal is generated in the following cases.

If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

If data other than “ACH” is written to WDTE

If the instruction is fetched from an area not set by the IMS and IXS registers (detection of an invalid check
during a CPU program loop)

If the CPU accesses an area not set by the IMS and IXS registers (excluding FBOOH to FFFFH) by executing a

read/write instruction (detection of an abnormal access during a CPU program loop)

Cautions 1. The first writing to WDTE after a reset release clears the watchdog timer, if it is made before the
overflow time regardless of the timing of the writing, and the watchdog timer starts counting
again.

2. If the watchdog timer is cleared by writing “ACH” to WDTE, the actual overflow time may be
different from the overflow time set by the option byte by up to 2/fr. seconds.
3. The watchdog timer can be cleared immediately before the count value overflows (FFFFH).
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Cautions 4. The operation of the watchdog timer in the HALT and STOP modes differs as follows depending
on the set value of bit 0 (LIOCP) of the option byte.

LIOCP = 0 (Internal Low-Speed Oscillator | LIOCP = 1 (Internal Low-Speed Oscillator
Can Be Stopped by Software) Cannot Be Stopped)

In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.

In STOP mode

If LIOCP = 0, the watchdog timer resumes counting after the HALT or STOP mode is released. At
this time, the counter is not cleared to 0 but starts counting from the value at which it was
stopped.
If oscillation of the internal low-speed oscillator is stopped by setting LSRSTOP (bit 1 of the
internal oscillation mode register (RCM) = 1) when LIOCP = 0, the watchdog timer stops operating.
At this time, the counter is not cleared to 0.

5. The watchdog timer does not stop during self-programming of the flash memory and EEPROM™
emulation. During processing, the interrupt acknowledge time is delayed. Set the overflow time
and window size taking this delay into consideration.

9.4.2 Setting overflow time of watchdog timer

Set the overflow time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (0080H).

If an overflow occurs, an internal reset signal is generated. The present count is cleared and the watchdog timer starts
counting again by writing “ACH” to WDTE during the window open period before the overflow time.

The following overflow time is set.

Table 9-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCSH WDCSO0 Overflow Time of Watchdog Timer

0 0 0 2"%frL (3.88 ms)

0 0 1 2"/frL (7.76 ms)

0 1 0 2%/frL (15.52 ms)

0 1 1 2"/faL (31.03 ms)

1 0 0 2"/frL (62.06 ms)

1 0 1 2%/l (124.12 ms)

1 1 0 2"%/frL (248.24 ms)

1 1 1 2"/frL (496.48 ms)

Caution The watchdog timer does not stop during self-programming of the flash memory and
EEPROM emulation. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.

Remarks 1. fr: Internal low-speed oscillation clock frequency
2. (): frL =264 kHz (MAX.)
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9.4.3 Setting window open period of watchdog timer
In the xPD78F0730, the window open period of the watchdog timer is 100%. Do not set any values other than 1, 1
(default) to bits 6 and 5 (WINDOW1, WINDOWO) of the option byte.

Whenever WDTE is written to during the window open period (100%), as long as it is before the overflow time, the
watchdog timer is cleared and starts counting again.

Counting Overflow
starts time

i Window open period (100%) i

T

Counting starts again when
“ACH” is written to WDTE.

The window open period to be set is as follows.

Table 9-4. Setting Window Open Period of Watchdog Timer

WINDOWA WINDOWO Window Open Period of Watchdog Timer
0 0 Setting prohibited
0 1 Setting prohibited
1 0 Setting prohibited
1 1 100% (default)
Caution Only the combination of WINDOW1 and WINDOWO = 1, 1 is valid. Other settings are
prohibited.
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CHAPTER 10 SERIAL INTERFACE UART6

10.1 Functions of Serial Interface UART6

Serial interface UART6 has the following two modes.

(1) Operation stop mode
This mode is used when serial communication is not executed and can enable a reduction in the power consumption.
For details, see 10.4.1 Operation stop mode.

(2) Asynchronous serial interface (UART) mode

The functions of this mode are outlined below.
For details, see 10.4.2 Asynchronous serial interface (UART) mode and 10.4.3 Dedicated baud rate generator.

Maximum transfer rate: 312.5 kbps

e Two-pin configuration TxD6: Transmit data output pin

RxD6: Receive data input pin

e Data length of communication data can be selected from 7 or 8 bits.
o Dedicated internal 8-bit baud rate generator allowing any baud rate to be set
¢ Transmission and reception can be performed independently (full duplex operation).

e LSB-first communication

Cautions 1.

If clock supply to serial interface UART6 is not stopped (e.g., in the HALT mode), normal
operation continues. If clock supply to serial interface UART6 is stopped (e.g., in the STOP
mode), each register stops operating, and holds the value immediately before clock supply was
stopped. The TxD6 pin also holds the value immediately before clock supply was stopped and
outputs it. However, the operation is not guaranteed after clock supply is resumed. Therefore,
reset the circuit so that POWERG6 = 0, RXE6 = 0, and TXEG6 = 0.

Set POWER6 = 1 and then set TXE6 = 1 (transmission) or RXE6 = 1 (reception) to start
communication.

TXE6 and RXE6 are synchronized by the base clock (fxcké) set by CKSR6. To enable
transmission or reception again, set TXE6 or RXE6 to 1 at least two clocks of the base clock
after TXE6 or RXE6 has been cleared to 0. If TXE6 or RXE6 is set within two clocks of the base
clock, the transmission circuit or reception circuit may not be initialized.

Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.

If data is continuously transmitted, the communication timing from the stop bit to the next start
bit is extended two operating clocks of the macro. However, this does not affect the result of
communication because the reception side initializes the timing when it has detected a start bit.
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10.2 Configuration of Serial Interface UART6

Serial interface UART®6 includes the following hardware.

Table 10-1. Configuration of Serial Interface UART6

ltem

Configuration

Registers

Receive buffer register 6 (RXB6)
Receive shift register 6 (RXS6)
Transmit buffer register 6 (TXB6)
Transmit shift register 6 (TXS6)

Control registers

Asynchronous serial interface operation mode register 6 (ASIM6)
Asynchronous serial interface reception error status register 6 (ASIS6)
Asynchronous serial interface transmission status register 6 (ASIF6)
Clock selection register 6 (CKSR6)

Baud rate generator control register 6 (BRGC6)

Port mode register 1 (PM1)

Port register 1 (P1)
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Figure 10-1. Block Diagram of Serial Interface UART6
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(1)

()

(©)

(4)

Receive buffer register 6 (RXB6)

This 8-bit register stores parallel data converted by receive shift register 6 (RXS6).

Each time 1 byte of data has been received, new receive data is transferred to this register from RXS6. If the data
length is set to 7 bits, data is transferred as follows.

e The receive data is transferred to bits 0 to 6 of RXB6 and the MSB of RXB6 is always 0.

If an overrun error (OVEB) occurs, the receive data is not transferred to RXB6.

RXB6 can be read by an 8-bit memory manipulation instruction. No data can be written to this register.

Reset signal generation sets this register to FFH.

Receive shift register 6 (RXS6)
This register converts the serial data input to the RxD6 pin into parallel data.
RXS6 cannot be directly manipulated by a program.

Transmit buffer register 6 (TXB6)

This buffer register is used to set transmit data. Transmission is started when data is written to TXB6.
This register can be read or written by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Cautions 1. Do not write data to TXB6 when bit 1 (TXBF6) of asynchronous serial interface transmission
status register 6 (ASIF6) is 1.
2. Do not refresh (write the same value to) TXB6 by software during a communication operation
(when bit 7 (POWERS6) and bit 6 (TXE6) of asynchronous serial interface operation mode register
6 (ASIM6) are 1 or when bit 7 (POWERSG6) and bit 5 (RXE6) of ASIM6 are 1).
3. Set transmit data to TXB6 at least one base clock (fxcLks) after setting TXE6 = 1.

Transmit shift register 6 (TXS6)

This register transmits the data transferred from TXB6 from the TxD6 pin as serial data. Data is transferred from
TXB6 immediately after TXB6 is written for the first transmission, or immediately before INTST6 occurs after one
frame was transmitted for continuous transmission. Data is transferred from TXB6 and transmitted from the TxD6 pin
at the falling edge of the base clock.

TXS6 cannot be directly manipulated by a program.
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10.3 Registers Controlling Serial Interface UART6

Serial interface UARTS is controlled by the following seven registers.

e Asynchronous serial interface operation mode register 6 (ASIM6)

e Asynchronous serial interface reception error status register 6 (ASIS6)
e Asynchronous serial interface transmission status register 6 (ASIF6)

o Clock selection register 6 (CKSR®6)

e Baud rate generator control register 6 (BRGC6)

e Port mode register 1 (PM1)

o Port register 1 (P1)

(1) Asynchronous serial interface operation mode register 6 (ASIM6)
This 8-bit register controls the serial communication operations of serial interface UART6.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Remark ASIM6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS6) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 =
1).

Figure 10-2. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (1/2)

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWERG6 TXE6 RXE6 PS61 PS60 CL6 SL6 ISRM6
POWER6 Enables/disables operation of internal operation clock
! Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously
resets the internal circuit"*>.
1 Enables operation of the internal operation clock
TXE6 Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission
RXE6 Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception

Notes 1. The output of the TxD6 pin goes high level and the input from the RxD6 pin is fixed to the high level when
POWERSG6 = 0 during transmission.
2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface
transmission status register 6 (ASIF6), and receive buffer register 6 (RXB6) are reset.
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Figure 10-2. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (2/2)

PS61 PS60 Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parity"™
1 0 Outputs odd parity. Judges as odd parity.
1 1 Outputs even parity. Judges as even parity.
CL6 Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits
SL6 Specifies number of stop bits of transmit data
0 Number of stop bits = 1
1 Number of stop bits = 2
ISRM6 Enables/disables occurrence of reception completion interrupt in case of error
0 “INTSRES6” occurs in case of error (at this time, INTSR6 does not occur).
1 “INTSR6” occurs in case of error (at this time, INTSRE6 does not occur).

Note If “reception as 0 parity” is selected, the parity is not judged. Therefore, bit 2 (PE6) of asynchronous serial
interface reception error status register 6 (ASIS6) is not set and the error interrupt does not occur.

Cautions 1. To start the transmission, set POWERG6 to 1 and then set TXE6 to 1. To stop the transmission,
clear TXE6 to 0, and then clear POWERS6 to 0.
2. To start the reception, set POWERG6 to 1 and then set RXE6 to 1. To stop the reception, clear
RXES6 to 0, and then clear POWERS6 to 0.
3. Set POWERSG to 1 and then set RXEG6 to 1 while a high level is input to the RxD6 pin. If POWERS is
set to 1 and RXES6 is set to 1 while a low level is input, reception is started.
4. TXE6 and RXE6 are synchronized by the base clock (fxcLke) set by CKSR6. To enable
transmission or reception again, set TXE6 or RXE6 to 1 at least two clocks of the base clock after
TXE6 or RXE6 has been cleared to 0. If TXE6 or RXE6 is set within two clocks of the base clock,
the transmission circuit or reception circuit may not be initialized.
5. Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.
6. Clear the TXE6 and RXES6 bits to 0 before rewriting the PS61, PS60, and CL6 bits.
7. Clear TXEG6 to 0 before rewriting the SL6 bit. Reception is always performed with “the number of
stop bits = 1”, and therefore, is not affected by the set value of the SL6 bit.
8. Make sure that RXE6 = 0 when rewriting the ISRM6 bit.
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(2) Asynchronous serial interface reception error status register 6 (ASIS6)
This register indicates an error status on completion of reception by serial interface UART6. It includes three error
flag bits (PE6, FE6, OVES).

This register is read-only by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H if bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 = 0. 00H is read when
this register is read. If a reception error occurs, read ASIS6 and then read receive buffer register 6 (RXB6) to clear

the error flag.

Figure 10-3. Format of Asynchronous Serial Interface Reception Error Status Register 6 (ASIS6)

Address: FF53H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS6 0 0 0 0 0 PE6 FE6 OVE6
PE6 Status flag indicating parity error
0 If POWERSG6 = 0 and RXE6 = 0, or if ASIS6 register is read
1 If the parity of transmit data does not match the parity bit on completion of reception
FE6 Status flag indicating framing error
0 If POWERSG = 0 and RXES6 = 0, or if ASIS6 register is read
1 If the stop bit is not detected on completion of reception
OVES6 Status flag indicating overrun error
0 If POWERSG6 = 0 and RXE6 = 0, or if ASIS6 register is read
1 If receive data is set to the RXB6 register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PE6 bit differs depending on the set values of the PS61 and PS60 bits of
asynchronous serial interface operation mode register 6 (ASIM6).
2. The first bit of the receive data is checked as the stop bit, regardless of the number of stop bits.
3. If an overrun error occurs, the next receive data is not written to receive buffer register 6 (RXB6)
but discarded.
4. If data is read from ASIS6, a wait cycle is generated. For details, see CHAPTER 25 CAUTIONS
FOR WAIT.
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(3) Asynchronous serial interface transmission status register 6 (ASIF6)
This register indicates the status of transmission by serial interface UART6. It includes two status flag bits (TXBF6
and TXSF6).
Transmission can be continued without disruption even during an interrupt period, by writing the next data to the
TXB6 register after data has been transferred from the TXB6 register to the TXS6 register.
This register is read-only by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to O0H if bit 7 (POWERS) and bit 6 (TXE6) of ASIM6 = 0.

Figure 10-4. Format of Asynchronous Serial Interface Transmission Status Register 6 (ASIF6)

Address: FF55H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF6 0 0 0 0 0 0 TXBF6 TXSF6
TXBF6 Transmit buffer data flag
0 If POWERSG6 = 0 or TXE6 = 0, or if data is transferred to transmit shift register 6 (TXS6)
1 If data is written to transmit buffer register 6 (TXB6) (if data exists in TXB6)
TXSF6 Transmit shift register data flag
0 If POWERSG = 0 or TXE6 = 0, or if the next data is not transferred from transmit buffer register 6
(TXB6) after completion of transfer
1 If data is transferred from transmit buffer register 6 (TXB6) (if data transmission is in progress)

Cautions 1. To transmit data continuously, write the first transmit data (first byte) to the TXB6 register. Be
sure to check that the TXBF6 flag is “0”. If so, write the next transmit data (second byte) to the
TXB6 register. If data is written to the TXB6 register while the TXBF6 flag is “1”, the transmit data
cannot be guaranteed.

2. To initialize the transmission unit upon completion of continuous transmission, be sure to check
that the TXSF6 flag is “0” after generation of the transmission completion interrupt, and then
execute initialization. If initialization is executed while the TXSF6 flag is “1”, the transmit data
cannot be guaranteed.
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(4) Clock selection register 6 (CKSR6)
This register selects the base clock of serial interface UART6.
CKSR6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Remark CKSR6 can be refreshed (the same value is written) by software during a communication operation (when bit
7 (POWERS®6) and bit 6 (TXES6) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 = 1).

Figure 10-5. Format of Clock Selection Register 6 (CKSR6)

Address: FF56H After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
CKSR6 0 0 0 0 TPS63 TPS62 TPS61 TPS60
TPS63 TPS62 TPS61 TPS60 Base clock (fxcLks) selection
frrs = 12 MHz frrs = 16 MHz

0 0 0 0 fers 12 MHz 16 MHz

0 0 0 1 frrs/2 6 MHz 8 MHz

0 0 1 0 frrs/2° 3 MHz 4 MHz

0 0 1 1 frrs/2° 1.5 MHz 2 MHz

0 1 0 0 frrs/2* 750 kHz 1 MHz

0 1 0 1 frrs/2° 375 kHz 500 kHz

0 1 1 0 frrs/2° 187.5 kHz 250 kHz

0 1 1 1 frrs/2’ 93.75 kHz 125 kHz

1 0 0 0 frrs/2° 46.875 kHz 62.5 kHz

1 0 0 1 frrs/2° 23.438 kHz 31.25 kHz

1 0 1 0 fers/2"° 11.719 kHz 15.625 kHz

1 0 1 1 TM50 output™™®

Other than above Setting prohibited

Note Note the following points when selecting the TM50 output as the base clock.
¢ Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 = 0)
Start the operation of 8-bit timer/event counter 50 first and then enable the timer F/F inversion operation
(TMC501 = 1).
¢ PWM mode (TMC506 = 1)
Start the operation of 8-bit timer/event counter 50 first and then set the count clock to make the duty = 50%.
It is not necessary to enable the TO50 pin as a timer output pin in any mode.

Caution Make sure POWERG6 = 0 when rewriting TPS63 to TPS60.

Remarks 1. fprs: Peripheral hardware clock frequency
2. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50
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(5) Baud rate generator control register 6 (BRGC6)
This register sets the division value of the 8-bit counter of serial interface UART6.
BRGCS6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Remark BRGCG6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS6) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWER6) and bit 5 (RXE6) of ASIM6 =

1).
Figure 10-6. Format of Baud Rate Generator Control Register 6 (BRGC6)

Address: FF57H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
BRGC6 | MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 |

MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 k Output clock selection of
8-bit counter
0 0 0 0 0 0 X X x | Setting prohibited
0 0 0 0 0 1 0 0 4 | fxckel4
0 0 0 0 0 1 0 1 5 | fxcike/5
0 0 0 0 0 1 1 0 6 | fxcike/6
L] L] L] L] L] [ ] L[] L] L] [ ]
L] L] L] L] L] L[] L[] L] L] [ ]
L] L] L] L] L] [ ] L[] L] L] [ ]
L] L] L] L] L] L[] L[] L] L] [ ]
L] L] L] L] L] L[] L[] L] L] [ ]
1 1 1 1 1 1 0 0 252 | fxcike/252
1 1 1 1 1 1 0 1 253 | fxcLke/253
1 1 1 1 1 1 1 0 254 | fxcLke/254
1 1 1 1 1 1 1 1 255 | fxcLke/255

Cautions 1. Make sure that bit 6 (TXE6) and bit 5 (RXE6) of the ASIM6 register = 0 when rewriting the MDL67
to MDL60 bits.
2. The baud rate is the output clock of the 8-bit counter divided by 2.

Remarks 1. fxcike: Frequency of base clock selected by the TPS63 to TPS60 bits of CKSR6 register
2. k: Value set by MDL67 to MDL60 bits (k = 4, 5, 6, ..., 255)
3. x: Don't care
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(6) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.

When using the P13/TxD6 pin for serial interface data output, clear PM13 to 0 and set the output latch of P13 to 1.

When using the P14/RxD6 pin for serial interface data input, set PM14 to 1. The output latch of P14 at this time may

beOor1.

PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 10-7. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |
PM1n P1n pin I/O mode selection (n =0to 7)
0 Output mode (output buffer on)

Input mode (output buffer off)
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10.4 Operation of Serial Interface UART6
Serial interface UART®6 has the following two modes.

¢ Operation stop mode
e Asynchronous serial interface (UART) mode

10.4.1 Operation stop mode

In this mode, serial communication cannot be executed; therefore, the power consumption can be reduced. In addition,
the pins can be used as ordinary port pins in this mode. To set the operation stop mode, clear bits 7, 6, and 5 (POWERS,
TXES6, and RXE6) of ASIM6 to 0.

(1) Register used
The operation stop mode is set by asynchronous serial interface operation mode register 6 (ASIM6).
ASIMB6 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWER6 TXE6 RXE6 PS61 PS60 CL6 SL6 ISRM6
POWER6 Enables/disables operation of internal operation clock
ot Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously

Note 2

resets the internal circuit

TXE6 Enables/disables transmission

0 Disables transmission operation (synchronously resets the transmission circuit).
RXE6 Enables/disables reception

0 Disables reception (synchronously resets the reception circuit).

Notes 1. The output of the TxD6 pin goes high and the input from the RxD6 pin is fixed to high level when POWER6
= 0 during transmission.
2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface
transmission status register 6 (ASIF6), and receive buffer register 6 (RXB6) are reset.

Caution Clear POWERSG to 0 after clearing TXE6 and RXEG6 to 0 to stop the operation.
To start the communication, set POWERS6 to 1, and then set TXE6 or RXEG6 to 1.

Remark To use the RxD6/P14 and TxD6/P13 pins as general-purpose port pins, see CHAPTER 4 PORT
FUNCTIONS.
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10.4.2 Asynchronous serial interface (UART) mode

In this mode, data of 1 byte is transmitted/received following a start bit, and a full-duplex operation can be performed.

A dedicated UART baud rate generator is incorporated, so that communication can be executed at a wide range of
baud rates.

(1) Registers used

e Asynchronous serial interface operation mode register 6 (ASIM6)

¢ Asynchronous serial interface reception error status register 6 (ASIS6)
¢ Asynchronous serial interface transmission status register 6 (ASIF6)

¢ Clock selection register 6 (CKSR6)

Baud rate generator control register 6 (BRGC6)

¢ Port mode register 1 (PM1)

Port register 1 (P1)

The basic procedure of setting an operation in the UART mode is as follows.

<1> Set the CKSRE6 register (see Figure 10-5).
<2> Set the BRGCES register (see Figure 10-6).
<3> Set bits 0 to 4 (ISRM6, SL6, CL6, PS60, PS61) of the ASIM6 register (see Figure 10-2).
<4> Set bit 7 (POWERS®) of the ASIM®6 register to 1.
<5> Set bit 6 (TXEB) of the ASIM6 register to 1. — Transmission is enabled.
Set bit 5 (RXE6) of the ASIM®6 register to 1. — Reception is enabled.
<6> Write data to transmit buffer register 6 (TXB6). — Data transmission is started.

Caution Take relationship with the other party of communication when setting the port mode register and
port register.

The relationship between the register settings and pins is shown below.

Table 10-2. Relationship Between Register Settings and Pins

POWER6| TXE6 RXE6 PM13 P13 PM14 P14 UART6 Pin Function
Operation TxD6/P13 RxD6/P14
0 0 0 xer X x" x" Stop P13 P14
1 0 1 X X 1 X Reception P13 RxD6
1 0 0 1 xete Xt Transmission TxD6 P14
1 1 0 1 1 X Transmission/ TxD6 RxD6
reception

Note Can be set as port function.

Remark x: don’t care
POWERS®: Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
TXES: Bit 6 of ASIM6
RXE6: Bit 5 of ASIM6

PM1x: Port mode register
P1x: Port output latch
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(2) Communication operation

(a) Format and waveform example of normal transmit/receive data
Figures 10-8 and 10-9 show the format and waveform example of the normal transmit/receive data.

Figure 10-8. Format of Normal UART Transmit/Receive Data

1 data frame

St;;t” o | o1 | b2 | D3| pa|Ds | o6 | D7 P‘E'iitty Stop bit

Character bits

One data frame consists of the following bits.

o Start bit ... 1 bit

e Character bits ... 7 or 8 bits

o Parity bit ... Even parity, odd parity, O parity, or no parity
o Stop bit ... 1 or 2 bits

The character bit length, parity, and stop bit length in one data frame are specified by asynchronous serial
interface operation mode register 6 (ASIM6).

RO1UH0308EJ0300 Rev.3.00 237
Sep 22, 2011
P RENESAS



pPD78F0730

CHAPTER 10 SERIAL INTERFACE UART6

Figure 10-9. Example of Normal UART Transmit/Receive Data Waveform

1. Data length: 8 bits, LSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame

O
N

2. Data length: 7 bits, LSB first, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H

--=-=---1

1 data frame

3. Data length: 8 bits, LSB first, Parity: None, Stop bit: 1 bit, Communication data: 87H

(9]

=

o
ko)

1 data frame
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(b) Parity types and operation
The parity bit is used to detect a bit error in communication data. Usually, the same type of parity bit is used on
both the transmission and reception sides. With even parity and odd parity, a 1-bit (odd number) error can be
detected. With zero parity and no parity, an error cannot be detected.

(i) Even parity
e Transmission
Transmit data, including the parity bit, is controlled so that the number of bits that are “1” is even.
The value of the parity bit is as follows.

If transmit data has an odd number of bits that are “1”: 1
If transmit data has an even number of bits that are “1”: 0

o Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is odd, a parity
error occurs.

(ii) Odd parity
e Transmission
Unlike even parity, transmit data, including the parity bit, is controlled so that the number of bits that are
“1” is odd.

If transmit data has an odd number of bits that are “1”: 0
If transmit data has an even number of bits that are “1”: 1

o Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is even, a parity
error occurs.

(iii) O parity
The parity bit is cleared to 0 when data is transmitted, regardless of the transmit data.
The parity bit is not detected when the data is received. Therefore, a parity error does not occur regardless
of whether the parity bit is “0” or “1”.

(iv) No parity
No parity bit is appended to the transmit data.
Reception is performed assuming that there is no parity bit when data is received. Because there is no
parity bit, a parity error does not occur.
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(c) Normal transmission
When bit 7 (POWERS6) of asynchronous serial interface operation mode register 6 (ASIM6) is set to 1 and bit 6
(TXESB) of ASIM6 is then set to 1, transmission is enabled. Transmission can be started by writing transmit data
to transmit buffer register 6 (TXB6). The start bit, parity bit, and stop bit are automatically appended to the data.
When transmission is started, the data in TXB6 is transferred to transmit shift register 6 (TXS6). After that, the
transmit data is sequentially output from TXS6 to the TxD6 pin. When transmission is completed, the parity and
stop bits set by ASIM6 are appended and a transmission completion interrupt request (INTST6) is generated.
Transmission is stopped until the data to be transmitted next is written to TXB6.
Figure 10-10 shows the timing of the transmission completion interrupt request (INTST6). This interrupt occurs
as soon as the last stop bit has been output.

Figure 10-10. Normal Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxD6 (output) \ Start/ DO X D1 X D2 U D6 X D7 XParity StopI
INTST6 —|

2. Stop bit length: 2

\ \
TxD6 (output) Start/ DO X D1 X D2 ngx D6 X D7 XParity/ Stop

INTST6
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(d) Continuous transmission

The next transmit data can be written to transmit buffer register 6 (TXB6) as soon as transmit shift register 6
(TXS6) has started its shift operation. Consequently, even while the INTST6 interrupt is being serviced after
transmission of one data frame, data can be continuously transmitted and an efficient communication rate can be
realized. In addition, the TXB6 register can be efficiently written twice (2 bytes) without having to wait for the
transmission time of one data frame, by reading bit 0 (TXSF6) of asynchronous serial interface transmission
status register 6 (ASIF6) when the transmission completion interrupt has occurred.

To transmit data continuously, be sure to reference the ASIF6 register to check the transmission status and
whether the TXB6 register can be written, and then write the data.

Caution The TXBF6 and TXSF6 flags of the ASIF6 register change from “10” to “11”, and to “01” during
continuous transmission. To check the status, therefore, do not use a combination of the
TXBF6 and TXSF6 flags for judgment. Read only the TXBF6 flag when executing continuous
transmission.

TXBF6 Writing to TXB6 Register
0 Writing enabled
1 Writing disabled

Caution To transmit data continuously, write the first transmit data (first byte) to the TXB6 register. Be
sure to check that the TXBF®6 flag is “0”. If so, write the next transmit data (second byte) to the
TXB6 register. If data is written to the TXB6 register while the TXBF6 flag is “1”, the transmit
data cannot be guaranteed.

The communication status can be checked using the TXSF6 flag.

TXSF6 Transmission Status
0 Transmission is completed.
1 Transmission is in progress.

Cautions 1. To initialize the transmission unit upon completion of continuous transmission, be sure to
check that the TXSF6 flag is “0” after generation of the transmission completion interrupt,
and then execute initialization. If initialization is executed while the TXSF6 flag is “1”, the
transmit data cannot be guaranteed.

2. During continuous transmission, the next transmission may complete before execution of
INTST6 interrupt servicing after transmission of one data frame. As a countermeasure,
detection can be performed by developing a program that can count the number of transmit
data and by referencing the TXSF®6 flag.
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Figure 10-11 shows an example of the continuous transmission processing flow.

Figure 10-11. Example of Continuous Transmission Processing Flow

Set registers.

Write TXB6.

Transfer
executed necessary
number of times?

Read ASIF6
TXBF6 = 0?

Yes

Write TXB6.

Transmission
completion interrupt
occurs?

No

Transfer
executed necessary
number of times?

Yes

Read ASIF6
TXSF6 = 07?

Completion of
transmission processing

Remark TXB6:
ASIF6:

Transmit buffer register 6

Asynchronous serial interface transmission status register 6
TXBF6: Bit 1 of ASIF6 (transmit buffer data flag)

TXSF6: Bit 0 of ASIF6 (transmit shift register data flag)
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Figure 10-12 shows the timing of starting continuous transmission, and Figure 10-13 shows the timing of ending
continuous transmission.

Figure 10-12. Timing of Starting Continuous Transmission

INTST6 A\ /\
TXB6 FF Data(1) X Data(2) X Data (3) X
TXS6 FF Data (1) X Data (2) X Data (3)
’ ’ ’
TXBF6 / v/ v /
TXSF6

Note When ASIF6 is read, there is a period in which TXBF6 and TXSF6 = 1, 1. Therefore, judge whether
writing is enabled using only the TXBF6 bit.

Remark TxD6: TxD6 pin (output)
INTST6: Interrupt request signal
TXB6: Transmit buffer register 6
TXS6:  Transmit shift register 6
ASIF6: Asynchronous serial interface transmission status register 6
TXBF6: Bit 1 of ASIF6
TXSF6: Bit 0 of ASIF6
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Figure 10-13. Timing of Ending Continuous Transmission

INTST6 N\ N\ /\
TXB6 Data(n-1) X Data (n)
TXS6 X Data (n — 1) X Data (n) X_FF
TXBF6 \> / \> : >
TXSF6 \
POWERS or TXE6 \/_

Remark TxD6:

INTST6:
TXB6:
TXS6:
ASIFé6:
TXBF®6:
TXSF6:
POWERS6:
TXE®6:

TxD6 pin (output)

Interrupt request signal

Transmit buffer register 6

Transmit shift register 6

Asynchronous serial interface transmission status register 6

Bit 1 of ASIF6

Bit 0 of ASIF6

Bit 7 of asynchronous serial interface operation mode register (ASIM6)
Bit 6 of asynchronous serial interface operation mode register (ASIM6)
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(e) Normal reception
Reception is enabled and the RxD6 pin input is sampled when bit 7 (POWERS6) of asynchronous serial interface
operation mode register 6 (ASIM6) is set to 1 and then bit 5 (RXE6) of ASIM6 is set to 1.
The 8-bit counter of the baud rate generator starts counting when the falling edge of the RxD6 pin input is
detected. When the set value of baud rate generator control register 6 (BRGC6) has been counted, the RxD6 pin
input is sampled again ( in Figuk/ 10-14). If the RxD6 pin is low level at this time, it is recognized as a start bit.
When the start bit is detected, reception is started, and serial data is sequentially stored in the receive shift
register (RXS6) at the set baud rate. When the stop bit has been received, the reception completion interrupt
(INTSR®6) is generated and the data of RXS6 is written to receive buffer register 6 (RXB6). If an overrun error
(OVES) occurs, however, the receive data is not written to RXB6.
Even if a parity error (PE6) occurs while reception is in progress, reception continues to the reception position of
the stop bit, and a reception error interrupt (INTSR6/INTSRES) is generated on completion of reception.

Figure 10-14. Reception Completion Interrupt Request Timing

\Y% :
RxD6 (input) Start | DO | D1 ; D2 | D3 | D4 : D5 | D6 : D7 | Parity [ Stop |
INTSR6 |_|
RXB6 X

Cautions 1. If a reception error occurs, read ASIS6 and then RXB6 to clear the error flag. Otherwise, an
overrun error will occur when the next data is received, and the reception error status will
persist.

2. Reception is always performed with the “number of stop bits = 1”. The second stop bit is
ignored.

3. Be sure to read asynchronous serial interface reception error status register 6 (ASIS6)
before reading RXB6.
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(f) Reception error
Three types of errors may occur during reception: a parity error, framing error, or overrun error. If the error flag of
asynchronous serial interface reception error status register 6 (ASIS6) is set as a result of data reception, a
reception error interrupt request (INTSR6/INTSRES6) is generated.
Which error has occurred during reception can be identified by reading the contents of ASIS6 in the reception
error interrupt (INTSR6/INTSRES) servicing (see Figure 10-3).
The contents of ASIS6 are cleared to 0 when ASIS6 is read.

Table 10-3. Cause of Reception Error

Reception Error Cause
Parity error The parity specified for transmission does not match the parity of the receive data.
Framing error Stop bit is not detected.
Overrun error Reception of the next data is completed before data is read from receive buffer
register 6 (RXB6).

The reception error interrupt can be separated into reception completion interrupt (INTSR6) and error interrupt
(INTSRES6) by clearing bit 0 (ISRM6) of asynchronous serial interface operation mode register 6 (ASIM6) to 0.

Figure 10-15. Reception Error Interrupt

1. If ISRM6 is cleared to 0 (reception completion interrupt (INTSR6) and error interrupt (INTSRE6) are

separated)
(a) No error during reception (b) Error during reception
INTSR6 INTSR6
INTSRE6 INTSRE6

2. If ISRM6 is set to 1 (error interrupt is included in INTSR6)

(a) No error during reception (b) Error during reception
INTSR6 INTSR6
INTSRE6 INTSRE6
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(g) Noise filter of receive data
The RXD6 signal is sampled with the base clock output by the prescaler block.
If two sampled values are the same, the output of the match detector changes, and the data is sampled as input
data.
Because the circuit is configured as shown in Figure 10-16, the internal processing of the reception operation is
delayed by two clocks from the external signal status.

Figure 10-16. Noise Filter Circuit

Base clock
RxD6/P14 © In Q Internal signal A In Q|—= Internal signal B
Match detector LD_EN
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10.4.3 Dedicated baud rate generator
The dedicated baud rate generator consists of a source clock selector and an 8-bit programmable counter, and

generates a serial clock for transmission/reception of UART®.
Separate 8-bit counters are provided for transmission and reception.

(1) Configuration of baud rate generator

Base clock

The clock selected by bits 3 to 0 (TPS63 to TPS60) of clock selection register 6 (CKSR6) is supplied to each
module when bit 7 (POWERS) of asynchronous serial interface operation mode register 6 (ASIM6) is 1. This
clock is called the base clock and its frequency is called fxcike. The base clock is fixed to low level when
POWERS = 0.

Transmission counter

This counter stops operation, cleared to 0, when bit 7 (POWERS6) or bit 6 (TXE6) of asynchronous serial interface
operation mode register 6 (ASIM6) is 0.

It starts counting when POWERG6 = 1 and TXE6 = 1.

The counter is cleared to 0 when the first data transmitted is written to transmit buffer register 6 (TXB6).

If data are continuously transmitted, the counter is cleared to 0 again when one frame of data has been completely
transmitted. If there is no data to be transmitted next, the counter is not cleared to 0 and continues counting until
POWERSG6 or TXES is cleared to 0.

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERS) or bit 5 (RXE6) of asynchronous serial interface
operation mode register 6 (ASIM8) is 0.

It starts counting when the start bit has been detected.

The counter stops operation after one frame has been received, until the next start bit is detected.
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Figure 10-17. Configuration of Baud Rate Generator

POWER6

fers Baud rate generator
frrs/2 —

POWERS, TXE6 (or RXE6)

fprs/22 ——=

1
frRs/2% ——= :
fprs/2% —— ! i
frrs/2% ——= :
fprs/26 — fxcLKs

frRs/27 ——=

frrs/28 ——»

1
1
1
1
1
1
Selector 8-bit counter 1
1
1
1
1
1
1

frrs/29 ——»

1

1

1

1

frrs/210 ——= !

8-bitp tHi?ner/ 1 Match detector 1/2 —:—» Baud rate
event counter : \
50 output . 1
CKSRe6: TPS63 to TPS60 BRGC6: MDL67 to MDL60

Remark POWERSG6: Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
TXE®6: Bit 6 of ASIM6
RXES6: Bit 5 of ASIM6
CKSR6:  Clock selection register 6
BRGC6: Baud rate generator control register 6

(2) Generation of serial clock
A serial clock to be generated can be specified by using clock selection register 6 (CKSR6) and baud rate generator
control register 6 (BRGCS).
The clock to be input to the 8-bit counter can be set by bits 3 to 0 (TPS63 to TPS60) of CKSR6 and the division value
(fxcLke/4 to fxcLke/255) of the 8-bit counter can be set by bits 7 to 0 (MDL67 to MDL60) of BRGCS6.

Table 10-4. Set Value of TPS63 to TPS60

TPS63 TPS62 TPS61 TPS60 Base clock (fxcLks) selection
frrs = 12 MHz frrs = 16 MHz

0 0 0 0 feRs 12 MHz 16 MHz

0 0 0 1 fPRs/2 6 MHz 8 MHz

0 0 1 0 frrs/2° 3 MHz 4 MHz

0 0 1 1 frrs/2° 1.5 MHz 2 MHz

0 1 0 0 frrs/2* 750 kHz 1 MHz

0 1 0 1 frrs/2° 375 kHz 500 kHz

0 1 1 0 frrs/2° 187.5 kHz 250 kHz

0 1 1 1 frrs/2’ 93.75 kHz 125 kHz

1 0 0 0 frrs/2° 46.875 kHz 62.5 kHz

1 0 0 1 frrs/2° 23.438 kHz 31.25 kHz

1 0 1 0 frrs/2'° 11.719 kHz 15.625 kHz

1 0 1 1 TMS50 output

Other than above Setting prohibited
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(a) Baud rate
The baud rate can be calculated by the following expression.

f
e Baud rate = ;C

LK6
bps
><k[|0]

fxcike: Frequency of base clock selected by TPS63 to TPS60 bits of CKSR6 register
k: Value set by MDL67 to MDL60 bits of BRGC6 register (k =4, 5, 6, ..., 255)
(b) Error of baud rate

The baud rate error can be calculated by the following expression.

Error (%) Actual baud rate (baud rate with error)
L] o) =
Desired baud rate (correct baud rate)

-1] x 100 [%]

Cautions 1. Keep the baud rate error during transmission to within the permissible error range at the
reception destination.
2. Make sure that the baud rate error during reception satisfies the range shown in (4)
Permissible baud rate range during reception.

Example: Frequency of base clock = 16 MHz = 16,000,000 Hz
Set value of MDL67 to MDL60 bits of BRGC6 register = 01000101B (k = 69)
Target baud rate = 115200 bps

Baud rate = 16 M/(2 x 69)
= 16000000/(2 x 69) = 115942 [bps]

Error = (115942/115200 — 1) x 100
= 0.644 [%]
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(3) Example of setting baud rate

Table 10-5. Set Data of Baud Rate Generator

Baud Rate [bps] frrs = 12.0 MHz fers = 16.0 MHz
TPS63to TPS60 k Calculated Value | ERR[%] | TPS63to TPS60 k Calculated Value | ERR[%]
300 9H 39 300.487 0.16 AH 26 300.481 0.16
600 8H 39 600.962 0.16 AH 13 600.962 0.16
1200 7H 39 1201.92 0.16 9H 13 1201.92 0.16
2400 6H 39 2403.85 0.16 8H 13 2403.85 0.16
4800 5H 39 4807.69 0.16 7H 13 4807.69 0.16
9600 4H 39 9615.38 0.16 6H 13 9615.38 0.16
19200 3H 39 19230.8 0.16 5H 13 19230.8 0.16
24000 1H 125 24000 0.00 1H 167 23952.1 -0.20
31250 5H 6 31250 0.00 5H 8 31250 0.00
38400 2H 39 38461.5 0.16 4H 13 38461.5 0.16
48000 OH 125 48000 0.00 OH 167 47904.2 -0.20
76800 1H 39 76923.1 0.16 3H 13 76923.1 0.16
115200 2H 13 115385 0.16 OH 69 115942 0.64
153600 OH 39 153846 0.16 2H 13 153846 0.14
312500 OH 19 315789 1.05 1H 13 307692 -1.54

Remark TPS63to TPS60: Bits 3 to 0 of clock selection register 6 (CKSR6) (setting of base clock (fxcLks))

k: Value set by MDL67 to MDL60 bits of baud rate generator control register 6 (BRGC6) (k
=4,5,6, ..., 255)
frRs: Peripheral hardware clock frequency
ERR: Baud rate error
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(4) Permissible baud rate range during reception
The permissible error from the baud rate at the transmission destination during reception is shown below.

Caution Make sure that the baud rate error during reception is within the permissible error range, by using
the calculation expression shown below.

Figure 10-18. Permissible Baud Rate Range During Reception

Latch timing
4 Y% 4 Y Y #7
I
Data frame length \ . . . x x . - .
of UART6 Start bit /< Bit 0 X Bit 1 Bit 7 XParlty bit y Stop bit \
FL

1 data frame (11 x FL)

Minimum permissible Startbit [ Bit0 Bit 1 Bit7 ) Parity bit) Stop bi
data frame length

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
data frame length

FLmax

—

As shown in Figure 10-18, the latch timing of the receive data is determined by the counter set by baud rate generator
control register 6 (BRGCB6) after the start bit has been detected. If the last data (stop bit) meets this latch timing, the
data can be correctly received.

Assuming that 11-bit data is received, the theoretical values can be calculated as follows.

FL = (Brate)™

Brate: Baud rate of UART6

k: Set value of BRGC6
FL: 1-bit data length
Margin of latch timing: 2 clocks
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2 21k +2

Minimum permissible data frame length: FLmin =11 x FL - K= x FL oK FL

Therefore, the maximum receivable baud rate at the transmission destination is as follows.

22k
BRmax = (FLmin/11)™" =
21k + 2

Similarly, the maximum permissible data frame length can be calculated as follows.

10 Flmax=11xFL_K*2, p - 21k-2
11 2xk 2xk

FL

21k-2

FLmax = FL x 11

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

BRmin = (FLmax/11)™" = v

The permissible baud rate error between UART6 and the transmission destination can be calculated from the above
minimum and maximum baud rate expressions, as follows.

Table 10-6. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
8 +3.53% -3.61%
20 +4.26% -4.31%
50 +4.56% -4.58%
100 +4.66% -4.67%
255 +4.72% —4.73%

Remarks 1. The permissible error of reception depends on the number of bits in one frame, input clock frequency,
and division ratio (k). The higher the input clock frequency and the higher the division ratio (k), the
higher the permissible error.

2. k: Set value of BRGC6
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10.5 Cautions for Serial Interface UART6

(1) Data frame length during continuous transmission
When data is continuously transmitted, the data frame length from a stop bit to the next start bit is extended by two
clocks of base clock from the normal value. However, the result of communication is not affected because the timing
is initialized on the reception side when the start bit is detected.

Figure 10-19. Data Frame Length During Continuous Transmission

Start bit of

1 data frame '/ second byte
\ Start bit /< Bit 0 X Bit 1 x x Bit7 XParity bity Stop bit \ Start bit A Bit 0 x
FL FL FL

FL FL Flstp FL FL

Where the 1-bit data length is FL, the stop bit length is FLstp, and base clock frequency is fxcike, the following
expression is satisfied.

FLstp = FL + 2/fxcLke
Therefore, the data frame length during continuous transmission is:
Data frame length = 11 x FL + 2/fxciLke
(2) Operating current in STOP mode
The UART®6 operation is stopped in the STOP mode. At this time, the operating current can be reduced by clearing
bits 7 (POWERS), 6 (TXE6), and 5 (RXE6) of the asynchronous serial interface operation mode register (ASIM6) to O.

To resume the operation from the standby status, first clear bit 7 (POWERS) of interrupt request flag register OL (IFOL),
bits 1 (STIF6) and 0 (SRIF6) of interrupt request flag register OH (IFOH) to 1, and then start operation.
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CHAPTER 11 SERIAL INTERFACE CSI10

11.1 Functions of Serial Interface CSI10

Serial interface CSI10 has the following two modes.
e Operation stop mode
¢ 3-wire serial I/O mode

(1) Operation stop mode
This mode is used when serial communication is not performed and can enable a reduction in the power consumption.
For details, see 11.4.1 Operation stop mode.

(2) 3-wire serial /O mode (MSB/LSB-first selectable)
This mode is used to communicate 8-bit data using three lines: a serial clock line (SCTO) and two serial data lines
(SI10 and SO10).
The processing time of data communication can be shortened in the 3-wire serial I/O mode because transmission and
reception can be simultaneously executed.
In addition, whether 8-bit data is communicated with the MSB or LSB first can be specified, so this interface can be
connected to any device.
The 3-wire serial /0 mode is used for connecting peripheral ICs and display controllers with a clocked serial interface.
For details, see 11.4.2 3-wire serial I/O mode.
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11.2 Configuration of Serial Interface CSI10
Serial interface CSI10 includes the following hardware.

Table 11-1. Configuration of Serial Interface CSI10

ltem Configuration

Controller Transmit controller
Clock start/stop controller & clock phase controller

Registers Transmit buffer register 10 (SOTB10)
Serial I/O shift register 10 (SIO10)

Control registers Serial operation mode register 10 (CSIM10)

Serial clock selection register 10 (CSIC10)

Port mode register 0 (PMO) or port mode register 1 (PM1)
Port register 0 (P0) or port register 1 (P1)

Figure 11-1. Block Diagram of Serial Interface CSI10

2 Internal bus e @

1 - " - 1
’ L. | Serial I/O shift .| Transmit buffer | .| Output
Sho/P11 © b | | register 10 (SI010) register 10 (SOTB10) selector Jr
1 1
1 1
1 1
1 1
1
1

©S8010/P12

Output latch PM12

| Transmit data Output latch (P12)

I controller

S —— ? ______________________ —

Transmit controller
frrs/2 ——
frrs/22 — =
fPRS/234> 5
frRs/2* ——1 © Clock start/stop controller &
frrs/25 ——=1 2 clock phase controller INTCSI10
frrs/26 —| ®
fpRs/27 ——=1
SCK10/P10©
ﬁ Baud rate generator
Output latch
PM10 (P10)
Remark (a): SO10 output
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(1) Transmit buffer register 10 (SOTB10)
This register sets the transmit data.
Transmission/reception is started by writing data to SOTB10 when bit 7 (CSIE10) and bit 6 (TRMD10) of serial
operation mode register 10 (CSIM10) is 1.
The data written to SOTB10 is converted from parallel data into serial data by serial 1/O shift register 10, and output to
the serial output pin (SO10).
SOTB10 can be written or read by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Caution Do not access SOTB10 when CSOT10 = 1 (during serial communication).

(2) Serial /0 shift register 10 (SI010)
This is an 8-bit register that converts data from parallel data into serial data and vice versa.
This register can be read by an 8-bit memory manipulation instruction.
Reception is started by reading data from SIO10 if bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 0.
During reception, the data is read from the serial input pin (SI10) to SIO10.
Reset signal generation sets this register to 00H.

Caution Do not access SIO10 when CSOT10 = 1 (during serial communication).
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11.3 Registers Controlling Serial Interface CSI10

Serial interface CSI10 is controlled by the following four registers.

o Serial operation mode register 10 (CSIM10)
o Serial clock selection register 10 (CSIC10)
e Port mode register 1 (PM1)

o Port port register 1 (P1)

(1) Serial operation mode register 10 (CSIM10)
CSIM10 is used to select the operation mode and enable or disable operation.
CSIM10 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 11-2. Format of Serial Operation Mode Register 10 (CSIM10)

Address: FF80H After reset: 00H R/W"*'

Symbol <7> 6 5 4 3 2 1 0
CSIM10 CSIE10 TRMD10 0 DIR10 0 0 0 CSOT10
CSIE10 Operation control in 3-wire serial I/O mode
0 Disables operation"°* and asynchronously resets the internal circuit"°®.
1 Enables operation
TRMD10""** Transmit/receive mode control
ove® Receive mode (transmission disabled).

1

Transmit/receive mode

DIR10""**® First bit specification
0 MSB
1 LSB

CSOT10 Communication status flag
0 Communication is stopped.

1

Communication is in progress.

Notes 1.

Bit O is a read-only bit.

2. Touse P10/SCK10 and P12/SO10 as general-purpose ports, set CSIM10 in the default status (00H).

Bit 0 (CSOT10) of CSIM10 and serial I/O shift register 10 (SIO10) are reset.
Do not rewrite TRMD10 when CSOT10 = 1 (during serial communication).

LA S

when data is read from SIO10.
6. Do not rewrite DIR10 when CSOT10 = 1 (during serial communication).

Caution Be sure to clear bits 1 to 3 and 5 to 0.

The SO10 output (see (a) in Figure 11-1) is fixed to the low level when TRMD10 is 0. Reception is started

RO1UHO308EJ0300 Rev.3.00

Sep 22, 2011 RENESAS

258



pPD78F0730 CHAPTER 11 SERIAL INTERFACE CSI10

(2) Serial clock selection register 10 (CSIC10)
This register specifies the timing of the data transmission/reception and sets the serial clock.
CSIC10 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 11-3. Format of Serial Clock Selection Register 10 (CSIC10)

Address: FF81H After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
Csic1o 0 0 0 | CKP10 | DAP10 | CKS102 | CKS101 | CKS100
CKP10 DAP10 Specification of data transmission/reception timing Type
0 0 sckio L [LI LTI LML LI L !
SO10 __XD7XD6XD5% D4 XD3X D2} D1 X DO
SI10 input timing | | | | | | | |
0 L sokio LML L LML 2
SO10 XD7XD6AD5XD4XD3X D2} D1 XDO
SI10 input timing | | | | | | | |
! 0 sckio LTI LIl 8
SO10 __XD7XD6AD5% D4 XD3XD2)} D1 )X DO
SI10 input timing | | | | | | | |
1 L sokio _ML ML LML 4
SO10 XD7 X D6 XD5XD4XD3XD2XD1XDO
SHoinputtiming __ | | | | 1 | | ]
CKS102 CKS101 CKS100 CSI10 serial clock selection Mode
frrs = fers =
12 MHz 16 MHz
0 0 0 fers/2 | 6 MHz 8 MHz Master mode
0 0 1 frrs/2® | 3 MHz 4 MHz
0 1 0 frrs/2° | 1.5 MHz 2 MHz
0 1 1 frrs/2" | 750 kHz 1 MHz
1 0 0 frrs/2° | 375 kHz 500 kHz
1 0 1 frrs/2° | 187.5 kHz 250 kHz
1 1 0 frrs/2” | 93.75 kHz 125 kHz
1 1 1 External clock input to SCK10 Slave mode

Cautions 1. Do not write to CSIC10 while CSIE10 = 1 (operation enabled).

2. To use P10/SCK10 and P12/SO10 as general-purpose ports, set CSIC10 in the default status (00H).

3. The phase type of the data clock is type 1 after reset.

Remark frrs: Peripheral hardware clock frequency
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(3) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using P10/SCK10 as the clock output pin of the serial interface, clear PM10 to 0, and set the output latches of
P10 to 1.
When using P12/SO10 as the data output pin of the serial interface, clear PM12 and the output latch of P12 to 0.
When using P10/SCK10 as the clock input pin of the serial interface, and P11/SI10 as the data input pin, set PM10
and PM11 to 1. At this time, the output latches of P10 and P11 may be 0 or 1.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 11-4. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PM1|PM17|PM16 |PM15|PM14 |PM13|PM12|PM11|PM10

PM1n P1n pin I/O mode selection (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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11.4 Operation of Serial Interface CSI10

Serial interface CSI10 can be used in the following two modes.
e Operation stop mode
e 3-wire serial I/O mode

11.4.1 Operation stop mode
Serial communication is not executed in this mode. Therefore, the power consumption can be reduced. In addition,
the P10/SCK10, P11/SI10, and P12/SO10 pins can be used as ordinary 1/O port pins in this mode.

(1) Register used
The operation stop mode is set by serial operation mode register 10 (CSIM10).
To set the operation stop mode, clear bit 7 (CSIE10) of CSIM10 to 0.

(a) Serial operation mode register 10 (CSIM10)
CSIM10 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets CSIM10 to O0H.

¢ Serial operation mode register 10 (CSIM10)

Address: FF80H After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
CSIM10 CSIE10 TRMD10 | 0 | DIR10 | 0 0 0 CSOT10
CSIE10 Operation control in 3-wire serial I/O mode
0 Disables operation"®' and asynchronously resets the internal circuit"°?.

Notes 1. To use P10/SCK10 and P12/SO10 as general-purpose ports, set CSIM10 in the default status (00H).
2. Bit 0 (CSOT10) of CSIM10 and serial I/O shift register 10 (SI010) are reset.
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11.4.2 3-wire serial /0O mode
The 3-wire serial /0 mode is used for connecting peripheral ICs and display controllers with a clocked serial interface.

In this mode, communication is executed by using three lines: the serial clock (SCK10), serial output (SO10), and
serial input (SI10) lines.

(1) Registers used

¢ Serial operation mode register 10 (CSIM10)

¢ Serial clock selection register 10 (CSIC10)
e Port mode register 1 (PM1)
¢ Port register 1 (P1)

The basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

<1>
<2>
<3>

<4>

Set the CSIC10 register (see Figure 11-3).

Set bits 0, 4 and 6 (CSOT10, DIR10, and TRMD10) of the CSIM10 register (see Figure 11-2).
Set bit 7 (CSIE10) of the CSIM10 register to 1. — Transmission/reception is enabled.

Write data to transmit buffer register 10 (SOTB10). — Data transmission/reception is started.
Read data from serial I/O shift register 10 (S1010). — Data reception is started.

Caution Take relationship with the other party of communication when setting the port mode register and

port register.
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The relationship between the register settings and pins is shown below.

Table 11-2. Relationship Between Register Settings and Pins

CSIE10 TRMD10| PM11 | P11 | PM12 | P12 | PM10 | P10 CsI10 Pin Function
Operation | sj10/P11 | SO10/P12 | SCK10/
P10
0 X ><Nc|!e1 ><N&:i!e1 ><Nme1 XNetel ><Nole1 ><Nme1 StOp P1 1 P1 2 P1 0Note2
1 0 1 X xhee! xere! 1 X Slave S0 P12 SCK10
reception"™®* (input)*®
1 1 xhere! xhere! 0 0 1 X Slave P11 S010 SCK10
transmission"** (input)*®
1 1 1 X 0 0 1 X Slave S0 S010 SCK10
transmission/ (input)**®
reception"™®®
1 0 1 X xhee! xere! 0 1 Master reception SI10 P12 SCK10
(output)
1 1 T et 0 0 0 1 Master P11 S010 SCK10
transmission (output)
1 1 1 X 0 0 0 1 Master S0 S010 SCK10
transmission/ (output)
reception
Notes 1. Can be set as port function.
2. Touse P10/SCK10 as port pins, clear CKP10 to 0.
3. To use the slave mode, set CKS102, CKS101, and CKS100to 1, 1, 1.
Remark x: don’t care
CSIE10: Bit 7 of serial operation mode register 10 (CSIM10)
TRMD10: Bit 6 of CSIM10
CKP10: Bit 4 of serial clock selection register 10 (CSIC10)
CKS102, CKS101, CKS100: Bits 2 to 0 of CSIC10
PM1x: Port mode register
P1x: Port output latch
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(2) Communication operation
In the 3-wire serial /0 mode, data is transmitted or received in 8-bit units. Each bit of the data is transmitted or
received in synchronization with the serial clock.
Data can be transmitted or received if bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 1.
Transmission/reception is started when a value is written to transmit buffer register 10 (SOTB10). In addition, data
can be received when bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 0.
Reception is started when data is read from serial 1/O shift register 10 (SIO10).

After communication has been started, bit 0 (CSOT10) of CSIM10 is set to 1. When communication of 8-bit data has
been completed, a communication completion interrupt request flag (CSIIF1n) is set, and CSOT10 is cleared to 0.
Then the next communication is enabled.

Caution Do not access the control register and data register when CSOT10 = 1 (during serial
communication).

Figure 11-5. Timing in 3-Wire Serial I/O Mode (1/2)

(a) Transmission/reception timing (Type 1: TRMD10 = 1, DIR10 = 0, CKP10 = 0, DAP10 = 0)

SCK10 ¥
Read/write trigger _n : oo : [ : : : oo
SOTB10 : ! : : : 55I-I| (co;nmulnicat:ion dlata) ' : : : : : : :

SIOo10

CSOT10 _;J

INTCSI10 —l !

: X ABH b 5611 X A:DH:X 5:AH X BoH X oAH X DiSH :XAAH

CSIIF10

SI10 (receive AAH)

S0O10

55H is written to SOTB10.
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Figure 11-5. Timing in 3-Wire Serial I/0 Mode (2/2)

0, CKP10 =0, DAP10 =1)

(b) Transmission/reception timing (Type 2: TRMD10 =1, DIR10

SCK10

Read/write trigger

SI010

CSOT10
INTCSI10
CSIIF10
SO10

SI10 (input AAH)

55H is written to SOTB10.
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(a) Type 1: CKP10 =

Figure 11-6. Timing of Clock/Data Phase

0, DAP10 =0, DIR10=0

SCK10
SI10 capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

: | | | | | | | |

5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X i D0

I'l .
—
—] —

(b) Type 2: CKP10 =0, DAP10 =1, DIR10 = 0

SCK10
SI10 capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO .

X
I

—1 —
] I

(c) Type 3: CKP10 =1, DAP10 =0, DIR10=0

SCK10
Slin capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

: | | | | | | | |
5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X _'D0
|-! !
L '
—] —

(d) Type 4: CKP10 = 1, DAP10 = 1, DIR10 = 0

SCK10
SI10 capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

N RN NN AN N S R N
X D7 _X(D6 X D5 X D2 X(D3 X D2 X b1 X Do
i .
L [
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(3) Timing of output to SO10 pin (first bit)
When communication is started, the value of transmit buffer register 10 (SOTB10) is output from the SO10 pin. The
output operation of the first bit at this time is described below.

Figure 11-7. Output Operation of First Bit (1/2)
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Writing to SOTB10 or
reading from SIO10

SOTB10
SIo10
Qutput latch

SO10
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The first bit is directly latched by the SOTB10 register to the output latch at the falling (or rising) edge of SCK10, and
output from the SO10 pin via an output selector. Then, the value of the SOTB10 register is transferred to the SIO10
register at the next rising (or falling) edge of SCK10, and shifted one bit. At the same time, the first bit of the receive
data is stored in the SIO10 register via the SI110 pin.
The second and subsequent bits are latched by the SIO10 register to the output latch at the next falling (or rising)
edge of SCK10, and the data is output from the SO10 pin.
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Figure 11-7. Output Operation of First Bit (2/2)
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The first bit is directly latched by the SOTB10 register at the falling edge of the write signal of the SOTB10 register or
the read signal of the SIO10 register, and output from the SO10 pin via an output selector. Then, the value of the
SOTB10 register is transferred to the SIO10 register at the next falling (or rising) edge of SCK10, and shifted one bit.

At the same time, the first bit of the receive data is stored in the SIO10 register via the SI110 pin.

The second and subsequent bits are latched by the SIO10 register to the output latch at the next rising (or falling)

edge of SCK10, and the data is output from the SO10 pin.
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(4) Output value of SO10 pin (last bit)
After communication has been completed, the SO10 pin holds the output value of the last bit.

Figure 11-8. Output Value of SO10 Pin (Last Bit) (1/2)
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Figure 11-8. Output Value of SO10 Pin (Last Bit) (2/2)
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(5) SO10 output (see (a) in Figure 11-1)
The status of the SO10 output is as follows if bit 7 (CSIE10) of serial operation mode register 10 (CSIM10) is cleared

to 0.

Table 11-3. SO10 Output Status

TRMD10 DAP10 DIR10 S010 Output™™’
TRMD10 = 0"*? - - Outputs low level™*?
TRMD10 =1 DAP10=0 - Value of SO10 latch

(low-level output)
DAP10 =1 DIR10=0 Value of bit 7 of SOTB10
DIR10 =1 Value of bit 0 of SOTB10

Notes 1. The actual output of the SO10/P12 pin is determined according to PM12 and P12, as well as the
SO10 output.
2. Status after reset
Caution If a value is written to TRMD10, DAP10, and DIR10, the output value of SO10 changes.

11.5 Caution for Serial Interface CSI10

(1) Standby mode
To resume the operation from the standby status, clear bit 2 (CSIIF10) of interrupt request flag register OH (IFOH) to 0.
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CHAPTER 12 USB FUNCTION CONTROLLER USBF

The xPD78F0730 has an internal USB function controller (USBF) conforming to the Universal Serial Bus Specification.

12.1 Overview

¢ Conforms to the Universal Serial Bus Specification.

e Supports 12 Mbps (full-speed) transfer

e Endpoint for transfer incorporated

Endpoint Name

FIFO Size (Bytes)

Transfer Type

Remark

Endpoint0 Read 64 Control transfer -
Endpoint0 Write 64 Control transfer -
Endpoint1 64 x 2 Bulk 1 transfer (IN) 2-buffer configuration
Endpoint2 64 x 2 Bulk 1 transfer (OUT) 2-buffer configuration

e Clock: fuss = 48 MHz

(The clock source is selectable. see 5.3 (8) PLL control register.)

Caution When using the USB function, be sure to supply clock to the USB function controller (see 5.6.4
Example of controlling USB clock). Don’t access the registers related to the USB function while
clock isn’t supplied to the USB function controller.
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12.2 Configuration
USB function controller USBF includes the following hardware.

Table 12-1. Configuration of USB Function Controller USBF (1/2)

Iltem Configuration
USB port pins USBP (+), USBM (-)
Control registers UFO0 EPONAK register (UFOEON)

UFO0 EPONAKALL register (UFOEONA)
UF0 EPNAK register (UFOEN)

UF0 EPNAK mask register (UFOENM)
UFO0 SNDSIE register (UFOSDS)

UFO0 CLR request register (UFOCLR)
UFO SET request register (UFOSET)
UFO0 EP status 0 register (UFOEPSO)
UFO EP status 1 register (UFOEPST)
UFO EP status 2 register (UFOEPS2)
UFO INT status O register (UF0ISO0)
UFO INT status 1 register (UF0IS1)
UFO INT status 2 register (UF0IS2)
UFO INT status 3 register (UF0IS3)
UFO INT status 4 register (UF0IS4)
UFO INT mask 0 register (UFOIMO)
UFO INT mask 1 register (UFOIM1)
UFO INT mask 2 register (UFOIM2)
UFO INT mask 3 register (UFOIM3)
UFO INT mask 4 register (UF0IM4)
UFO INT clear O register (UF0ICO)

UFO INT clear 1 register (UFOIC1)

UFO INT clear 2 register (UF0IC2)

UFO INT clear 3 register (UF0IC3)

UFO INT clear 4 register (UF0IC4)

UFO FIFO clear 0 register (UFOFICO)

UFO FIFO clear 1 register (UFOFIC1)

UFO0 data end register (UFODEND)

UFO0 GPR register (UFOGPR)

UF0 mode control register (UFOMODC)

UF0 mode status register (UFOMODS)

UFO active interface number register (UFOAIFN)

UFO active alternative setting register (UFOAAS)

UFO alternative setting status register (UFOASS)

UFO0 endpoint 1 interface mapping register (UFOE1IM)

UFO0 endpoint 2 interface mapping register (UFOE2IM)
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Table 12-1. Configuration of USB Function Controller USBF (2/2)

Iltem Configuration

Data hold registers UFO0 EPO read register (UFOEOR)

UFO0 EPO length register (UFOEOL)

UF0 EPO setup register (UFOEOST)

UF0 EPO write register (UFOEOW)

UFO0 bulk out 1 register (UFOBO1)

UFO bulk out 1 length register (UFOBO1L)
UFO bulk in 1 register (UFOBI1)

Request data registers UFO devise status register L (UFODSTL)

UFO0 EPO status register L (UFOEOSL)

UFO0 EP1 status register L (UFOE1SL)

UF0 EP2 status register L (UFOE2SL)

UFO0 address register (UFOADRS)

UFO0 configuration register (UFOCNF)

UFO interface 0 register (UFOIFO)

UFO interface 1 to 4 registers (UFOIF1 to UFO0IF4)

UFO0 descriptor length register (UFODSCL)

UFO devise descriptor registers 0 to 17 (UFODDO to UFODD17)
UFO0 configuration/interface/endpoint descriptor registers 0 to 255 (UFOCIEO to UFOCIE255)

Peripheral control register USB function 0 buffer control register (UFOBC)

Figure 12-1 shows the block diagram.

Figure 12-1. Block Diagram of USB Function Controller USBF
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12.3 Requests
12.3.1 Automatic requests

(1) Decode

The following tables show the request formats and correspondence between requests and decoded values.

Table 12-2. Request Format

Offset Field Name

0 bmRequestType

1 bRequest

2 wValue Lower side
3 Higher side
4 windex Lower side
5 Higher side
6 wLength Lower side
7 Higher side
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Table 12-3. Correspondence Between Requests and Decoded Values

Offset Decoded Value Response Data
Stage
bmRequestType | bRequest wValue windex wLength Df Ad Cf
Request 0 1 3 2 5 4 7 6

GET_INTERFACE 81H 0AH 00H 00H 00H OnH 00H 01H | STALL | STALL | ACK v
NAK

GET_CONFIGURATION 80H 08H 00H 00H 00H 00H 00H 01H ACK ACK ACK \/
NAK NAK NAK

GET_DESCRIPTOR 80H 06H 01H 00H 00H 00H XXH [ XXHY™@"| ACK ACK ACK v
Device NAK NAK NAK

GET_DESCRIPTOR 80H 06H 02H 00H 00H 00H XXH [ XXHY '| ACK ACK ACK v
Configuration NAK NAK NAK

GET_STATUS 80H 00H 00H 00H 00H 00H 00H 02H ACK ACK ACK «/
Device NAK NAK NAK

GET_STATUS 82H 00H 00H 00H 00H 00H 00H 02H ACK ACK ACK \/
Endpoint 0 80H NAK NAK NAK

GET_STATUS 82H 00H 00H 00H 00H $$H 00H 02H | STALL | STALL | ACK v
Endpoint X NAK

CLEAR_FEATURE 00H 01H 00H 01H 00H 00H 00H 00H ACK ACK ACK X
Device"™** NAK NAK NAK

CLEAR_FEATURE 02H 01H 00H 00H 00H 00H 00H 00H ACK ACK ACK X
Endpoint 0"** 80H NAK NAK NAK

CLEAR_FEATURE 02H 01H 00H 00H 00H $$H 00H 00H | STALL | STALL | ACK X
Endpoint X""*** NAK

SET_FEATURE 00H 03H 00H 01H 00H 00H 00H 00H ACK ACK ACK X
Device"™** NAK NAK NAK

SET_FEATURE 02H 03H 00H 00H 00H 00H 00H 00H ACK ACK ACK X
Endpoint 0"*°* 80H NAK NAK NAK

SET_FEATURE 02H 03H 00H 00H 00H $$H 00H 00H | STALL | STALL | ACK X
Endpoint X" NAK

SET_INTERFACE 01H 0BH 00H 0#H 00H 0?H 00H 00H | STALL | STALL | ACK X
NAK

SET_CONFIGURATION™** 00H 09H 00H 00H 00H 00H 00H 00H ACK ACK ACK X
01H NAK NAK NAK

SET_ADDRESS 00H 05H XXH XXH 00H 00H 00H 00H ACK ACK ACK X
NAK NAK NAK

Remark +: Data stage is provided

x: Data stage is not provided

Notes 1.

greater than the prepared value, the prepared value is returned.
2. The CLEAR_FEATURE request clears UFO0 device status register L (UFODSTL) and UFO EPn status register

L (UFOENSL) (n =0 to 2) when ACK is received in the status stage.

If the wLength value is less than the prepared value, the wLength value is returned; if the wLength value is
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Notes 3. The SET_FEATURE request sets the UFO device status register L (UFODSTL) and UFO EPn status register
L (UFOENSL) (n = 0 to 2) when ACK is received in the status stage. If the EOHALT bit of the UFOEOSL
register is set, a STALL response is made in the status stage or data stage of control transfer for a request
other than the GET_STATUS Endpoint0 request, SET_FEATURE Endpoint0 request, and a request
generated by the CPUDEC interrupt request, until the CLEAR_FEATURE EndpointO request is received. A
STALL response to an unsupported request does not set the EOHALT bit of the UFOEOSL register to 1, and
the STALL response is cleared as soon as the next SETUP token has been received.

If the wValue is not the default value, an automatic STALL response is made.

4.

Cautions 1. The sequence of control transfer defined by the Universal Serial Bus Specification is not satisfied

under the following conditions. The operation is not guaranteed under these conditions.

If an IN/OUT token is suddenly received without a SETUP stage

If DATA PID1 is sent in the data phase of the SETUP stage

If a token of 128 addresses or more is received

If the request data transmitted in the SETUP stage is of less than 8 bytes

2. An ACK response is made even when the host transmits data other than a Null packet in the
status stage.

3. If the wLength value is 00H during control transfer (read) of FW processing, a Null packet is
automatically transmitted for control transfer (without data). The FW request does not
automatically transmit a Null packet.

Remarks 1. Df: Default state, Ad: Addressed state, Cf: Configured state

2. n=0to4
It is determined by the setting of the UFO active interface number register (UFOAIFN) whether a request
with Interface number 1 to 4 is correctly responded to, depending on whether the Interface number of the
target is valid or not.

3. $$: Valid endpoint number including transfer direction
The valid endpoint is determined by the currently set Alternate Setting number (see 12.4.1 (33) UFO
active alternative setting register (UFOAAS), (35) UFO0 endpoint 1 interface mapping register
(UFOE1IM) to (36) UFO endpoint 2 interface mapping register (UFOE2IM)).

4. ? and #: Value transmitted from host (information on Interface numbers 0 to 4)

It is determined by the UFO0 active interface number register (UFOAIFN) and UFO0 active alternative setting
register (UFOAAS) whether an Alternate Setting request corresponding to each Interface number is
correctly responded to or not, depending on whether the Interface number and Alternate Setting of the
target are valid or not.
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(2) Processing
The processing of an automatic request in the Default state, Addressed state, and Configured state is described
below.

Remark Default state: State in which an operation is performed with the Default address
Addressed state: State after an address has been allocated
Configured state: State after SET_CONFIGURATION wValue = 1 has been correctly received

(a) CLEAR_FEATURE() request
A STALL response is made in the status stage if the CLEAR_FEATURE() request cannot be cleared, if
FEATURE does not exist, or if the target is an interface or an endpoint that does not exist. A STALL response
is also made if the wLength value is other than 0.

¢ Default state: The correct response is made when the CLEAR_FEATURE() request has been received
only if the target is a device or a request for EndpointO; otherwise a STALL response is
made in the status stage.

e Addressed state: The correct response is made when the CLEAR_FEATURE() request has been received
only if the target is a device or a request for EndpointO; otherwise a STALL response is
made in the status stage.

¢ Configured state: The correct response is made when the CLEAR_FEATURE() request has been received
only if the target is a device or a request for an endpoint that exists; otherwise a STALL
response is made in the status stage.

When the CLEAR_FEATURE() request has been correctly processed, the corresponding bit of the UF0 CLR
request register (UFOCLR) is set to 1, the EnHALT bit of the UFO EPn status register L (UFOENSL) is cleared to
0, and an interrupt is issued (n = 0 to 2). If the CLEAR_FEATURE() request is received when the subject is an
endpoint, the toggle bit (that controls switching between DATAO and DATA1) of the corresponding endpoint is
always re-set to DATAO.

(b) GET_CONFIGURATION() request
A STALL response is made in the data stage if any of wValue, windex, or wLength is other than the values
shown in Table 12-3.

e Default state: The value stored in the UFO configuration register (UFOCNF) is returned when the
GET_CONFIGURATION() request has been received.

e Addressed state: The value stored in the UFOCNF register is returned when the GET_CONFIGURATION()
request has been received.

¢ Configured state: The value stored in the UFOCNF register is returned when the GET_CONFIGURATION()
request has been received.
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(c) GET_DESCRIPTOR() request
If the subject descriptor has a length that is a multiple of wMaxPacketSize, a Null packet is returned to indicate
the end of the data stage. If the length of the descriptor at this time is less than the wLength value, the entire
descriptor is returned; if the length of the descriptor is greater than the wLength value, the descriptor up to the
wLength value is returned.

o Default state: The value stored in UFO device descriptor register n (UFODDn) and UFO
configuration/interface/endpoint descriptor register m (UFOCIEm) is returned (n = 0 to 17,
m = 0 to 255) when the GET_DESCRIPTOR() request has been received.

e Addressed state: The value stored in the UFODDn register and UFOCIEm register is returned when the
GET_DESCRIPTOR() request has been received.

¢ Configured state: The value stored in the UFODDn register and UFOCIEm register is returned when the
GET_DESCRIPTOR() request has been received.

A descriptor of up to 256 bytes can be stored in the UFOCIEm register. To return a descriptor of more than 256
bytes, set the CDCGDST bit of the UFOMODC register to 1 and process the GET_DESCRIPTOR() request by
FW.

Store the value of the total number of bytes of the descriptor set by the UFOCIEm register — 1 in the UFO
descriptor length register (UFODSCL). The transfer data is controlled by the value of this data + 1 and wLength.

(d) GET_INTERFACE() request
If either of wValue and wLength is other than that shown in Table 12-3, or if windex is other than that set by the
UFO active interface number register (UFOAIFN), a STALL response is made in the data stage.

o Default state: A STALL response is made in the data stage when the GET_INTERFACE() request has
been received.

e Addressed state: A STALL response is made in the data stage when the GET_INTERFACE() request has
been received.

¢ Configured state: The value stored in the UFO interface n register (UFOIFn) corresponding to the windex
value is returned (n = 0 to 4) when the GET_INTERFACE() request has been received.
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(e) GET_STATUS() request
A STALL response is made in the data stage if any of wValue, windex, or wLength is other than the values

shown in Table 12-3. A STALL response is also made in the data stage if the target is an interface or an
endpoint that does not exist.

e Default state:

¢ Addressed state:

e Configured state:

The value stored in the target status register"™ is returned only when the GET_STATUS()
request has been received and when the request is for a device or Endpoint0; otherwise a
STALL response is made in the data stage.

The value stored in the target status register™ is returned only when the GET_STATUS()
request has been received and when the request is for a device or Endpoint0; otherwise a
STALL response is made in the data stage.

The value stored in the target status register™ is returned only when the GET_STATUS()
request has been received and when the request is for a device or an endpoint that exists;
otherwise a STALL response is made in the data stage.

Note The target status register is as follows.
o If the target is a device: UF0 device status register L (UFODSTL)
o |f the target is endpoint 0: UFO EPO status register L (UFOEQOSL)
o If the target is endpoint n: UFO EPn status register L (UFOENSL) (n =1 to 2)

(f) SET_ADDRESS() request
A STALL response is made in the status stage if either of windex or wLength is other than the values shown in

Table 12-3. A STALL response is also made if the specified device address is greater than 127.

o Default state:

e Addressed state:

e Configured state:

The device enters the Addressed state and changes the USB Address value to be input to
SIE into a specified address value if the specified address is other than 0 when the
SET_ADDRESS() request has been received. If the specified address is 0, the device
remains in the Default state.

The device enters the Default state and returns the USB Address value to be input to SIE
to the default address if the specified address is 0 when the SET_ADDRESS() request
has been received. If the specified address is other than 0, the device remains in the
Addressed state, and changes the USB Address value to be input to SIE into a specified
new address value.

The device remains in the Configured state and returns the USB Address value to be input
to SIE to the default address if the specified address is 0 when the SET_ADDRESS()
request has been received. In this case, the endpoints other than endpoint 0 remain valid,
and control transfer (IN), control transfer (OUT), bulk transfer and interrupt transfer for an
endpoint other than endpoint 0 are also acknowledged. If the specified address is other
than 0, the device remains in the Configured state and changes the USB Address value to
be input to SIE into a specified new address value.

RO1UHO308EJ0300 Rev.3.00
Sep 22, 2011

280
RENESAS



pPD78F0730 CHAPTER 12 USB FUNCTION CONTROLLER USBF

(9)

(h)

SET_CONFIGURATION() request
If any of wValue, windex, or wLength is other than the values shown in Table 12-3, a STALL response is made
in the status stage.

o Default state: The CONF bit of the UFO mode status register (UFOMODS) and the UFO configuration
register (UFOCNF) are set to 1 if the specified configuration value is 1 when the
SET_CONFIGURATION() request has been received. If the specified configuration value
is 0, the CONF bit of the UFOMODS register and UFOCNF register are cleared to 0. In
other words, the device skips the Addressed state and moves to the Configured state in
which it responds to the Default address.

¢ Addressed state: The CONF bit of the UFOMODS register and UFOCNF register are set to 1 and the device
enters the Configured state if the specified configuration value is 1 when the
SET_CONFIGURATION() request has been received. If the specified configuration value
is 0, the device remains in the Addressed state.

e Configured state: The CONF bit of the UFOMODS register and UFOCNF register are set to 1 and the device
returns to the Addressed state if the specified configuration value is 0 when the
SET_CONFIGURATION() request has been received. If the specified configuration value
is 1, the device remains in the Configured state.

If the SET_CONFIGURATION() request has been correctly processed, the target bit of the UFO SET request
register (UFOSET) is set to 1, and an interrupt is issued. All Halt Features are cleared after the
SET_CONFIGURATION() request has been completed even if the specified configuration value is the same as
the current configuration value. If the SET_CONFIGURATION() request has been correctly processed, the
data toggle of all endpoints is always initialized to DATAQ again (it is defined that the default status, Alternative
Setting 0, is set from when the SET_CONFIGURATION request is received to when the SET_INTERFACE
request is received).

SET_FEATURE() request

A STALL response is made in the status stage if the SET_FEATURE() request is for a Feature that cannot be
set or does not exist, or if the target is an interface or an endpoint that does not exist. A STALL response is
also made if the wLength value is other than 0.

o Default state: The correct response is made when the SET_FEATURE() request has been received, only
if the request is for a device or Endpoint0; otherwise a STALL response is made in the
status stage.

¢ Addressed state: The correct response is made when the SET_FEATURE() request has been received, only
if the request is for a device or Endpoint0; otherwise a STALL response is made in the
status stage.

¢ Configured state: The correct response is made when the SET_FEATURE() request has been received, only
if the request is for a device or an endpoint that exists; otherwise a STALL response is
made in the status stage.

When the SET_FEATURE() request has been correctly processed, the target bit of the UFO SET request
register (UFOSET) and the EnHALT bit of the UFO EPn status register L (UFOENSL) are set to 1, and an
interrupt is issued (n = 0 to 2).
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(i) SET_INTERFACE() request
If wLength is other than the values shown in Table 12-3, if windex is other than the value set to the UFO active
interface number register (UFOAIFN), or if wValue is other than the value set to the UFO active alternative
setting register (UFOAAS), a STALL response is made in the status stage.

o Default state: A STALL response is made in the status stage when the SET_INTERFACE() request has
been received.

e Addressed state: A STALL response is made in the status stage when the SET_INTERFACE() request has
been received.

e Configured state: Null packet is transmitted in the status stage when the SET_INTERFACE() request has
been received.

When the SET_INTERFACE() request has been correctly processed, an interrupt is issued. All the Halt
Features of the endpoint linked to the target Interface are cleared after the SET_INTERFACE() request has
been cleared. The data toggle of all the endpoints related to the target Interface number is always initialized
again to DATAO. When the currently selected Alternative Setting is to be changed by correctly processing the
SET_INTERFACE() request, the FIFO of the endpoint that is affected is completely cleared, and all the related
interrupt sources are also initialized.

When the SET_INTERFACE() request has been completed, the FIFO of all the endpoints linked to the target
Interface are cleared. At the same time, Halt Feature and Data PID are initialized, and the related UFO INT
status n register (UFOISN) is cleared to 0 (n = 0 to 4). (Only Halt Feature and Data PID are cleared when the
SET_CONFIGURATION request has been completed.)

12.3.2 Other requests

(1) Response and processing
The following table shows how other requests are responded to and processed.

Table 12-4. Response and Processing of Other Requests

Request Response and Processing
GET_DESCRIPTOR String Generation of CPUDEC interrupt request
GET_STATUS Interface Automatic STALL response
CLEAR_FEATURE Interface Automatic STALL response
SET_FEATURE Interface Automatic STALL response
all SET_DESCRIPTOR Generation of CPUDEC interrupt request
All other requests Generation of CPUDEC interrupt request
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12.4 Register Configuration
12.4.1 Control registers

(1) UFO EPONAK register (UFOEON)
This register controls NAK of Endpoint0 (except an automatically executed request).
This register can be read or written in 8-bit units (however, bit O can only be read).
It takes five USB clocks to reflect the status on this register after the UFOFICO and UFOFIC1 registers have been
set. If it is necessary to read the status correcitly, therefore, separate a write signal that accesses the UFOFICO and
UFOFIC1 registers from a read signal that accesses the UFOEPS0, UFOEPS1, UFOEPS2, UFOEON, and UFOEN
registers by at least four USB clocks.
While NAK is being transmitted to Endpoint0 Read and Endpoint2, a write access to the EPONKR bit is ignored.

7 6 5 4 3 2 1 0 Address After reset
uroeoN| o | o | o | o | o | o |Eronkm|Eponkw|  FFeoH 00H
Bit position Bit name Function
1 EPONKR This bit controls NAK to the OUT token to EndpointO (except an automatically executed

request). It is automatically set to 1 by hardware when EndpointO has correctly received
data. Itis also cleared to 0 by hardware when the data of the UFOEOR register has been
read by FW (counter value = 0).

1: Transmit NAK.

0: Do not transmit NAK (default value).
Set this bit to 1 by FW when data should not be received from the USB bus for some
reason even when USBF is ready for receiving data. In this case, USBF continues
transmitting NAK until this bit is cleared to 0 by FW. This bit is also cleared to 0 as soon
as the UFOEOR register has been cleared.

0 EPONKW This bit indicates how NAK to the IN token to Endpoint0 is controlled (except an
automatically executed request). This bit is automatically cleared to 0 by hardware when
the data of Endpoint0 is transmitted and the host correctly receives the transmitted data.
The data of the UFOEOW register is retained until this bit is cleared. Therefore, it is not
necessary to rewrite this bit even in the case of a retransmission request that is made if
the host could not receive data correctly. To send a short packet, be sure to set the
EODED bit of the UFODEND register to 1. This bit is automatically set to 1 when the
FIFO is full. As soon as the EODED bit of the UFODEND register is set to 1, the
EPONKW bit is automatically set to 1 at the same time.

1: Do not transmit NAK.

0: Transmit NAK (default value).
If control transfer enters the status stage while ACK cannot be correctly received in the
data stage, this bit is cleared to 0 as soon as the UFOEOW register is cleared. This bit is
also cleared to 0 when UFOEQOW is cleared by FW.
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Next, the procedure of a SETUP transaction that uses IN/OUT tokens is explained below.

(C))

(b)

When IN token is used (except a request automatically executed by hardware)

FW should be used to clear the PROT bit of the UF0IS1 register to 0 after receiving the CPUDEC interrupt and
before reading data from the UFOEOST register. Next, perform processing in accordance with the request and,
if it is necessary to return data by an IN token, write data to the UFOEOW register. Confirm that the PROT bit of
the UF0IS1 register is 0 after writing has been completed, and set the EODED bit of the UFODEND register to 1.
The hardware sends out data at the first IN token after the EPONKW bit has been set to 1. If the PROT bit of
the UFOIST1 register is 1, it indicates that a SETUP transaction has occurred again before completion of control
transfer. In this case, clear the PROT bit of the UFOIS1 register to 0 by clearing the PROTC bit of the UF0IC1
register to 0, and then read data from the UFOEOST register again. A request received later can be read.

When OUT token is used (except a request automatically executed by hardware)

FW should be used to clear the PROT bit of the UFOIS1 register after receiving the CPUDEC interrupt and
before reading data from the UFOEOST register. Confirm that the PROT bit of the UF0IS1 register is 0 before
reading data from the UFOEOR register. If the PROT bit is 1, it means that invalid data is retained. Clear the
FIFO by FW (the EPONKR bit is automatically cleared to 0). If the PROT bit of the UF0IS1 register is O, read
the data of the UFOEOL register and read as many data from the UFOEOR register as set. When reading data
from the UFOEOR register has been completed (when the counter of the UFOEOR register has been cleared to
0), the hardware automatically clears the EPONKR bit to 0.
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(2) UFO EPONAKALL register (UFOEONA)
This register controls NAK to all the requests of Endpoint0. It is also valid for automatically executed requests.
This register can be read or written in 8-bit units.

7 6 5 4 3 2 1 0 Address After reset
uroEoNA| o | o | o | o | o | o | o [eronka| FreiH 00H
Bit position Bit name Function
0 EPONKA This bit controls NAK to a transaction other than a SETUP transaction to Endpoint0

(including an automatically executed request). This bit is manipulated by FW.

1: Transmit NAK.

0: Do not transmit NAK (default value).
This register is used to prevent a conflict between a write access by FW and a read
access from SIE when the data used for an automatically executed request is to be
changed. It postpones reflecting a write access on this bit from FW while an access
from SIE is being made. Before rewriting the request data register from FW, confirm that
this bit has been correctly set to 1.
Setting this bit to 1 is reflected only in the following cases.

o Immediately after USBF has been reset and a SETUP token has never been

received
¢ Immediately after reception of Bus Reset and a SETUP token has never been
received

e PID of a SETUP token has been detected

¢ The stage has been changed to the status stage
Clearing this bit to 0 is reflected immediately, except while an IN token is being received
and a NAK response is being made.
Setting the EPONKA bit to 1 is reflected in the above four cases during Endpoint0
transfer, but it is reflected immediately after data has been written to the bit while
Endpoint0 is transferring no data.
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(3) UF0 EPNAK register (UFOEN)

This register controls NAK of endpoints other than Endpoint0.

This register can be read or written in 8-bit units (however, bit 0 can only be read).

The BKO2NK bit can be written only when the BKO2NKM bit of the UFOENM register is 1 and the BKO1NK bit can
be written only when the BKO1NKM bit of the UFOENM register is 1.

The related bits are invalid if each endpoint is not supported by the setting of the UFOENIM register (n = 1, 2) and
the current setting of the interface.

It takes five USB clocks to reflect the status on this register after the UFOFICO and UFOFIC1 registers have been
set. If it is necessary to read the status correcitly, therefore, separate a write signal that accesses the UFOFICO and
UFOFIC1 registers from a read signal that accesses the UFOEPS0, UFOEPS1, UFOEPS2, UFOEON, and UFOEN
registers by at least four USB clocks.

While NAK is being transmitted to Endpoint0 Read and Endpoint2, a write access to the BKOTNK and BKO2NK
bits is ignored.

Be sure to clear bits 7 to 3 and 1. If these bits are set to 1, the operation is not guaranteed.

(1/2)

7 6 5 4 3 2 1 0
UFEN[ o | o | o | o | o [BKOINK| 0 |BKINK |

Address After reset

FF62H 00H

Bit position

Bit name

Function

2

BKO1NK

This bit controls NAK to Endpoint2 (bulk 1 transfer (OUT)).

1: Transmit NAK.

0: Do not transmit NAK (default value).
This bit is set to 1 only when the FIFO connected to the SIE side of the UFOBO1 register
(64-byte FIFO of bank configuration) cannot receive data. It is cleared to 0 when a
toggle operation is performed. The bank is changed (toggle operation) when the
following conditions are satisfied.

» Data correctly received is stored in the FIFO connected to the SIE side.

¢ The value of the FIFO counter connected to the CPU side is 0 (completion of

reading).

FW should be used to read data of the UFOBO1L register when it has received the
BKO1DT interrupt request and read as many data from the UFOBO1 register as the
value of that data. To not receive data from the USB bus for some reason even if USBF
is ready to receive data, set this bit to 1 by FW. In this case, USBF keeps transmitting
NAK until the FW clears this bit to 0. This bit is also cleared to 0 as soon as the UFOBO1
register has been cleared.
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2/2)

Bit position

Bit name

Function

0

BKITNK

This bit controls NAK to Endpoint1 (bulk 1 transfer (IN)).

1: Do not transmit NAK.

0: Transmit NAK (default value).
This bit is cleared to 0 only when the FIFO connected to the SIE side of the UFOBI1
register (64-byte FIFO of bank configuration) cannot receive data. It is set to 1 when a
toggle operation is performed (the data of the UFOBI1 register is retained until
transmission has been correctly completed). The bank is changed (toggle operation)
when the following conditions are satisfied.

e Data is correctly written to the FIFO connected to the CPU bus side (writing has

been completed and the FIFO is full or the UFODEND register is set).

¢ The value of the FIFO counter connected to the SIE side is 0.
This bit is automatically set to 1 and data transmission is started when the FIFO on the
CPU side becomes full and a FIFO toggle operation is performed as a result of writing
data to the FIFO. To send a short packet that does not make the FIFO on the CPU side
full, set the BKI1DED bit to 1 after completing writing data. When the BKI1DED bit is set
to 1, a toggle operation is performed and at the same time, this bit is automatically set to
1. This bit is also cleared to 0 as soon as the UFOBI1 register has been cleared.
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(4) UFO0 EPNAK mask register (UFOENM)
This register controls masking a write access to the UFOEN register.

This register can be read or written in 8-bit units.
Be sure to clear bits 7 to 3, 1, and 0. If these bits are set to 1, the operation is not guaranteed.

7 6 5 4 3 2 1 0 Address After reset
UFOENM | 0 0 0 0 0 ‘BKO1NKM‘ 0 0 | FF63H O00H
Bit position Bit name Function
2 BKO1NKM This bit specifies whether a write access to bit 2 (BKO1NK) of the UFOEN register is

masked or not.
1: Do not mask.
0: Mask (default value).

RO1UHO308EJ0300 Rev.3.00
Sep 22, 2011

RENESAS

288



pPD78F0730

CHAPTER 12 USB FUNCTION CONTROLLER USBF

(5) UFO SNDSIE register (UFOSDS)
This register performs manipulation such as no handshake. It can directly manipulate the pins of SIE.
This register can be read or written in 8-bit units.
Be sure to clear bit 2. If it is set to 1, the operation is not guaranteed.

5 4 3 2 1 0 Address After reset

UFOSDS |

'snostL] o | o [msumin|  FresH O0H

Bit position

Bit name

Function

3

SNDSTL

This bit makes Endpoint0 issue a STALL handshake. Setting this bit to 1 if a request for
CPUDEC processing is not supported by the system results in a STALL handshake
response. If an unsupported wValue is sent by the SET_CONFIGURATION or
SET_INTERFACE request, the hardware sets this bit to 1. If a problem occurs in
Endpoint0 due to overrun of an automatically executed request, this bit is also set to 1.
However, the EOHALT bit of the UFOEOSL register is not set to 1.

1: Respond with STALL handshake.

0: Do not respond with STALL handshake (default value).
This bit is cleared to 0 and the handshake response to the bus is other than STALL when
the next SETUP token is received. To set the SNDSTL bit to 1 by FW, do not write data
to the UFOEQW register. Depending on the timing of setting this bit, the STALL response
is not made in time, and it may be made to the next transfer after a NAK response has
been made.
Setting this bit is valid only while an FW-executed request is under execution when this
bit is set to 1. It is automatically cleared to 0 when the next SETUP token is received.

Remark The SNDSTL bit is valid only for an FW-executed request.

RSUMIN

This bit outputs the Resume signal onto the USB bus. Writing this bit is invalid unless
the RMWK bit of the UFODSTL register is set to 1.

1: Generate the Resume signal.

0: Do not generate the Resume signal (default value).
While this bit is set to 1, the Resume signal continues to be generated. Clear this bit to 0
by FW after a specific time has elapsed. Because the signal is internally sampled at the
clock, the operation is guaranteed only while CLK is supplied. Care must be exercised
when CLK of the system is stopped.
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(6) UFO0 CLR request register (UFOCLR)
This register indicates the target of the received CLEAR_FEATURE request.
This register is read-only, in 8-bit units.

This register is meaningful only when an interrupt request is generated. Each bit is set to 1 after completion of the

status stage, and automatically cleared to 0 when this register is read.

The related bits are invalid if each endpoint is not supported by the setting of the UFOENIM register (n = 1, 2) and

the current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
UFOCLR | 0 0 0 0 ‘ CLREP2 ‘ CLREP1 ‘ CLREPO ‘ CLRDEVl FF65H 00H
Bit position Bit name Function
3to1 CLREPN These bits indicate that a CLEAR_FEATURE Endpoint n request is received and

automatically processed.
1: Automatically processed
0: Not automatically processed (default value)

0 CLRDEV This bit indicates that a CLEAR_FEATURE Device request is received and automatically
processed.

1: Automatically processed

0: Not automatically processed (default value)

Remark n=2to0
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(7) UFO SET request register (UFOSET)
This register indicates the target of the automatically processed SET_XXXX (except SET_INTERFACE) request.

This register is read-only, in 8-bit units.
This register is meaningful only when an interrupt request is generated. Each bit is set to 1 after completion of the

status stage, and automatically cleared to 0 when this register is read.

7 6 4 3 2 1 0 Address After reset
UFOSET [SETCON| 0 0 0 o |seter| o |[sempev| FreeH 00H
Bit position Bit name Function
7 SETCON This bit indicates that a SET_CONFIGURATION request is received and automatically
processed.
1: Automatically processed
0: Not automatically processed (default value)
2 SETEP This bit indicates that a SET_FEATURE Endpoint n request (n = 0 to 2) is received and
automatically processed.
1: Automatically processed
0: Not automatically processed (default value)
0 SETDEV This bit indicates that a SET_FEATURE Device request is received and automatically
processed.
1: Automatically processed
0: Not automatically processed (default value)
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(8) UFO EP status 0 register (UFOEPSO0)
This register indicates the USB bus status and the presence or absence of register data.

This register is read-only, in 8-bit units.
The related bits are invalid if each endpoint is not supported by the setting of the UFOENIM register (n = 1, 2) and
the current setting of the interface.

It takes five USB clocks to reflect the status on this register after the UFOFICO and UFOFIC1 registers have been

set. If it is necessary to read the status correctly, therefore, separate writing to the UFOFICO and UFOFIC1 registers
from reading from the UFOEPSO0, UFOEPS1, UFOEPS2, UFOEON, and UFOEN registers by at least four USB clocks.

5 4 3 2 1 0 Address

uFoEPSO| o0 | o

o |Bkoutt| o [ BkiNt | EPOW | EPOR |  FFe7H 00H

After reset

Bit position Bit name

Function

4 BKOUT1

This bit indicates that data is in the UFOBO1 register (FIFO) connected to the CPU side.
When the FIFO configuring the UFOBO1 register is toggled, this bit is automatically set
to 1 by hardware. It is automatically cleared to 0 by hardware when reading the UFOBO1
register (FIFO) connected to the CPU side has been completed (counter value = 0). Itis
not set to 1 when Null data is received (toggling the FIFO does not take place either).

1: Data is in the register.

0: No data is in the register (default value).

2 BKIN1

This bit indicates that data is in the UFOBI1 register (FIFO) connected to the CPU side.
By setting the BKI1DED bit of the UFODEND register to 1, the status in which data is in
the UFOBI1 register can be created even if data is not written to the register (Null data
transmission). As soon as the BKI1DED bit of the UFODEND register has been set to 1
while the counter of the UFOBI1 register is 0, this bit is set to 1 by hardware. It is cleared
to 0 when a toggle operation is performed.

1: Data is in the register.

0: No data is in the register (default value).

1 EPOW

This bit indicates that data is in the UFOEOW register (FIFO). By setting the EODED bit
of the UFODEND register to 1, the status in which data is in the UFOEOW register can be
created even if data is not written to the register (Null data transmission). As soon as the
EODED bit of the UFODEND register is set to 1 even when the counter of the UFOEOW
register is 0, this bit is set to 1 by hardware. It is cleared to 0 after correct transmission.
1: Data is in the register.
0: No data is in the register (default value).

0 EPOR

This bit indicates that data is in the UFOEOR register (FIFO). It is automatically cleared
to 0 by hardware when reading the UFOEOR register (FIFO) has been completed
(counter value = 0). It is not set to 1 if Null data is received.

1: Data is in the register.

0: No data is in the register (default value).
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(9) UFO EP status 1 register (UFOEPS1)
This register indicates the USB bus status and the presence or absence of register data.
This register is read-only, in 8-bit units.

7 6 5 4 3 2 1 0 Address After reset
UFOEPST [ RSUM | 0 o | o | o | o | o | FresH 00H
Bit position Bit name Function
7 RSUM This bit indicates that the USB bus is in the Resume status. This bit is meaningful only

when an interrupt request is generated.

1: Suspend status

0: Resume status (default value)
Because sampling is internally performed with the clock, the operation is guaranteed
only when CLK is supplied. Care must be exercised when CLK of the system is stopped.
The INTRSUM signal of SIE operates even when CLK is stopped. It can therefore be
supported by making the RSUMIF bit of interrupt request flag register 1L (IF1L) valid or
lowering the frequency of CLK to the USBF.
This bit is automatically cleared to 0 when it is read.
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(10) UFO EP status 2 register (UFOEPS2)
This register indicates the USB bus status and the presence or absence of register data.

This register is read-only, in 8-bit units.
The related bits are invalid if each endpoint is not supported by the setting of the UFOENnIM register (n = 1, 2) and
the current setting of the interface.

7 6 4 3 2 1 0 Address After reset
uFoEPS2[ o | o o | o | o [Ham2 | HATt | HATO | FReoH 00H
Bit position Bit name Function
2t00 HALTn These bits indicate that Endpoint n is currently stalled. These bits are set to 1 when a

stall condition, such as occurrence of an overrun and reception of an undefined request,
is satisfied. These bits are automatically set to 1 by hardware.

1: Endpoint is stalled.

0: Endpoint is not stalled (default value).
The SNDSTL bit is set to 1 as soon as the HALTO bit has been set to 1 as a result of
occurrence of an overrun or reception of an undefined request. If the next SETUP token
is received in this status, the SNDSTL bit is cleared to 0 and, therefore, the HALTO bit is
also cleared to 0. If Endpoint0 is stalled by the SET_FEATURE Endpoint0 request, this
bit is not cleared to 0 until the CLEAR_FEATURE Endpoint0 request is received or Halt
Feature is cleared by FW. If the GET_STATUS Endpoint0, CLEAR_FEATURE
Endpoint0, or SET_FEATURE EndpointO request is received, or if a request to be
processed by FW is received due to the CPUDEC interrupt request, the HALTO bit is
masked and cleared to 0, until the next SETUP token is received.
The HALTn bit is not cleared to 0 until Endpoint n receives the CLEAR_FEATURE
Endpoint request, Halt Feature is cleared by the SET_INTERFACE or
SET_CONFIGURATION request to the interface to which the endpoint is linked, or Halt
Feature is cleared by FW. When the SET_INTERFACE or SET_CONFIGURATION
request is correctly processed, the Halt Feature of all the target endpoints, except
Endpoint0, is cleared after the request has been processed, even if the wValue is the
same as the currently set value, and these bits are also cleared to 0. Halt Feature of
Endpoint0 cannot be cleared if it is set because the STALL response is made in
response to the SET_INTERFACE and SET_CONFIGURATION requests.

Remark n=2to0
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(11) UFO INT status 0 register (UF0IS0)

This register indicates the interrupt source.

becomes active.

If the contents of this register are changed, the INTUSBOB signal

This register is read-only, in 8-bit units.
If an interrupt request (INTUSBOB) is generated from USBF, the FW must read this register to identify the interrupt

source.

Each bit of this register is forcibly cleared to 0 when 0 is written to the corresponding bit of the UF0ICO register.

(1/2)

7 6

5 4 3 2 1 0 Address After reset

UF0ISO | BUSRST | RSUSPD |

o | o | o |sEtra|cLRRa |EPHALT|  FRo7H 00H

Bit position Bit name

Function

7 BUSRST

This bit indicates that Bus Reset has occurred.
1: Bus Reset has occurred (interrupt request is generated).
0: Not Bus Reset status (default value)

6 RSUSPD

This bit indicates that the Resume or Suspend status has occurred. Reference bit 7 of
the UFOEPSH register by FW.

1: Resume or Suspend status has occurred (interrupt request is generated).

0: Resume or Suspend status has not occurred (default value).

2 SETRQ

This bit indicates that the SET_XXXX request to be automatically processed has been
received and automatically processed (XXXX = CONFIGURATION or FEATURE).
1: SET_XXXX request to be automatically processed has been received (interrupt
request is generated).
0: SET_XXXX request to be automatically processed has not been received (default
value).
This bit is set to 1 after completion of the status stage. Reference the UFOSET register
to identify what is the target of the request. This bit is not automatically cleared to 0 even
if the UFOSET register is read by FW.
The EPHALT bit is also set to 1 when the SET_FEATURE Endpoint request has been
received.

1 CLRRQ

This bit indicates that the CLEAR_FEATURE request has been received and
automatically processed.

1: CLEAR_FEATURE request has been received (interrupt request is generated).

0: CLEAR_FEATURE request has not been received (default value).
This bit is set to 1 after completion of the status stage. Reference the UFOCLR register
to identify what is the target of the request. This bit is not automatically cleared to 0 even
if the UFOCLR register is read by FW.
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(2/2)
Bit position Bit name Function
0 EPHALT This bit indicates that an endpoint has stalled.
1: Endpoint has stalled (interrupt request is generated).
0: Endpoint has not stalled (default value).
This bit is also set to 1 when an endpoint has stalled by setting FW.
Identify the endpoint that has stalled, by referencing the UFOEPS2 register. This bit is
not automatically cleared to 0 even when the CLEAR_FEATURE Endpoint,
SET_INTERFACE, or SET_CONFIGURATION request is received. It is not
automatically cleared to 0, either, if the next SETUP token is received in case of overrun
of Endpoint0.
Caution Even if Halt Feature of Endpoint0 is set and this interrupt request is
generated, bit 0 of the UFOEPS2 register is masked and cleared to 0
between when a SET_FEATURE Endpoint0, CLEAR_FEATURE Endpoint0,
or GET_STATUS Endpoint0 request, or FW-processed request is received
and when a SETUP token other than the above is received.
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(12) UFO INT status 1 register (UF0IS1)

This register indicates the interrupt source.

becomes active.

This register is read-only, in 8-bit units.
If an interrupt request (INTUSBOB) is generated from USBF, the FW must read this register to identify the interrupt

source.

If the contents of this register are changed, the INTUSBOB signal

Each bit of this register is forcibly cleared to 0 when 0 is written to the corresponding bit of the UFOIC1 register.
However, the SUCES and STG bits of the UFOIS1 register are automatically cleared to 0 when the next SETUP

token has been received.

5 4 3 2 1 0 Address After reset

0 EOIN
UFO0ISH

EOINDT | EOODT | SUCES STG PROT CPU FF28H 00H

DEC

Bit position Bit name

Function

6 EOIN

This bit indicates that an IN token for EndpointO has been received and that the
hardware has automatically transmitted NAK.
1: IN token is received and NAK is transmitted (interrupt request is generated).
0: IN token is not received (default value).

5 EOINDT

This bit indicates that data has been correctly transmitted from the UFOEOW register.
1: Transmission from UFOEOW register is completed (interrupt request is generated).
0: Transmission from UFOEOW register is not completed (default value).
Data is transmitted in synchronization with the IN token next to the one that set the
EPONKW bit of the UFOEON register to 1. This bit is automatically set to 1 by hardware
when the host correctly receives that data. It is also set to 1 even if the data is a Null
packet. This bit is automatically cleared to 0 by hardware when the first write access is
made to the UFOEOW register.

4 EOODT

This bit indicates that data has been correctly received in the UFOEOR register.

1: Data is in UFOEOR register (interrupt request is generated).

0: Data is not in UFOEOR register (default value).
This bit is automatically set to 1 by hardware when data has been correctly received. At
the same time, EPOR bit of the UFOEPSO register is also set to 1. If a Null packet has
been received, this bit is not set to 1. It is automatically cleared to 0 by hardware when
the FW reads the UFOEOR register and the value of the UFOEOL register becomes 0.

3 SUCES

This bit indicates that either an FW-processed or hardware-processed request has been
received and that the status stage has been correctly completed.

1: Control transfer has been correctly processed (interrupt request is generated).

0: Control transfer has not been processed correctly (default value).
This bit is set to 1 upon completion of the status stage. It is automatically cleared to 0 by
hardware when the next SETUP token is received.
This bit is also set to 1 when data with Data PID of O (Null data) is received in the status
stage of control transfer.

(1/2)
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2/2)

Bit position

Bit name

Function

2

STG

This bit is set to 1 when the stage of control transfer has changed to the status stage. It
is valid for both FW-processed and hardware-processed requests. This bit is also set to
1 when the stage of control transfer (without data) has changed to the status stage.

1: Status stage (interrupt request is generated)

0: Not status stage (default value)
This bit is automatically cleared to 0 by hardware when the next SETUP token is
received.
It is also set to 1 when the stage of control transfer has changed to the status stage
while ACK cannot be correctly received in the data stage. In this case, the EPONKW bit
of the UFOEON register is also cleared to 0 as soon as the UFOEOW register has been
cleared, if the FW is processing control transfer (read).

PROT

This bit indicates that a SETUP token has been received. It is valid for both FW-
processed and hardware-processed requests.

1: SETUP token is correctly received (interrupt request is generated).

0: SETUP token is not received (default value).
This bit is set to 1 when data has been correctly received in the UFOEOST register.
Clear this bit to 0 by FW when the first read access is made to the UFOEOST register. If
it is not cleared to 0 by FW, reception of the next SETUP token cannot be correctly
recognized.
This bit is used to accurately recognize that a SETUP transaction has been executed
again during control transfer. If the SETUP transaction is re-executed during control
transfer and if a second request is executed by hardware, the CPUDEC bit is not set to
1, but the PROT bit can be used for recognition of the re-execution.

CPUDEC

This bit indicates that the UFOEOST register has a request that is to be decoded by FW.
1: Data is in UFOEOST register (interrupt request is generated).
0: Data is not in UFOEOST register (default value).
This bit is automatically cleared to 0 by hardware when all the data of the UFOEOST
register is read.
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(13) UFO INT status 2 register (UF0IS2)

This register indicates the interrupt source.

becomes active.

If the contents of this register are changed, the INTUSB1B signal

This register is read-only, in 8-bit units.
If an interrupt request (INTUSB1B) is generated from USBF, the FW must read this register to identify the interrupt

source.

Each bit of this register is forcibly cleared to 0 when 0 is written to the corresponding bit of the UF0IC2 register.
The related bits are invalid if each endpoint is not supported by the setting of the UFOE1IM register and the current

setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
urois2| o | o |ekin o] o | o | o | o | Froen OOH
Bit position Bit name Function
5 BKI1IN This bit indicates that an IN token has been received in the UFOBI1 register (Endpoint 1)
and that NAK has been returned.
1: IN token is received and NAK is transmitted (interrupt request is generated).
0: IN token is not received (default value).
4 BKI1DT This bit indicates that the FIFO of the UFOBI1 register (Endpoint 1) has been toggled.

This means that data can be written to Endpoint 1.

1: FIFO has been toggled (interrupt request is generated).

0: FIFO has not been toggled (default value).
The data written to Endpoint 1 is transmitted in synchronization with the IN token next to
the one that set the BKITNK bit of the UFOEN register to 1. When the FIFO has been
toggled and then data can be written from the CPU, this bit is automatically set to 1 by
hardware. It is also set to 1 when the FIFO has been toggled, even if the data is a Null
packet. This bit is automatically cleared to 0 by hardware when the first write access is
made to the UFOBI1 register.
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(14) UFO INT status 3 register (UF0IS3)
This register indicates the interrupt source. If the contents of this register are changed, the INTUSB1B signal
becomes active.
This register is read-only, in 8-bit units.
If an interrupt request (INTUSB1B) is generated from USBF, the FW must read this register to identify the interrupt
source.
Each bit of this register is forcibly cleared to 0 when 0 is written to the corresponding bit of the UFOIC3 register.
The related bits are invalid if each endpoint is not supported by the setting of the UFOE2IM register and the current
setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
UF0IS3 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ BKO1FL ‘ BKO1NL ‘BKO1NAK‘ BKO1DT| FF2AH O00H
Bit position Bit name Function
3 BKO1FL This bit indicates that data has been correctly received in the UFOBO1 register (Endpoint

2) and that both the FIFOs of the CPU and SIE hold the data.
1: Received data is in both the FIFOs of the UFOBO1 register (interrupt request is
generated).
0: Received data is not in the FIFO on the SIE side of the UFOBO1 register (default
value).
If data is held in both the FIFOs of the CPU and SIE, this bit is automatically set to 1 by
hardware. This bit is automatically cleared to 0 by hardware when the FIFO is toggled.

2 BKO1NL This bit indicates that a Null packet (packet with a length of 0) has been received in the
UFOBO1 register (Endpoint 2).

1: Null packet is received (interrupt request is generated).

0: Null packet is not received (default value).
This bit is set to 1 immediately after reception of a Null packet when the FIFO is empty.
This bit is set to 1 when the FIFO on the CPU side has been completely read if data is in
that FIFO.

1 BKO1NAK This bit indicates that an OUT token has been received to the UFOBO1 register
(Endpoint 2) and that NAK has been returned.
1: OUT token is received and NAK is transmitted (interrupt request is generated).
0: OUT token is not received (default value).

0 BKO1DT This bit indicates that data has been correctly received in the UFOBO1 register (Endpoint
2).

1: Reception has been completed correctly (interrupt request is generated).

0: Reception has not been completed (default value).
This bit is automatically set to 1 by hardware when data has been correctly received and
the FIFO has been toggled. At the same time, the corresponding bit of the UFOEPSO
register is also set to 1. This bit is not set to 1 when the data is a Null packet. This bit is
automatically cleared to 0 by hardware when the value of the UFOBO1L register
becomes 0 as a result of reading the UFOBO1 register by FW.
This bit is automatically cleared to 0 when all the contents of the FIFO on the CPU side
have been read. However, the interrupt request is not cleared if data is in the FIFO on
the SIE side at this time, and the INTUSB1B signal does not become inactive. The
signal is kept active if data is successively received.
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(15) UFO INT status 4 register (UF0IS4)
This register indicates the interrupt source. If the contents of this register are changed, the INTUSB2B signal
becomes active.
This register is read-only, in 8-bit units.
If an interrupt request (INTUSB2B) is generated from USBF, the FW must read this register to identify the interrupt
source.
Each bit of this register is forcibly cleared to 0 when 0 is written to the corresponding bit of the UF0IC4 register.
The related bits are invalid if each endpoint is not supported by the setting of the UFOENIM register (n = 1, 2) and
the current setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
uroisa| o | o Jsernt| o | o | o | o | o | Fresd 00H
Bit position Bit name Function
5 SETINT This bit indicates that the SET_INTERFACE request has been received and

automatically processed.
1: The request has been automatically processed (interrupt request is generated).
0: The request has not been automatically processed (default value).
The current setting of this bit can be identified by reading the UFOASS or UFOIFn
register (n = 0 to 4).
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(16) UFO INT mask 0 register (UFOIMO)
This register controls masking of the interrupt sources indicated by the UFOISO register.
This register can be read or written in 8-bit units.
FW can mask occurrence of an interrupt request (INTUSBOB) from USBF by writing 1 to the corresponding bit of

this register.

7 6 5 4 3 2 1 0 Address After reset
BUS RSU 0 0 0 SET CLR EP FF37H 00H
UFO0IMO
RSTM SPDM RQM RQM HALTM
Bit position Bit name Function

7 BUSRSTM This bit masks the Bus Reset interrupt.
1: Mask
0: Do not mask (default value)

6 RSUSPDM This bit masks the Resume/Suspend interrupt.
1: Mask
0: Do not mask (default value)

2 SETRQM This bit masks the SET_RQ interrupt.
1: Mask
0: Do not mask (default value)

1 CLRRQM This bit masks the CLR_RQ interrupt.
1: Mask
0: Do not mask (default value)

0 EPHALTM This bit masks the EP_Halt interrupt.
1: Mask
0: Do not mask (default value)
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(17) UFO INT mask 1 register (UFOIM1)
This register controls masking of the interrupt sources indicated by the UFOIS1 register.

This register can be read or written in 8-bit units.
FW can mask occurrence of an interrupt request (INTUSBOB) from USBF by writing 1 to the corresponding bit of

this register.

5 4 3 2

0

0 EOINM
UFOIM1

INDTM | ODTM

EO EO SUCESM| STGM

PROTM

CPU
DECM

Address
FF38H

After reset
00H

Bit position Bit name

Function

6 EOINM

This bit masks the EPOIN interrupt.
1: Mask
0: Do not mask (default value)

5 EOINDTM

This bit masks the EPOINDT interrupt.

1: Mask
0: Do not mask (default value)

4 EOODTM

This bit masks the EPOOUTDT interrupt.

1: Mask
0: Do not mask (default value)

3 SUCESM

This bit masks the Success interrupt.
1: Mask
0: Do not mask (default value)

2 STGM

This bit masks the Stg interrupt.
1: Mask
0: Do not mask (default value)

1 PROTM

This bit masks the Protect interrupt.
1: Mask
0: Do not mask (default value)

0 CPUDECM

This bit masks the CPUDEC interrupt.

1: Mask
0: Do not mask (default value)
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(18) UFO INT mask 2 register (UF0IM2)
This register controls masking of the interrupt sources indicated by the UF0IS2 register.
This register can be read or written in 8-bit units.
FW can mask occurrence of an interrupt request (INTUSB1B) from USBF by writing 1 to the corresponding bit of
this register.

The related bits are invalid if each endpoint is not supported by the setting of the UFOE1IM register and the current
setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
0 0 BKIHINM | BKI1 0 0 0 0 FF39H 00H
UF0IM2
DTM
Bit position Bit name Function
5 BKI1INM This bit masks the BKI1IN interrupt.
1: Mask
0: Do not mask (default value)
4 BKI1DTM This bit masks the BLKI1DT interrupt.
1: Mask
0: Do not mask (default value)
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(19) UFO INT mask 3 register (UF0IM3)
This register controls masking of the interrupt sources indicated by the UFOIS3 register.
This register can be read or written in 8-bit units.
FW can mask occurrence of an interrupt request (INTUSB1B) from USBF by writing 1 to the corresponding bit of
this register.
The related bits are invalid if each endpoint is not supported by the setting of the UFOE2IM register and the current
setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
0 0 0 0 BKO1 BKO1 BKO1 BKO1 FF3AH 00H
UF0IM3
FLM NLM NAKM DTM
Bit position Bit name Function
3 BKO1FLM This bit masks the BKO1FL interrupt.
1: Mask
0: Do not mask (default value)
2 BKO1NLM This bit masks the BKO1NL interrupt.
1: Mask
0: Do not mask (default value)
1 BKO1NAKM This bit masks the BKO1NK interrupt.
1: Mask
0: Do not mask (default value)
0 BKO1DTM This bit masks the BKO1DT interrupt.
1: Mask
0: Do not mask (default value)
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(20) UFO INT mask 4 register (UF0IM4)

This register controls masking of the interrupt sources indicated by the UF0IS4 register.

This register can be read or written in 8-bit units.
FW can mask occurrence of an interrupt request (INTUSB2B) from USBF by writing 1 to the corresponding bit of
this register.

The related bits are invalid if each endpoint is not supported by the setting of the UFOENnIM register (n = 1, 2) and

the current setting of the interface.

7 6 5 4 3 2 1
UF0IM4 | 0 ‘ 0 ‘SETINTM‘ 0 ‘ 0 ‘ 0 0
Bit position Bit name Function
5 SETINTM This bit masks the SET_INT interrupt.

1: Mask
0: Do not mask (default value)
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(21) UFO INT clear 0 register (UF0ICO)
This register controls clearing the interrupt sources indicated by the UF0ISO register.
This register is write-only, in 8-bit units. If this register is read, the value FFH is read.
FW can clear an interrupt source by writing 0 to the corresponding bit of this register. Even a bit that is
automatically cleared to 0 by hardware can be cleared by FW before it is cleared by hardware. Writing 0 to a bit of
this register automatically sets the bit to 1. Writing 1 is invalid.

7 6 5 4 3 2 1 0 Address After reset
BUS RSU 1 1 1 SET CLR EP FF4AH FFH
UFO0ICO
RSTC SPDC RQC RQC HALTC
Bit position Bit name Function
7 BUSRSTC This bit clears the Bus Reset interrupt.
0: Clear
6 RSUSPDC This bit clears the Resume/Suspend interrupt.
0: Clear
2 SETRQC This bit clears the SET_RQ interrupt.
0: Clear
1 CLRRQC This bit clears the CLR_RQ interrupt.
0: Clear
0 EPHALTC This bit clears the EP_Halt interrupt.
0: Clear
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(22) UFO INT clear 1 register (UFOIC1)

This register controls clearing the interrupt sources indicated by the UF0IS1 register.
This register is write-only, in 8-bit units. If this register is read, the value FFH is read.
FW can clear an interrupt source by writing 0 to the corresponding bit of this register.

Even a bit that is

automatically cleared to 0 by hardware can be cleared by FW before it is cleared by hardware. Writing 0 to a bit of

this register automatically sets the bit to 1. Writing 1 is invalid.

7 6 5 4 3 2 1 0 Address After reset
UFoIC 1 EOINC EO EOODTC |SUCESC| STGC | PROTC CPU FF4BH FFH
INDTC DECC
Bit position Bit name Function
6 EOINC This bit clears the EPOIN interrupt.
0: Clear
5 EOINDTC This bit clears the EPOINDT interrupt.
0: Clear
4 EOODTC This bit clears the EPOOUTDT interrupt.
0: Clear
3 SUCESC This bit clears the Success interrupt.
0: Clear
2 STGC This bit clears the Stg interrupt.
0: Clear
1 PROTC This bit clears the Protect interrupt.
0: Clear
0 CPUDECC This bit clears the CPUDEC interrupt.
0: Clear
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(23) UFO INT clear 2 register (UF0IC2)
This register controls clearing the interrupt sources indicated by the UF0IS2 register.
This register is write-only, in 8-bit units. If this register is read, the value FFH is read.
FW can clear an interrupt source by writing 0 to the corresponding bit of this register. Even a bit that is
automatically cleared to 0 by hardware can be cleared by FW before it is cleared by hardware. Writing 0 to a bit of
this register automatically sets the bit to 1. Writing 1 is invalid.
The related bits are invalid if each endpoint is not supported by the setting of the UFOE1IM register and the current
setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
1 1 BKI1INC | BKI1 1 1 1 1 FF4CH FFH
UFoIC2
DTC
Bit position Bit name Function
5 BKI1INC This bit clears the BKInIN interrupt.
0: Clear
4 BKI1DTC This bit clears the BKINDT interrupt.
0: Clear
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(24) UFO INT clear 3 register (UF0IC3)

This register controls clearing the interrupt sources indicated by the UF0IS3 register.
This register is write-only, in 8-bit units. If this register is read, the value FFH is read.
FW can clear an interrupt source by writing 0 to the corresponding bit of this register.

Even a bit that is

automatically cleared to 0 by hardware can be cleared by FW before it is cleared by hardware. Writing 0 to a bit of

this register automatically sets the bit to 1. Writing 1 is invalid.

The related bits are invalid if each endpoint is not supported by the setting of the UFOE2IM register and the current

setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
1 1 1 1 BKO1 BKO1 BKO1 BKO1 FF4DH FFH
UF0IC3
FLC NLC NAKC DTC
Bit position Bit name Function
3 BKO1FLC This bit clears the BKO1FL interrupt.
0: Clear
2 BKO1NLC This bit clears the BKO1NL interrupt.
0: Clear
1 BKO1NAKC This bit clears the BKO1NK interrupt.
0: Clear
0 BKO1DTC This bit clears the BKO1DT interrupt.
0: Clear

RO1UHO308EJ0300 Rev.3.00
Sep 22, 2011

RENESAS

310



pPD78F0730

CHAPTER 12 USB FUNCTION CONTROLLER USBF

(25) UFO INT clear 4 register (UF0IC4)

This register controls clearing the interrupt sources indicated by the UF0IS4 register.
This register is write-only, in 8-bit units. If this register is read, the value FFH is read.
FW can clear an interrupt source by writing 0 to the corresponding bit of this register.

Even a bit that is

automatically cleared to 0 by hardware can be cleared by FW before it is cleared by hardware. Writing 0 to a bit of
this register automatically sets the bit to 1. Writing 1 is invalid.
The related bits are invalid if each endpoint is not supported by the setting of the UFOENnIM register (n = 1, 2) and
the current setting of the interface.

6 5 4 3 2 1 0 Address After reset
UFoIC4 | o1 fsernte] 1 [ 1 [ 1 ] 1 FF4EH FFH
Bit position Bit name Function
5 SETINTC This bit clears the SET_INT interrupt.
0: Clear

RO1UHO308EJ0300 Rev.3.00

Sep 22, 2011

RENESAS

311



pPD78F0730

CHAPTER 12 USB FUNCTION CONTROLLER USBF

(26) UFO FIFO clear 0 register (UFOFICO)
This register clears each FIFO.
This register is write-only, in 8-bit units. [f this register is read, 00H is read.

FW can clear the target FIFO by writing 1 to the corresponding bit of this register. The bit to which 1 has been

written is automatically cleared to 0. Writing 0 to the bit is invalid.

The related bits are invalid if each endpoint is not supported by the setting of the UFOE1IM register and the current

setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
UFOFICO | 0 ‘ 0 ‘ BKI1SC ‘ BKI1CC ‘ 0 ‘ 0 ‘ EPOWC ‘ EPORC | FF79H 00H
Bit position Bit name Function
5 BKI1SC This bit clears only the FIFO on the SIE side of the UFOBI1 register (reset the counter).
1: Clear
Writing this bit is invalid while an IN token for Endpoint 1 is being processed with the
BKITNK bit set to 1.
The BKI1NK bit is automatically cleared to 0 by clearing the FIFO. Make sure that the
FIFO on the CPU side is empty when this bit is used.
4 BKI1CC This bit clears only the FIFO on the CPU side of the UFOBI1 register (reset the counter).
1: Clear
1 EPOWC This bit clears the UFOEOW register (resets the counter).
1: Clear
Writing to this bit is invalid while an IN token for Endpoint 0 is being processed with the
EPONKW bit set to 1.
The EPONKW bit is automatically cleared to 0 by clearing the FIFO.
0 EPORC This bit clears the UFOEOR register (resets the counter).
1: Clear
When the EPONKR bit is set to 1 (except when it has been set by FW), the EPONKR bit
is automatically cleared to 0 by clearing the FIFO.
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(27) UFO FIFO clear 1 register (UFOFIC1)
This register clears each FIFO.
This register is write-only, in 8-bit units. [f this register is read, 00H is read.

FW can clear the target FIFO by writing 1 to the corresponding bit of this register. The bit to which 1 has been

written is automatically cleared to 0. Writing 0 to the bit is invalid.

The related bits are invalid if each endpoint is not supported by the setting of the UFOE2IM register and the current

setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
UFOFICA | 0 ‘ 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ BKO1C ‘ BKO1CC| FF7AH 00H
Bit position Bit name Function
1 BKO1C This bit clears the FIFOs on both the SIE and CPU sides of the UFOBO1 register (reset
the counter).
1: Clear
When the BKO1NK bit is set to 1 (except when it has been set by FW), the BKO1NK bit
is automatically cleared to 0 by clearing the FIFO.
0 BKO1CC This bit clears only the FIFO on the CPU side of the UFOBO1 register (reset the
counter).
1: Clear
When the BKO1NK bit is set to 1 (except when it has been set by FW), the BKO1NK bit
is automatically cleared to 0 by clearing the FIFO.
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(28) UFO data end register (UFODEND)
This register reports the end of writing to the transmission system.

This register is write-only, in 8-bit units (however, bits 7 and 6 can be read and written). If this register is read, 00H

is read.

FW can start data transfer of the target endpoint by writing 1 to the corresponding bit of this register. The bit to

which 1 has been written is automatically cleared to 0. Writing 0 to the bit is invalid.

The related bits are invalid if each endpoint is not supported by the setting of the UFOE1IM register and the current

setting of the interface.

7 6 5 4 3 2 1 0 Address After reset
UFODEND [ 0 | o o | o | o | o [BiDeD| EoDED |  FF7SH 00H
Bit position Bit name Function
1 BKI1DED Set this bit to 1 when writing transmit data to the UFOBI1 register has been completed.

When this bit is set to 1, the FIFO is toggled as soon as possible, the BKITNK bit is set
to 1, and data is transferred.

1: Transmit a short packet.

0: Do not transmit a short packet (default value).
This bit controls the FIFO on the CPU side.
If the BKI1CC bit of the UFOFICO register is set to 1 and then this bit is set to 1 (counter
of UFOBI1 register = 0), a Null packet (with a data length of 0) is transmitted.
If data exists in the UFOBI1 register and if this bit is set to 1 (counter of UFOBI1 register =
0), and if the FIFO is not full, a short packet is transmitted.
If the FIFO on the CPU side of the UFOBI1 register becomes full, the hardware starts
data transmission even if this bit is not set to 1.

0 EODED Set this bit to 1 to transmit data of the UFOEOW register. When this bit is set to 1, the

EPONKW bit is set to 1 and data is transferred.

1: Transmit a short packet.

0: Do not transmit a short packet (default value).
If the EPOWC bit of the UFOFICO register is set to 1 and if this bit is set to 1 (counter of
UFOEOW register = 0 and bit 1 of UFOEPSO register = 1), a Null packet (with a data
length of 0) is transmitted.
If data exists in the UFOEOW register and if this bit is set to 1 (counter of UFOEOW
register = 0 and bit 1 of the UFOEPSO register = 1), and if the FIFO is not full, a short
packet is transmitted.
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(29) UFO GPR register (UFOGPR)
This register controls USBF and the USB interface.
This register is write-only, in 8-bit units. If this register is read, 00H is read. Be sure to clear bits 7 to 2.

FW can reset the USBF by writing 1 to bit O of this register. This bit is automatically cleared to 0 after 1 has been

written to it. Writing 0 to this bit is invalid.

7 6 5 4 3 2 1 0 Address

FF2DH 00H

After reset

uFoGPR| o | o

‘CONNECT‘ MRST |

Bit position Bit name Function
1 CONNECT This bit sets the output level of the USBPUC pin, which controls connection of the pull-up
resistor connected to D+.
0: USBPUC pin is low level
1: USBPUC pin is high level
For the connection of the USBPUC pin, refer to 12.8.2 USB connection example.
0 MRST Set this bit to 1 to reset USBF.

1: Reset
Actually, USBF is reset two USB clocks after this bit has been set to 1 by FW and the
write signal has become inactive.
Resetting USBF by the MRST bit while the system clock is operating has the same result
as resetting by the RESET pin (hardware reset) (register value back to default value).
However, the UFOCS and UFOBC registers are not reset by the MRST bit.

RO1UHO308EJ0300 Rev.3.00
Sep 22, 2011

315
RENESAS



pPD78F0730 CHAPTER 12 USB FUNCTION CONTROLLER USBF

(30) UF0 mode control register (UFOMODC)
This register controls CPUDEC processing.
This register can be read or written in 8-bit units.
By setting each bit of this register, the setting of the UFOMODS register can be changed. The bit of this register is
automatically cleared to 0 only at hardware reset and when the MRST bit of the UFOGRP register has been set to
1.
Even if the bit of this register has automatically been set to 1 by hardware, the setting by FW takes precedence.
Be sure to clear bits 7 and 5 to 0. If these bits are set to 1, the operation is not guaranteed.

Caution This register is provided for debugging purposes. Usually, do not set this register except for
verifying the operation or when a special mode is used.

7 6 5 4 3 2 1 0 Address After reset
0 CDC 0 0 0 0 0 0 FF2EH 00H
UFOMODC
GDST
Bit position Bit name Function
6 CDCGDST Set this bit to 1 to switch the GET_DESCRIPTOR Configuration request to CPUDEC
processing. By setting this bit to 1, the CDCGD bit of the UFOMODS register can be
forcibly set to 1.
1: Forcibly change the GET_DESCRIPTOR Configuration request to CPUDEC
processing (sets the CDCGD bit of the UFOMODS register to 1).
0: Automatically process the GET_DESCRIPTOR Configuration request (default
value).
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(31) UF0 mode status register (UFOMODS)
This register indicates the configuration status.

This register is read-only, in 8-bit units.

7 6

5 4 3 2 1 0 Address After reset

UFOMODS |

o |coceo|

o |mpack| DRt [conNe | o | o | FreFH 00H

Bit position

Bit name

Function

6

CDCGD

This bit specifies whether CPUDEC processing is performed for the GET_DESCRIPTOR
Configuration request.
1: Forcibly change the GET_DESCRIPTOR Configuration request to CPUDEC
processing.
0: Automatically process the GET_DESCRIPTOR Configuration request (default
value).

MPACK

This bit indicates the transmit packet size of Endpoint0.

1: Transmit a packet of other than 8 bytes.

0: Transmit a packet of 8 bytes (default value).
This bit is automatically set to 1 by hardware after the GET_DESCRIPTOR Device
request has been processed (on normal completion of the status stage). It is not cleared
to 0 until the USBF has been reset (it is not cleared to 0 by Bus Reset).
If this bit is not set to 1, the hardware transfers only the automatically-executed request
in 8-byte units. Therefore, even if data of more than 8 bytes is sent by the OUT token to
be processed by FW before completion of the GET_DESCRIPTOR Device request, the
data is correctly received.
This bit is ignored if the size of EndpointO is 8 bytes.

DFLT

This bit indicates the default status (DFLT bit = 1).

1: Enables response.

0: Disables response (always no response) (default value).
This bit is automatically set to 1 by Bus Reset. The transaction for all the endpoints is
not responded to until this bit is set to 1.

CONF

This bit indicates whether the SET_CONFIGURATION request has been completed.
1: SET_CONFIGURATION request has been completed.
0: SET_CONFIGURATION request has not been completed (default value).
This bit is set to 1 when Configuration value = 1 is received by the
SET_CONFIGURATION request.
Unless this bit is set to 1, access to an endpoint other than Endpoint0 is ignored.
This bit is cleared to 0 when Configuration value = 0 is received by the

SET_CONFIGURATION request. It is also cleared to 0 when Bus Reset is detected.
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(32) UFO active interface number register (UFOAIFN)
This register sets the valid Interface number that correctly responds to the GET/SET_INTERFACE request.

Because Interface 0 is always valid, Interfaces 1 to 4 can be selected.
This register can be read or written in 8-bit units.

7 6 5 4 3 2 1 0 Address After reset
UFOAIFN | ADDIF ‘ 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ IFNO1 ‘ IFNOO | FF70H 00H
Bit position Bit name Function
7 ADDIF This bit allows use of Interfaces numbered other than 0.
1: Support up to the Interface number specified by the IFNO1 and IFNOO bits.
0: Support only Interface 0 (default value).
Setting bits 1 and 0 of this register is invalid when this bit is not set to 1.
1,0 IFNO1, These bits specify the range of Interface numbers to be supported.
IFNGO IFNO1 IFNOO Valid Interface No.
1 1 0,1,2,3,4
1 0 0,1,2,3
0 1 0,1,2
0 0 0,1

RO1UHO308EJ0300 Rev.3.00

Sep 22, 2011

RENESAS

318



pPD78F0730

CHAPTER 12 USB FUNCTION CONTROLLER USBF

(33) UFO active alternative setting register (UFOAAS)
This register specifies a link between the Interface number and Alternative Setting.
This register can be read or written in 8-bit units.
USBF of the #PD78F0730 can set a five-series Alternative Setting (Alternate Setting 0, 1, 2, 3, and 4 can be
defined) and a two-series Alternative Setting (Alternative Setting 0 and 1 can be defined) for one Interface.

7

6

5 4 3 2 1 0 Address After reset

UFOAAS | ALT2 | IFAL21 | IFAL20 | ALT2EN | ALT5 | IFAL51 | IFAL5O | ALTSEN [ FF71H OO0H

Bit position

Bit name

Function

7,3

ALTn

These bits specify whether an n-series Alternative Setting is linked with Interface 0.
When these bits are set to 1, the setting of the IFALn1 and IFALNO bits is invalid.

1: Link n-series Alternative Setting with Interface 0.

0: Do not link n-series Alternative Setting with Interface 0 (default value).

6, 5,
2,1

IFALN1,
IFALNO

These bits specify the Interface number to be linked with the n-series Alternative Setting.
If the linked Interface number is outside the range specified by the UFOAIFN register, the
n-series Alternative Setting is invalid (ALTnEN bit = 0).

IFALN1 IFALNO Interface number to be linked

1 1 Links Interface 4.

1 0 Links Interface 3.

0 1 Links Interface 2.

0 0 Links Interface 1.

Do not link a five-series Alternative Setting and a two-series Alternative Setting with the
same Interface number.

4,0

ALTnEN

These bits validate the n-series Alternative Setting. Unless these bits are set to 1, the
setting of the ALTn, IFALn1, and IFALNO bits is invalid.

1: Validate the n-series Alternative Setting.

0: Do not validate the n-series Alternative Setting (default value).

Remark n=2,5

For example, when the UFOAIFN register is set to 82H and the UFOAAS register is set to 15H, Interfaces 0, 1, 2,
and 3 are valid. Interfaces 0 and 2 support only Alternative Setting 0. Interface 1 supports Alternative Setting 0
and 1, and Interface 3 supports Alternative Setting 0, 1, 2, 3, and 4. With this setting, requests GET_INTERFACE
windex = 0/1/2/3, SET_INTERFACE wValue = 0 & windex = 0/2, SET_INTERFACE wValue = 0/1 & windex = 1,
and SET_INTERFACE wValue = 0/1/2/3/4 & windex = 3 are automatically responded to, and a STALL response is
made to the other GET/SET_INTERFACE requests.
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(34) UFO alternative setting status register (UFOASS)
This register indicates the current status of the Alternative Setting.

This register is read-only, in 8-bit units.

Check this register when the SET_INT interrupt request has been issued.

SET_INTERFACE request is reflected on the UFOIFn register (n = 0 to 4) as well as on this register.

6 5 4 3 2 1 0 Address After reset
UFOASS | ‘ 0 0 ‘ 0 ‘ AL5ST3 ‘ AL5ST2 ‘ AL5ST1 ‘ AL2ST | FF72H 00H
Bit position Bit name Function
3to1 AL5ST3 to These bits indicate the current status of the five-series Alternative Setting.
ALSSTH AL5ST3 AL5ST2 AL5ST1 Selected Alternative Setting number
1 0 0 Alternative Setting 4
0 1 1 Alternative Setting 3
0 1 0 Alternative Setting 2
0 0 1 Alternative Setting 1
0 0 0 Alternative Setting 0
0 AL2ST This bit indicates the current status of the two-series Alternative Setting (selected
Alternative Setting number).
1: Alternative Setting 1
0: Alternative Setting 0

The value received by the
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(35) UFO0 endpoint 1 interface mapping register (UFOE1IM)
This register specifies for which Interface and Alternative Setting Endpoint1 is valid.
This register can be read or written in 8-bit units.
The setting of this register and the Alternative Setting selected by the SET_INTERFACE request indicate whether
Endpoint1 is currently valid, and the hardware determines how the
GET_STATUS/CLEAR_FEATURE/SET_FEATURE Endpoint1 request and the IN transaction to Endpoint1 are
responded to, and whether the related bits are valid or invalid.

7 6 5 4 3 2 1 0 Address After reset
UFOE1IM | E1EN2 ‘ E1EN1 ‘ E1ENO ‘ E12AL1 ‘ E15AL4 ‘ E15AL3 ‘ E15AL2 ‘ E15ALA1 | FF73H 00H
Bit position Bit name Function
7t05 E1EN2 to These bits set a link between the Interface of Endpoint1 and the two-/five-series
E1ENO Alternative Setting. The endpoint is linked with Alternative Setting 0. The endpoint
linked with Alternative Setting 0 cannot be excluded from Alternative Setting 1 to 4.
E1EN2 E1EN1 E1ENO Link status
1 1 1 Not linked with Interface
1 1 0
1 0 1 Linked with Interface 4 and Alternative Setting 0
1 0 0 Linked with Interface 3 and Alternative Setting 0
0 1 1 Linked with Interface 2 and Alternative Setting 0
0 1 0 Linked with Interface 1 and Alternative Setting 0
0 0 1 Linked with Interface 0 and Alternative Setting 0
0 0 0 Not linked with Interface (default value)

When these bits are set to 110 or 111, they are invalid even if the E12AL1 bit is cleared
to 0.

If the endpoint is linked, setting of the CONF bit of the UFOMODS register to 1 indicates
that Endpoint1 is valid.

4 E12AL1 This bit validates Endpoint1 when the two-series Alternative Setting and the Alternative
Setting of the linked Interface are set to 1.
1: Validate the endpoint when Alternative Setting 1 is set with CONF bit = 1.
0: Do not validate the endpoint even when Alternative Setting 1 is set with CONF bit =
1 (default value).
This bit is valid when the E15AL4 to E15AL1 bits are 0000.

3to0 E15ALn These bits validate Endpoint1 when the five-series Alternative Setting and the
Alternative Setting of the linked Interface are set to n.
1: Validate the endpoint when Alternative Setting n is set with CONF bit = 1.
0: Do not validate the endpoint even when Alternative Setting n is set with CONF bit =
1 (default value).

Remark n=1to4
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(36) UFO0 endpoint 2 interface mapping register (UFOE2IM)
This register specifies for which Interface and Alternative Setting Endpoint2 is valid.
This register can be read or written in 8-bit units.
The setting of this register and the Alternative Setting selected by the SET_INTERFACE request indicate whether
Endpoint2 is currently valid, and the hardware determines how the
GET_STATUS/CLEAR_FEATURE/SET_FEATURE Endpoint2 request and the OUT transaction to Endpoint2 are
responded to, and whether the related bits are valid or invalid.

7 6 5 4 3 2 1 0 Address After reset
UFOE2IM | E2EN2 ‘ E2EN1 ‘ E2ENO ‘ E22AL1 ‘ E25AL4 ‘ E25AL3 ‘ E25AL2 ‘ E25AL1 | FF74H 00H
Bit position Bit name Function
7t05 E2EN2 to These bits set a link between the Interface of Endpoint2 and the two-/five-series
E2ENO Alternative Setting. The endpoint is linked with Alternative Setting 0. The endpoint
linked with Alternative Setting 0 cannot be excluded from Alternative Setting 1 to 4.
E2EN2 E2EN1 E2ENO Link status
1 1 1 Not linked with Interface
1 1 0
1 0 1 Linked with Interface 4 and Alternative Setting 0
1 0 0 Linked with Interface 3 and Alternative Setting 0
0 1 1 Linked with Interface 2 and Alternative Setting 0
0 1 0 Linked with Interface 1 and Alternative Setting 0
0 0 1 Linked with Interface 0 and Alternative Setting 0
0 0 0 Not linked with Interface (default value)

When these bits are set to 110 or 111, they are invalid even if the E22AL1 bit is cleared
to 0.

If the endpoint is linked, setting of the CONF bit of the UFOMODS register to 1 indicates
that Endpoint2 is valid.

4 E22AL1 This bit validates Endpoint2 when the two-series Alternative Setting and the Alternative
Setting of the linked Interface are set to 1.
1: Validate the endpoint when Alternative Setting 1 is set with CONF bit = 1.
0: Do not validate the endpoint even when Alternative Setting 1 is set with CONF bit =
1 (default value).
This bit is valid when the E25AL4 to E25AL1 bits are 0000.

3to0 E25ALn These bits validate Endpoint2 when the five-series Alternative Setting and the
Alternative Setting of the linked Interface are set to n.
1: Validate the endpoint when Alternative Setting n is set with CONF bit = 1.
0: Do not validate the endpoint even when Alternative Setting n is set with CONF bit =
1 (default value).

Remark n=1to4
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12.4.2 Data hold registers

(1) UFO EPO read register (UFOEOR)

The UFOEOR register is a 64-byte FIFO that stores the OUT data sent from the host in the data stage of control
transfer to/from EndpointO.

This register is read-only, in 8-bit units. A write access to this register is ignored.

The hardware automatically transfers data to the UFOEOR register when it has received the data from the host.
When the data has been correctly received, the EOODT bit of the UF0IST register is set to 1. The UFOEOL register
holds the quantity of the received data, and an interrupt request (INTUSBOB) is issued. The UFOEOL register
always updates the length of the received data while it is receiving data. If the final transfer is correct reception, the
interrupt request is generated. If the reception is abnormal, the UFOEOL register is cleared to 0 and the interrupt
request is not generated.

The data held by the UFOEOR register must be read by FW up to the value of the amount of data read by the
UFOEOL register. Check that all data has been read by using the EPOR bit of the UFOEPSO register (EPOR = 0
when all data has been read). If the value of the UFOEOQL register is 0, the EPONKR bit of the UFOEON register is
cleared to 0, and the UFOEOR register is ready for reception. The UFOEOR register is cleared when the next
SETUP token has been received.

Caution Read all the data stored. Clear the FIFO to discard some data.

7 6 5 4 3 2 1 0 Address After reset
UFOEOR | EOR7 ‘ EOR6 ‘ EOR5 ‘ EOR4 ‘ EOR3 ‘ EOR2 ‘ EOR1 ‘ EORO | FFO2H Undefined
Bit position Bit name Function
7t00 EOR7 to These bits store the OUT data sent from the host in the data stage of control transfer
EORO to/from Endpoint0.

The operation of the UFOEOR register is illustrated below.
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Figure 12-2. Operation of UFOEOR Register

Status of UFOEOR
register

FIFO

Normal hard-
completion Abnormal ware
of reception reception clear

1 v
d U0

Normal
completion
of reception

i

EPONKR bit of / \~— Hardware clear /
UFOEON register —/, \ /
EPOR b_it of / \<—Hardware clear {
UFOEPSO register —/ \ /
EOODT bit of / \(——HaMWamcbar /
UFOIS1 register —/
Reading Reading
FIFO FIFO
starts completed

(2) UFO EPO length register (UFOEOL)

The UFOEOL register stores the data length held by the UFOEOR register.

This register is read-only, in 8-bit units. A write access to this register is ignored.
The UFOEOL register always updates the length of the received data while it is receiving data. If the final transfer is
abnormal reception, the UFOEOL register is cleared to 0 and the interrupt request is not generated. The interrupt
request is generated only when the reception is normal, and the FW can read as many data from the UFOEOR
register as the value read from the UFOEOL register. The value of the UFOEOL register is decremented each time
the UFOEOR register has been read.

7 6 5 4 3 2 1 0 Address After reset
UFoEOL | EoL7 | Eoe | Eols | Eo4 | Eos | Eo2 | EoL1 | EOLO | FF76H 0OH
Bit position Bit name Function
7t00 EOL7 to EOLO | These bits store the data length held by the UFOEOR register.
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(3) UFO0 EPO setup register (UFOEOST)
The UFOEOST register holds the SETUP data sent from the host.
This register is read-only, in 8-bit units. A write access to this register is ignored.
The UFOEOST register always writes data when a SETUP transaction has been received. The hardware sets the
PROT bit of the UF0IS1 register when it has correctly received the SETUP transaction. It sets the CPUDEC bit of
the UFOIS1 register in the case of an FW-processed request. Then an interrupt request (INTUSBOB) is issued. In
the case of an FW-processed request, be sure to read the request in 8-byte units. If it is not read in 8-byte units,
the subsequent requests cannot be correctly decoded. The read counter of the UFOEQOST register is not cleared
even when Bus Reset is received. Always read this counter in 8-byte units regardless of whether Bus Reset is
received or not.
Because the UFOEOST register always enables writing, the hardware overwrites data to this register even if a
SETUP transaction is received while the data of the register is being read. Even if the SETUP transaction cannot
be correctly received, the CPUDEC interrupt request and Protect interrupt request are not generated, but the
previous data is discarded. If a SETUP token of less than 8 bytes is received, however, the received SETUP token
is discarded, and the previously received SETUP data is retained. If the SETUP token is received more than once
when control transfer is executed once, be sure to check the PROT bit of the UF0IS1 register under the conditions
below. If PROT bit = 1, read the UFOEOST register again because the SETUP transaction has been received more
than once.

<1> If a request is decoded by FW and the UFOEOR register is read or the UFOEOW register is written
<2> When preparing for a STALL response for the request to which the decode result does not correspond

Caution Be sure to read all the stored data. The UFOEOST register is always updated by the request in the
SETUP transaction.

7 6 5 4 3 2 1 0 Address After reset
UFoE0ST | E0s7 | Eose | Eoss | Eoss | Eoss | Eos2 | Eost | Eoso | FFisH 00H
Bit position Bit name Function
7t00 EO0S7 to EOSO | These bits hold the SETUP data sent from the host.

The operation of the UFOEOST register is illustrated below.
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Figure 12-3. Operation of UFOEOST Register
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(4) UFO0 EPO write register (UFOEOW)

The UFOEOW register is a 64-byte FIFO that stores the IN data (passes it to SIE) sent to the host in the data stage
to Endpoint0.

This register is write-only, in 8-bit units. When this register is read, O0H is read.

The hardware transmits data to the USB bus in synchronization with an IN token only when the EPONKW bit of the
UFOEON register is set to 1 (when NAK is not transmitted). When data is transmitted and when the host correctly
receives the data, the EPONKW bit of the UFOEON register is automatically cleared to 0 by hardware. A short
packet is transmitted when data is written to the UFOEOW register and the EODED bit of the UFODEND register is
set to 1 (EPOW bit of the UFOEPSO register = 1 (data exists)). A Null packet is transmitted when the UFOEOW
register is cleared and the EODED bit of the UFODEND register is set to 1 (EPOW bit of the UFOEPSO register = 1
(data exists)).

The UFOEOW register is cleared to 0 when the next SETUP token is received while transmission has not been
completed yet. If the stage of control transfer (read) changes to the status stage while ACK has not been correctly
received in the data stage, the UFOEOW register is automatically cleared to 0. At the same time, it is also cleared to
0 if the EPONKW bit of the UFOEON register is 1.

If the UFOEQOW register is read while no data is in it, 00H is read.

7 6 5 4 3 2 1 0 Address After reset
UFOEOW | EOW7 ‘ EOW6 ‘ EOWS5 ‘ EOW4 ‘ EOW3 ‘ EOW2 ‘ EOW1 ‘ EOWO | FF19H Undefined
Bit position Bit name Function
7t00 EOW?7 to These bits store the IN data sent to the host in the data stage to Endpoint0.
EOWO

The operation of the UFOEOW register is illustrated below.
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Figure 12-4. Operation of UFOEOW Register
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(5) UFO bulk out 1 register (UFOBO1)

The UFOBOT1 register is a 64-byte x 2 FIFO that stores data for Endpoint2. This register consists of two banks of
64-byte FIFOs each of which performs a toggle operation and repeatedly connects the buses on the SIE and CPU
sides. The toggle operation takes place when data is in the FIFO on the SIE side and when no data is in the FIFO
on the CPU side (counter value = 0).

This register is read-only, in 8-bit units. A write access to this register is ignored.

When the hardware receives data for Endpoint2 from the host, it automatically transfers the data to the UFOBO1
register. When the register correctly receives the data, a FIFO toggle operation occurs. As a result, the BKO1DT
bit of the UF0IS3 register is set to 1, the quantity of the received data is held by the UFOBO1L register, and an
interrupt request is issued to the CPU.

Read the data held by the UFOBO1 register by FW, up to the value of the amount of data read by the UFOBO1L
register. When the correct received data is held by the FIFO connected to the SIE side and the value of the
UFOBO1L register reaches 0, the toggle operation of the FIFO occurs, and the BKO1NK bit of the UFOEN register
is automatically cleared to 0. If data greater than the value of the UFOBO1L register is read and if the FIFO toggle
condition is satisfied, the toggle operation of the FIFO occurs. As a result, the next packet may be read by mistake.
Note that, if the toggle condition is not satisfied, the first data is repeatedly read.

If overrun data is received while data is held by the FIFO connected to the CPU side, Endpoint2 stalls, and the
FIFO on the CPU side is cleared.

When the UFOBO1 register is read while no data is in it, an undefined value is read.

Caution Be sure to read all the data stored in this register.

7 6 5 4 3 2 1 0 Address After reset
UFoBO1 | BKO17 | BKO16 | BKO15 | BKO14 | BKO13 | BKO12 | BKOT1 | BKO10 |  FFODH  Undefined
Bit position Bit name Function
7t00 BKO17 to These bits store data for Endpoint2.
BKO10

The operation of the UFOBO1 register is illustrated below.
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Figure 12-5. Operation of UFOBO1 Register (1/2)
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Figure 12-5. Operation of UFOBO1 Register (2/2)
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(6) UFO bulk out 1 length register (UFOBO1L)

The UFOBOI1L register stores the length of the data held by the UFOBO1 register.
This register is read-only, in 8-bit units. A write access to this register is ignored.

The UFOBO1L register always updates the received data length while it is receiving data. If the final transfer is
abnormal reception, the UFOBO1L register is cleared to 00H, and an interrupt request is not generated. Only if the
reception is normal, the interrupt request is generated, and FW can read as much data from the UFOBO1 register
as the value read from the UFOBO1L register. The value of the UFOBO1L register is decremented each time the
UFOBO1 register has been read.

6

5 4 3 2 1 0 Address

UFOBOTL | BKO1L7 | BKO1L6 | BKO1L5 | BKO1L4 | BKO1L3 | BKO1L2 | BKO1L1 | BKO1LO | FF77H

After reset

00H

Bit position Bit name Function
7t00 BKO1L7 to These bits store the length of the data held by the UFOBO1 register.
BKO1LO
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(7) UFO bulk in 1 register (UFOBI1)

The UFOBI1 register is a 64-byte x 2 FIFO that stores data for Endpoint1. This register consists of two banks of 64-
byte FIFOs each of which performs a toggle operation and repeatedly connects the buses on the SIE and CPU
sides. The toggle operation takes place when no data is in the FIFO on the SIE side (counter value = 0) and when
the FIFO on the CPU side is correctly written (FIFO full or BKI1DED bit = 1).

This register is write-only, in 8-bit units. When this register is read, O0H is read.

The hardware transmits data to the USB bus in synchronization with the IN token for Endpoint1 only when the
BKITNK bit of the UFOEN register is set to 1 (when NAK is not transmitted). The address at which data is to be
written or read is managed by the hardware. Therefore, FW can transmit data to the host only by writing the data to
the UFOBI1 register sequentially. A short packet is transmitted when data is written to the UFOBI1 register and the
BKI1DED bit of the UFODEND register is set to 1 (BKIN1 bit of UFOEPSO register = 1 (data exists)). A Null packet
is transmitted when the UFOBI1 register is cleared and the BKI1DED bit of the UFODEND register is set to 1
(BKIN1 bit of the UFOEPSO register = 1 (data exists)). When the register correctly transmits the data, a FIFO toggle
operation occurs. As a result, the BKI1DT bit of the UF0IS2 register is set to 1, and an interrupt request is issued to
the CPU.

7 6 5 4 3 2 1 0 Address After reset
UFoBIT | BKI17 | BKI16 | BKI15 | BKI14 | BKI13 | BKIM2 | BKIM1 | BKIMO | FFOEH  Undefined
Bit position Bit name Function
7t00 BKI17 to These bits store data for Endpoint1.
BKI10

The operation of the UFOBI1 register is illustrated below.
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igure 12-6. Operation o egister
Figure 12-6. Operation of UFOBI1 Register (1/3
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Figure 12-6. Operation of UFOBI1 Register (2/3)
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Figure 12-6. Operation of UFOBI1 Register (3/3)

(c) Operation example 3
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12.4.3 Request data registers

(1) UFO device status register L (UFODSTL)
This register stores the value that is to be returned in response to the GET_STATUS Device request.

This register can be read or written in 8-bit units.

The hardware automatically transmits the contents of this register to the host when it has received the

GET_STATUS Device request.

Caution

To rewrite this register, set the EPONKA bit to 1 before reading the register contents, and rewrite

the register contents after confirming that the bit has been set, in order to prevent conflict

between a read access and a write access.

7 6 5 4 3 2 1 0 Address After reset
UFoDSTL| 0 0 0 0 0 0 | AMwk | sFPw |  FFoaH 00H
Bit position Bit name Function
1 RMWK This bit specifies whether the remote wakeup function of the device is used.
1: Enabled
0: Disabled
If the device supports a remote wakeup function, this bit is set to 1 by hardware when
the SET_FEATURE Device request has been received, and is cleared to 0 by hardware
when the CLEAR_FEATURE Device request has been received. If the device does not
support a remote wakeup function, make sure that the SET_FEATURE Device request is
not issued from the host.
0 SFPW This bit indicates whether the device is self-powered or bus-powered.
1: Self-powered
0: Bus-powered
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(2) UFO EPO status register L (UFOEOSL)

This register stores the value that is to be returned in response to the GET_STATUS Endpoint0 request.

This register can be read or written in 8-bit units. Note, however, that data can be written to this register only when
the EPONKA bit is set to 1.

If an error occurs in USBF, the EOHALT bit is set to 1 by FW. A write access to this register is ignored while a USB-
side access to Endpoint0 is being received.

When the EOHALT bit is set to 1 by FW, it is not reflected until the next SETUP token is received if the control
transfer immediately before is for the SET_FEATURE Endpoint0, CLEAR_FEATURE Endpoint0, GET_STATUS
Endpoint0 request, or an FW-processed request.

The hardware automatically transmits the contents of this register to the host when it has received the
GET_STATUS Endpoint0 request. If EndpointO has stalled, the UFOEOW and UFOEOR registers are cleared, and
the EPONKW and EPONKR bits of the UFOEON register are cleared to 0.

Caution To rewrite this register, set the EPONKA bit to 1 before reading the register contents, and rewrite
the register contents after confirming that the bit has been set, in order to prevent conflict
between a read access and a write access.

7 6 5 4 3 2 1 0 Address After reset
UFOEOSL | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ EOHALT | FFOCH 00H
Bit position Bit name Function
0 EOHALT This bit indicates the status of Endpoint0.
1: Stalled
0: Not stalled
This bit is set to 1 by hardware when the SET_FEATURE Endpoint0 request has been
received, and cleared to 0 by hardware when the CLEAR_FEATURE EndpointO request
has been received. DATA PID is initialized to DATAO.
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(3) UFO EP1 status register L (UFOE1SL)

This register stores the value that is to be returned in response to the GET_STATUS Endpoint1 request.

This register can be read or written in 8-bit units. Note, however, that data can be written to this register only when
the EPONKA bit is set to 1.

If an error occurs in Endpoint1, the E1HALT bit is set to 1. A write access to this register is ignored while a USB-
side access to Endpoint1 is being received.

The hardware automatically transmits the contents of this register to the host when it has received the
GET_STATUS Endpoint1 request. If Endpoint1 has stalled, the UFOBI1 register is cleared and the BKITNK bit is
cleared to 0.

Because writing this register is always masked when transfer to Endpoint1, rather than control transfer, is executed,
be sure to check this register to see if data has been correctly written to it.

Caution To rewrite this register, set the EPONKA bit to 1 before reading the register contents, and rewrite
the register contents after confirming that the bit has been set, in order to prevent conflict
between a read access and a write access.

7 6 5 4 3 2 1 0 Address After reset
uroetst| o | o | o | o | o | o | o |emar| FreoH 00H
Bit position Bit name Function
0 E1HALT This bit indicates the status of Endpoint1.
1: Stalled
0: Not stalled

This bit is set to 1 by hardware when the SET_FEATURE Endpoint1 request has been
received. It is cleared to 0 by hardware when the CLEAR_FEATURE Endpoint1 request,
SET_CONFIGURATION request, or the SET_INTERFACE request for the Interface to
which Endpoint1 is linked has correctly been received. DATA PID is initialized to DATAO.
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(4) UFO EP2 status register L (UFOE2SL)

This register stores the value that is to be returned in response to the GET_STATUS Endpoint2 request.

This register can be read or written in 8-bit units. Note, however, that data can be written to this register only when
the EPONKA bit is set to 1.

If an error occurs in Endpoint2, the E2HALT bit is set to 1. A write access to this register is ignored while a USB-
side access to Endpoint2 is being received.

The hardware automatically transmits the contents of this register to the host when it has received the
GET_STATUS Endpoint2 request. If Endpoint2 has stalled, the UFOBO1 register is cleared and the BKO1NK bit is
cleared to 0.

Because writing this register is always masked when transfer to Endpoint2, rather than control transfer, is executed,
be sure to check this register to see if data has been correctly written to it.

Caution To rewrite this register, set the EPONKA bit to 1 before reading the register contents, and rewrite
the register contents after confirming that the bit has been set, in order to prevent conflict
between a read access and a write access.

7 6 5 4 3 2 1 0 Address After reset
uroezsL| o | o | o | o | o | o | o [Emar| Freen 00H
Bit position Bit name Function
0 E2HALT This bit indicates the status of Endpoint2.
1: Stalled
0: Not stalled

This bit is set to 1 by hardware when the SET_FEATURE Endpoint2 request has been
received. It is cleared to 0 by hardware when the CLEAR_FEATURE Endpoint2 request,
SET_CONFIGURATION request, or the SET_INTERFACE request for the Interface to
which Endpoint2 is linked has correctly been received. DATA PID is initialized to DATAO.
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(5) UFO address register (UFOADRS)
This register stores the device address.
This register is read-only, in 8-bit units.
The device address sent by the SET_ADDRESS request is analyzed and the resultant value is automatically
written to this register. If the SET_ADDRESS request is processed by FW, the value of this register is reflected as
the device address when the SUCCESS signal is received in the status stage.

Caution Do not perform write access to this register. Operation is not guaranteed if this register is

written.
7 6 5 4 3 2 1 0 Address After reset
UFOADRS | 0 | ADRS6 | ADRS5 | ADRS4 | ADRS3 | ADRS2 | ADRS1 | ADRSO | FF9oH 00H
Bit position Bit name Function
6to0 ADRSEG6 to These bits hold the device address of SIE.
ADRSO
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(6) UFO configuration register (UFOCNF)
This register stores the value that is to be returned in response to the GET_CONFIGURATION request.
This register is read-only, in 8-bit units.
When the SET_CONFIGURATION request is received, its wValue is automatically written to this register.
When a change of the value of this register from 00H to other than O0H is detected, the CONF bits of UFOMODS
register are set to 1. If the SET_CONFIGURATION request is processed by FW, the status of this register is
immediately reflected on the UFOMODS register as soon as data has been written to this register (CONF bits = 1
before completion of the status stage).

Caution Do not perform write access to this register. Operation is not guaranteed if this register is

written.
7 6 5 4 3 2 1 0 Address After reset
urocNF| o | o | o | o | o | o |conFi|conro| FFotH 00H
Bit position Bit name Function
1,0 CONF1, These bits hold the data to be returned in response to the GET_CONFIGURATION
CONFO0 request.
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(7) UFO interface 0 register (UFOIFO0)

This register stores the value that is to be returned in response to the GET_INTERFACE windex = 0 request.
This register is read-only, in 8-bit units.

When the SET_INTERFACE request is received, its wValue is automatically written to this register.
If the SET_INTERFACE request is processed by FW, windex and wValue are decoded, and the setting of endpoint

is automatically changed. At this time, the status bit of the target endpoint and DPID are automatically cleared to 0,
depending on the setting. The FIFO is not cleared automatically.

Caution Do not perform write access to this register. Operation is not guaranteed if this register is

written.
7 6 5 4 3 2 1 0 Address After reset
UFOIFO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ IFO2 ‘ IFO1 ‘ IFOO | FF92H 00H
Bit position Bit name Function
2t00 IFO2 to IFOO These bits hold the data to be returned in response to GET_INTERFACE windex = 0
request.
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(8) UFO interface 1 to 4 registers (UFOIF1 to UFO0IF4)
These registers store the value that is to be returned in response to the GET_INTERFACE windex = n request (n =
1to4).
These registers are read-only, in 8-bit units.
When the SET_INTERFACE request is received, its wValue is automatically written to these registers.
These registers are invalidated according to the setting of the UFOAIFN and UFOAAS registers.
If the SET_INTERFACE request is processed by FW, windex and wValue are decoded, and the setting of endpoint
is automatically changed. At this time, the status bit of the target endpoint and DPID are automatically cleared to O,
depending on the setting. The FIFO is not cleared automatically.

Caution Do not perform write access to this register. Operation is not guaranteed if this register is

written.

7 6 5 4 3 2 1 0 Address After reset
wroFi | o | o | o | o | o | w2 | wF11 | 0 | FrosH 00H
vroF2| o | o | o | o | o [ w2 | w21 | IF20 | FFo4H OOH
uroFs| o | o | o | o | o [ s | a1 | IFs0 | FFosH 00H
uroF4a| o | o | o | o | o | wFa2 | wFa1 | IFa0 | FFoeH 00H

Bit position Bit name Function
2t00 IFn2 to IFN0 These bits hold the data to be returned in response to GET_INTERFACE windex = n
request.
Remark n=1to4
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(9) UFO descriptor length register (UFODSCL)

This register stores the length of the value that is to be returned in response to the GET_DESCRIPTOR
Configuration request. The value of this register is the number of bytes of all the descriptors set by the UFOCIEn
register minus 1 (n = 0 to 255). The total descriptor length that is to be returned in response to the
GET_DESCRIPTOR Configuration request is determined according to the value of this register.

This register can be read or written in 8-bit units. However, data can be written to this register only when the
EPONKA bit is set to 1.

Processing of wLength is automatically controlled. If this register is set to 00H, it means that the descriptor to be
returned is 1 byte long. If the register is set to FFH, a descriptor length of 256 bytes is returned. When a
descriptor exceeding 256 bytes in length is used, set the CDCGDST bit of the UFOMODC register to 1 and
process the GET_DESCRIPTOR request by FW (at this time, the CDCGD bit of the UFOMODS register is also set
to 1).

Caution To rewrite this register, set the EPONKA bit to 1 before reading the register contents, and rewrite
the register contents after confirming that the bit has been set, in order to prevent conflict
between a read access and a write access.

Sep 22, 2011

7 6 5 4 3 2 1 0 Address After reset
UFODSCL | DPL7 ‘ DPL6 ‘ DPL5 ‘ DPL4 ‘ DPL3 ‘ DPL2 ‘ DPL1 ‘ DPLO | FF78H 00H
Bit position Bit name Function
7t00 DPL7 to These bits set the value of the number of bytes of all the descriptors to be returned in
DPLO response to the GET_DESCRIPTOR Configuration request minus 1.
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(10) UFO device descriptor registers 0 to 17 (UFODDO to UFODD17)
These registers store the value to be returned in response to the GET_DESCRIPTOR Device request.

These registers can be read or written in 8-bit units. However, data can be written to these registers only when the

EPONKA bit is set to 1.

Cautions 1.

To rewrite these registers, set the EPONKA bit to 1 before reading the register contents, and

rewrite the register contents after confirming that the bit has been set, in order to prevent
conflict between a read access and a write access.

2. Use the value defined by USB Specification Ver. 2.0 and the latest Class Specification as the
set value.
7 6 5 4 2 1 0 Address After reset
UFODDn See Table 12-5. Undefined
(n=0to 17)
Table 12-5. Mapping and Data of UF0 Device Descriptor Registers
Symbol Address Field Name Contents
UFODDO FOD1H bLength Size of this descriptor
UFODD1 FOD2H bDescriptorType Device descriptor type
UFODD2 FOD3H bcdUSB Value below decimal point of Rev. number of USB specification
UFODD3 FOD4H Value above decimal point of Rev. number of USB specification
UFODD4 FOD5H bDeviceClass Class code
UFODD5 FOD6H bDeviceSubClass Subclass code
UFODD6 FOD7H bDeviceProtocol Protocol code
UFODD7 FOD8H bMaxPacketSize0 Maximum packet size of Endpoint0
UFODD8 FOD9H idVendor Lower value of vendor ID
UFODD9 FODAH Higher value of vendor ID
UFODD10 FODBH idProduct Lower value of product ID
UFODD11 FODCH Higher value of product ID
UFODD12 FODDH bcdDevice Lower value of device release number
UFODD13 FODEH Higher value of device release number
UFODD14 FODFH iManufacturer Index of string descriptor describing manufacturer
UFODD15 FOEOH iProduct Index of string descriptor describing product
UFODD16 FOE1H ISerialNumber Index of string descriptor describing device serial number
UFODD17 FOE2H BNumConfigurations Number of settable configurations

RO1UHO308EJ0300 Rev.3.00

Sep 22, 2011

RENESAS

346



pPD78F0730

CHAPTER 12 USB FUNCTION CONTROLLER USBF

(11) UFO configuration/interface/endpoint descriptor registers 0 to 255 (UFOCIEO to UFOCIE255)

These registers store the value to be returned in response to the GET_DESCRIPTOR Configuration request.

These registers can be read or written in 8-bit units. However, data can be written to these registers only when the
EPONKA bit is set to 1.
Descriptor information of up to 256 bytes can be stored in these registers. Store each descriptor in the order of

Configuration, Interface, and Endpoint (see Table 12-6). If there are two or more Interfaces, repeatedly store the

data following the Interface descriptor.

Table 12-6. Mapping of UFOCIEn Register

Address Descriptor Stored
FOE3H Configuration descriptor (9 bytes)
FOECH Interface descriptor (9 bytes)

FOF5H Endpoint1 descriptor (7 bytes)
FOFCH Endpoint2 descriptor (7 bytes)
FAO3H

FAxxH Interface descriptor (9 bytes)
FAxxH + 9 Endpoint1 descriptor (7 bytes)
FAXxxH + 16 Endpoint2 descriptor (7 bytes)
FAxxH + 23

The range of the valid data that can be set to these registers varies according to the setting of the UFODSCL
register. In addition to the descriptors listed in Table 12-7, descriptors peculiar to classes and vendors can also be

stored.

If all the values are fixed, they can be stored in ROM.

Cautions 1. To rewrite these registers, set the EPONKA bit to 1 before reading the register contents, and
rewrite the register contents after confirming that the bit has been set, in order to prevent
conflict between a read access and a write access.

2. Use the value defined by USB Specification Ver. 2.0 and the latest Class Specification as the
set value.
7 6 5 4 3 2 1 Address After reset
FOE3H to '
UFOCIEn FAE2H Undefined
(n =0 to 255)
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Table 12-7. Data of UFOCIEn Register

(a) Configuration descriptor (9 bytes)

Offset Field Name Contents
0 bLength Size of this descriptor
1 bDescriptorType Descriptor type
2 wTotalLength Lower value of the total number of bytes of Configuration, all Interface, and
all Endpoint descriptors
3 Higher value of the total number of bytes of Configuration, all Interface, and
all Endpoint descriptors
4 bNuminterface Number of Interfaces
5 bConfigurationValue | Value to select this Configuration
6 iConfiguration Index of string descriptor describing this Configuration
7 bmAttributes Features of this Configuration (self-powered, without remote wakeup)
8 MaxPower Maximum power consumption of this Configuration (unit: mA) "
Note This value is expressed in 2mA units. (example: 50 = 100 mA)
(b) Interface descriptor (9 bytes)
Offset Field Name Contents
0 bLength Size of this descriptor
1 bDescriptorType Descriptor type
2 binterfaceNumber Value of this Interface
3 bAlternateSetting Value to select alternative setting of Interface
4 bNumEndpoints Number of usable Endpoints
5 binterfaceClass Class code
6 binterfaceSubClass Subclass code
7 binterfaceProtocol Protocol code
8 Interface Index of string descriptor describing this Interface
(c¢) Endpoint descriptor (7 bytes)
Offset Field Name Contents
0 bLength Size of this descriptor
1 bDescriptorType Descriptor type
2 bEndpointAddress Address/transfer direction of this Endpoint
3 bmAttributes Transfer type
4 wMaxPaketSize Lower value of maximum number of transfer data
5 Higher value of maximum number of transfer data
6 binterval Transfer interval
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12.4.4 Peripheral control register

(1) USB function 0 buffer control register (UFOBC)
This register performs enable control and floating control on the input buffer of the USB function.
This register can be read or written in 8-bit units.

7 6 5 4 3 2 1 0 Address After reset
urBc| o | o | o | o | o | o |usren|usFior| FreeH 00H
Bit position Bit name Function
1 UBFIEN This bit controls use of the USB buffer.

1: Buffer valid
0: Buffer invalid

Caution Clear this bit to 0 when the USB is not used. If this bit is setto 1, a
current of 3 mA (TYP.) constantly flows, regardless of whether the USB is
used or not.

0 UBFIOR This bit controls use of floating measures of the USB buffer.

1: Disables floating measures

0: Enables floating measures
This bit prevents erroneous recognition of Bus Reset, Suspend, and Resume due to an
undefined value when a cable is not connected (when data input is floated). When this
bit is set to 1, control the processing for floating by the VBUS signal (which recognizes
cable connection).
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The following flowcharts illustrate the program execution when the host is disconnected and then reconnected, and the
program execution when power is supplied.

Figure 12-7. Flowchart of Program When Host Is Disconnected and Then Reconnected

( START )

Checks status of pin
interrupt detecting host
connection status

Host disconnected?

Masks INTUSBNnB and

INTRSUM interrupts

Disables USE bus, enables
measures against floating

Checks status of pin
interrupt detecting host
connection status

Host connected?

Unmasks USB-related
interrupts and
discards interrupts

Initialization processing
of register area

Automatic device setup
by Plug&Play

( END )

Remark n=0to2
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Figure 12-8. Flowchart of Program When Power Is Supplied
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Remark n=0to2
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12.5 STALL Handshake or No Handshake

Errors of USBF are defined to be handled as follows.

Transfer Type Transaction Target Error Type Function Processing
Packet Response
Control transfer/ IN/OUT/SETUP | Token Endpoint not supported | No response None
bulk transfer Endpoint transfer No response None
direction mismatch
CRC error No response None
Bit stuffing error No response None
OUT/SETUP Data Timeout No response None
PID check error No response None
Unsupported PID No response None
(other than Data PID)
CRC error No response Discard received data
Bit stuffing error No response Discard received data
ouT Data Data PID mismatch ACK Discard received data
Control transfer SETUP Data Overrun No response Discard received data
(SETUP stage)
Control transfer ouT Data Overrun No response™™’ Set SNDSTL bit of
(data stage) UFOSDS register to 1 and
discard received data
Control transfer ouT Data Overrun ACK or Set SNDSTL bit of
(status stage) no response™*? UFOSDS register to 1 and
discard received data
Bulk transfer ouT Data Overrun No response"*’ Set EnHALT bit of
UFOENSL register (n =0 to
2)to 1
Control transfer/ IN Handshake | PID check error - Hold transferred data and
bulk transfer re-transfer data"™**
Unsupported PID - Hold transferred data and
(other than ACK PID) re-transfer data"*®
Timeout - Hold transferred data and
re-transfer data""*®

Notes 1.

A STALL response is made to re-transfer by the host.

2. An ACK response is made if the transfer data is of less than MaxPacketSize and the data received in the
status stage is discarded.
UFOSDS register is set to 1, and the received data is discarded.

3. If an OUT transaction indicating a change from the data stage to the status stage is received during control

If MaxPacketSize is exceeded, no response is made, the SNDSTL bit of the

transfer, an error is not handled and it is assumed that reception has been correctly completed.

Cautions 1. It is judged by the Alternative Setting number currently set whether the target endpoint is valid or
invalid.
2. For the response to the request included in control transfer to/from Endpoint0, see 12.3 Requests.
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12.6 Register Values in Specific Status

Table 12-8. Register Values in Specific Status (1/2)

Register Name After CPU Reset (ﬁ) After Bus Reset
UFOEON register O00H Value is held.
UFOEONA register 00H Value is held.
UFOEN register 00H Value is held.
UFOENM register 00H Value is held.
UFOSDS register 00H Value is held.
UFOCLR register 00H Value is held.
UFOSET register 00H Value is held.
UFOEPSO register 00H Value is held.
UFOEPSH register 00H Value is held.
UFOEPS2 register O00H Value is held.
UFO0ISO register 00H Value is held.
UFO0IS1 register O00H Value is held.
UFO0IS2 register O00H Value is held.
UFO0IS3 register O0H Value is held.
UFO0IS4 register 00H Value is held.
UFOIMO register 00H Value is held.
UFOIM1 register 00H Value is held.
UFOIM2 register 00H Value is held.
UFOIMS3 register 00H Value is held.
UFOIM4 register 00H Value is held.
UFOICO register FFH Value is held.
UFOIC1 register FFH Value is held.
UFO0IC2 register FFH Value is held.
UFOICS register FFH Value is held.
UFO0ICA4 register FFH Value is held.
UFOFICO register 00H Value is held.
UFOFIC1 register 00H Value is held.
UFODEND register 00H Value is held.
UFOGPR register 00H Value is held.
UFOMODOC register 00H Value is held.
UFOMODS register O00H Bit 2 (CONF): Cleared (0),

Other bits: Value is held.
UFOAIFN register 00H Value is held.
UFOAAS register 00H Value is held.
UFOASS register O0H 00H
UFOE1IM register 00H Value is held.
UFOE2IM register O00H Value is held.
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Table 12-8. Register Values in Specific Status (2/2)

Register Name

After CPU Reset (RESET)

After Bus Reset

UFOEOR register Undefined""’ Value is held.
UFOEOL register 00H Value is held.
UFOEOST register 00H O00H
UFOEQOW register Undefined""’ Value is held.
UFOBO1 register Undefined""’ Value is held.
UFOBO1L register 00H Value is held.
UFOBI1 register Undefined""’ Value is held.
UFODSTL register 00H 00H
UFOEOSL register O0H O00H
UFOE1SL register O00H 00H
UFOE2SL register O00H 00H
UFOADRS register 00H 00H
UFOCNF register 00H O00H

UFOIFO register 00H 00H

UFOIF1 register O00H 00H

UFOIF2 register 00H 00H

UFOIF3 register O00H 00H

UFOIF4 register O00H 00H
UFODSCL register 00H Value is held.
UFODDn register (n =0to 17) Note 2 Note 2
UFOCIEN register (n = 0 to 255) | Note 2 Note 2

Notes 1.

This register can be cleared to 0 by the RESET signal because its write pointer, counter, and read pointer

are cleared to 0 when the RESET signal becomes active, in the same manner as clearing by the UFOFICn

register, as the register is controlled by FIFO.

This register cannot be cleared to 0. Because data can be written to it by FW, however, any value can be
written to the register (before doing so, however, be sure to set the EPONKA bit of the UFOEONA register to

1).
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12.7 FW Processing
The following FW processing is performed.

e Setting processing on device side for the SET_CONFIGURATION, SET_INTERFACE, SET_FEATURE, and
CLEAR_FEATURE requests during enumeration processing

e Analysis and processing of XXXXStandard, XXXXClass, and XXXXVendor requests not subject to automatic
processing

¢ Reading data following bulk-transferred OUT token from receive buffer

Writing data to be returned in response to bulk-transferred IN token

The following table lists the requests supported by FW.
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Table 12-9. FW-Supported Standard Requests

Request

Reception
Side

Processing/
Frequency

Explanation

CLEAR_FEATURE

Interface

Automatic
STALL response

It is considered that this request does not come to Interface
because there is no function selector value, though it is reserved
for bmRequestType.

When this request is received, the hardware makes an automatic
STALL response.

SET_FEATURE

Interface

Automatic
STALL response

It is considered that this request does not come to Interface
because there is no function selector value, though it is reserved
for bmRequestType.

When this request is received, the hardware makes an automatic
STALL response.

GET_DESCRIPTOR

String

FW

Returns the string descriptor.

When this request is received by the SETUP token, the hardware
generates the CPUDEC interrupt request for FW. FW decodes
the contents of the request from the CPUDEC interrupt request,
and writes the data to be returned to the host, to the UFOEOW
register.

SET_DESCRIPTOR

Device

FW

Rewrites the device descriptor.

When this request is received by the SETUP token, the hardware
generates the CPUDEC interrupt request for FW. FW decodes
the contents of the request from the CPUDEC interrupt request,
and the writes the data for the next control transfer (OUT) to the
UFODDn register (n =0 to 17).

SET_DESCRIPTOR

Configuration

FW

Rewrites the configuration descriptor.

When this request is received by the SETUP token, the hardware
generates the CPUDEC interrupt request for FW. FW decodes
the contents of the request from the CPUDEC interrupt request,
and the writes the data for the next control transfer (OUT) to the
UFOCIERN register (n = 0 to 255).

SET_DESCRIPTOR

String

FW

Rewrites the string descriptor.

When this request is received by the SETUP token, the hardware
generates the CPUDEC interrupt request for FW. FW decodes
the contents of the request from the CPUDEC interrupt request,
and loads the data for the next control transfer (OUT).

Other

NA

FW

When this request is received by the SETUP token, the hardware
generates the CPUDEC interrupt request for FW. FW decodes
the contents of the request from the CPUDEC interrupt request,
and performs the necessary processing.
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12.7.1 Initialization processing
Initialization processing is executed in the following two ways.

e Initialization of request data register
¢ Setting of interrupt

When the request data register is initialized, data for the GET_XXXX request to which a value is to be automatically
returned is written and an endpoint is allocated to an interface. In the interrupt settings, the interrupt sources that do not
have to be checked can be masked by using the UFOIMn register (n = 0 to 4).

The following flowcharts illustrate the above processing.

Figure 12-9. Initializing Request Data Register

( START )

UFOEONA register = 01H

EPONKA = 1?
(UFOEONA)

Initialization of request

data register : See Figure 12-10 Initialization of Request Data Register.

UFOMODC register = If the total number of bytes of the UFOCIEnN register exceeds 256,
40H or 00H set the UFOMODC register to 40H. No data has to be written to
the UFOCIEN register.

Setting of interface

and endpoint : See Figure 12-11 Setting of Interface and Endpoint.

UFOEONA register = 00H Cancels NAK response to Endpoint0.

( END )

Remark n=0to255
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Figure 12-10. Initialization of Request Data Register Area

The value of 0XH depends on the power supply method.

UFODSTL register = 0XH e SFPW = 1: Self-powered

e SFPW = 0: Bus-powered

UFOENSL register = 00H

n=0to 2. Setting is unnecessary if the target
endpoint is not used.

Setting of UFODSCL register| Input the total number of bytes of the UFOCIEa register.

Inputting UFODDm register

If the total number of bytes of the UFOCIEa register exceeds 256,

Inputting UFOCIEa register | set the UFOMODC register to 40H. No data has to be written to

Remark m=0to 17
a=0to 255

the UFOCIEa register.

Figure 12-11. Setting of Interface and Endpoint

Setting of UFOAIFN register

Setting of UFOAAS register

Setting of UFOENIM register

Remark n=1,2

ADDIF, IFNO1, IFNOO = 000: Interface number 0 is valid.

ADDIF, IFNO1, IFNOO = 100: Interface numbers 0 and 1 are valid.
ADDIF, IFNO1, IFNOO = 101: Interface numbers 0 to 2 are valid.
ADDIF, IFNO1, IFNOO = 110: Interface numbers 0 to 3 are valid.
ADDIF, IFNO1, IFNOO = 111: Interface numbers 0 to 4 are valid.

Set Interface number(s) and a link with the 5- or 2-series Alternative
Setting.

Set a link between the target Interface of endpoint n and Alternative Setting.

Set O0H if the target endpoint is not used.
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Figure 12-12. Setting of Interrupt

( START )

Setting of UFOIMn register

|
( END )

Remark n=0to4
m=0wheren=0, 1

Mask the interrupt source to avoid issuance of an unnecessary
interrupt request (INTUSBmB).

m=1wheren=2,3
m=2wheren=4
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12.7.2 Interrupt servicing
The following flowchart illustrates how an interrupt is serviced.

Figure 12-13. Interrupt Servicing

C START )

*

INTUSBaB active (@a=0to2)

INTUSB2B = 0? Masking ID bit

No
INTUSBOB = 0?

(m=2,3)
Reading UFO0IS4 register Reading UFO0ISn register Reading UFOISm register
SETINTC of UF0IC4 Target bit of UFOICn Target bit of UFOICm
register =0 register = 0 register = 0

Servicing interrupt

C END )

Remark «: Processing by hardware

The following bits of the UFOISn register are automatically cleared by hardware when a given condition is satisfied (n =
1to0 3).

e EOINDT, EOODT, SUCES, STG, and CPUDEC bits of UF0IS1 register
e BKI1DT bit of UF0IS2 register
e BKO1FL and BKO1DT bits of UFO0IS3 register

Because clearing an interrupt source by the UFO0ICn register is given a lower priority than setting an interrupt source by
hardware, the interrupt source may not be cleared depending on the timing (n = 0 to 4).
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12.7.3 USB main processing
USB main processing involves processing USB transactions. The types of transactions to be processed are as follows.

o Fully automatically processed request for control transfer

¢ Automatically processed requests for control transfer

(SET_CONFIGURATION, SET_INTERFACE, SET_FEATURE, CLEAR_FEATURE)
o CPUDEC request for control transfer
¢ Processing for bulk transfer (IN)

e Processing for bulk transfer (OUT)

Processing for endpoint n involves writing or reading for data transfer.

M

2

Fully automatically processed request for control transfer
Because the fully automatically processed request for control transfer is executed by hardware, it cannot be
referenced by FW. Therefore, FW does not have to perform any special processing for this request.

Automatically processed requests for control transfer

(SET_CONFIGURATION, SET_INTERFACE, SET_FEATURE, CLEAR_FEATURE)

Processing to write a register for automatically processed requests for control transfer, such as
SET_CONFIGURATION, SET_INTERFACE, SET_FEATURE, and CLEAR_FEATURE requests, is automatically
executed by hardware, but an interrupt request is issued for recognition on the device side. This processing may be
ignored if there is no special processing to be executed.

The flowcharts are shown below.
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Figure 12-14. Automatically Processed Requests for Control Transfer

( START )

*

Receiving SETUP token

\ S

Decoding request

CLEAR_FEATURE?

SET_FEATURE?

SET_CONFIGURATION?

Other

automatically processed
request?

Automatic processing

| *

CLEAR_FEATURE
processing

‘ : See Figure 12-15 CLEAR_FEATURE Processing.

| *

SET_FEATURE
processing

‘ : See Figure 12-16 SET_FEATURE Processing.

Yes

| 4

SET_CONFIGURATION
processing

‘ : See Figure 12-17 SET_CONFIGURATION Processing.

| 4

SET_INTERFACE
processing

‘ : See Figure 12-18 SET_INTERFACE Processing.

CPUDEC processing

*

INTUSBOB/INTUSB2B
active

Reading UFO0IS4 register

SETINT = 1?2
(UFO0IS4)

(n=0,1)

Reading UFO0ISn register

CLRRQ =1? Yes

(UF0ISO)

Illegal processing

No

FW processing for
SET_INTERFACE

SETINTC =0
(UF0IC4)

END

Remark «: Processing by hardware

SETRQ =17
(UFOISO)

llegal processing

Reading UFOSET register

FW processing for
each request

Reading UFOCLR register

FW processing for
each request
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Figure 12-15. CLEAR_FEATURE Processing

Remarks 1.

. 4
UFOCLR register = 0XH
*
CLRRQ =1
(UFO0IS0)
| *
Clearing UFODSTL register
4
Clearing UFOENSL register
| S
HALTn =0
(UFOEPS2)

n=0to2

2. ¢:Processing by hardware

Set the corresponding bit for the value of 0XH.
The EPHALT bit of the UFO0ISO register is cleared to 0
only when all Halt Features are cleared.
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Figure 12-16. SET_FEATURE Processing

*
Set the corresponding bit for the value of OXH.
UFOSET register = 0XH The EPHALT bit of the UF0ISO register is not
set to 1 by setting the UFODSTL register.
*
SETRQ =1
(UF0ISO)
| .
Setting UFODSTL register
4
Setting UFOENSL register
| IS
HALTn =1
(UFOEPS2)
*
EPHALT =1
(UF0ISO)
Remarks 1. n=0to2
2. ¢:Processing by hardware
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Figure 12-17. SET_CONFIGURATION Processing

. 4
SETCON = 1
(UFOSET)
4
SETRQ =1
(UFO0IS0)
| .
CONF =1
(UFOMODS)
. 4
Setting UFOCNF register

Remark «: Processing by hardware

Figure 12-18. SET_INTERFACE Processing

*

SETINT =1
(UF0IS4)

*

Setting UFOASS register

| .

Setting UFOIFn register

Remarks 1. n=0to4
2. ¢:Processing by hardware
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(3) CPUDEC request for control transfer
The CPUDEC request can be classified into three types of processing: control transfer (write), control transfer
(read), and control transfer (without data). Control transfer (write) indicates a request that uses the OUT
transaction in the data stage (e.g., SET_DESCRIPTOR), and control transfer (read) indicates a request that uses
the IN transaction in the data stage (e.g., GET_DESCRIPTOR). Control transfer (without data) indicates a request
that has no data stage (e.g., SET_CONFIGURATION).
The flowcharts are shown below.

Figure 12-19. CPUDEC Request for Control Transfer (1/12)

(a) Token phase (1/2)

C START )

*

INTUSBOB active

Reading UFO0ISn register

CPUDEC = 1?
(UFOIST)

Appropriate interrupt servicing

PROTC =0
(UFOIC1)

STGM = 0 (UFOIM1)
CPUDECM = 1 (UF0IM1)

Reading UFOEOST
register x 8 times

| .
CPUDEC =0
(UF0IS1)
Decoding FW request
Remarks 1. n=0, 1
2. ¢:Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (2/12)

It is judged whether the
request decoded by the
device is supported.

Request that uses control
transfer (IN), such as
GET_DESCRIPTOR String

Request that uses control
transfer (OUT), such as
SET_DESCRIPTOR String

Remarks 1. n=0, 1

2. ¢:Processing by hardware

(a) Token phase (2/2)

No

Supported request?

Reading UFO0ISn register

PROT =1?

(UF0IST1)
SNDSTL =1
(UFOSDS)
‘ In the case of an unsupported request
EPORC = 1 for control transfer (write), clear the FIFO
(UFOFICO) because data may be written to the FIFO

as a result of OUT transfer before the
‘ STALL response is made.

STGM = 1 (UFOIM1)
CPUDECM = 0 (UFOIM1)

*

STALL handshake response

SNDSTL=0

(UFOSDS)
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Figure 12-19. CPUDEC Request for Control Transfer (3/12)

(b) Control transfer (read) (1/4)

IN token received?

Transmitting NAK

| *
EOIN =1
(UFOIST)
| IS
INTUSBOB active

Reading UFO0ISn register

Yes lllegal processing

EOINM =1
(UFOIM1)

O,
If return data greater than the FIFO size exists,

Writing UFOEOW register it is divided into FIFO size units and sequentially
written, starting from the lowest data byte.

Remarks 1. n=0, 1
2. ¢:Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (4/12)

(b) Control transfer (read) (2/4)

® No
FIFO full?
Yes EODED =1
(UFODEND)
.4
EPONKW =1
(UFOEON)

PROT = 1?
(UF0IS1)

No EPOWC = 1
(UFOFICO)

©

IN token received?

Transmitting data of
UFOEQW register

Remark «: Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (5/12)

(b) Control transfer (read) (3/4)

.4
EOINDT = 1 (UFO0IS1)
EPONKW = 0 (UFOEON)

. 4

INTUSBOB active

Reading UFO0ISn register

No

lllegal processing

EOINDT = 1?
(UFOIST)

No transmit data?

EOINDTC = 0
(UFOICT1)

No

Data of Null packet received?

STG =1
(UF0IST)

®

Remarks 1. n=0, 1
2. ¢:Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (6/12)

(b) Control transfer (read) (4/4)

*

INTUSBOB active

Reading UFO0ISn register

Yes lllegal processing
STGM =1
(UFO0IM1)
| .
Transmitting ACK
| *
SUCES =1
(UFOIST)
| .
INTUSBOB active
Reading UFOISn register

Yes lllegal processing

SUCESC = 0 (UF0IC1)
EOINC = 0 (UF0ICT)

CPUDECM = 0 (UFOIM1)
EOINM = 0 (UFOIM1)

( END )

Remarks 1. n=0, 1
2. ¢:Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (7/12)

?

(c) Control transfer (write) (1/4)

Yes

OUT token received?

*

No

*

Writing UFOEOR register

Normal reception?

No

E0OODT = 1 (UF0IS1)
EPOR = 1 (UFOEPS0)
EPONKR = 1 (UFOEON)

S Clearing UFOEOR register

*

INTUSBOB active

Reading UF0ISn register

PROT = 1?
(UFOIST)

Remarks 1. n=0, 1
2. ¢:Processing by hardware

Yes

L

(UFO

EPORC =1

FICO)

©
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Figure 12-19. CPUDEC Request for Control Transfer (8/12)

(c) Control transfer (write) (2/4)

No

lllegal processing

EOODT = 1?2
(UF0IS1)

Updating data length
of UFOEOL register

Reading UFOEOR register

UFOEOL register data is
read up to the value read
by the UFOEOR register.

Data length other than 0?

¢ Data length = Data length — 1
EOODT = 0 (UFO0IS1)
EPOR = 0 (UFOEPS0)

EPONKR = 0 (UFOEON)

Updating data length
of UFOEOL register

Yes
OUT token received?

IN token received?

Remark «: Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (9/12)

(c) Control transfer (write) (3/4)

4

STG = 1 (UFO0IST)
EOIN = 1 (UFOIS1)

*

INTUSBOB active

Reading UFO0ISn register

Yes

PROT = 1?2
(UFOIST)

Clearing read data

No @

lllegal processing

Request processing

EPOWC = 1
(UFOFICO)

EODED = 1
(UFODEND)

Remarks 1. n=0,1
2. «:Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (10/12)

(c) Control transfer (write) (4/4)

STGM = 1 (UFOIM1)
EOINM = 1 (UFOIM1)

IN token received?

Transmitting data
of Null packet

ACK received?

SUCES = 1 (UF0IS1)
EOINDT = 1 (UFOIS1)

| .

INTUSBOB active

Reading UF0ISn register

No

Yes lllegal processing

SUCESC = 0 (UF0IC1)
EOINDTC = 0 (UF0IC1)
EOINC = 0 (UF0IC1)

CPUDECM = 0 (UFOIM1)
EOINM = 0 (UFOIM1)

|
( END )

Remarks 1. n=0, 1
2. ¢:Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (11/12)

(d) Control transfer (without data stage) (1/2)

IN token of status phase IN token received?

EOIN = 1 (UFOIS1)
STG = 1 (UF0IS1)

INTUSBOB active

Reading UF0ISn register

Yes

Request processing aborted

PROT = 1?
(UFOIST)

©®
No

lllegal processing

EPOWC = 1
(UFOFICO)

EODED = 1
(UFODEND)

Remarks 1. n=0, 1
2. ¢:Processing by hardware
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Figure 12-19. CPUDEC Request for Control Transfer (12/12)

(d) Control transfer (without data stage) (2/2)

EOINM = 1 (UFOIM1)
STGM = 1 (UFOIM1)

No
IN token received?

Transmitting data of Null packet

No
ACK received?

*

SUCES = 1 (UF0IS1)
EOINDT = 1 (UF0IS1)

*

INTUSBOB active

Reading UFO0ISn register

No

Yes lllegal processing

SUCESC = 0 (UF0IC1)
EOINC = 0 (UF0IC1)
EOINDTC = 0 (UF0IC1)

Request processing

EOINM = 0 (UFOIM1)
CPUDECM = 0 (UFOIM1)

( END )

Remarks 1. n=0, 1
2. ¢:Processing by hardware
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(4) Processing for bulk transfer (IN)
Bulk transfer (IN) is allocated to Endpoint1. The flowchart is shown below.
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Figure 12-20. Processing for Bulk Transfer (IN)

BKI1IN =1

(UF0IS2)

Returning NAK

*

INTUSB1B active

Reading UF0IS2 register

BKIIN =1?
(UF0IS2)

lllegal processing

BKIINM = 1
(UFOIM2)

Writing UFOBI register

Data error?

BKI1CC =1

If return data greater than the FIFO size exists,
it is divided into FIFO size units and sequentially
written, starting from the lowest data byte.

(UFOFICO)

BKI1DED =1
(UFODEND)
*
BKI1NK = 1 (UFOEN) The timing of the bit value varies
BKI1DT = 1 (UF0IS2) depending on the situation on the SIE side.
*

Parallel processing
by hardware

: See Figure 12-21 Parallel Processing
by Hardware.

Remark «: Processing by hardware

*

INTUSB1B active

Reading UF0IS2 register

BKIDT =17
(UF0IS2)

lllegal processing

BKI1INC = 0 (UF0IC2)
BKI1DTC = 0 (UF0IC2)
BKI1INM = 0 (UF0IM2)
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Figure 12-21. Parallel Processing by Hardware

T

*
No
IN token received?
Yes TS
Transmitting data of
UFOBI1 register
’ No
ACK received?
Yes 'S
BKITNK =0
(UFOEN)
’ No
No transmit data? —
Yes

Remark «: Processing by hardware
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(5) Processing for bulk transfer (OUT)
Bulk transfer (OUT) is allocated to Endpoint2. The flowchart is shown below.
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Figure 12-22. Normal Processing for Bulk Transfer (OUT)

‘ START ’

OUT token received?

Writing UFOBO1 register

Normal reception?

Clearing UFOBO1 register

BKO1DT = 1 (UF0IS3)

BKOUT1 = 1 (UFOEPS0)
| S

INTUSB1B active

Reading UFO0IS3 register

BKO1DT =1?
(UF0IS3)

3 lllegal processing

Updating data length
of UFOBO1L register

Reading UFOBO1 register

UFOBOT1 register data is read
up to the value read by the

Data length other than 0?
UFOBO1L register.

Data length = Data length — 1

BKO1DT = 0 (UFO0IS3)

BKOUT1 = 0 (UFOEPS0)

Updating data length
of UFOBO1L register

Data length = 0?

lllegal processing

OUT token received?

Remark «: Processing by hardware
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During bulk transfer (OUT), more data may be transmitted from the host than expected by the system. Endpoint2
for bulk transfer (OUT) of the uPD78F0730 consist of two 64-byte buffers so that NAK responses are suppressed
as much as possible and data can be read from the CPU side even while the bus side is being accessed as the
transfer rate of the USB bus increases. Consequently, if the host sends more data than expected by the system, up
to 128 bytes of extra data may be automatically received in the worst case. In this case, change the control flow
from that of the normal processing of Endpoint2 to the flow illustrated below when the quantity of data expected by
the system has decreased to two packets.
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Figure 12-23. Processing If More Data Than Expected by System Is Transmitted (1/2)

( START )

Clearing UFOBO1 register

BKO1DT = 1 (UF0IS3)

BKOUT1 =1 (UFOEPS0)
| *

INTUSB1B active

. No
OUT token received? ——————

Yes * Clearing UFOBO1 register

BKO1FL = 1 (UF0IS3)

BKO1NK = 1 (UFOEN)

Reading UFO0ISn register

BKO1FL = 17
(UFOIS3)

lllegal processing

BKO1NKM = 1 (UFOENM)

BKO1TNK = 1 (UFOEN)

Updating data length
of UFOBO1L register

Remark «: Processing by hardware
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Figure 12-23. Processing If More Data Than Expected by System Is Transmitted (2/2)

0

Reading UFOBO1 register

UFOBOT1 register data is read
up to the value read by the
UFOBO1L register.

Yes
Data length other than 0?

Data length = Data length — 1

BKO1FL = 0 (UF0IS3) \—

Updating data length
of UFOBO1L register

Reading UFOBO1 register

UFOBO1 register data is read
up to the value read by the
UFOBO1L register.

Yes
Data length other than 0?

Data length = Data length — 1

BKO1DT= 0 (UF0IS3)

BKOUT1 =0 (UFOEPSO0)

\

No

OUT token received?

Next system sequence?

BKO1NAK =1
(UF0IS3)
| .
BKO1NKM =0
NAK response (UFOENM)
| . |
BKO1NK =0
INTUSB1B active (UFOEN)

Expected system
seguence processing

BKOTNAK = 1?2
(UF0IS3)

lllegal processing

Expected processing
such as Endpoint STALL

BKO1NKM = 0
(UFOENM)

BKOTNK =0
(UFOEN)

BKO1NAKC =0
(UFO0IC3)

END

Remark «:Processing by hardware
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12.7.4 Suspend/Resume processing

How Suspend/Resume processing is performed differs depending on the configuration of the system. One example is

given below.

Figure 12-24. Example of Suspend/Resume Processing (1/3)

(a) Example of Suspend processing

C START )

Suspend detected?

RSUSPD = 1 (UF0IS0)
RSUM = 1 (UFOEPS1)

| *

INTUSBOB active

Reading UFO0ISn register

No

RSUSPD = 1?
(UF0IS0)

lllegal processing

Reading UFOEPS1 register

No

RSUM = 1?
(UFOEPS1)

lllegal processing

FW Suspend processing

RSUSPDC =0
(UF0ICO)

|
( END )

Remarks 1. n=0,1
2. «:Processing by hardware
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Figure 12-24. Example of Suspend/Resume Processing (2/3)

(b) Example of Resume processing

( START )

Resume detected?

RSUSPD = 1 (UF0ISO0)
RSUM = 0 (UFOEPS1)

| *

INTUSBOB active

Reading UFO0ISn register

RSUSPD = 1?
(UF0IS0)

lllegal processing

Reading UFOEPS1 register

RSUM = 0?
(UFOEPS1)

lllegal processing

FW Resume processing

RSUSPDC = 0
(UF0ICO)

|
( END )

Remarks 1. n=0,1
2. «:Processing by hardware
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Figure 12-24. Example of Suspend/Resume Processing (3/3)

(c) Example of Resume processing (when supply of USB clock to USBF is stopped)

( START )

No
Resume detected?

INTRSUM active

Executing interrupt servicing

Supplying USB clock

FW Resume processing

( END )

Remark «:Processing by hardware
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12.7.5 Processing after power application
The processing to be performed after power application differs depending on the configuration of the system. One

example is given below.

Figure 12-25. Example of Processing After Power Application/Power Failure (1/3)

(a) Processing after power application (1/2)

START START
¢

Pull-up processing of Initialization of request : See Figure 12-10 Initialization
D+ inactiveNete! data register of Request Data Register.
| . |
Initialization of request  [. see Figure 12-10 Initialization Controlling portee2
data register of Request Data Register.
| .

Controlling portNete2

*

Pull-up processing
of D+ activeNote!

*

Connection

Resume detected?

BUSRST = 1 (UF0IS0)
DFLT = 1 (UFOMODS)

Notes 1. Use one general-purpose port pin for the signal that controls switching of the pull-up resistor of the
USB bus.
2. The input mode or control mode of the general-purpose port pin allocated in Note 1 may be selected
as the default value. Note the active level of pull-up processing of D+ on power application.

Remark «:Processing by hardware
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Figure 12-25. Example of Processing After Power Application/Power Failure (2/3)

(a) Processing after power application (2/2)

¢
Receiving GET_DESCRIPTOR
Device request

| .
MPACK = 1
(UFOMODS)

| .

Receiving SET_ADDRESS

request

| *

Writing to UFOADRS register

| .

Receiving SET_CONFIGURATION 1
request

| .

SETCON = 1 (UFOSET)
SETRQ = 1 (UF0IS0)
CONF =1 (UFOMODS)

UFOCNF register = 01H

Valid endpoint = DATAO

| .

Receiving SET_INTERFACE
request

| .

SETINT =1 (UFO0IS4)
Setting of UFOASS register
Setting of UFOIFm register

Valid endpoint = DATAO

Processing continues

Remarks 1. m=0to 4
2. «:Processing by hardware
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Figure 12-25. Example of Processing After Power Application/Power Failure (3/3)

(b) Processing on power failure

( START )

| *

Power failure

INTPx activeNot ?

Interrupt servicing

Processing such as
clearing FIFO or
MRST = 1 (UFOGPR)

|
( END )

Note INTPx indicates interrupts by the external interrupt pins of the 4PD78F0730 (INTPO to INTP3), and also
indicates interrupts input by the external trigger pins (TI1000, TI010, TI50, T151) of the timer.
Allocate one of above external interrupt pin to the following applications.

* Detecting disconnection of the connector in the case of self-powered mode (SFPW bit of UFODSTL
register = 1). In this case, monitor the VDD line of the USB connector, and input the result to the
external interrupt pin at the edge. Note that the noise elimination time is necessary (the noise
elimination time is MIN. value of the “input high-level width, low-level width (tTiHo, tTiLo, tTiHs, tTiLs, tINTH,
tntl)” in - AC Characteristics (1) Basic operation of CHAPTER 22 ELECTRICAL
SPECIFICATIONS).

¢ Detecting turning off power from a HUB chip when the device is mounted on the same board as a
HUB.

Remark «: Processing by hardware
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12.8 External Circuit Configuration

12.8.1 Outline

In USB transmission, when communication is performed with the host controller and function controller facing each
other, pull-up/pull-down resistors must be connected to the USB signal (D+/D-) to identify the communication partner.
Moreover in the uPD78F0730, series resistors must also be connected.

Because the 4PD78F0730 does not include these pull-up/pull-down resistors and series resistors, be sure to connect

them externally.

The following shows the outline configuration of the USB transmission line. For details of the external configuration, see

the description provided in each section.

Figure 12-26. Outline Configuration of Pull-up, Pull-down, Series Resistors in USB Transmission Line

Host device

Connect series resistors
when using the #uPD78F0730

Function
device

15 kQ +5% E 15 kQ £5%

Host side

Vbbp
D+
O
C;
Low speg& )

RN P

4 EL’J” speed
(USB function controller in the
uPD78F0730 is fixed to full speed)

Mount either one in accordance with operation speed.

Function side
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<R>

12.8.2 USB connection example
Figure 12-27. USB Connection Example
4PD78F0730
USBREGC é‘\
USBPUC
(F
C
UFOGPR —_—
Connect a pull-up
IC1 | Schmitt buffer reS|stor+tooD+.
T '4{" recommended 1.5k £5%.
INTPn ©Q——¢ : _ﬁ- VBUS
USBP © D+
27 Q 5%
USBM@© L D-
27 Q 5% -
. USB connector
Insert a series resistor adjacent to - R2 o
the uPD78F0730. 9. .-~ 50 k(_z ormore
Make the length of the wiring between 777 (floating protection)
resistors and D+/D— of the USB connector . . - . )
the same. VBUS is resistance-divided at a ratio of R1:R2 and voltage is
generated according to IC1 input specifications.
Remark n=01to 3
(1) Series resistor connection to D+/D—

Connect series resistors of 27 Q +5% to the D+/D- pins (USBP, USBM) of the USB function controller in the
uPD78F0730. If they are not connected, the impedance rating cannot be satisfied and the output waveform may be
disturbed.

Allocate the series resistors adjacent to the 4PD78F0730, and make the length of the wiring between the series
resistors and the USB connectors the same, to make the impedance of D+ and D- equal (a differential with 90 Q
+5% is recommended).

(2) Pull-up control of D+

Because the USB function controller of the xPD78F0730 is fixed to full speed (FS), be sure to pull up the D+ pin
(USBP) by 1.5 kQ +5% to USBREGC. To prohibit connection notification (D+ pull-up) to the USB host/HUB (such
as while higher priority processing or initialization processing is under execution), the system must control pull-up
of D+ via the USBPUC pin.

For a circuit such as the one shown in Figure 12-27, control the pull-up control signal of the D+ pin and the VBUS
input signal by using the USBPUC pin and the USB cable VBUS (AND circuit).

In the circuit example in Figure 12-27, pulling up of D+ is prohibited because the USBPUC pin is set to output low
level by the initial value after reset.

To be D+ pull-up, be sure to set the CONNECT bit of the UFOGPR register to 1 after reset, and then output the high
level from the USBPUC pin.
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3)

@

Detection of USB cable connection/disconnection

The USB function controller (USBF) requires a VBUS input signal to recognize whether the USB cable is connected
or disconnected, because the state of the USBF is controlled by hardware. The voltage from the USB host or HUB
(5 V) is applied as the VBUS input signal when the USB cable VBUS is connected to the USB host or HUB while
the USBF power is off. Therefore, for IC1 in Figure 12-27, use an IC to which voltage can be applied when the
system power is off. When disconnecting the USB cable in the circuit in Figure 12-27, the input signal to INTPn
may be unstable while the VBUS voltage is dropping. It is therefore recommended to use a Schmitt buffer for IC1 in
Figure 12-27.

Floating protection during initialization or when USBF is unused
When the USB function controller is initialized or unused, to avoid a floating status, pull the D+/D- pins down using
a resistor of 50 kQ or higher.

12.9 Cautions for USB Function Controller USBF

O

Clock accuracy

To operate the USB function controller, the internal clock (16 MHz external clock / 4 x internal clock multiplied by 12
= 48 MHz internal clock or 12 MHz external clock / 2 x internal clock multiplied by 8 = 48 MHz internal clock) must
be used as the USB clock. When the USB clock is used, use a resonator with an accuracy of 16 MHz (or 12 MHz)
1500 ppm (max.). If the USB clock accuracy drops, the transmission data cannot satisfy the USB rating.
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CHAPTER 13 INTERRUPT FUNCTIONS

13.1 Interrupt Function Types

Q)

()

The following two types of interrupt functions are used.

Maskable interrupts
These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group and a
low interrupt priority group by setting the priority specification flag registers (PROL, PROH, PR1L, PR1H).
Multiple interrupt servicing can be applied to low-priority interrupts when high-priority interrupts are generated. If two
or more interrupt requests, each having the same priority, are simultaneously generated, then they are processed
according to the priority of vectored interrupt servicing. For the priority order, see Table 13-1.
A standby release signal is generated and STOP and HALT modes are released.
External interrupt requests and internal interrupt requests are provided as maskable interrupts.

External: 4, internal: 14

Software interrupt
This is a vectored interrupt generated by executing the BRK instruction. It is acknowledged even when interrupts are
disabled. The software interrupt does not undergo interrupt priority control.

13.2 Interrupt Sources and Configuration

The 4PD78F0730 has a total of 19 interrupt sources including maskable interrupts and software interrupts. In addition,

they also have up to four reset sources (see Table 13-1).
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Table 13-1. Interrupt Source List

Interrupt Default Interrupt Source Internal/ Vector Basic
Type Priority"™" Name Trigger External Table Configuration
Address Type"*?
Maskable 0 INTLVI Low-voltage detection™** Internal 0004H (A)
1 INTPO Pin input edge detection External 0006H (B)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTUSBO USB function status 0 Internal 000EH (A)
6 INTUSBH1 USB function status 1 0010H
7 INTSRE6 UART®6 reception error generation 0012H
8 INTSR6 End of UART6 reception 0014H
9 INTST6 End of UART®6 transmission 0016H
10 INTCSI10 End of CSI10 communication 0018H
11 INTTMH1 Match between TMH1 and CMPO1 001AH
(when compare register is specified)
12 INTUSB2 USB function status 2 001CH
13 INTTM50 Match between TM50 and CR50 001EH
(when compare register is specified)
14 INTTMO00 Match between TM0O and CR000 0020H
(when compare register is specified),
TI010 pin valid edge detection
(when capture register is specified)
15 INTTMO10 Match between TM0O and CR010 0022H
(when compare register is specified),
TIO0O0 pin valid edge detection
(when capture register is specified)
16 INTRSUM USB Resume signal detection 0024H
- - - - 0026H -
- - - - 0028H -
18 INTTM51 Match between TM51 and CR51 Internal 002AH (A)
(when compare register is specified)
- - - - 002CH to -
003CH
Software - BRK BRK instruction execution - 003EH ©)
Reset - RESET Reset input - 0000H -
POC Power-on clear
LVI Low-voltage detection™**
WDT WDT overflow
Notes 1. The default priority determines the sequence of processing vectored interrupts if two or more maskable
interrupts occur simultaneously. Zero indicates the highest priority and 17 indicates the lowest priority.
2. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 13-1.
3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is cleared to 0.
4. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 1.
RO1UH0308EJ0300 Rev.3.00 396
Sep 22, 2011

RENESAS



pPD78F0730 CHAPTER 13 INTERRUPT FUNCTIONS

Figure 13-1. Basic Configuration of Interrupt Function

(A) Internal maskable interrupt

S Internal bus S

MK IE PR ISP

Interrupt ;CD Priority controller Vector table
IF address generator

request

Standby release signal

(B) External maskable interrupt (INTPO to INTP3)

S Internal bus S
External interrupt edge
enable register MK IE PR ISP
(EGP, EGN)
. Vector table
Interrupt Edge IF Priority controller address generator
request detector

Standby release signal

(C) Software interrupt

S Internal bus S

Interrupt Priority controller Vector table
request address generator
IF: Interrupt request flag
IE: Interrupt enable flag

ISP:  In-service priority flag
MK:  Interrupt mask flag
PR:  Priority specification flag
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13.3 Registers Controlling Interrupt Functions

The following six types of registers are used to control the interrupt functions.

¢ Interrupt request flag register (IFOL, IFOH, IF1L, IF1H)

o Interrupt mask flag register (MKOL, MKOH, MK1L, MK1H)

* Priority specification flag register (PROL, PROH, PR1L, PR1H)
o External interrupt rising edge enable register (EGP)

o External interrupt falling edge enable register (EGN)

e Program status word (PSW)

Table 13-2 shows a list of interrupt request flags, interrupt mask flags, and priority specification flags corresponding to

interrupt request sources.

Table 13-2. Flags Corresponding to Interrupt Request Sources

Interrupt Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Source Register Register Register
INTLVI LVIIF IFOL LVIMK MKOL LVIPR PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTUSBO USBIFO USBMKO USBPRO
INTUSBH1 USBIF1 USBMK1 USBPRH1
INTSRE6 SREIF6 SREMK6 SREPR6
INTSR6 SRIF6 IFOH SRMK6 MKOH SRPR6 PROH
INTST6 STIF6 STMK6 STPR6
INTCSI10 CSIlIF10 CSIMK10 CSIPR10
INTTMH1 TMIFH1 TMMKH1 TMPRH1
INTTM50 TMIF50 TMMK50 TMPR50
INTTMO00 TMIF000 TMMKO000 TMPRO000
INTTMO10 TMIFO10 TMMKO10 TMPRO10
INTRSUM RSUMIF IF1L RSUMMK MK1L RSUMPR PR1L
INTTM51 TMIF51 TMMK51 TMPR51
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(1) Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H)
The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction is
executed. They are cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request or
upon reset signal generation.
When an interrupt is acknowledged, the interrupt request flag is automatically cleared and then the interrupt routine is
entered.
IFOL, IFOH, IF1L, and IF1H are set by a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH, and
IF1L and IF1H are combined to form 16-bit registers IFO and IF1, they are set by a 16-bit memory manipulation
instruction.
Reset signal generation sets these registers to 00H.

Figure 13-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L, IF1H)

Address: FFEOH After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

IFOL SREIF6 USBIF1 USBIF2 PIF3 PIF2 PIF1 PIFO LVIIF

Address: FFE1H  After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

IFOH TMIF010 TMIF000 TMIF50 USBIF2 TMIFH1 CSIIF10 STIF6 SRIF6

Address: FFE2H  After reset: 00H R/W

Symbol 7 6 5 4 <3> 2 1 <0>
IF1L 0 0 0 0 TMIF51 0 0 RSUMIF
Address: FFE3H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
IF1H 0 0 0 0 0 0 0 0
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Cautions 1. Be sure to clear bits 1, 2, 4 to 7 of IF1L and bits 0 to 7 of IF1H to 0.
2. When operating a timer or serial interface after standby release, operate it once after clearing the
interrupt request flag. An interrupt request flag may be set by noise.
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Cautions 3. Use the 1-bit memory manipulation instruction (CLR1) for manipulating the flag of the interrupt

request flag register. A 1-bit manipulation instruction such as “IFOL.0 = 0;” and “_asm(“clr1 IFOL,
0”);” should be used when describing in C language, because assembly instructions after
compilation must be 1-bit memory manipulation instructions (CLR1).

If an 8-bit memory manipulation instruction “IFOL & = Oxfe;” is described in C language, for
example, it is converted to the following three assembly instructions after compilation:

mov a, IFOL
and a, #OFEH
mov IFOL, a

In this case, at the timing between “mov a, IFOL” and “mov IFOL, a”, if the request flag of another
bit of the identical interrupt request flag register (IFOL) is set to 1, it is cleared to 0 by “mov IFOL,
a”. Therefore, care must be exercised when using an 8-bit memory manipulation instruction in C
language.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L, MK1H)

The interrupt mask flags are used to enable/disable the corresponding maskable interrupt servicing.
MKOL, MKOH, MK1L, and MK1H are set by a 1-bit or 8-bit memory manipulation instruction. When MKOL and MKOH,
and MK1L and MK1H are combined to form 16-bit registers MKO and MK1, they are set by a 16-bit memory

manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 13-3. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L, MK1H)

Address: FFE4H  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MKOL SREMK6 USBMK1 USBMKO PMK3 ‘ PMK2 ‘ PMK1 PMKO ‘ LVIMK |
Address: FFESH  Afterreset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MKOH TMMKO010 | TMMKO0OO | TMMK50 USBMK2 | TMMKH1 CSIMKO STMK6 SRMK6

Address: FFE6H  After reset: FFH R/W

Symbol 7 6 5 4 <3> 2 1 <0>
MK1L 1 1 1 1 TMMKS51 1 1 RSUMMK
Address: FFE7H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
MK1H 1 1 1 1 1 1 1 1
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Caution Be sure to set bits 1, 2, 4 to 7 of MK1L and bits 0 to 7 of MK1H to 1.
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(3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)

The priority specification flag registers are used to set the corresponding maskable interrupt priority order.
PROL, PROH, PR1L, and PR1H are set by a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH, and
PR1L and PR1H are combined to form 16-bit registers PRO and PR1, they are set by a 16-bit memory manipulation

instruction.
Reset signal generation sets these registers to FFH.

Figure 13-4. Format of Priority Specification Flag Registers (PROL, PROH, PR1L, PR1H)

Address: FFE8H  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PROL SREPR6 USBPR1 USBPRO PPR3 PPR2 ‘ PPR1 PPRO ‘ LVIPR |
Address: FFE9H  Afterreset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PROH TMPRO10 | TMPRO0OO | TMPR50 USBPR2 TMPRH1 CSIPR10 STPR6 SRPR6

Address: FFEAH  After reset: FFH R/W

Symbol 7 6 5 4 <3> 2 1 <0>
PR1L 1 1 1 1 TMPR51 1 1 RSUMPR
Address: FFEBH After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PR1H 1 1 1 1 1 1 1 1
XXPRX Priority level selection
0 High priority level
1 Low priority level

Caution Be sure to set bits 1, 2, 4 to 7 of PR1L and bits 0 to 7 of PR1H to 1.

RO1UHO308EJ0300 Rev.3.00

Sep 22, 2011
o RENESAS

402



pPD78F0730 CHAPTER 13 INTERRUPT FUNCTIONS

(4) External interrupt rising edge enable register (EGP), external interrupt falling edge enable register (EGN)
These registers specify the valid edge for INTPO to INTP3.
EGP and EGN are set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to 00H.

Figure 13-5. Format of External Interrupt Rising Edge Enable Register (EGP)
and External Interrupt Falling Edge Enable Register (EGN)

Address: FF48H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGP 0 0 0 0 EGP3 EGP2 EGP1 EGPO
Address: FF49H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGN 0 0 0 0 EGN3 EGN2 EGN1 EGNO
EGPn EGNn INTPn pin valid edge selection (n =0 to 3)

0 0 Edge detection disabled

0 1 Falling edge

1 0 Rising edge

Both rising and falling edges

Caution Be sure to clear bits 4 to 7 to 0.

Table 13-3 shows the ports corresponding to EGPn and EGNn.

Table 13-3. Ports Corresponding to EGPn and EGNn

Detection Enable Register Edge Detection Port Interrupt Request Signal
EGPO EGNO P120 INTPO
EGP1 EGN1 P30 INTP1
EGP2 EGN2 P31 INTP2
EGP3 EGN3 P32 INTP3

Caution Select the port mode by clearing EGPn and EGNn to 0 because an edge may be detected

when the external interrupt function is switched to the port function.

Remark n=0to3
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(5) Program status word (PSW)
The program status word is a register used to hold the instruction execution result and the current status for an
interrupt request. The IE flag that sets maskable interrupt enable/disable and the ISP flag that controls multiple

interrupt servicing are mapped to the PSW.

Besides 8-bit read/write, this register can carry out operations using bit manipulation instructions and dedicated
instructions (El and DI). When a vectored interrupt request is acknowledged, if the BRK instruction is executed, the
contents of the PSW are automatically saved into a stack and the IE flag is reset to 0. If a maskable interrupt request
is acknowledged, the contents of the priority specification flag of the acknowledged interrupt are transferred to the ISP
flag. The PSW contents are also saved into the stack with the PUSH PSW instruction. They are restored from the
stack with the RETI, RETB, and POP PSW instructions.

Reset signal generation sets PSW to 02H.

<7> <6> <5>

<4>

<3>

<1> 0

PSW| IE Z |RBS1

AC

RBSO

ISP | CY

Figure 13-6. Format of Program Status Word

After reset

02H

Used when normal instruction is executed

ISP

Priority of interrupt currently being serviced

High-priority interrupt servicing (low-priority
interrupt disabled)

Interrupt request not acknowledged, or low-
priority interrupt servicing (all maskable
interrupts enabled)

IE Interrupt request acknowledgment enable/disable
0 | Disabled
1 Enabled
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13.4 Interrupt Servicing Operations

13.4.1 Maskable interrupt acknowledgement

A maskable interrupt becomes acknowledgeable when the interrupt request flag is set to 1 and the mask (MK) flag
corresponding to that interrupt request is cleared to 0. A vectored interrupt request is acknowledged if interrupts are in the
interrupt enabled state (when the IE flag is set to 1). However, a low-priority interrupt request is not acknowledged during
servicing of a higher priority interrupt request (when the ISP flag is reset to 0).

The times from generation of a maskable interrupt request until vectored interrupt servicing is performed are listed in
Table 13-4 below.

For the interrupt request acknowledgement timing, see Figures 13-8 and 13-9.

Table 13-4. Time from Generation of Maskable Interrupt Until Servicing

Minimum Time Maximum Time"**®
When xxPR =0 7 clocks 32 clocks
When xxPR =1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time becomes longer.
Remark 1 clock: 1/fcpu (fcru: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request with a higher priority level
specified in the priority specification flag is acknowledged first. If two or more interrupts requests have the same priority
level, the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 13-7 shows the interrupt request acknowledgement algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then PC,
the |E flag is reset (0), and the contents of the priority specification flag corresponding to the acknowledged interrupt are
transferred to the ISP flag. The vector table data determined for each interrupt request is the loaded into the PC and
branched.

Restoring from an interrupt is possible by using the RETI instruction.
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Figure 13-7. Interrupt Request Acknowledgement Processing Algorithm

Yes (interrupt request generation)

No

(Interrupt request held pending)

Yes (High priority)

No (Low priority)

Any high-priority
/interrupt request among Yes
those simultaneously generated
with xxPR = 0?2

Any high-priority
interrupt request among those
simultaneously generated
with xxPR = 0?

Yes

(Interrupt request held pending)

No

Any high-priority
Interrupt request among Yes
hose simultaneously
generated?

No (Interrupt request held pending)

(Interrupt request held pending)

(Interrupt request held pending)

] - No
C Vectored interrupt servicing )

Y
es (Interrupt request held pending)

No

Y
s (Interrupt request held pending)

( Vectored interrupt servicing )

xxIF: Interrupt request flag

xxMK: Interrupt mask flag

xxPR: Priority specification flag

IE: Flag that controls acknowledgement of maskable interrupt request (1 = Enable, 0 = Disable)

ISP:  Flag that indicates the priority level of the interrupt currently being serviced (0 = high-priority interrupt servicing,
1 = No interrupt request acknowledged, or low-priority interrupt servicing)
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Figure 13-8. Interrupt Request Acknowledgement Timing (Minimum Time)

6 clocks

i PSW and PC saved, | |nterrupt servicin
CPU processing Instruction Instruction jump to interrupt p g

" [TTTTTTIIIT \,
| |
| 8 clocks \
(wprD [TIYITITITT
|
! 7 clocks !

Remark 1 clock: 1/fcpu (fcpu: CPU clock)

Figure 13-9. Interrupt Request Acknowledgement Timing (Maximum Time)

25 clocks 6 clocks
CPU processing Instruction Divide instruction Ejp:’/;\);%"é?mgﬁusﬁved‘ Lﬁféiﬁﬂ servicing
popr =) [TTTTTTITTT \,
} 33 clocks !
PR 2 0) EEN/INEEEEE L,
} 32 clocks !

Remark 1 clock: 1/fcpu (fcpu: CPU clock)

13.4.2 Software interrupt request acknowledgement

A software interrupt acknowledge is acknowledged by BRK instruction execution. Software interrupts cannot be
disabled.

If a software interrupt request is acknowledged, the contents are saved into the stacks in the order of the program
status word (PSW), then program counter (PC), the IE flag is reset (0), and the contents of the vector table (003EH,
003FH) are loaded into the PC and branched.

Restoring from a software interrupt is possible by using the RETB instruction.

Caution Do not use the RETI instruction for restoring from the software interrupt.
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13.4.3 Multiple interrupt servicing

Multiple interrupt servicing occurs when another interrupt request is acknowledged during execution of an interrupt.

Multiple interrupt servicing does not occur unless the interrupt request acknowledgement enabled state is selected (IE
= 1). When an interrupt request is acknowledged, interrupt request acknowledgement becomes disabled (IE = 0).
Therefore, to enable multiple interrupt servicing, it is necessary to set (1) the IE flag with the El instruction during interrupt
servicing to enable interrupt acknowledgement.

Moreover, even if interrupts are enabled, multiple interrupt servicing may not be enabled, this being subject to interrupt
priority control. Two types of priority control are available: default priority control and programmable priority control.
Programmable priority control is used for multiple interrupt servicing.

In the interrupt enabled state, if an interrupt request with a priority equal to or higher than that of the interrupt currently
being serviced is generated, it is acknowledged for multiple interrupt servicing. If an interrupt with a priority lower than that
of the interrupt currently being serviced is generated during interrupt servicing, it is not acknowledged for multiple interrupt
servicing. Interrupt requests that are not enabled because interrupts are in the interrupt disabled state or because they
have a lower priority are held pending. When servicing of the current interrupt ends, the pending interrupt request is
acknowledged following execution of at least one main processing instruction execution.

Table 13-5 shows relationship between interrupt requests enabled for multiple interrupt servicing and Figure 13-10
shows multiple interrupt servicing examples.

Table 13-5. Relationship Between Interrupt Requests Enabled for Multiple Interrupt Servicing
During Interrupt Servicing

Multiple Interrupt Request Maskable Interrupt Request Software
PR=0 PR =1 Interrupt
. . Request
Interrupt Being Serviced IE=1 IE=0 IE=1 IE=0
Maskable interrupt ISP=0 O X X X O
ISP =1 O X @) X ©)
Software interrupt O X O X O

Remarks 1. O: Multiple interrupt servicing enabled

2. x: Multiple interrupt servicing disabled

3. ISP and IE are flags contained in the PSW.
ISP = 0: An interrupt with higher priority is being serviced.
ISP = 1: No interrupt request has been acknowledged, or an interrupt with a lower priority is

being serviced.

IE =0: Interrupt request acknowledgement is disabled.
IE=1: Interrupt request acknowledgement is enabled.

4. PRis a flag contained in PROL, PROH, PR1L, and PR1H.
PR = 0: Higher priority level
PR =1: Lower priority level
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Figure 13-10. Examples of Multiple Interrupt Servicing (1/2)

Example 1. Multiple interrupt servicing occurs twice

Main processing INTxx servicing INTyy servicing INTzz servicing

E:l IE=0 |_E_I_| IE=0 E IE=0

INTxx —= INTyy —= INTzz —
(PR=1) (PR=0) (PR=0)

[Fer]

IE=1
IE=1 | RETI | IE=1 | RETI

During servicing of interrupt INTxx, two interrupt requests, INTyy and INTzz, are acknowledged, and multiple interrupt
servicing takes place. Before each interrupt request is acknowledged, the El instruction must always be issued to enable
interrupt request acknowledgment.

Example 2. Multiple interrupt servicing does not occur due to priority control

Main processing INTxx servicing INTyy servicing
| El | IE=0
| El |
INTXX —» INTyy ——=
PR=0 PR =1
( ) ( ) RETI
IE=1
|1 instruction executionl IE=0

Interrupt request INTyy issued during servicing of interrupt INTxx is not acknowledged because its priority is lower than
that of INTxx, and multiple interrupt servicing does not take place. The INTyy interrupt request is held pending, and is
acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
PR =1: Lower priority level
IE =0: Interrupt request acknowledgment disabled
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Figure 13-10. Examples of Multiple Interrupt Servicing (2/2)

Example 3. Multiple interrupt servicing does not occur because interrupts are not enabled

Main processing INTxx servicing INTyy servicing

INTXX —= (PR=0)
(PR =0) RETI

IE=1

1 instruction execution

Interrupts are not enabled during servicing of interrupt INTxx (EI instruction is not issued), therefore, interrupt request
INTyy is not acknowledged and multiple interrupt servicing does not take place. The INTyy interrupt request is held
pending, and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
IE =0: Interrupt request acknowledgement disabled
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13.4.4 Interrupt request hold

There are instructions where, even if an interrupt request is issued for them while another instruction is being executed,
request acknowledgement is held pending until the end of execution of the next instruction. These instructions (interrupt
request hold instructions) are listed below.

e MOV PSW, #byte

e MOV A, PSW

e MOV PSW, A

e MOV1 PSW. bit, CY

e MOV1 CY, PSW. bit

e AND1 CY, PSW. bit

e OR1CY, PSW. bit

e XOR1 CY, PSW. bit

e SET1 PSW. bit

e CLR1 PSW. bit

e RETB

e RETI

¢ PUSHPSW

e POP PSW

e BT PSW. bit, $addr16

e BF PSW. bit, $addr16

e BTCLR PSW. bit, $addr16

L[] EI

[ ] DI

e Manipulation instructions for the IFOL, IFOH, IF1L, IF1H, MKOL, MKOH, MK1L, MK1H, PROL, PROH, PR1L, and
PR1H registers.

Caution The BRK instruction is not one of the above-listed interrupt request hold instructions. However, the
software interrupt activated by executing the BRK instruction causes the IE flag to be cleared.
Therefore, even if a maskable interrupt request is generated during execution of the BRK instruction,
the interrupt request is not acknowledged.

Figure 13-11 shows the timing at which interrupt requests are held pending.

Figure 13-11. Interrupt Request Hold

PSW and PC saved, jump | Interrupt servicing
to interrupt servicing program

sxIF J \

Remarks 1. Instruction N: Interrupt request hold instruction

CPU processing Instruction N Instruction M

2. Instruction M: Instruction other than interrupt request hold instruction
3. The xxPR (priority level) values do not affect the operation of xxIF (interrupt request).
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CHAPTER 14 STANDBY FUNCTION

14.1 Standby Function and Configuration

14.1.1 Standby function
The standby function is designed to reduce the operating current of the system. The following two modes are available.

(1) HALT mode
HALT instruction execution sets the HALT mode. In the HALT mode, the CPU operation clock is stopped. If the high-
speed system clock oscillator, internal high-speed oscillator, or internal low-speed oscillator is operating before the
HALT mode is set, oscillation of each clock continues. In this mode, the operating current is not decreased as much
as in the STOP mode, but the HALT mode is effective for restarting operation immediately upon interrupt request
generation and carrying out intermittent operations frequently.

(2) STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the high-speed system clock oscillator and
internal high-speed oscillator stop, stopping the whole system, thereby considerably reducing the CPU operating
current.

Because this mode can be cleared by an interrupt request, it enables intermittent operations to be carried out.
However, because a wait time is required to secure the oscillation stabilization time after the STOP mode is released
when the X1 clock is selected, select the HALT mode if it is necessary to start processing immediately upon interrupt
request generation.

In either of these two modes, all the contents of registers, flags and data memory just before the standby mode is set
are held. The I/O port output latches and output buffer statuses are also held.

Caution When shifting to the STOP mode, be sure to stop the peripheral hardware operation operating with
main system clock before executing STOP instruction.
14.1.2 Registers controlling standby function

The standby function is controlled by the following two registers.

¢ Oscillation stabilization time counter status register (OSTC)
¢ Oscillation stabilization time select register (OSTS)

Remark For the registers that start, stop, or select the clock, see CHAPTER 5 CLOCK GENERATOR.
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(1) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1 clock
oscillation starts with the internal high-speed oscillation clock used as the CPU clock, the X1 clock oscillation
stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of MOC
register) = 1 clear OSTC to O0H.

Figure 14-1. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3SH Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=12MHz | fx=16 MHz
1 0 0 0 0 2"/fx min. | 170.7 s min.| 128 us min.
1 1 0 0 0 2%fx min. | 682.7 zs min.| 512 s min.
1 1 1 0 0 2%fx min. | 1.37 ms min. | 1.024 ms min,
1 1 1 1 0 2fx min. | 2.73 ms min. | 2.048 ms min.
1 1 1 1 1 2'%fx min. | 5.46 ms min. | 4.096 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.

2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

3. The X1 clock oscillation stabilization wait time does not include the time until clock

oscillation starts (“a” below).

STOP mode release

X1 pinvoltage | l
waveform

Remark fx: X1 clock oscillation frequency
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(2) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation waits for the time set using OSTS after the STOP
mode is released.
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. The oscillation stabilization time can be
checked up to the time set using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to 05H.

Figure 14-2. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 ‘ OSTS1 ‘ OSTS0
0OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =12 MHz fx =16 MHz
0 0 1 2" ffx 170.7 us 128 us
0 1 0 2 682.7 us 512 s
0 1 1 2"/fx 1.37 ms 1.024 ms
1 0 0 2"%/fx 2.73 ms 2.048 ms
1 0 1 2"%/fx 5.46 ms 4.096 ms
Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS before
executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

3. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. The X1 clock oscillation stabilization wait time does not include the time until clock

oscillation starts (“a” below).

STOP mode release

X1 pinvoltage l
waveform

Remark fx: X1 clock oscillation frequency
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14.2 Standby Function Operation
14.2.1 HALT mode

(1) HALT mode
The HALT mode is set by executing the HALT instruction. HALT mode can be set regardless of whether the CPU

clock before the setting was the high-speed system clock, or internal high-speed oscillation clock.
The operating statuses in the HALT mode are shown below.
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Table 14-1. Operating Statuses in HALT Mode

HALT Mode Setting

Iltem

When HALT Instruction Is Executed While CPU Is Operating on Main System Clock

When CPU Is Operating on
Internal High-Speed
Oscillation Clock (frH)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcLk)

System clock

Clock supply to the CPU is stopped

Main system clock | frH Operation continues (cannot Status before HALT mode was set is retained
be stopped)
fx Status before HALT mode Operation continues (cannot Status before HALT mode
was set is retained be stopped) was set is retained
fexcik | Operates or stops by external clock input Operation continues (cannot
be stopped)
frL Status before HALT mode was set is retained
PLL Operable
CPU Operation stopped
Flash memory Operation stopped
RAM Status before HALT mode was set is retained
Regulator For chip Operable in normal operation mode.
For USB
Port (latch) Status before HALT mode was set is retained
16-bit timer/event counter 00 Operable
8-bit timer/event 50
counter 51
8-bit timer H1

Watchdog timer

Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.

Serial interface UART6

CSI10

uSB

Power-on-clear function

Operable

Low-voltage detection function

External interrupt

Detectable in setting before HALT mode transition

Remark frh: Internal high-speed oscillation clock
fx: X1 clock
fexck:  External main system clock
fRL: Internal low-speed oscillation clock
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(2) HALT mode release
The HALT mode can be released by the following two sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the HALT mode is released. If interrupt acknowledgement is
enabled, vectored interrupt servicing is carried out. If interrupt acknowledgement is disabled, the next address
instruction is executed.

Figure 14-3. HALT Mode Release by Interrupt Request Generation

Interrupt
HALT request
instruction Wait

Standby
release signal

Operating mode HALT mode Wait ‘ Operating mode
Status of CPU perating ! ‘ P 9

High-speed system clock or Oscillation

internal high-speed oscillation clock

Remarks 1. The broken lines indicate the case when the interrupt request which has released the standby mode
is acknowledged.
2. The wait time is as follows:
* When vectored interrupt servicing is carried out: 8 or 9 clocks
* When vectored interrupt servicing is not carried out: 2 or 3 clocks
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(b) Release by reset signal generation

When the reset signal is generated, HALT mode is released, and then, as in the case with a normal reset

operation, the program is executed after branching to the reset vector address.
Figure 14-4. HALT Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

~ HALT
instruction
((
Reset signal 7
Normal operation Reset Normal operation
(high-speed Reset | processing (internal high-speed
Status of CPU system clock) HALT mode period [2us(TYP)) oscillation clock)
High-speed Oscillation|Oscillation
system clock Oscillates stopped | stopped | Oscillates
(X1 oscillation) \ _J

*Oscillation stabilization time

11 16
Starting X1 oscillation is @ /1027/%)

specified by software.

(2) When internal high-speed oscillation clock is used as CPU clock

_ HALT
instruction
l ((
Reset signal )
Normal operation Reset Normal operation
(internal high-speed Reset |processing (internal high-speed
Status of CPU  oscillation clock) HALT mode period  [20us(TYP)) oscillation clock)
) Oscillation
Internal high-speed Oscillates stopped Oscillates
oscillation clock
Wait for oscillation

accuracy stabilization

Remark fx: X1 clock oscillation frequency
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Table 14-2. Operation in Response to Interrupt Request in HALT Mode

Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address
request instruction execution

0 0 1 X Interrupt servicing
execution

0 1 0 1 Next address

0 1 « 0 instruction execution

0 1 1 1 Interrupt servicing

execution

HALT mode held

Reset

Reset processing

: don'’t care

14.2.2 STOP mode

(1) STOP mode setting and operating statuses
The STOP mode is set by executing the STOP instruction, and it can be set only when the CPU clock before the

setting was the main system clock.

Caution Because the interrupt request signal is used to clear the standby mode, if there is an interrupt

The operating statuses in the STOP mode are shown below.

immediately cleared if set.

source with the interrupt request flag set and the interrupt mask flag reset, the standby mode is

Thus, the STOP mode is reset to the HALT mode immediately after

wait time set using the oscillation stabilization time select register (OSTS) has elapsed.

execution of the STOP instruction and the system returns to the operating mode as soon as the
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Table 14-3. Operating Statuses in STOP Mode

STOP Mode Setting

When STOP Instruction Is Executed While CPU Is Operating on Main System Clock

Iltem

When CPU Is Operating on
Internal High-Speed
Oscillation Clock (frH)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcLk)

System clock

Clock supply to the CPU is stopped

Main system clock | frH Stopped
fx
fexcik | Input invalid
frL Status before STOP mode was set is retained
PLL Operation stopped
CPU Operation stopped
Flash memory Operation stopped
RAM Status before STOP mode was set is retained
Regulator For chip Operable in low operating current mode
For USB
Port (latch) Status before STOP mode was set is retained
16-bit timer/event counter 00 Operation stopped
8-bit timer/event 50 Operable only when TI50 is selected as the count clock
counter 51 Operable only when TI51 is selected as the count clock
8-bit timer H1 Operable only when faL, fri/2”,0r fri/2° is selected as the count clock
Watchdog timer Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.
Serial interface UART6 Operable only when TM50 output is selected as the serial clock during 8-bit timer/event counter
50 operation
CSI10 Operable only when external clock is selected as the serial clock
usB Operation stopped

Power-on-clear function

Low-voltage detection function

External interrupt

Operable

Remark frH:
fx: X1 clock
fexcLk:

fRL:

Internal high-speed oscillation clock

External main system clock
Internal low-speed oscillation clock
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Cautions 1. To use the peripheral hardware that stops operation in the STOP mode, and the peripheral hardware
for which the clock that stops oscillating in the STOP mode after the STOP mode is released, restart

the peripheral hardware.

2. Even if “internal low-speed oscillator can be stopped by software” is selected by the option byte,
the internal low-speed oscillation clock continues in the STOP mode in the status before the STOP
mode is set. To stop the internal low-speed oscillator’s oscillation in the STOP mode, stop it by

software and then execute the STOP instruction.

3. If the STOP instruction is executed with AMPH set to 1 when the internal high-speed oscillation
clock or external main system clock is used as the CPU clock, the internal high-speed oscillation

clock or external main system clock is supplied to the CPU 5 us (MIN.) after the STOP mode has

been released.

(2) STOP mode release

Figure 14-5. Operation Timing When STOP Mode Is Released

STOP mode release

STOP mode \

|

!
High-speed system |
clock (X1 oscillation)

Internal high-speed
oscillation clock

I
1 Wait for oscillation
accuracy

High-speed system | stabization
|

clock (X1 oscillation) DALT stat
is selected as CPU ‘ status igh-
e oToP — < (oscillation stabilization time set by OSTS) High-speed system clock

Automatic selection

|
instruction is executed |
|
|

oscillation clock is :\ oscillation clock High-speed system clock

selected as CPU clock ;

Internal high-speed V Internal high-speed ><

' Not
when STOP instruction 5 us (TYP.) Clock switched
is executed by software

Note When AMPH = 1

The STOP mode can be released by the following two sources.
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(a) Release by unmasked interrupt request

When an unmasked interrupt request is generated, the STOP mode is released. After the oscillation stabilization
time has elapsed, if interrupt acknowledgment is enabled, vectored interrupt servicing is carried out. If interrupt

acknowledgment is disabled, the next address instruction is executed.
Figure 14-6. STOP Mode Release by Interrupt Request Generation

(1) When high-speed system clock is used as CPU clock

Wait
STOP (set by OSTS)
instruction
))

o T

1
t I ignal L,

Standby release signa Operating mode o o ~ Operating mode
(high-speed Oscillation stabilization wait (high-speed
Status of CPU  system clock) STOP mode (HALT mode status) system clock)
High-speed Oscillates Oscillation stopped Oscillates
system clock
(X1 oscillation) N J

Oscillation stabilization time (set by OSTS)

(2) When internal high-speed oscillation clock is used as CPU clock

STOP
instruction

Standby release signal .
Normal operation | Normal :););Fa-ti-o-n -------------
(internal high-speed (internal high-speed
Status of cPy  ©Scillation clock) STOP mode oscillation clock)
Internal high-speed Oscillates Oscillation stopped Oscillates
oscillation clock
-
Wait for oscillation
accuracy
stabilization

Remark The broken lines indicate the case when the interrupt request that has released the standby mode is

acknowledged.
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(b) Release by reset signal generation
When the reset signal is generated, STOP mode is released, and then, as in the case with a normal reset
operation, the program is executed after branching to the reset vector address.

Figure 14-7. STOP Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

STOP
instruction
[
Reset signal »
Normal operation Reset Normal operation
(high-speed Reset |processing (internal high-speed
Status of CPU system clock) STOP mode period [204s(TYP)) oscillation clock)
Oscillation [Oscillation
High-speed Oscillates Oscillation stopped | stopped | stopped | Oscillates
system clock \ —
(X1 oscillation) *Oscillation stabilization time

0 16
Starting X1 oscillation is @ /%10 27/%)

specified by software.

(2) When internal high-speed oscillation clock is used as CPU clock

STOP
instruction

((

Reset signal o
Normal operation Reset Normal operation
(internal high-speed Reset |processing (internal high-speed

Status of CPU oscillation clock) STOP mode period 20y (TYP) oscillation clock)
Oscillation
Internal high-speed Oscillates Oscillation stopped| stopped Oscillates
oscillation clock

Wait for oscillation
accuracy
stabilization

Remark fx: X1 clock oscillation frequency

Table 14-4. Operation in Response to Interrupt Request in STOP Mode

Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address
request instruction execution

0 0 1 X Interrupt servicing
execution

0 1 0 1 Next address

0 1 % 0 instruction execution

0 1 1 1 Interrupt servicing
execution

1 X X X STOP mode held

Reset - - X X Reset processing
x: don’t care
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CHAPTER 15 RESET FUNCTION

The following four operations are available to generate a reset signal.

(1) External reset input via RESET pin

(2) Internal reset by watchdog timer program loop detection

(3) Internal reset by comparison of supply voltage and detection voltage of power-on-clear (POC) circuit
(4) Internal reset by comparison of supply voltage and detection voltage of low-power-supply detector (LVI)

External and internal resets have no functional differences. In both cases, program execution starts at the address at
0000H and 0001H when the reset signal is generated.

A reset is applied when a low level is input to the RESET pin, the watchdog timer overflows, or by POC and LVI circuit
voltage detection, and each item of hardware is set to the status shown in Tables 15-1 and 15-2. Each pin is high
impedance during reset signal generation or during the oscillation stabilization time just after a reset release.

When a low level is input to the RESET pin, the device is reset. It is released from the reset status when a high level is
input to the RESET pin and program execution is started with the internal high-speed oscillation clock after reset
processing. A reset by the watchdog timer is automatically released, and program execution starts using the internal high-
speed oscillation clock (see Figures 15-2 to 15-4) after reset processing. Reset by POC and LVI circuit power supply
detection is automatically released when Vobbp > Vroc or Vop > Vivi after the reset, and program execution starts using the
internal high-speed oscillation clock (see CHAPTER 16 POWER-ON-CLEAR CIRCUIT and CHAPTER 17 LOW-
VOLTAGE DETECTOR) after reset processing.

Cautions 1. For an external reset, input a low level for 10 us or more to the RESET pin.
2. During reset signal generation, the X1 clock, internal high-speed oscillation clock, and internal
low-speed oscillation clock stop oscillating. External main system clock input becomes invalid.
3. When the STOP mode is released by a reset, the STOP mode contents are held during reset input.
However, the port pins become high-impedance.
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Figure 15-1. Block Diagram of Reset Function

Internal bus

i

Reset control flag

register (RESF)
WDTRF LVIRF
Set Set
Watchdog timer reset signal
Clear Clear

RESET © I i _)5:>

Power-on-clear circuit reset signal

Low-voltage detector reset signal

v

Caution An LVI circuit internal reset does not reset the LVI circuit.

Remarks 1. LVIM: Low-voltage detection register
2. LVIS: Low-voltage detection level selection register

Reset signal to LVIM/LVIS register

Reset signal
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Internal high-speed
oscillation clock

High-speed system clock
(when X1 oscillation is selected)

CPU clock

RESET

Internal reset signal

Port pin

Internal high-speed
oscillation clock

High-speed system clock
(when X1 oscillation is selected)

CPU clock

Watchdog timer
overflow

Internal reset signal

Port pin

Caution

Figure 15-2. Timing of Reset by RESET Input

Jouuguy
AR

Wait for oscillation

Normal operation

accuracy
'stabilization,

: ﬁStarting X1 oscillation is specified by software.

' Reset

. Reset period 1_processing Normal operation
. ' (oscillation stop) }(20 us (TYP). (internal high-speed oscillation clock)
P et

' 'Delay’

(5us (TYP.))
Hi-Z

Figure 15-3. Timing of Reset Due to Watchdog Timer Overflow

Ut

Wait for oscillation
accuracy
istabilization!

'/Starting X1 oscillation is specified by software.

UL

I

Normal operation

M

_ -

Reset
Reset period _processing_: Normal operation
(oscillation stop) (20 s (TYP.)); (internal high-speed oscillation clock)

—

A watchdog timer internal reset resets the watchdog timer.
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Figure 15-4. Timing of Reset in STOP Mode by RESET Input

Wait for oscillation
STOP instruction execution accuracy
:stabilization;

Internal high-speed
oscillation clock

Starting X1 oscillation is specified by software.
Ve ¢} P! y

High-speed system clock :
(when X1 oscillation is selected) :

' ' ' Reset
CPU clock Normal i _Stopstatus ' Reset period | processing | Normal operation
operation |(oscillation stop): ~ (oscillation stop) (20 s (TYP,))! (internal high-speed oscillation clock)
RESET
Internal reset signal
Delay Delay
(5 us (TYP.))

Port pin >. _____________________ Mz ...

Remark For the reset timing of the power-on-clear circuit and low-voltage detector, see CHAPTER 16 POWER-ON-
CLEAR CIRCUIT and CHAPTER 17 LOW-VOLTAGE DETECTOR.
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Table 15-1. Operation Statuses During Reset Period

Item During Reset Period
System clock Clock supply to the CPU is stopped.
Main system clock | fru Operation stopped
fx Operation stopped (pin is I/O port mode)
fexcik | Clock input invalid (pin is 1/0 port mode)
fRL Operation stopped
PLL
CPU

Flash memory

RAM
Regulator For chip Operable
For USB
Port (latch) Operation stopped
16-bit timer/event counter 00
8-bit timer/event 50
counter 51
8-bit timer H1
Watchdog timer

Serial interface UART6
CSI10
usB

Power-on-clear function Operable

Low-voltage detection function | Operation stopped

External interrupt

Remark frh: Internal high-speed oscillation clock

fx: X1 oscillation clock

fexck:  External main system clock

fRL: Internal low-speed oscillation clock
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Table 15-2. Hardware Statuses After Reset Acknowledgment (1/3)

Hardware After Reset
Acknowledgment"*’
Program counter (PC) The contents of the
reset vector table
(0000H, 0001H) are
set.
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory Undefined"™**
General-purpose registers Undefined"**?
Port registers (PO, P1, P3, P6, P12) (output latches) 00H
Port mode registers (PM0O, PM1, PM3, PM6, PM12) FFH
Pull-up resistor option registers (PUO, PU1, PU3, PU12) 00H
Internal expansion RAM size switching register (IXS) OCH"™*?
Internal memory size switching register (IMS) CFH"™"®
Clock operation mode select register (OSCCTL) 00H
Processor clock control register (PCC) 01H
Internal oscillation mode register (RCM) 80H
Main OSC control register (MOC) 80H
Main clock mode register (MCM) O00H
Oscillation stabilization time counter status register (OSTC) 00H
Oscillation stabilization time select register (OSTS) 05H
PLL control register (PLLC) O00H
USB clock control register (UCKC) 00H
16-bit timer/event Timer counter 00 (TMOO) 0000H
counter 00 Capture/compare registers 000, 010 (CR000, CR010) 0000H
Mode control register 00 (TMCO00) 00H
Prescaler mode register 00 (PRMO00) O00H
Capture/compare control register 00 (CRCO00) 00H
Timer output control register 00 (TOC00) 00H
8-bit timer/event Timer counters 50, 51 (TM50, TM51) 00H
counters 50, 51 Compare registers 50, 51 (CR50, CR51) OOH
Timer clock selection registers 50, 51 (TCL50, TCL51) O0H
Mode control registers 50, 51 (TMC50, TMC51) O00H

Notes 1. During reset signal generation or oscillation stabilization time wait, only the PC contents among the hardware
statuses become undefined. All other hardware statuses remain unchanged after reset.
2. When a reset is executed in the standby mode, the pre-reset status is held even after reset.
3. The initial values of the internal memory size switching register (IMS) and internal expansion RAM size
switching register (IXS) after a reset release are fixed (IMS = CFH, IXS = OCH), regardless of the internal
memory capacity. Therefore, after a reset is released, be sure to set the following values for each product.

Flash Memory Version IMS IXS
(«PD78F0730)

4PD78F0730 C4H 08H
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Table 15-2. Hardware Statuses After Reset Acknowledgment (2/3)

Hardware Status After Reset
Acknowledgment™**’

8-bit timer H1 Compare registers 01, 11 (CMP01, CMP11) 00H

Mode register (TMHMD1) 00H

Carrier control register 1 (TMCYCH1) O00H
Watchdog timer Enable register (WDTE) 1AH/QAH""?
Serial interface UART6 Receive buffer register 6 (RXB6) FFH

Transmit buffer register 6 (TXB6) FFH

Asynchronous serial interface operation mode register 6 (ASIM6) 01H

Asynchronous serial interface reception error status register 6 (ASIS6) O00OH

Asynchronous serial interface transmission status register 6 (ASIF6) 00H

Clock selection register 6 (CKSR6) O00H

Baud rate generator control register 6 (BRGC6) FFH
Serial interfaces CSI10 Transmit buffer register 10 (SOTB10) 00H

Serial I/O shift register 10 (SIO10) 00H

Serial operation mode register 10 (CSIM10) O00H

Serial clock selection register 10 (CSIC10) 00H
USB function controller UFO EPONAK register (UFOEON) O00H
USBF UFO EPONAKALL register (UFOEONA) 00H

UF0 EPNAK register (UFOEN) 00H

UFO0 EPNAK mask register (UFOENM) 00H

UFO0 SNDSIE register (UFOSDS) O0H

UFO CLR request register (UFOCLR) 00H

UFO0 SET request register (UFOSET) O0H

UFO0 EP status n register (UFOEPSN) (n =0 to 2) 00H

UFO INT status n register (UF0ISn) (n =0 to 4) O00H

UFO INT mask n register (UFOIMn) (n =0 to 4) 00H

UFO INT clear n register (UFOICn) (n =0 to 4) FFH

UFO0 FIFO clear n register (UFOFICn) (n =0, 1) 00H

UFO data end register (UFODEND) O00H

UFO0 GPR register (UFOGPR) 00H

UF0 mode control register (UFOMODC) O0H

UF0 mode status register (UFOMODS) 00H

UFO active interface number register (UFOAIFN) O00H

UFO active alternative setting register (UFOAAS) 00H

UFO alternative setting status register (UFOASS) O0H

UFO0 endpoint n interface mapping register (UFOENnIM) (n =1, 2) 00H

UFO EPO read register (UFOEOR) Undefined

UFO0 EPO length register (UFOEOL) 00H

UFO0 EPO setup register (UFOEOST) O00H

Notes 1. During reset signal generation or oscillation stabilization time wait, only the PC contents among the hardware
statuses become undefined. All other hardware statuses remain unchanged after reset.
2. The reset value of WDTE is determined by the option byte setting.
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Table 15-2. Hardware Statuses After Reset Acknowledgment (3/3)

Hardware Status After Reset
Acknowledgment™**’

USB function controller UF0 EPO write register (UFOEOW) 00H
USBF UFO bulk-out 1 register (UFOBO1) Undefined

UFO0 bulk-out 1 length register (UFOBO1L) 00H

UFO bulk-in 1 register (UFOBI1) 00H

UFO0 device status register (UFODSTL) 00H

UFO0 EPn status register L (UFOEPNSL) (n =0 to 2) 00H

UFO0 address register (UFOADRS) O00H

UFO0 configuration register (UFOCNF) O00H

UFO interface n register (UFOIFN) (n = 0 to 4) O00H

UFO0 descriptor length register (UFODSCL) O00H

UFO0 device descriptor register n (UFODDn) (n =0 to 17) Undefined

UFO configuration/interface/endpoint descriptor register n (UFOCIEn) Undefined

(n=0to 255)

USB function 0 buffer control register (UFOBC) O00H
Reset function Reset control flag register (RESF) 00H""*
Low-voltage detector Low-voltage detection register (LVIM) 0oH""?

Low-voltage detection level selection register (LVIS) 00H""*
Interrupt Request flag registers OL, OH, 1L, 1H (IFOL, IFOH, IF1L, IF1H) 00H

Mask flag registers OL, OH, 1L, 1H (MKOL, MKOH, MK1L, MK1H) FFH

Priority specification flag registers OL, OH, 1L, 1H (PROL, PROH, PR1L, FFH

PR1H)

External interrupt rising edge enable register (EGP) 00H

External interrupt falling edge enable register (EGN) 00H

Notes 1. During reset signal generation or oscillation stabilization time wait, only the PC contents among the hardware
statuses become undefined. All other hardware statuses remain unchanged after reset.
2. These values vary depending on the reset source.

Reset Source | RESET Input Reset by POC | Reset by WDT Reset by LVI
Register
RESF WDTRF bit | Cleared (0) Cleared (0) Set (1) Held
LVIRF bit Held Set (1)
LVIM Cleared (00H) Cleared (00H) Cleared (00H) Held
LVIS
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15.1 Register for Confirming Reset Source

Many internal reset generation sources exist in the 4#PD78F0730. The reset control flag register (RESF) is used to
store which source has generated the reset request.
RESF can be read by an 8-bit memory manipulation instruction.
RESET input, reset by power-on-clear (POC) circuit, and reading RESF set RESF to 00H.

Figure 15-5. Format of Reset Control Flag Register (RESF)

Address: FFACH  After reset: 00H™ R

Symbol 7 6 5 4 2 1 0
RESF 0 0 0 WDTRF ‘ 0 ‘ 0 ‘ LVIRF
WDTRF Internal reset request by watchdog timer (WDT)
0 Internal reset request is not generated, or RESF is cleared.
1 Internal reset request is generated.
LVIRF Internal reset request by low-voltage detector (LVI)
0 Internal reset request is not generated, or RESF is cleared.
1 Internal reset request is generated.
Note The value after reset varies depending on the reset source.
Caution Do not read data by a 1-bit memory manipulation instruction.
The status of RESF when a reset request is generated is shown in Table 15-3.
Table 15-3. RESF Status When Reset Request Is Generated
Reset Source | RESET Input Reset by POC | Reset by WDT Reset by LVI
Flag
WDTRF Cleared (0) Cleared (0) Set (1) Held
LVIRF Held Set (1)
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CHAPTER 16 POWER-ON-CLEAR CIRCUIT

16.1 Functions of Power-on-Clear Circuit
The power-on-clear circuit (POC) has the following functions.

¢ Generates internal reset signal at power on.
In the 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)"**, the reset signal is released when the supply voltage
(Vob) exceeds 2.7 V £0.2 V.

e Compares supply voltage (Vop) and detection voltage (Vroc = 1.59 V +0.15 V), generates internal reset signal when
Vob < Vproc, and releases reset when Vob > Vbbroc.

<R> Note For the uPD78F0730, be sure to set the 2.7 V/1.59 V POC mode by using the option byte (POCMODE = 1).
Also, design the circuit so the supply voltage (Vob) rises sufficiently fast and reaches at 4.0 V within 1.94 ms
after reset is released by the POC.

Caution If an internal reset signal is generated in the POC circuit, the reset control flag register (RESF) is
cleared to 00H.

Remark This product incorporates multiple hardware functions that generate an internal reset signal. A flag that
indicates the reset source is located in the reset control flag register (RESF) for when an internal reset
signal is generated by the watchdog timer (WDT) or low-voltage-detector (LVI). RESF is not cleared to
00H and the flag is set to 1 when an internal reset signal is generated by WDT or LVI.

For details of RESF, see CHAPTER 15 RESET FUNCTION.
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16.2 Configuration of Power-on-Clear Circuit
The block diagram of the power-on-clear circuit is shown in Figure 16-1.

Figure 16-1. Block Diagram of Power-on-Clear Circuit

Voo

+ .
DO—— Internal reset signal

Reference
voltage
source

o

16.3 Operation of Power-on-Clear Circuit

In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)
¢ An internal reset signal is generated on power application. When the supply voltage (Vop) exceeds the detection
voltage (Voopoc = 2.7 V £0.2 V), the reset status is released.
e The supply voltage (Vop) and detection voltage (Vroc = 1.59 V £0.15 V) are compared. When Vob < Vpoc, the
internal reset signal is generated. It is released when Vob > Vbppoc.

The timing of generation of the internal reset signal by the power-on-clear circuit and low-voltage detector is shown
below.
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In 2.7 V/1.59

Supply voltage 2.7V (TYP.)

1_8VNo|e1 . A
Veoc=159V (TYP) ~~7 7~ """~ CTTTTTTTTTT e [ T N/ P

(Vop)

Internal high-speed
oscillation clock (frH)

Figure 16-2. Timing of Generation of Internal Reset Signal by Power-on-Clear Circuit
and Low-Voltage Detector

V POC mode (option byte: POCMODE = 1)

Set LVI to be Set LV to be Set LVI to be
used for reset used for interrupt| used for reset

Vv

oV

i Wait for oscillation H 1 Wait for oscillation ‘ | Wait for oscillation
| accuracy 1 | accuracy ! | accuracy
 stabilization | stabilization ! | stabilization

: ' Starting oscillation is! H Starting oscillation is ! ! Starting oscillation is
High-speed ! ﬁpecified by software ! ﬁpecified by software.: ' fspecmed by software.
system clock (fx) i i '
(when X1 oscillation |_|‘ : h : h
is selected) - h ' ‘ !
: Normal operation :Resetperod; Normal operation Reset period; Normal operation i
' (internal high-speed : (osciltion . (internal high-speed * (oscllaon . (internal high-speed
Operation : : oscillation clock)¥'*2 : sop) ' oscillation clock)Nt2 | siop) ' oscillation clock)Nete2 )
CPU stops ' j j ! ; ' ; Operation stops
fHeset processing (20 us (TYP.))} iReset processing (20 us (TYP.)), 'Reset processing (20 us (TYP.))E

Internal reset signal

Notes 1. The operation guaranteed range is 1.8 V < Voo < 5.5 V. To make the state at lower than 1.8 V reset state
when the supply voltage falls, use the reset function of the low-voltage detector, or input the low level to the
RESET pin.
2. The internal high-speed oscillation clock and a high-speed system clock can be selected as the CPU clock.
To use the X1 clock, use the OSTC register to confirm the lapse of the oscillation stabilization time.
Caution Set the low-voltage detector by software after the reset status is released (see CHAPTER 17 LOW-
VOLTAGE DETECTOR).
Remarks 1. Vv LVI detection voltage
2. Vpoc: POC detection voltage
3. Forthe uPD78F0730, be sure to set the 2.7 V/1.59 V POC mode by using the option byte
(POCMODE = 1).
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16.4 Cautions for Power-on-Clear Circuit

In a system where the supply voltage (Vop) fluctuates for a certain period in the vicinity of the POC detection voltage
(Vroc), the system may be repeatedly reset and released from the reset status. In this case, the time from release of reset
to the start of the operation of the microcontroller can be arbitrarily set by taking the following action.

<Action>
After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a software
counter that uses a timer, and then initialize the ports.

Figure 16-3. Example of Software Processing After Reset Release (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of POC detection voltage

(e )

Initialization ; Check the reset sourceN°te 2

processing <1> Initialize the port.

Power-on-clear

; frL = Internal low-speed oscillation clock (264 kHz (MAX.)) (default)
Source: faL (264 kHz (MAX.))/27,
where comparison value = 104: = 50 ms
Timer starts (TMHE1 = 1).

Setting 8-bit timer H1
(to measure 50 ms)

Clearing WDT

Note 1

50 ms has passed?
(TMIFH1 =17?)

Initialization ;  Setting of division ratio of system clock,
processing <2> such as setting of timer

Notes 1. |If resetis generated again during this period, initialization processing <2> is not started.
2. Aflowchart is shown on the next page.
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Figure 16-3. Example of Software Processing After Reset Release (2/2)

( Check reset source )

¢ Checking reset source

WDTRF of RESF Yes

register = 1?

Reset processing by
watchdog timer

Yes

LVIRF of RESF
register =1?

Reset processing by
low-voltage detector
Power-on-clear/external
reset generated
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CHAPTER 17 LOW-VOLTAGE DETECTOR

17.1 Functions of Low-Voltage Detector
The low-voltage detector (LVI) has the following functions.

o Compares supply voltage (Vob) and detection voltage (Vivi), and generates an internal interrupt signal or internal
reset signal when Vop < Vwvi. Detection levels (2 levels) of supply voltage can be changed by software.

When the low-voltage detector is used to reset, bit 0 (LVIRF) of the reset control flag register (RESF) is set to 1 if reset
occurs. For details of RESF, see CHAPTER 15 RESET FUNCTION.
17.2 Configuration of Low-Voltage Detector

The block diagram of the low-voltage detector is shown in Figure 17-1.

Figure 17-1. Block Diagram of Low-Voltage Detector

Vob
.§ N-ch = Internal reset signal
S5 -
23 8
59 2
£3 @
°s | ]
E I INTLVI
o
-
Reference
voltage
source ‘
l LVISO // / | LVIONILVIMD I LVIF |
Low-voltage detection level Low-voltage detection register
selection register (LVIS) (LVIM)
2 Internal bus 8
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17.3 Registers Controlling Low-Voltage Detector
The low-voltage detector is controlled by the following registers.
¢ Low-voltage detection register (LVIM)

e Low-voltage detection level selection register (LVIS)
e Port mode register 12 (PM12)
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(1) Low-voltage detection register (LVIM)
This register sets low-voltage detection and the operation mode.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets LVIM to O0H.

Figure 17-2. Format of Low-Voltage Detection Register (LVIM)

Address: FFBEH  After reset: 00H  R/WNete!

Symbol <7> 6 5 4 3 2 <1> <0>
LVIM LVION 0 0 0 0 o | vimp [ LviF
LVION" 23 Enables low-voltage detection operation
0 Disables operation
1 Enables operation
LVIMD""*? Low-voltage detection operation mode selection
0 Generates interrupt signal when supply voltage (Vob) < detection voltage (Vivi)
1 Generates internal reset signal when supply voltage (Vo) < detection voltage (Vivi)
LVIFYe* Low-voltage detection flag
0 Supply voltage (Vob) > detection voltage (V.vi), or when operation is disabled
1 Supply voltage (Vob) < detection voltage (Vivi)

Notes 1. Bit O is read-only.
2. LVION and LVIMD are cleared to 0 in the case of a reset other than an LVI reset. These are not
cleared to 0 in the case of an LVI reset.
3. When LVION is set to 1, operation of the comparator in the LVI circuit is started. Use software to
wait for an operation stabilization time (10 s (MAX.)) when LVION is set to 1 until the voltage is

confirmed at LVIF.
4. The value of LVIF is output as the interrupt request signal INTLVI when LVION = 1 and LVIMD = 0.

Caution. To stop LVI, follow either of the procedures below.
e When using 8-bit memory manipulation instruction: Write 00H to LVIM.
e When using 1-bit memory manipulation instruction: Clear LVIMD to 0 and then
clear LVION to 0.
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(2) Low-voltage detection level selection register (LVIS)
This register selects the low-voltage detection level.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation input sets LVIS to 00H.

Figure 17-3. Format of Low-Voltage Detection Level Selection Register (LVIS)

Address: FFBFH  After reset: OOH R/W

Symbol 7 6 5 4 3 2
LVIS 0 0 0 0 0 0
LVISO Detection level
0 Vivio (4.24 V £0.1 V)

Vi (4.09 V £0.1 V)

Cautions 1. Be sure to clear bits 1to 7 to 0.
2. Do not change the value of LVIS during LVI operation.

(3) Port mode register 12 (PM12)
When using the P120/INTPO pin for external low-voltage detection potential input, set PM120 to 1. At this time, the
output latch of P120 may be 0 or 1.

PM12 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets PM12 to FFH.

Address: FF2CH

Figure 17-4. Format of Port Mode Register 12 (PM12)

After reset: FFH R/W

Symbol 7 6 5 4 3 2
PM12 1 1 1 1 1| Pwizz | Pmi21
PM12n P12n pin 1/0 mode selection (n = 0 to 2)
0 Output mode (output buffer on)

Input mode (output buffer off)

RO1UHO308EJ0300 Rev.3.00

Sep 22, 2011

RENESAS

441



pPD78F0730 CHAPTER 17 LOW-VOLTAGE DETECTOR

17.4 Operation of Low-Voltage Detector
The low-voltage detector can be used in the following two modes.

(1) Used as reset
Compare the supply voltage (Vop) and detection voltage (VLvi), generate an internal reset signal when Vop < Vv,
and releases internal reset when Vobp > Vivi.

(2) Used as interrupt
Compare the supply voltage (Vop) and detection voltage (Vivi), and generate an interrupt signal (INTLVI) when Vobp

< Vvl
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17.4.1 When used as reset

(1) When detecting level of supply voltage (Vop)
e When starting operation
<1> Mask the LVI interrupt (LVIMK = 1).
<2> Set the detection voltage using bit 0 (LVISO0) of the low-voltage detection level selection register (LVIS).
<3> Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).
<4> Use software to wait for an operation stabilization time (10 us (MAX.)).
<5> Wait until it is checked that (supply voltage (Vop) > detection voltage (Viwi)) by bit 0 (LVIF) of LVIM.
<6> Set bit 1 (LVIMD) of LVIM to 1 (generates internal reset signal when supply voltage (Vop) < detection voltage
(Vew)).

Figure 17-5 shows the timing of the internal reset signal generated by the low-voltage detector. The numbers in
this timing chart correspond to <1> to <6> above.

Cautions 1. <1> must always be executed. When LVIMK = 0, an interrupt may occur immediately after the
processing in <3>.
2. If supply voltage (Vop) > detection voltage (VLvi) when LVIMD is set to 1, an internal reset
signal is not generated.

e When stopping operation
Either of the following procedures must be executed.

- When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

- When using 1-bit memory manipulation instruction:
Clear LVIMD to 0 and then LVION to 0.
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Figure 17-5. Timing of Low-Voltage Detector Internal Reset Signal Generation
(Detects Level of Supply Voltage (Vob))

In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)

Supply voltage (Vob)
Vivi

2.7V (TYP)
Vroc=1.59 V (TYP.)

o L L B Time
LVIMK flag TN — — —
(set by software) H""" X : : ' ' : b
P <1> P P Do
—H—f——:ﬁ<2> I | | I I ;
LVION fla — : 5 : : -
(set by software% ' "Not cleared "Not cleared '
— e i o s
C : : . : ;  {Clear
E »E—H+<4> Wait time ! ! ' I
LVIF flag b " / |_\
b s [ : : ! ! iClear
LVIMD flag poNoez ' : ; : :
(set by software) ! ' 'Not cleared 'Not cleared i
L d<6>| [ ' ' :
: . i iClear

LVIRF flaghete3 :

) :Cleared by ! :Cleared by .
i ! 'software ' software '

—

LVI reset signal

POC reset signal

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The LVIF flag may be set (1).
3. LVIRF is bit 0 of the reset control flag register (RESF). For details of RESF, see CHAPTER 15 RESET
FUNCTION.

Remarks 1. <1> to <6> in Figure 17-5 above correspond to <1> to <6> in the description of “When starting
operation” in 17.4.1 (1) When detecting level of supply voltage (Vob).
2. Forthe 4PD78F0730, be sure to set the 2.7 V/1.59 V POC mode by using the option byte
(POCMODE = 1).
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17.4.2 When used as interrupt

(1) When detecting level of supply voltage (Vop)

e When starting operation

<1>
<2>
<3>
<4>
<5>
<6>
<7>

<8>

<9>

Mask the LVI interrupt (LVIMK = 1).

Set the detection voltage using bit 0 (LVISO) of the low-voltage detection level selection register (LVIS).

Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (MAX.)).

Confirm that “supply voltage (Vop) > detection voltage (VLvi)” at bit 0 (LVIF) of LVIM.

Clear the interrupt request flag of LVI (LVIIF) to 0.

Release the interrupt mask flag of LVI (LVIMK).

Clear bit 1 (LVIMD) of LVIM to 0 (generates interrupt signal when supply voltage (Vop) < detection voltage
(VLvi)) (default value).

Execute the El instruction (when vector interrupts are used).

Figure 17-6 shows the timing of the interrupt signal generated by the low-voltage detector. The numbers in this

timing chart correspond to <1> to <8> above.

e When stopping operation
Either of the following procedures must be executed.

- When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

- When using 1-bit memory manipulation instruction:
Clear LVION to 0.
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Figure 17-6. Timing of Low-Voltage Detector Interrupt Signal Generation
(Detects Level of Supply Voltage (Vob))

In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)

Supply voltage (Vob)
Vivi

2.7 V(TYP.)
Vpoc=1.59 V (TYP.)

' : : : : : | Time
LVIMK flag ———5— ] : : : : E E
(set by software) :I\ o | | | | P

r<1> . .
1Netet 11 <7> Cleared by software

T <2>

LVION flag
(set by software)

(set by software) L

| \

, <8>

: i=—<4> Wait time! .
LVIF flag 5 "
Y AP ! ! ! Lo
' Note2 : ! ! ! ! -
INTLVI 5 " : -| 5 -| : -| 5
E Note2 ! E E E : E E
LVIIF flag 5 —| | —| | —| E
E <6> :
' note2 Cleared by software :
LVIMD flag ; . :

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The interrupt request signal (INTLVI) is generated and the LVIF and LVIIF flags may be set (1).

Remarks 1. <1> to <8> in Figure 17-6 above correspond to <1> to <8> in the description of “When starting
operation” in 17.4.2 (1) When detecting level of supply voltage (Vob).
2. Forthe 4PD78F0730, be sure to set the 2.7 V/1.59 V POC mode by using the option byte
(POCMODE = 1).
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17.5 Cautions for Low-Voltage Detector

In a system where the supply voltage (Vob) fluctuates for a certain period in the vicinity of the LVI detection voltage
(Vwwi), the operation is as follows depending on how the low-voltage detector is used.

(1) When used as reset
The system may be repeatedly reset and released from the reset status.
In this case, the time from release of reset to the start of the operation of the microcontroller can be arbitrarily set by
taking action (1) below.

(2) When used as interrupt
Interrupt requests may be frequently generated. Take (b) of action (2) below.

In this system, take the following actions.
<Action>

(1) When used as reset
After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a software
counter that uses a timer, and then initialize the ports (see Figure 17-7).

(2) When used as interrupt
(a) Check that “supply voltage (Vop) > detection voltage (VLvi)” in the servicing routine of the LVI interrupt by using bit
0 (LVIF) of the low-voltage detection register (LVIM). Clear bit 0 (LVIIF) of interrupt request flag register OL (IFOL)
to 0.
(b) In a system where the supply voltage fluctuation period is long in the vicinity of the LVI detection voltage, wait for
the supply voltage fluctuation period, check that “supply voltage (Vop) > detection voltage (VLvi)” using the LVIF
flag, and clear the LVIIF flag to 0.
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Figure 17-7. Example of Software Processing After Reset Release (1/2)

o |f supply voltage fluctuation is 50 ms or less in vicinity of LVI detection voltage

(= )

Initialization
processing <1>

LVI reset

Setting LVI

Setting 8-bit timer H1
(to measure 50 ms)

Clearing WDT

Detection
voltage or higher
(LVIF =07?)

Yes

LVIF=0

Restarting timer H1
(TMHE1 =0 —» TMHE1 =1)

50 ms has passed?
(TMIFH1 = 1?)

Initialization
processing <2>

Note A flowchart is shown on the next page.

Check the reset sourceN°t
Initialize the port.

Setting of detection level by LVIS
The low-voltage detector operates (LVION = 1).

faL = Internal low-speed oscillation clock (264 kHz (MAX.))
Source: faL (264 kHz (MAX.))/27,

Where comparison value = 104: = 50 ms
Timer starts (TMHE1 = 1).

; The low-voltage detection flag is cleared.

; The timer counter is cleared and the timer is started.

; Setting of division ratio of system clock,

such as setting of timer
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Figure 17-7. Example of Software Processing After Reset Release (2/2)

¢ Checking reset source

( Check reset source )

WDTRF of RESF Yes

register =1?

Reset processing by
watchdog timer

No

LVIRF of RESF
register = 1?

Power-on-clear/external
reset generated
Reset processing by
low-voltage detector
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CHAPTER 18 OPTION BYTE

18.1 Functions of Option Bytes

The flash memory at 0080H to 0084H of the #PD78F0730 is an option byte area. When power is turned on or when
the device is restarted from the reset status, the device automatically references the option bytes and sets specified
functions. When using the product, be sure to set the following functions by using the option bytes.

When the boot swap operation is used during self-programming, 0080H to 0084H are switched to 1080H to 1084H.
Therefore, set values that are the same as those of 0080H to 0084H to 1080H to 1084H in advance.

(1) 0080H/1080H
O Internal low-speed oscillator operation
e Can be stopped by software
e Cannot be stopped
O Watchdog timer interval time setting
O Watchdog timer counter operation
e Enabled counter operation
* Disabled counter operation
O Watchdog timer window open period setting

(2) 0081H/1081H
O Selecting POC mode

e During 2.7 V/1.59 V POC mode operation (POCMODE = 1)
The device is in the reset state upon power application and until the supply voltage reaches 2.7 V (TYP.). ltis
released from the reset state when the voltage exceeds 2.7 V (TYP.). After that, POC is not detected at 2.7 V
but is detected at 1.59 V (TYP.).

e During 1.59 V POC mode operation (POCMODE = 0)
The device is in the reset state upon power application and until the supply voltage reaches 1.59 V (TYP.). ltis
released from the reset state when the voltage exceeds 1.59 V (TYP.). After that, POC is detected at 1.59 V
(TYP.), in the same manner as on power application.

Caution For the 4PD78F0730, be sure to set POCMODE to 1.

(3) 0084H/1084H
O On-chip debug operation control
e Disabling on-chip debug operation
e Enabling on-chip debug operation and erasing data of the flash memory in case authentication of the on-chip
debug security ID fails
e Enabling on-chip debug operation and not erasing data of the flash memory even in case authentication of the
on-chip debug security ID fails

Caution To use the on-chip debug function with a product equipped with the on-chip debug function
(uPD78F0730), set 02H or 03H to 0084H. Set a value that is the same as that of 0084H to 1084H
because 0084H and 1084H are switched at boot swapping.

Caution Be sure to set 00H to 0082H and 0083H (0082H/1082H and 0083H/1083H when the boot swap function
is used).
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18.2 Format of Option Byte
The format of the option byte is shown below.

Figure 18-1. Format of Option Byte (1/2)

Address: 0080H/1080H""

7 6 5 4 3 2 1 0
0 WINDOW1 | WINDOWO WDTON WDCS2 | WDCSH | WDCSO0 LSROSC
WINDOW1 | WINDOWO Watchdog timer window open period
0 0 Setting prohibited
0 1
1 0
1 1 100%
WDTON Operation control of watchdog timer counter/illegal access detection
0 Counter operation disabled (counting stopped after reset), illegal access detection operation
disabled
1 Counter operation enabled (counting started after reset), illegal access detection operation enabled
WDCS2 WDCSH WDCSO0 Watchdog timer overflow time
0 0 0 2"faL (3.88 ms)
0 0 1 2"/fRL (7.76 ms)
0 1 0 2%/l (15.52 ms)
0 1 1 2%/faL (31.03 ms)
1 0 0 2"/faL (62.06 ms)
1 0 1 2%/l (124.12 ms)
1 1 0 2"/frL (248.24 ms)
1 1 1 2"/frL (496.48 ms)
LSROSC Internal low-speed oscillator operation
0 Can be stopped by software (stopped when 1 is written to bit 0 (LSRSTOP) of RCM register)
1 Cannot be stopped (not stopped even if 1 is written to LSRSTOP bit)

Note Set a value that is the same as that of 0080H to 1080H because 0080H and 1080H are switched during the boot
swap operation.

Cautions 1. The watchdog timer does not stop during self-programming of the flash memory and EEPROM
emulation. During processing, the interrupt acknowledge time is delayed. Set the overflow time
taking this delay into consideration.

2. If LSROSC = 0 (oscillation can be stopped by software), the count clock is not supplied to the
watchdog timer in the HALT and STOP modes, regardless of the setting of bit 0 (LSRSTOP) of the
internal oscillation mode register (RCM).

When 8-bit timer H1 operates with the internal low-speed oscillation clock, the count clock is
supplied to 8-bit timer H1 even in the HALT/STOP mode.

3. Be sure to clear bit 7 to 0.

Remarks 1. fr: Internal low-speed oscillation clock frequency
2. ():frL=264 kHz (MAX.)
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Figure 18-1. Format of Option Byte (2/2)

Address: 0081H/1081H"**"?

7 6 5 4 3 2 1 0

0 0 0 0 o | o | o POCMODE
POCMODE POC mode selection

0 1.59 V POC mode (default)

1 2.7 V/1.59 V POC mode

Notes 1. POCMODE can only be written by using a dedicated flash programmer. It cannot be set during self-
programming or boot swap operation during self-programming (at this time, 1.59 V POC mode (default) is
set). However, because the value of 1081H is copied to 0081H during the boot swap operation, it is
recommended to set a value that is the same as that of 0081H to 1081H when the boot swap function is
used.

2. To change the setting for the POC mode, set the value to 0081H again after batch erasure (chip erasure) of
the flash memory. The setting cannot be changed after the memory of the specified block is erased.

Caution For the 4PD78F0730, be sure to set 1 to bit 0, and be sure to clear bits 7 to 1 to 0.

Address: 0082H/1082H, 0083H/1083H""
7 6 5 4 3 2 1
0 0 0 0 0 0 0

Note Be sure to set 00H to 0082H and 0083H, as these addresses are reserved areas. Also set 00H to 1082 and
1083H because 0082H and 0083H are switched with 1082H and 1083H when the boot swap operation is used.

Address: 0084H/1084H""

7 6 5 4 3 2 1 0

0 0 0 0 0 0 OCDEN1 OCDENO
OCDENT1 OCDENO On-chip debug operation control

0 0 Operation disabled

0 1 Setting prohibited

1 0 Operation enabled. Does not erase data of the flash memory in case authentication

of the on-chip debug security ID fails.

1 1 Operation enabled. Erases data of the flash memory in case authentication of the
on-chip debug security ID fails.

Note To use the on-chip debug function with a product equipped with the on-chip debug function (#PD78F0730), set
02H or 03H to 0084H. Set a value that is the same as that of 0084H to 1084H because 0084H and 1084H are
switched at boot swapping.

Remark For the on-chip debug security ID, see CHAPTER 20 ON-CHIP DEBUG FUNCTION.
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Here is an example of description of the software for setting the option bytes.

OPT
OPTION:

CSEG AT 0080H

DB 70H ; Enables watchdog timer operation (illegal access detection operation),
; Window open period of watchdog timer: 100%,
; Overflow time of watchdog timer: 2"/rt,
; Internal low-speed oscillator can be stopped by software.

DB 01H ;2.7/1.59 V POC mode

DB OOH ; Reserved area

DB OOH ; Reserved area

DB O00H ; On-chip debug operation disabled

Remark Referencing of the option byte is performed during reset processing. For the reset processing timing, see

CHAPTER 15 RESET FUNCTION.
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CHAPTER 19 FLASH MEMORY

The 4PD78F0730 incorporates the flash memory to which a program can be written, erased, and overwritten while
mounted on the board.

19.1 Internal Memory Size Switching Register
The internal memory capacity can be selected using the internal memory size switching register (IMS).
IMS is set by an 8-bit memory manipulation instruction.
Reset signal generation sets IMS to CFH.
Caution Be sure to set IMS to C4H after a reset release.

Figure 19-1. Format of Internal Memory Size Switching Register (IMS)

Address: FFFOH  After reset: CFH R/W

Symbol 7 6 5 4 3 2 1 0
IMS RAM2 RAM1 RAMO 0 ROMS3 ROM2 ‘ ROM1 ‘ ROMO
RAM2 RAM1 RAMO Internal high-speed RAM capacity selection
1 1 0 1024 bytes
Other than above Setting prohibited
ROM3 ROM2 ROM1 ROMO Internal ROM capacity selection
0 1 0 0 16 KB
Other than above Setting prohibited
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19.2 Internal Expansion RAM Size Switching Register

The internal expansion RAM capacity can be selected using the internal expansion RAM size switching register (IXS).
IXS is set by an 8-bit memory manipulation instruction.

Reset signal generation sets IXS to OCH.

Caution Be sure to set to 08H after a reset release.

Figure 19-2. Format of Internal Expansion RAM Size Switching Register (IXS)

Address: FFF4H  Afterreset: OCH R/W

Symbol 7 6 5 4 3 2 1 0

IXS 0 0 0 IXRAM4 IXRAM3 IXRAM2 IXRAM1 IXRAMO

IXRAM4 IXRAM3 IXRAM2 IXRAM1 IXRAMO [Internal expansion RAM capacity selection

0 1 0 0 0 2048 bytes
Other than above

Setting prohibited
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19.3 Writing with Flash Memory Programmer
Data can be written to the flash memory on-board or off-board, by using a dedicated flash memory programmer.
(1) On-board programming
The contents of the flash memory can be rewritten after the xPD78F0730 has been mounted on the target system.
The connectors that connect the dedicated flash memory programmer must be mounted on the target system.
(2) Off-board programming
Data can be written to the flash memory with a dedicated program adapter (FA series) before the 4PD78F0730 is
mounted on the target system.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.

Table 19-1. Wiring Between 4PD78F0730 and Dedicated Flash Memory Programmer

Pin Configuration of Dedicated Flash Memory Programmer With CSI10 With UART6
Signal Name I/0 Pin Function Pin Name Pin No. Pin Name Pin No.

SI/RxD Input Receive signal SO10/P12 28 TxD6/P13 27
SO/TxD Output Transmit signal SI10/P11 29 RxD6/P14 26
SCK Output Transfer clock SCK10/P10 30 - -
CLK Output Clock to 4PD78F0730 Notet - EXCLK/X2/P122""*? 7
/RESET Output Reset signal RESET 5 ‘RESET 5
FLMDO Output Mode signal FLMDO 6 FLMDO 6
Vop I/0 Voo voltage generation/ Vob 11 Vop 11
power monitoring EVoo 20 EVoo 20
GND - Ground Vss 10 Vss 10
EVss 21 EVss 21

Notes 1. Only the internal high-speed oscillation clock (frH) can be used when CSI10 is used.

2. Only the X1 clock (fx) or external main system clock (fexcLk) can be used when UART®6 is used. When using
the clock output of the dedicated flash memory programmer, pin connection varies depending on the type of
the dedicated flash memory programmer used.

* PG-FP5, FL-PR5, QB-MINI2: Connect CLK of the programmer to EXCLK/X2/P122 (pin 7).
* PG-FPLS3, FP-LITE3: Connect CLK of the programmer to X1/P121 (pin 8), and connect its inverted signal to
X2/EXCLK/P122 (pin 7).
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Examples of the recommended connection when using the adapter for flash memory writing are shown below.

Figure 19-3. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial I/0 (CSI10) Mode

———(O) Voo (4.5t05.5V)

—© GND
O
0O
1 30
2 29
3 28
4 27
5 | O 26
6 25
7 24
i 8 23
THo 22
o010 21 o
o 11 20 o
12 19
13 18
14 17
15 16
GND
VDD
VDD2
O O O @) © O
Sl SO SCK  CLK /RESET FLMDO

WRITER INTERFACE

RO1UHO308EJ0300 Rev.3.00
Sep 22, 2011

RENESAS

457



pPD78F0730 CHAPTER 19 FLASH MEMORY

Figure 19-4. Example of Wiring Adapter for Flash Memory Writing in UART (UART6) Mode

—— O Voo (45t05.5V)

—©O GND
o
o)
1 30
2 29
3 28
4 27
5 | O 26
6 25
7Note 24
8 23
= 9 22
o010 21fo
o 11 20 —o
12 19
13 18
14 17
15 16
GND
VDD
VDD2

©O O O @) © O
SI SO SCK  CLKM® /RESET FLMDO

WRITER INTERFACE

Note The above figure illustrates an example of wiring when using the clock output from the PG-FP5, FL-PR5, or QB-
MINI2.
When using the clock output from the PG-FPL3 or FP-LITES, connect CLK to X1/P121 (pin 8), and connect its
inverted signal to X2/EXCLK/P122 (pin 7).
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19.4 Programming Environment
The environment required for writing a program to the flash memory of the xPD78F0730 is illustrated below.

Figure 19-5. Environment for Writing Program to Flash Memory

PG-FP5, FL-PR5 QB-MINI2 FLMDO
RS-232C O 5 Voo
Vss
usB \/ RESET
Dedicated flash CSI10/UART6 1 PD78F0730

memory programmer

Host machine

A host machine that controls the dedicated flash memory programmer is necessary.

To interface between the dedicated flash memory programmer and the 4PD78F0730, CSI10 or UART6 is used for
manipulation such as writing and erasing. To write the flash memory off-board, a dedicated program adapter (FA series)
is necessary.

19.5 Communication Mode

Communication between the dedicated flash memory programmer and the xPD78F0730 is established by serial
communication via CSI10 or UART6 of the xPD78F0730.

(1) Csi10
Transfer rate: 2.4 kHz to 2.5 MHz

Figure 19-6. Communication with Dedicated Flash Memory Programmer (CSI10)

FLMDO FLMDO
Voo ————————— VDD/EVDD
PG-FP5, FL-PR5
/\ GND — Vss/EVss
Rs & /RESET RESET
SI/RxD SO10
Dedicated flash SO/TxD ——— SI10 1 PD78F0730
memory programmer SCK SCK10
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(2) UART6
Transfer rate: 115200 bps

Figure 19-7. Communication with Dedicated Flash Memory Programmer (UART6)

FLMDO FLMDO

PG-FP5, FL-PR5 QB-MINI2 Voo Voo/EVoo

.. GND — Vss/EVss
@ n, /RESET ——= RESET
‘ SI/RXD = TxD6

Dedicated flash SO/TxD ——— RxD6 1 PD78F0730
memory programmer CLKNote EXCLKNote

Note The above figure illustrates an example of wiring when using the clock output from the PG-FP5, FL-PR5, or QB-
MINI2.
When using the clock output from the PG-FPL3 or FP-LITES, connect CLK to X1/P121 (pin 8), and connect its
inverted signal to X2/EXCLK/P122 (pin 7).

CLK X1
X2
The dedicated flash memory programmer generates the following signals for the 4PD78F0730. For details, refer to the

user’s manual for the PG-FP5, FL-PR5, QB-MINI2, PG-FPL3, or FP-LITES3.

Table 19-2. Pin Connection

Dedicated Flash Memory Programmer #PD78F0730 Connection
Signal Name I/0 Pin Function Pin Name CSI10 | UART6

FLMDO Output Mode signal FLMDO O (@)
Voo /0 Voo voltage generation/power monitoring Voo, EVoo (@) O
GND - Ground Vss, EVss O O
CLK Output Clock output to zPD78F0730 Note 1 xhere? onee!
/RESET Output Reset signal RESET [0) (®)
SI/RxD Input Receive signal SO10/TxD6 (@) O
SO/TxD Output Transmit signal SI10/RxD6 (@) O
SCK Output Transfer clock SCK10 (@) X

Notes 1. Only the X1 clock (fx) or external main system clock (fexcLk) can be used when UART6 is used. When using
the clock output of the dedicated flash memory programmer, pin connection varies depending on the type of
the dedicated flash memory programmer used.

* PG-FP5, FL-PR5, QB-MINI2: Connect CLK of the programmer to EXCLK/X2/P122 (pin 7).
* PG-FPLS3, FP-LITES: Connect CLK of the programmer to X1/P121 (pin 8), and connect its inverted
signal to X2/EXCLK/P122 (pin 7).
2. Only the internal high-speed oscillation clock (frH) can be used when CSI10 is used.

Remark O: Be sure to connect the pin.
O: The pin does not have to be connected if the signal is generated on the target board.
x: The pin does not have to be connected.
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19.6 Connection of Pins on Board

To write the flash memory on-board, connectors that connect the dedicated flash memory programmer must be
provided on the target system. First provide a function that selects the normal operation mode or flash memory
programming mode on the board.

When the flash memory programming mode is set, all the pins not used for programming the flash memory are in the
same status as immediately after reset. Therefore, if the external device does not recognize the state immediately after
reset, the pins must be connected as described below.

19.6.1 FLMDO pin
In the normal operation mode, 0 V is input to the FLMDO pin. In the flash memory programming mode, the Voo write

voltage is supplied to the FLMDO pin. An FLMDO pin connection example is shown below.

Figure 19-8. FLMDO Pin Connection Example

uPD78F0730
- ] Dedicated flash memory
programmer connection pin
FLMDO * O

10 kQ (recommended)

19.6.2 Serial interface pins
The pins used by each serial interface are listed below.

Table 19-3. Pins Used by Each Serial Interface

Serial Interface Pins Used
Csl10 S010, SI10, SCK10
UART6 TxD6, RxD6

To connect the dedicated flash memory programmer to the pins of a serial interface that is connected to another device
on the board, care must be exercised so that signals do not collide or that the other device does not malfunction.
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(1) Signal collision
If the dedicated flash memory programmer (output) is connected to a pin (input) of a serial interface connected to
another device (output), signal collision takes place. To avoid this collision, either isolate the connection with the
other device, or make the other device go into an output high-impedance state.

Figure 19-9. Signal Collision (Input Pin of Serial Interface)

1 PD78F0730
Dedicated flash programmer
Signal collision connection pin
Input pin O

Other device

| T Output pin

In the flash memory programming mode, the signal output by the device
collides with the signal sent from the dedicated flash programmer.
Therefore, isolate the signal of the other device.

(2) Malfunction of other device
If the dedicated flash memory programmer (output or input) is connected to a pin (input or output) of a serial interface
connected to another device (input), a signal may be output to the other device, causing the device to malfunction. To
avoid this malfunction, isolate the connection with the other device.

Figure 19-10. Malfunction of Other Device

uPD78F0730
Dedicated flash programmer
) connection pin
Pin O

Other device

' T Input pin

If the signal output by the uPD78F0730 in the flash memory programming
mode affects the other device, isolate the signal of the other device.

1 PD78F0730
Dedicated flash programmer
) connection pin
Pin O

Other device

y T Input pin

If the signal output by the dedicated flash programmer in the flash memory
programming mode affects the other device, isolate the signal of the other
device.
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19.6.3 RESET pin

If the reset signal of the dedicated flash memory programmer is connected to the RESET pin that is connected to the
reset signal generator on the board, signal collision takes place. To prevent this collision, isolate the connection with the
reset signal generator.

If the reset signal is input from the user system while the flash memory programming mode is set, the flash memory will
not be correctly programmed. Do not input any signal other than the reset signal of the dedicated flash memory
programmer.

Figure 19-11. Signal Collision (RESET Pin)

1 PD78F0730
Dedicated flash programmer
Signal collision connection signal
RESET O

Reset signal generator

s 1 Output pin

In the flash memory programming mode, the signal output by the reset
signal generator collides with the signal output by the dedicated flash
programmer. Therefore, isolate the signal of the reset signal generator.

19.6.4 Port pins

When the flash memory programming mode is set, all the pins not used for flash memory programming enter the same
status as that immediately after reset. If external devices connected to the ports do not recognize the port status
immediately after reset, the port pin must be connected to Vop or Vss via a resistor.

19.6.5 REGC pin
Connect the REGC pin to GND via a capacitor (0.47 to 1 uF: recommended) in the same manner as during normal
operation.

19.6.6 Other signal pins
Connect X1 and X2 in the same status as in the normal operation mode when using the on-board clock.
To input the operating clock from the dedicated flash memory programmer, however, connect as follows.
* PG-FP5, FL-PR5, QB-MINI2: Connect CLK of the programmer to EXCLK/X2/P122.
* PG-FPL3, FP-LITES: Connect CLK of the programmer to X1/P121, and connect its inverted signal
to X2/EXCLK/P122.

Cautions 1. Only the internal high-speed oscillation clock (frH) can be used when CSI10 is used.

2. Only the X1 clock (fx) or external main system clock (fexcLk) can be used when UART6 is used.

3. When writing the flash memory with a flash memory programmer, connect P31/INTP2/OCD1A and
P121/X1/OCDOA as follows.
* P31/INTP2/0CD1A: Connect to EVss via a resistor (10 kQ2: recommended).
* P121/X1/0CDOA:  When using this pin as a port, connect it to Vss via a resistor (10 kQ:

recommended) (in the input mode) or leave it open (in the output mode).

The above connection is not necessary when writing the flash memory by means of self
programming.
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19.6.7 Power supply

To use the supply voltage output of the flash memory programmer, connect the Voo pin to Vop of the flash memory
programmer, and the Vss pin to GND of the flash memory programmer.

However, be sure to connect the Vob and Vss pins to Voo and GND of the flash memory programmer to use the power
monitor function with the flash memory programmer.

To use the on-board supply voltage, connect in compliance with the normal operation mode.

Supply the same other power supplies (EVop and EVss) as those in the normal operation mode.

19.7 Programming Method

19.7.1 Controlling flash memory
The following figure illustrates the procedure to manipulate the flash memory.

Figure 19-12. Flash Memory Manipulation Procedure

( Ser )

Flash memory programming
mode is set

FLMDO pulse supply —=  Selecting communication mode

Manipulate flash memory

No

( )
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19.7.2 Flash memory programming mode

To rewrite the contents of the flash memory by using the dedicated flash memory programmer, set the 4PD78F0730 in

the flash memory programming mode. To set the mode, set the FLMDO pin to Vob and clear the reset signal.
Change the mode by using a jumper when writing the flash memory on-board.

Figure 19-13. Flash Memory Programming Mode

55V : 45
Vop '
oV i

Voo : [)[)
RESET \ /i

ov

FLMDO pulse

Vob
FLMDO
oV

E Flash memory programming mode

Table 19-4. Relationship Between FLMDO Pin and Operation Mode After Reset Release

FLMDO Operation Mode
0 Normal operation mode
Voo Flash memory programming mode
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19.7.3 Selecting communication mode

In the £PD78F0730, a communication mode is selected by inputting pulses (up to 11 pulses) to the FLMDO pin after the
dedicated flash memory programming mode is entered. These FLMDO pulses are generated by the flash memory
programmer.

The following table shows the relationship between the number of pulses and communication modes.

Table 19-5. Communication Modes

Communication Standard Setting"**® Pins Used Peripheral Number of

Mode Port Speed Frequency | Multiply Rate Clock FLMDO Pulses
UART UART-Ext-Osc 115,200 bps | 16 MHz 1.0 TxD6, RxD6 | fx 0
(UARTS) UART-Ext-FP5CK fexoik 3
3-wire serial I/O | CSl-Internal-OSC | 2.4 kHz to 16 MHz S0O10, S0, | frH 8
(CSI10) 2.5 MHz SCK10

Note Selection items for Standard settings on GUI of the dedicated flash memory programmer.

Caution When UARTS6 is selected, the receive clock is calculated based on the reset command sent from the
dedicated flash memory programmer after the FLMDO pulse has been received.

Remark fx: X1 clock
fexcik:  External main system clock
fRH: Internal high-speed oscillation clock
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19.7.4 Communication commands

The 4PD78F0730 communicates with the dedicated flash memory programmer by using commands. The signals sent
from the flash memory programmer to the 4PD78F0730 are called commands, and the signals sent from the xPD78F0730
to the dedicated flash memory programmer are called response.

Figure 19-14. Communication Commands

Command

Response

Dedicated flash 1 PD78F0730

programmer

The flash memory control commands of the xPD78F0730 are listed in the table below. All these commands are issued
from the programmer and the #PD78F0730 perform processing corresponding to the respective commands.

Table 19-6. Flash Memory Control Commands

Classification

Command Name

Function

Verify Verify Compares the contents of a specified area of the flash memory with
data transmitted from the programmer.
Erase Chip Erase Erases the entire flash memory.
Block Erase Erases a specified area in the flash memory.
Blank check Block Blank Check Checks if a specified block in the flash memory has been correctly
erased.
Write Programming Writes data to a specified area in the flash memory.

Getting information

Status

Gets the current operating status (status data).

Silicon Signature

Gets 78K0/Kx2 information (such as the part number and flash memory

configuration).

Version Get Gets the 78K0/Kx2 version and firmware version.
Checksum Gets the checksum data for a specified area.

Security Security Set Sets security information.

Others Reset Used to detect synchronization status of communication.

Oscillating Frequency Set

Specifies an oscillation frequency.

The pPD78F0730 returns a response for the command issued by the dedicated flash memory programmer. The
response names sent from the xPD78F0730 are listed below.
Table 19-7. Response Names
Response Name Function
ACK Acknowledges command/data.
NAK Acknowledges illegal command/data.
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19.8 Security Settings

The uPD78F0730 supports a security function that prohibits rewriting the user program written to the internal flash
memory, so that the program cannot be changed by an unauthorized person.

The operations shown below can be performed using the Security Set command. The security setting is valid when the
programming mode is set next.

¢ Disabling batch erase (chip erase)
Execution of the block erase and batch erase (chip erase) commands for entire blocks in the flash memory is
prohibited by this setting during on-board/off-board programming. Once execution of the batch erase (chip erase)
command is prohibited, all of the prohibition settings (including prohibition of batch erase (chip erase)) can no longer
be cancelled.

Caution After the security setting for the batch erase is set, erasure cannot be performed for the device. In
addition, even if a write command is executed, data different from that which has already been
written to the flash memory cannot be written, because the erase command is disabled.

e Disabling block erase
Execution of the block erase command for a specific block in the flash memory is prohibited during on-board/off-board
programming. However, blocks can be erased by means of self programming.

¢ Disabling write
Execution of the write and block erase commands for entire blocks in the flash memory is prohibited during on-
board/off-board programming. However, blocks can be written by means of self programming.

¢ Disabling rewriting boot cluster 0
Execution of the batch erase (chip erase) command, block erase command, and write command on boot cluster 0
(O000H to OFFFH) in the flash memory is prohibited by this setting.

Caution If a security setting that rewrites boot cluster 0 has been applied, boot cluster 0 of that device will
not be rewritten.

The batch erase (chip erase), block erase, write commands, and rewriting boot cluster 0 are enabled by the default
setting when the flash memory is shipped. Security can be set by on-board/off-board programming and self programming.
Each security setting can be used in combination.

Prohibition of erasing blocks and writing is cleared by executing the batch erase (chip erase) command.

Table 19-8 shows the relationship between the erase and write commands when the #PD78F0730 security function is
enabled.
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Table 19-8. Relationship Between Enabling Security Function and Command

(1) During on-board/off-board programming

Valid Security

Executed Command

Batch Erase (Chip Erase)

Block Erase

Write

Prohibition of batch erase (chip erase)

Cannot be erased in batch

Prohibition of block erase

Can be erased in batch.

Prohibition of writing

Blocks cannot be
erased.

Note

Can be performed

Can be performed.

Cannot be performed.

Prohibition of rewriting boot cluster 0

Cannot be erased in batch

Boot cluster 0 cannot be
erased.

Boot cluster 0 cannot be
written.

Note Confirm that no data has been written to the write area. Because data cannot be erased after batch erase

(chip erase) is prohibited, do not write data if the data has not been erased.

(2) During self programming

Valid Security

Executed Command

Block Erase

Write

Prohibition of batch erase (chip erase)

Blocks can be erased.

Prohibition of block erase

Prohibition of writing

Can be performed.

Prohibition of rewriting boot cluster 0

Boot cluster 0 cannot be erased.

Boot cluster 0 cannot be written.

Table 19-9 shows how to perform security settings in each programming mode.

Table 19-9. Setting Security in Each Programming Mode

(1) On-board/off-board programming

Security

Security Setting

How to Disable Security Setting

Prohibition of batch erase (chip erase)

Prohibition of block erase

Prohibition of writing

Prohibition of rewriting boot cluster 0

Set via GUI of dedicated flash
programmer, etc.

Cannot be disabled after set.

Execute batch erase (chip erase)
command

Cannot be disabled after set.

(2) Self programming

Security

Security Setting

How to Disable Security Setting

Prohibition of batch erase (chip erase)

Prohibition of block erase

Prohibition of writing

Prohibition of rewriting boot cluster 0

Set by using information library.

Cannot be disabled after set.

Execute batch erase (chip erase)
command during on-board/off-board
programming (cannot be disabled during
self programming)

Cannot be disabled after set.
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19.9 Flash Memory Programming by Self-Programming

The pPD78F0730 supports a self-programming function that can be used to rewrite the flash memory via a user
program. Because this function allows a user application to rewrite the flash memory by using the 4/PD78F0730 self-
programming library, it can be used to upgrade the program in the field.

If an interrupt occurs during self-programming, self-programming can be temporarily stopped and interrupt servicing
can be executed. To execute interrupt servicing, restore the normal operation mode after self-programming has been
stopped, and execute the El instruction. After the self-programming mode is later restored, self-programming can be
resumed.

Remark For details of the self-programming function and the self-programming library, refer to 78K0 Microcontroller
Self Programming Library Type01 User’s Manual (U18274E).

Cautions 1. Input a high level to the FLMDO pin during self-programming.

2. Be sure to execute the DI instruction before starting self-programming.

The self-programming function checks the interrupt request flags (IFOL, IFOH, IF1L, and IF1H). If
an interrupt request is generated, self-programming is stopped.

3. Self-programming is also stopped by an interrupt request that is not masked even in the DI status.
To prevent this, mask the interrupt by using the interrupt mask flag registers (MKOL, MKOH, MK1L,
and MK1H).

4. Self-programming is executed with the internal high-speed oscillation clock. If the CPU operates
with the X1 clock or external main system clock, the oscillation stabilization wait time of the
internal high-speed oscillation clock elapses during self-programming.

5. Allocate the entry program for self-programming in the common area of 0000H to 3FFFH.

Figure 19-15. Operation Mode and Memory Map for Self-Programming

FFFFH FFFFH

FFOOH SFR FFOOH SFR
FEFFH([ Internal high- FEFFH| Internal high-
FBOOH speed RAM FBOOH speed RAM
USB area USB area
F9D1H F9D1H
i%% 8 : Reserved ;%% 8 E Reserved
F7FFH F7FFH
Internal Internal
expansion RAM expansion RAM
Flash memory Flash memory
FO0O0H control FOOOH control
firmware ROM firmware ROM
Reserved Disable Reserved Enable
accessing accessing

4000H 4000H [
3FFFH|——————— B 3FFFHI o

Flash memory Instructions can be fetched Flash memory Instructions can be fetched

(common area) from common area. (common area) from common area and

> firmware ROM.
0000H 0000H —
Normal mode Self-programming mode
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The following figure illustrates a flow of rewriting the flash memory by using a self programming sample library.

Figure 19-16. Flow of Self Programming (Rewriting Flash Memory)

(Start of self programming)

FLMDO pin
Low level — High level

FlashStart

Setting operating environment

FlashEnv

CheckFLMD

No

Normal completion?

FlashBlockBlankCheck

| -
-t

Erased? No

Yes

FlashBlockErase

FlashWordWrite

Normal completion?

Yes

Normal completion?

FlashBlockVerify

Normal completion?

Yes |-

FlashEnd

I
FLMDO pin
High level — Low level

( End of self programming )

Remark For details of the self-programming function and the self-programming library, refer to 78K0 Microcontroller
Self Programming Library Type01 User’s Manual (U18274E).
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19.9.1 Boot swap function

If rewriting the boot area has failed during self-programming due to a power failure or some other cause, the data in the
boot area may be lost and the program may not be restarted by resetting.
The boot swap function is used to avoid this problem.
Before erasing boot cluster 0", which is a boot program area, by self-programming, write a new boot program to boot
cluster 1 in advance. When the program has been correctly written to boot cluster 1, swap this boot cluster 1 and boot
cluster 0 by using the set information function of the firmware of the 4PD78F0730, so that boot cluster 1 is used as a boot
area. After that, erase or write the original boot program area, boot cluster 0.
As a result, even if a power failure occurs while the boot programming area is being rewritten, the program is executed
correctly because it is booted from boot cluster 1 to be swapped when the program is reset and started next.
If the program has been correctly written to boot cluster 0, restore the original boot area by using the set information

function of the firmware of the xPD78F0730.

Note A boot cluster is a 4 KB area and boot clusters 0 and 1 are swapped by the boot swap function.

Boot cluster 0 (0000H to OFFFH): Original boot program area

Boot cluster 1 (1000H to 1FFFH): Area subject to boot swap function

Figure 19-17. Boot Swap Function

XXXXH
User program Self programming
to boot cluster 1

2000H

User program
1000H prog

Boot program
0000H | (boot cluster 0)

Boot

XXXXH

Self programming
to boot cluster 0

—

2000H
1000H

0000H

User program

New boot program
(boot cluster 1)

Boot program
(boot cluster 0)

User program

New boot program
(boot cluster 1)

New boot program
(boot cluster 0)

Setting of boot flag

—

Boot

Setting of boot flag

—

Boot

User program

New boot program
(boot cluster 1)

Boot program
(boot cluster 0)

User program

New boot program
(boot cluster 1)

New boot program
(boot cluster 0)

Boot

Boot

Remark Boot cluster 1 becomes 0000H to OFFFH when a reset is generated after the boot flag has been set.
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Figure 19-18. Example of Executing Boot Swapping
Block number
l Erasing block 4 Erasing block 5 Erasing block 6 Erasing block 7
7 Program 7 Program 7 Program 7 Program 7
Boot 6 Program 6 Program 6 Program 6 6
cluster1 \ 5 Program 5| Program 5 5 5
4 Program 1000H 4 4 4 4
3 Boot program |:> 3 Boot program |::> 3 Boot program |:> 3 Boot program |:> 3 Boot program
Boot 2 | Boot program 2 | Boot program 2 | Boot program 2 | Boot program 2 | Boot program
cluster 0 1 | Boot program 1 | Boot program 1 | Boot program 1 | Boot program 1 | Boot program
0 | Boot program 0000H 0 | Boot program (0 | Boot program (0 | Boot program 0 | Boot program

Booted by boot cluster 0
Writing blocks 5 to 7

o

New boot program

New boot program
New boot program
New boot program

Boot program
Boot program
Boot program
Boot program

O=NwWwhoo~N

Erasing block 2

7
6
5
4
3
2
1
0

New boot program

New boot program
New boot program

New boot program |:>
Boot program

o

Boot swap

New boot program

New boot program

New boot program

New boot program

Boot program

Boot program

Boot program

O=NWwWwhooON

Boot program

Erasing block 0

New boot program

New boot program
New boot program
New boot program

0000H |:>

Boot program
Boot program
Boot program

O=NWwWwhoo~N

1000H

Booted by boot cluster 1

Erasing block 3

O=NWwWwhouo~N

New boot program

New boot program

New boot program

New boot program |:>

Writing blocks 0 to 3

New boot program

New boot program
New boot program
New boot program |:>
New boot program
New boot program
New boot program
New boot program

O=NwWwhrhoION

Erasing block 1

New boot program

New boot program

New boot program

New boot program

Boot program

Boot program

O=MNwhrhouoO~N

Boot swap

New boot program

New boot program

New boot program

New boot program

New boot program

New boot program

New boot program

O=NWwWwhooN

New boot program

1000H

0000H

Booted by boot cluster 0
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CHAPTER 20 ON-CHIP DEBUG FUNCTION

20.1 Connecting QB-MINI2 to 4PD78F0730

The £PD78F0730 uses the Voo, FLMDO, RESET, OCDOA/X1 (or OCD1A/P31), OCDOB/X2 (or OCD1B/P32), and Vss

pins to communicate with the host machine via an on-chip debug emulator (QB-MINI2). Whether OCDOA/X1 and
OCD1A/P31, or OCD0B/X2 and OCD1B/P32 are used can be selected.

Caution The yPD78F0730 has an on-chip debug function, which is provided for development and evaluation.
Do not use the on-chip debug function in products designated for mass production, because the
guaranteed number of rewritable times of the flash memory may be exceeded when this function is
used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not liable for
problems occurring when the on-chip debug function is used.

Figure 20-1. Connection Example of QB-MINI2 and x#PD78F0730
(When OCDOA/X1 and OCDO0B/X2 Are Used)

Target connector Vee Voo Voo Reset circuit
10-pin 1kQ .
S %(Recommended) Reset signal
RESET_INNote* i
10 kQ
(Recommended) 1 PD78F0730
RESET_OUT . RESET
FLMDO » FLMDO
Note 2
Vop Vop
DATA X2/0CDoB
GND
CLK X1/OCDOA
GND P31
GND
REU. |—
(Open)
REU. |—
(Open) Note 2
vz

Notes 1. This connection is designed assuming that the reset signal is output from the N-ch open-drain buffer (output
resistance: 100 Q or less). For details, refer to QB-MINI2 User’s Manual (U18371E).
2. Make pull-down resistor 470 Q or more (10 kQ: recommended).

Cautions 1. Input the clock from the OCDOA/X1 pin during on-chip debugging.
2. Control the OCDOA/X1 and OCDOB/X2 pins by externally pulling down the OCD1A/P31 pin.
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Figure 20-2. Connection Example of QB-MINI2 and zPD78F0730 (When OCD1A and OCD1B Are Used)

Voo Vop Voo Voo -
Target connector - h Reset circuit
(10pin) gs 10 10 k2 NM% ka Reset signal
(Recommended) (Recommended)
RESET_|INNete! 28
10 kQ
(Recommended)% 1 PD78F0730
RESET_OUT . RESET
FLMDO * FLMDO
Note 3
Vop Voo
DATA OCD1B/P32
GND
CLK * OCD1A/P31
GND
GND
R.FU. —
(Open)
R.FU.
(Open) Note 3
7T

Notes 1. This connection is designed assuming that the reset signal is output from the N-ch open-drain buffer (output
resistance: 100 Q or less). For details, refer to QB-MINI2 User’s Manual (U18371E).

2. This is the processing of the pin when OCD1B/P32 is set as the input port (to prevent the pin from being left
opened when not connected to QB-MINI2).

3. Make pull-down resistor 470 Q or more (10 kQ: recommended).
Connect the FLMDO pin as follows when performing self programming by means of on-chip debugging.

Figure 20-3. Connection of FLMDO Pin for Self Programming by Means of On-Chip Debugging

Target connector 1 PD78F0730

Port
% 1 kQ (recommended)
FLMDO

FLMDO
7% 10 kQ (recommended)

Caution When using the port that controls the FLMDO pin, make sure that it satisfies the values of the high-

level output current and FLMDO supply voltage (minimum value: 0.8Vop) stated in CHAPTER 22
ELECTRICAL SPECIFICATIONS.
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20.2 Reserved Area Used by QB-MINI2

QB-MINI2 uses the reserved areas shown in Figure 20-4 below to implement communication with the #PD78F0730, or
each debug function. The shaded reserved areas are used for the respective debug functions to be used, and the other
areas are always used for debugging. These reserved areas can be secured by using user programs and compiler options.

When using a boot swap operation during self programming, set the same value to boot cluster 1 beforehand.

For details on reserved area, refer to QB-MINI2 User’s Manual (U18371E).

Figure 20-4. Reserved Area Used by QB-MINI2

Internal ROM space

28FH

190H

Pseudo RRM area
(256 bytes)

18FH

8FH

Debug monitor area
(257 bytes)

8EH

85H

Security ID area
(10 bytes)

84H

Option byte area (1 byte)

7FH
7EH

Software break area (2 bytes)

03H
02H

Debug monitor area (2 bytes)

00H

FF7FH

F7FOH

Internal expansion RAM space

Stack area for debugging
(Max. 16 bytes)

Pseudo RRM area
(16 bytes)

Remark Shaded reserved areas: Area used for the respective debug functions to be used

Other reserved areas:

Areas always used for debugging
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CHAPTER 21 INSTRUCTION SET

This chapter lists each instruction set of the £PD78F0730 in table form. For details of each operation and operation
code, refer to the separate document 78K/0 Series Instructions User’s Manual (U12326E).

21.1 Conventions Used in Operation List

21.1.1 Operand identifiers and specification methods

Operands are written in the “Operand” column of each instruction in accordance with the specification method of the
instruction operand identifier (refer to the assembler specifications for details). When there are two or more methods,
select one of them. Uppercase letters and the symbols #, !, $ and [ ] are keywords and must be written as they are. Each
symbol has the following meaning.

e #: Immediate data specification
e |1 Absolute address specification
e 3$: Relative address specification
e []: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to write
the #, !, $, and [ ] symbols.

For operand register identifiers r and rp, either function names (X, A, C, etc.) or absolute names (names in parentheses
in the table below, RO, R1, R2, etc.) can be used for specification.

Table 21-1. Operand Identifiers and Specification Methods

Identifier Specification Method
r X (R0), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
p AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special function register symbol"*
sfrp Special function register symbol (16-bit manipulatable register even addresses only)""*
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even address only)
addr16 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addr11 0800H to OFFFH Immediate data or labels
addr5 0040H to 007FH Immediate data or labels (even address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special function register symbols, see Table 3-7 Special Function Register List.
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21.1.2 Description of operation column

PSW:

A register; 8-bit accumulator

X register

B register

C register

D register

E register

H register

L register

AX register pair; 16-bit accumulator
BC register pair

DE register pair

HL register pair

Program counter

Stack pointer

Program status word

Carry flag

Auxiliary carry flag

Zero flag

Register bank select flag

Interrupt request enable flag
Memory contents indicated by address or register contents in parentheses
Higher 8 bits and lower 8 bits of 16-bit register
Logical product (AND)

Logical sum (OR)

Exclusive logical sum (exclusive OR)
Inverted data

addr16: 16-bit immediate data or label

jdisp8:

Signed 8-bit data (displacement value)

21.1.3 Description of flag operation column
(Blank): Not affected

DX <

Clearedto 0

Setto 1

Set/cleared according to the result
Previously saved value is restored
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21.2 Operation List

Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
8-bit data MOV r, #byte 2 4 - r < byte
transfer saddr, #byte 3 6 (saddr) « byte

sfr, #byte 3 - sfr « byte
Ar Nete3 | 2 - Acr
r,A Rt 2 - reA
A, saddr 2 4 5 A « (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A « sfr
sfr, A 2 - 5 sfr— A
A, laddr16 3 8 9 A « (addr16)
laddr16, A 3 8 9 (addr16) « A
PSW, #byte 3 - 7 PSW « byte X X X
A, PSW 2 - 5 A « PSW
PSW, A 2 - 5 PSW « A X X X
A, [DE] 1 4 5 A « (DE)
[DE], A 1 4 5 (DE) « A
A, [HL] 1 4 5 A « (HL)
[HL], A 1 4 5 (HL) « A
A, [HL + byte] 2 8 9 |A« (HL + byte)
[HL + byte], A 2 8 9 (HL + byte) « A
A, [HL + B] 1 6 7 |Ae(HL+B)
[HL + B, A 1 6 7 (HL + B) « A
A, [HL +C] 1 6 7 |Ac<(HL+0)
[HL + C], A 1 6 7 (HL+C) <« A

XCH Ar Neted | 2 - Aor
A, saddr 2 4 6 A < (saddr)
A, sfr 2 - 6 A & (sfr)
A, laddr16 3 8 10 A < (addr16)
A, [DE] 1 4 6 |Ae (DE)
A, [HL] 1 4 6 |Ao(HL
A, [HL + byte] 2 8 10 |A o (HL + byte)
A, [HL + B] 2 8 10 |Ao (HL+B)
A [HL+C] 2 8 10 |Ao (HL+C)

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A”

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
16-bit data | MOVW rp, #word 3 6 - rp < word
transfer saddrp, #word 4 8 10  |(saddrp) « word
sfrp, #word 4 - 10 sfrp < word
AX, saddrp 2 6 8 AX « (saddrp)
saddrp, AX 2 8 (saddrp) « AX
AX, sfrp 2 - 8 AX « sfrp
sfrp, AX 2 - 8 sfrp « AX
AX, rp Newes ] 4 4 - AX «—rp
p, AX noes | o 4 - p « AX
AX, laddr16 3 10 12 AX « (addr16)
laddr16, AX 3 | 10 12 |(addr16) « AX
XCHW AX, rp Nowes | 4 - AX & 1p
8-bit ADD A, #byte 2 4 - A, CY « A + byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte X X X
Ar Noted| 2 4 - A CY«—A+r X X X
r, A 2 4 - LCY«r+A X X X
A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, laddr16 3 8 9 A, CY « A + (addr16) X X X
A, [HL] 1 4 5 A, CY « A+ (HL) X X X
A, [HL + byte] 2 8 9 A, CY « A + (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY « A+ (HL + B) X X X
A, [HL + C] 2 8 9 A, CY«— A+ HL+C) X X X
ADDC A, #byte 2 4 - A, CY « A + byte + CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar Noes | 2 4 - A CY—A+r+CY X X X
r, A 2 4 - r,CY«r+A+CY X X X
A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
A, laddr16 3 8 9 A, CY « A + (addr16) + C X X X
A, [HL] 1 4 5 A, CY « A+ (HL) +CY X X X
A, [HL + byte] 2 8 9 A, CY « A+ (HL + byte) + CY X X X
A, [HL + B] 2 8 9 A,CY <A+ (HL+B)+CY X X X
A, [HL + C] 2 8 9 A, CY <A+ (HL+C)+CY X X X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

3. Only when rp = BC, DE or HL
4. Exceptr=A”

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Clocks Fla
Mnemonic Operands Bytes Operation g
Group Note 1| Note 2 Z ACCY
8-bit SUB A, #byte 2 4 - A, CY « A - byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte X X X
Ar Netes| o 4 - A CY«—A-r X X X
r, A 2 4 - LCY«r-A X X X
A, saddr 2 4 5 A, CY « A — (saddr) X X X
A, laddr16 3 8 9 A, CY « A - (addr16) X X X
A, [HL] 1 4 5 A, CY « A-(HL) X X X
A, [HL + byte] 2 8 9 A, CY « A - (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY < A-(HL+B) X X X
A, [HL + C] 2 8 9 A, CY«—A-(HL+C) X X X
SUBC A, #byte 2 4 - A, CY « A -byte - CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte — CY X X X
Ar Nees | 2 4 - A CY«—A-r-CY X X X
rA 2 4 - hCY«r-A-CY X X X
A, saddr 2 4 5 A, CY « A — (saddr) - CY X X X
A, laddr16 3 8 9 A, CY « A - (addr16) - CY X X X
A, [HL] 1 4 5 A, CY <« A-(HL)-CY X X X
A, [HL + byte] 2 8 9 A, CY « A - (HL + byte) - CY X X X
A, [HL + B] 2 8 9 A, CY < A-(HL+B)-CY X X X
A, [HL + C] 2 8 9 A CY«<A-HL+C)-CY X X X
AND A, #byte 2 4 - A < A Abyte X
saddr, #byte 3 6 8 (saddr) « (saddr) A byte X
Ar Nees | 2 4 - A Anr X
r, A 2 4 - r—raA X
A, saddr 2 4 5 A « A A (saddr) X
A, laddr16 3 8 9 A < A A (addr16) X
A, [HL] 1 4 5 A« AA(HL) X
A, [HL + byte] 2 8 9 A « A A (HL + byte) X
A, [HL + B] 2 8 9 A« AA(HL+B) X
A, [HL + C] 2 8 9 A«—AA(HL+C) X

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
8-bit OR A, #byte 2 4 - A« Avbyte X
operation saddr, #byte 3 6 8 (saddr) « (saddr) v byte X
Ar sl 2 4 - Ac—Avr x
r, A 2 4 - rervA X
A, saddr 2 4 5 A <« A v (saddr) X
A, laddr16 3 8 9 A« Av (addr16) X
A, [HL] 1 4 5 A« Av (HL) X
A, [HL + byte] 2 8 9 A < Av (HL + byte) X
A, [HL + B] 2 8 9 A« Av (HL+B) X
A, [HL +C] 2 8 9 A«—Av(HL+C) X
XOR A, #byte 2 4 - A« A byte X
saddr, #byte 3 6 8 (saddr) « (saddr) v byte X
Ar Netes | o 4 - A Avr X
r, A 2 4 - rer~A X
A, saddr 2 4 5 A <« A~ (saddr) X
A, laddr16 3 8 9 A < A~ (addr16) X
A, [HL] 1 4 5 A« A (HL) X
A, [HL + byte] 2 8 9 A« A~ (HL + byte) X
A, [HL + B] 2 8 9 A« A~ (HL +B) X
A, [HL + C] 2 8 9 A« Av(HL+C) X
CMP A, #byte 2 4 - A — byte X X X
saddr, #byte 3 6 8 (saddr) — byte X X X
Ar Nte3 | o 4 - A-r X X X
r, A 2 4 - r—A X X X
A, saddr 2 4 5 A — (saddr) X X X
A, laddr16 3 8 9 A — (addr16) X X X
A, [HL] 1 4 5 A—(HL) X X X
A, [HL + byte] 2 8 9 A — (HL + byte) X X X
A, [HL + B] 2 8 9 A-(HL +B) X X X
A, [HL + C] 2 8 9 A-(HL+C) X X X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation | sUBW AX, #word 3 6 - AX, CY « AX — word X X X
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ MULU X 2 16 - AX «— AxX
divide DIVUW o} 2 | 25 - | AX (Quotient), C (Remainder) « AX + C
Increment/ [INC r 1 2 - rer+1 X X
decrement saddr 2 4 6 (saddr) « (saddr) + 1 X X
DEC r 1 2 - rer-1 X X
saddr 2 4 6 (saddr) « (saddr) — 1 X X
INCW p 1 4 - p«rp+1
DECW rp 1 4 - mp«rp-1
Rotate ROR A1 1 2 - (CY, A7 < Ao, Am-1 < Am) X 1 time X
ROL A1 1 2 - (CY, Ao «— A7, Am+1 ¢ Am) X 1 time X
RORC A1 1 2 - (CY < Ao, A7 < CY, Am-1 < Am) x 1 time X
ROLC A1 1 2 - (CY < A7, Ao <~ CY, Am+1 < Am) x 1 time X
ROR4 [HL] 2 10 12 As-0 ¢ (HL)s- o, (HL)7-4 « As-o,
(HL)3-0 « (HL)7-4
ROL4 [HL] 2 10 12 As-o0 ¢ (HL)7-4, (HL)3-0 « As-o,
(HL)7-4 « (HL)3-o0
BCD ADJBA 2 - Decimal Adjust Accumulator after Addition | x x X
adjustment | ApJBS 2 - Decimal Adjust Accumulator after Subtract | x x x
Bit MOV1 CY, saddr.bit 3 CY « (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 | CY « sfrbit x
CY, A.bit 2 4 - CY « A.bit X
CY, PSW.bit 3 - 7 CY « PSW.bit X
CY, [HL].bit 2 6 7 CY « (HL).bit X
saddr.bit, CY 3 8 (saddr.bit) « CY
sfr.bit, CY 3 - 8 sfr.bit < CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit «- CY X X
[HL].bit, CY 2 6 (HL).bit « CY
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control

register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
Bit AND1 CY, saddr.bit 3 6 7 CY « CY A (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 | CY « CY sfrbit x
CY, A.bit 2 4 - CY « CY A A.bit X
CY, PSW.bit 3 - 7 CY « CY A PSW.bit X
CY, [HL].bit 2 6 7 CY « CY A (HL).bit X
OR1 CY, saddr.bit 3 7 CY « CY v (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY v sfr.bit X
CY, A.bit 2 4 - CY « CY v A.bit X
CY, PSW.bit 3 - 7 CY « CY v PSW.bit X
CY, [HL].bit 2 7 CY « CY v (HL).bit X
XOR1 CY, saddr.bit 3 7 CY « CY « (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY «~ sfr.bit X
CY, A.bit 2 4 - CY « CY v A.bit X
CY, PSW. bit 3 - 7 CY « CY ~ PSW.bit X
CY, [HL].bit 2 7 CY « CY ~ (HL).bit X
SET1 saddr.bit 2 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
A.bit 2 4 - A.bit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 8  |(HL).bit 1
CLR1 saddr.bit 2 4 6 (saddr.bit) « 0
sfr.bit 3 - 8 sfr.bit < 0
A.bit 2 4 - A.bit <0
PSW.bit 2 - 6 PSW.bit < 0 X X X
[HL].bit 2 6 (HL).bit < 0
SET1 CcY 1 2 - CY «1 1
CLR1 CcY 1 2 - CY«O0 0
NOT1 cy 1 2 - |cYy«cy x

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction . Clocks . Flag
Mnemonic Operands Bytes Operation
Group Note 1| Note 2 Z ACCY
Call/return | CALL laddr16 3 7 - (SP —1) « (PC + 3)1, (SP — 2) « (PC + 3).,

PC « addr16, SP « SP -2

CALLF laddr11 2 5 - (SP-1) « (PC + 2)1, (SP - 2) « (PC + 2)v,
PCis5-11 < 00001, PC10-0 « addrii,
SP« SP-2

CALLT [addr5] 1 6 - (SP-1) « (PC + 1)1, (SP - 2) « (PC + 1),

PCH « (addr5 + 1),

PCL « (addr5),

SP « SP-2

BRK 1 6 - (SP —1) « PSW, (SP - 2) « (PC + 1)n,
(SP —8) « (PC + 1), PCH « (003FH),
PCL « (003EH), SP «~ SP -3, |IE « 0

RET 1 6 —  |PCH« (SP +1), PCL < (SP),
SP « SP +2
RETI 1 6 ~  |PCh« (SP +1), PCL« (SP), R R R
PSW « (SP +2), SP « SP + 3
RETB 1 6 — | PCH« (SP + 1), PCL « (SP), R R R
PSW « (SP +2), SP < SP + 3
Stack PUSH PSW 1 2 - |(SP-1) < PSW, SP « SP -1
manipulate p 1 4 - (SP = 1) < rpH, (SP - 2) « rpL,
SP« SP-2
POP PSW 1 2 ~  |PSW « (SP), SP « SP + 1 R R R
p 1 4 - rpH < (SP + 1), rpL « (SP),
SP « SP +2
MOovw SP, #word 4 - 10 SP « word
SP, AX 2 - 8 SP « AX
AX, SP 2 - AX « SP
Unconditional| BR laddr16 3 6 - PC « addr16
branch $addri6 2 6 - |PC«PC+2+jdisp8
AX 2 8 - PCH « A, PCL« X
Conditional |BC $addr16 2 6 - PC « PC + 2 +jdisp8if CY =1
branch BNC $addri6 2 6 - |PC«—PC+2+jdisp8if CY =0
Bz $addr16 2 6 - PC « PC +2 +jdisp8if Z=1
BNZ $addr16 2 6 - PC«— PC+2+jdisp8ifZ=0

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
Conditional | BT saddr.bit, $addr16 3 8 9 PC « PC + 3 + jdisp8 if (saddr.bit) = 1
branch sfr.bit, $addr16 4 | - 11 |PC « PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit =1
PSW.bit, $addr16 3 - 9 PC « PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit = 1
BF saddr.bit, $addr16 4 10 11 PC « PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if sfr.bit =0
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if PSW. bit = 0
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit =0
BTCLR saddr.bit, $addr16 4 10 12 PC « PC + 4 + jdisp8 if (saddr.bit) = 1

then reset (saddr.bit)

sfr.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit = 1
then reset A.bit
PSW.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if PSW.bit = 1 X X X
then reset PSW.bit
[HL].bit, $addr16 3 10 12 PC « PC + 3 + jdisp8 if (HL).bit = 1
then reset (HL).bit
DBNZ B, $addr16 2 6 - B« B-1, then
PC « PC + 2 + jdisp8if B0
C, $addr16 2 6 - C « C -1, then
PC « PC + 2 + jdisp8if C = 0
saddr, $addr16 3 8 10 (saddr) < (saddr) — 1, then
PC « PC + 3 + jdisp8 if (saddr) # 0
CPU SEL RBn 2 4 - RBS1,0 < n
control NOP 1 2 - No Operation
El 2 - 6 |IE « 1 (Enable Interrupt)
DI 2 - 6 |IE « O (Disable Interrupt)
HALT 2 - Set HALT Mode
STOP 2 - Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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21.3 Instructions Listed by Addressing Type

(1) 8-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC, ROLC,
ROR4, ROL4, PUSH, POP, DBNZ

Second Operand | #byte A e sfr saddr |laddri6| PSW [DE] [HL] |[HL+byte]| $addr16 1 None
[ [HL + B]
First Operand [HL + C]
A ADD MOV |[MOV |MOV |[MOV |MOV |[MOV |MOV |[MOV ROR
ADDC XCH |XCH |[XCH |XCH XCH |XCH |XCH ROL
SuUB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC |ADDC ADDC |ADDC ROLC
AND SuB SUB |SUB SUB |SUB
OR SUBC SUBC |SUBC SUBC |SUBC
XOR AND AND |AND AND |AND
CMP OR OR OR OR OR
XOR XOR |XOR XOR |XOR
CMP CMP |CMP CMP |CMP
r MOV | MOV INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
B, C DBNZ
sfr MOV | MOV
saddr MOV | MOV DBNZ INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV | MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
X MULU
C DIVUW

Note Except “r=A"
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW
Second Operand #word AX rp* sfrp saddrp laddr16 SP None
First Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SuBw XCHW
CMPW
rp MOVW MOVW"* INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand A.bit sfr.bit saddr.bit PSW.bit [HL].bit CcY $addr16 None
First Operand
A.bit MOVA1 BT SETH1
BF CLR1
BTCLR
sfr.bit MOVA BT SETH1
BF CLR1
BTCLR
saddr.bit MOVA1 BT SET1
BF CLR1
BTCLR
PSW.bit MOVA BT SETH
BF CLR1
BTCLR
[HL].bit MOVA BT SETH
BF CLR1
BTCLR
cY MOVA1 MOVA MOVA MOVA MOVA SETH
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instructions/branch instructions

CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand

First Operand

AX

laddr16

laddr11

[addr5]

$addr16

Basic instruction

BR

CALL
BR

CALLF

CALLT

BR
BC
BNC
BZ
BNZ

Compound
instruction

BT

BF
BTCLR
DBNZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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CHAPTER 22 ELECTRICAL SPECIFICATIONS

Caution The zPD78F0730 has an on-chip debug function, which is provided for development and evaluation. Do
not use the on-chip debug function in products designated for mass production, because the
guaranteed number of rewritable times of the flash memory may be exceeded when this function is
used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not liable for
problems occurring when the on-chip debug function is used.

CHAPTER 22 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vop -0.5t0 +6.5
EVoo -0.5t0 +6.5 Vv
Vss -0.5t0 +0.3 \
EVss -0.5t0+0.3 \Y
Input voltage Vi P00, P01, P10 to P17, P30 to P33, P120 to -0.3 to Voo + 0.3"* \Y
P122, X1, X2, RESET, EXCLK, FLMDO
Viz P60, P61 (N-ch open drain) -0.3to +6.5 \Y
Vis USBP, USBM -0.5t0+3.8
Vis REGC -0.5to + 3.6""
Vis USBREGC -0.5to + 3.8"**
Output voltage Vo1 Other than USBP, USBM, USBPUC -0.3 to Voo + 0.3
Voz USBP, USBM, USBPUC -0.5t0+3.8
Output current, high loH1 Per pin -10 mA
Total of all pins| P00, P01, P10 to P17, -25 mA
—-45 mA P30, P33, P120
P31, P32 -20 mA
lorz Per pin P121, P122 -1 mA
Total of all P121, P122 -4 mA
pins
Output current, low loL1 Per pin 30 mA
Total of all pins | P00, PO1, P10 to P17, 60 mA
160 mA P30, P33, P120
P31, P32, P60, P61 100 mA
loL2 Per pin P121, P122 4 mA
Total of all P121, P122 10 mA
pins
Operating ambient Ta In normal operation mode —40 to +85 °C
temperature In flash memory programming mode
Storage temperature Tstg —65 to +150 °C

Notes 1. Must be 6.5V or lower.
2. Must be Voo or lower.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the verge

RO1UHO308EJ0300 Rev.3.00

Sep 22, 2011

RENESAS




pPD78F0730 CHAPTER 22 ELECTRICAL SPECIFICATIONS

of suffering physical damage, and therefore the product must be used under conditions that ensure that
the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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X1 Oscillator Characteristics
(Ta=-40to +85°C,4.0 V< Vopo =EVop <5.5V, Vss = EVss = 0 V)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Crystal | | X1 clock 40V<Vop<55V 16.0 | MHz
resonator Vss X1 X2 oscillation

: Rds Note

; frequency (fx)

| el

ilct  c2s

1 S

b
Ceramic | | X1 clock 40V<Vop<55V 16.0 | MHz
resonator Vss X1 X2 oscillation

: Rd: Note

; frequency (fx)

0_“] Rx [

ilc1=  c2=

—

ez

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Cautions 1.

When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the above

figures to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

* Do not route the wiring near a signal line through which a high fluctuating current flows.

¢ Always make the ground point of the oscillator capacitor the same potential as Vss.

¢ Do not ground the capacitor to a ground pattern through which a high current flows.
¢ Do not fetch signals from the oscillator.

Since the CPU is started by the internal high-speed oscillation clock after a reset release, check the
X1 clock oscillation stabilization time using the oscillation stabilization time counter status register
(OSTC) by the user. Determine the oscillation stabilization time of the OSTC register and oscillation

stabilization time select register (OSTS) after sufficiently evaluating the oscillation stabilization time
with the resonator to be used.
In addition, make sure that Vop > 4.0 V before switching the CPU clock to the X1 clock.
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Internal Oscillator Characteristics
(Ta =-40 to +85°C, 2.7 V< Vob = EVop < 5.5V, Vss = EVss =0 V)

Resonator Parameter Conditions MIN. | TYP. | MAX. | Unit
16 MHz internal oscillator Internal high-speed oscillation | RSTS =1 Voo > 14.4 16.0 17.6 | MHz
clock frequency (fan)"™"" RSTS =0 27V 248 | 56 | 986 | MHz
240 kHz internal oscillator Internal low-speed oscillation | 2.7V <Vopb <55V 216 240 264 kHz
clock frequency (frL)
Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Remark RSTS : Bit 7 of the internal oscillation mode register (RCM)).

Recommended Oscillator Constants

(1) X1 oscillation: Crystal resonator (AMPH =1, RMC = 00H, Ta = —40 to +85°C)

Manufacturer Part Number Frequency Recommended Circuit Constants Oscillation Voltage
(MHz) Range
C1 (pF) C2 (pF) Rd (Q) Rx (Q) MIN. (V) | MAX. (V)
KYOCERA CX3225SB1200D0OPPTZ1 | 12.0 12 12 220 270 4.0 5.5
KINSEKI CX3225SB1600DOPPTZ1 | 16.0 12 12 220 270
Corporation

(2) X1 oscillation: Ceramic resonator (AMPH =1, RMC = 00H, Ta = —40 to +85°C)

Manufacturer Part Number Frequency Recommended Circuit Constants Oscillation Voltage
(MHz) Range
C1 (pF) C2 (pF) Rd (Q) Rx (Q) MIN. (V) | MAX. (V)
Toyama Murata | CSTCE12MOGH5L99-R0 | 12.0 Internal Internal 0 0 4.0 5.5
Mfg. Co., Ltd. (33) (33)
CSTCE16MOVH3L99-R0O | 16.0 Internal Internal 0 0
(15) (15)

Caution The oscillator constants shown above are reference values based on evaluation in a specific
environment by the resonator manufacturer. If it is necessary to optimize the oscillator
characteristics in the actual application, apply to the resonator manufacturer for evaluation on the
implementation circuit. The oscillation voltage and oscillation frequency only indicate the oscillator

characteristic. Use the 4PD78F0730 so that the internal operation conditions are within the
specifications of the DC and AC characteristics.
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DC Characteristics (1/3)

(Ta=-40to +85°C,4.0 V< Vopo =EVop <5.5V, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Output current, high"*®' loH1 Per pin for P00, P01, P10to P17, | 40V <Vop<5.5V -3.0 mA
P30 to P33, P120
Total of P00, PO1, P10 to P17, 40V<Vop<55V -20.0 mA
P30, P33, P120""*
Total of P31 and P32""* 40V<Vop<55V -6.0 mA
Total"™® of all pins 40V<Vop<55V -26.0 | mA
loHz Per pin for P121, P122 40V<Vop<55V -100 HA
Output current, low"™*? loL1 Per pin for P00, P01, P10to P17, | 40V <Vop<5.5V 8.5 mA
P30 to P33, P120
Per pin for P60, P61 40V<Vop<55V 15.0 mA
Total of P00, PO1, P10 to P17, 40V<Vop<55V 20.0 mA
P30, P33, P120""*
Total of P31, P32, P60, P61""* 40V<Vop<55V 45.0 mA
Total of all pins"*®® 40V<Vop<55V 65.0 mA
loL2 Per pin for P121, P122 40V<Vop<55V 400 HA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from Vop to an output pin.

2. Value of current at which the device operation is guaranteed even if the current flows from an output pin to GND.
3. Specification under conditions where the duty factor is 70% (time for which current is output is 0.7 x t and time
for which current is not output is 0.3 x t, where t is a specific time). The total output current of the pins at a duty
factor of other than 70% can be calculated by the following expression.

e Where the duty factor of loH is n%: Total output current of pins = (loH x 0.7)/(n x 0.01)
<Example> Where the duty factor is 50%, loH = 20.0 mA

Total output current of pins = (20.0 x 0.7)/(50 x 0.01) = 28.0 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A current
higher than the absolute maximum rating must not flow into one pin.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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DC Characteristics (2/3)

(Ta=-40to +85°C,4.0 V< Vopo =EVop <5.5V, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH1 P12, P13, P15, P16 0.7Vop Vob \
ViHz P00, P01, P10, P11, P14, P17, P30 to P33, P120to | 0.8Vop Vob \
P122, RESET, EXCLK
ViHg USBP, USBM 2.0 USBRE \
GCMe
ViHa P60, P61 0.7Vop 6.0 \Y
Input voltage, low ViLt P12, P13, P15, P16, P60, P61 0 0.3Vop \Y
Viez P00, PO1, P10, P11, P14, P17, P30 to P33, P120 to 0 0.2Vop \
P122, RESET, EXCLK
Vis USBP, USBM 0 0.8 \
Output voltage, high Vo1 P00, PO1, P10 to P17, 40V<Vop<55V, Voo - 0.7 \Y
P30 to P33, P120 lon =-3.0 mA
Vorz P121, P122 low =-100 A Voo — 0.5 \
Vohs USBP, USBM Ru =15 kQ, 2.8 3.6 \
Vss connected
VoHs USBPUC loH =-100 A USBREG \
c*-0.5
Output voltage, low Voui P00, PO1, P10 to P17, 40V<Vop<55V, 0.7 \Y
P30 to P33, P120 loL = 8.5 mA
VoL2 P121, P122 loL =0.4 mA 0.4 \
Vous USBP, USBM RL = 1.5 kQ, 0.3 \
USBREGC connected
Vous USBPUC lor=1mA 04 \'
Vous P60, P61 40V<Vopb<55V, 2.0 \'
lo.=15mA
40V<Vop<55YV, 0.4 \Y
lo.=5mA

Note Voltage output to the USBREGC pin (3.3 V 0.3 V).

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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DC Characteristics (3/3)

(Ta=-40to +85°C,4.0 V< Vopo =EVop <5.5V, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input leakage current, ILim P00, PO1, P10to P17, | Vi= VoD 1 LA
high P30 to P33, P60, P61,
P120
ILiHz P121, 122 (X1, X2) Vi = Voo I/O port mode 1 HA
OSC mode 20 HA
ILiHa USBP, USBM Vi = USBRECG "' 10 HA
Input leakage current, low | i1 P00, PO1, P10to P17, | Vi=Vss -1 HA
P30 to P33, P60, P61,
P120
luie P121, 122 (X1, X2) Vi=Vss I/O port mode -1 HA
OSC mode -20 LA
ILHa USBP, USBM Vi=Vss -10 HA
Pull-up resistor Ru Vi = Vss 10 20 100 kQ
FLMDO supply voltage Vi In normal operation mode 0 0.2Vop \Y
ViH In self-programming mode 0.8Vop Voo \'%
Supply current™*? Iop1"**** | Operating mode fxp = 16 MHz, Voo = 5.0 V 17.5 33 mA
Iops"**® | STOP mode Voo =5.0V 2.6 38 UA
Notes 1. Voltage output to the USBREGC pin (3.3 V £0.3 V).
2. Total current flowing into the internal power supply (Vob, EVop), including the peripheral USB, input leakage

current when input pin fixed as Vop or Vss and operation current (however, the current flowing into the pull-

up resistor of the port is not included).

3. TYP value is current of the state that supplied operating clock to USB.

Not USB data communication. Not include current used in an USB buffer.

4. MAX value is current in USB data communication.
Includes current used in an USB buffer.
5. Current of internal 240 kHz oscillator circuit does not include.
Remarks 1.

2. fxp:

System clock frequency

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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AC Characteristics

(1) Basic operation

(Ta=-40to +85°C, 4.0 V< Vob =EVbop < 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle (minimum Tey Main system clock (fxr) 40V<Vop<55V | 0.125 2.6 us
instruction execution time) operation 27V<Voo<40V | 025 ) s
External main system clock fexcLk 40V<Vop<55V 16.0 | MHz
frequency
External main system clock input | texcikh, (1/fexcx ns
high-level width, low-level width | texcke x1/2) -1
TI000, TI010 input high-level triHo, 40V<Vop<55V 2/fsam + us
width, low-level width triLo 0.1%"
TI50, TI51 input frequency fris 40V<Vop<55V 10 MHz
TI50, TI51 input high-level width, | trixs, 40V<Vop<55V 50 ns
low-level width tris
Interrupt input high-level width, tINTH, 1 Us
low-level width tiNTL
RESET low-level width tRsL 10 Hs

Note fsam: sampling clock.

Selection of fsam= frrs or frrs/4 is possible using bits 0 and 1 (PRM000 and PRMO001) of prescaler mode register
00 (PRMO00). Note that when selecting the TI000 valid edge as the count clock, fsam= frRs.
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Tcy vs. Vob (Main System Clock Operation)

20.0

10.0

5.0

26 [
2.0

1.0 Guaranteed

operation range

0.4

Cycle time Tcv [us]

0.2

0.1 T i

0.01

0 10 20 /30 40 509%%60
2.7
Supply voltage Voo [V]

AC Timing Test Points (except Excluding External Main System Clock input)

0.8Vop 0.8Vop
Test points
>< 0.2Vop > < 0.2Vop

External Main System Clock Timing

1/fexcik
texcLkL || texcLkH
\ 0.8Voo (MIN.)
EXCLK N N 0.2Vop (MAX.)
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Tl Timing
tTiLo [ tTiHo
TI000, TIO10
1/fris
tris | triHs
TI50, TI51 \
N N
Interrupt Request Input Timing
tiNTL | tINTH
INTPO to INTP3
RESET Input Timing
tRsL
RESET
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(2) Serial interface

(Ta=-40 to +85°C,4.0 V< Voo =EVop <5.5V, Vss = EVss = 0 V)

(a) UARTS6 (dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 625 kbps
(b) CSI10 (master mode, SCK10... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkey1 40V<Vop<55V 250 ns
SCK10 high-/low-level width tKH1, tkevi/2 — ns

trLt 20M"!
SI10 setup time (to SCK10T) tsik1 70 ns
S110 hold time (from SCK10T) tksi 30 ns
Delay time from SCK10J to tkso1 C =50 pF"*? 40 ns
SO10 output
Notes 1. This value is when high-speed system clock (fxH) is used.
2. Cisthe load capacitance of the SCK10 and SO10 output lines.
(c) CSI10 (slave mode, SCK10... external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkey2 400 ns
SCK10 high-/low-level width tKH2, tkevz/2 ns

kL2

SI10 setup time (to SCK10T) tsike 80 ns
S110 hold time (from SCK10T) tksi2 50 ns
Delay time from SCK10J to tkso2 C =50 pF™* 120 ns

SO10 output

Note Cis the load capacitance of the SO10 output line.
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Serial Transfer Timing
csio:

tkeym

tkLm tkHm

/
SCK10 \
|

tsikm tksim

SI10 Input data

tksom

SO10 Output data ><

Remark m=1,2
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1.59 V POC Circuit Characteristics (Ta = —40 to +85°C, Vss = EVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vroc 1.44 1.59 1.74 \Y
Power voltage rise inclination teTH Voo: 0 V — change inclination of Vroc 0.75 V/ms
Minimum pulse width trw When the supply voltage (Voo) drops 200 Us

POC Circuit Timing
Supply voltage
(Vob)

Detection voltage (MAX.)
Detection voltage (TYP.)
Detection voltage (MIN.)

Time
2.7 V POC Circuit Characteristics (Ta = —40 to +85°C, Vss = EVss = 0 V)

Parameter

Symbol Conditions MIN.

TYP. MAX. Unit
Vooroc | POCMODE (option bye) = 1

2.50 2.70 2.90 \

Detection voltage on application of supply
voltage
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LVI Circuit Characteristics (Ta = —40 to +85°C, Vroc < Vob = EVop < 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection Supply voltage level Vivio LVISO =0 414 4.24 4.34 Vv
voltage Vv LVISO = 1 3.99 4.09 4.19 Vv
Minimum pulse width tw 200 us
Operation stabilization wait time"* | tiwarr 10 1S

Note Time required from setting bit 7 (LVION) of the low-voltage detection register (LVIM) to 1 to operation
stabilization

Remark Vivio > Vivie

LVI Circuit Timing

Supply voltage
(Vob)
Detection voltage (MAX.) p---comoaamaaot .--...E. .......................................
Detection voltage (TYP.) [=--=--=-==-==--=-/fr---m--- et B T
Detection voltage (MIN.) [~="""""""""""" /" -""""""""~ i I
E ] tw i
E tiwarr E E
LVION « 1 Time
RO1UH0308EJ0300 Rev.3.00 503

Sep 22, 2011
o RENESAS



pPD78F0730 CHAPTER 22 ELECTRICAL SPECIFICATIONS

USBF Characteristics (Ta = —40 to +85°C, 4.0 V< Vop =EVop < 5.5V, 3.0 V < Vuserecc"™' < 3.6 V, Vss = EVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
USBM, USBP pin output rise/fall Tr, Te | CL =50 pF"**? 4 20 ns
time
Full-speed data rate ToraTE 11.97 12.00 12.03 Mbps
Bit period TBP 83.12 83.33 83.54 ns
USBM, USBP pin rise/fall time Trem Tr/TrF 90 110 %
matching
USBM, USBP pin output signal cross| Vcrs 1.3 2.0 \
point voltage
Notes 1. Voltage output to the USBREGC pin
2. Cuis the load capacitance of the USBM and USBP output lines
USBF Timing
TBP 3
USBP
.................................................. V
USBM e
Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C )
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention supply voltage Vooor 1.44"" 5.5 Vv

Note The value depends on the POC detection voltage. When the voltage drops, the data is retained until a POC reset

is effected, but data is not retained when a POC reset is effected.

Data retention mode ——

STOP mode Operation mode

T VoopR

STOP instruction execution

Standby release signal
(interrupt request)
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Flash Memory Programming Characteristics
(Ta=-40to +85°C,4.0 V< Vopo =EVop <5.5V, Vss = EVss = 0 V)

®Basic characteristics

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Voo supply current lop fxr = 17.6 MHz (MAX.) 4.5 11.0 mA
Erase All block | Teraca 10 200 ms
time Notes 1,2

Block unit | Terasa 10 200 ms
Write time Twrwa 10 100 us
(in 8-bit units) "’
Number of rewrites per | Cerwr Retention: 15 years 100 Times
chip 1 erase + 1 write after erase = 1 rewrite "**°
Notes 1. These are characteristics of the flash memory. These characteristic are not the rewrite time by a dedicated

flash programmer (PG-FP5 or QB-MINI2) or by self programming.

The prewrite time before erasure and the erase verify time (writeback time) are not included.

When a product is first written after shipment, “erase — write” and “write only” are both taken as one rewrite.

Remarks 1. fxp: Main system clock oscillation frequency

2. For serial write operation characteristics, refer to 78K0/Kx2 Flash Memory Programming (Programmer)
Application Note (U17739E).
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CHAPTER 23 PACKAGE DRAWINGS

30-PIN PLASTIC SSOP (7.62mm (300))

30 16 —V

detail of lead end

* |
— 3

L

u

il ‘ } ¢ < ‘ L

(UNIT:mm)

~—D m ITEM DIMENSIONS

9.70+0.10
0.30
0.65 (T.P.)

+0.10
0227505

NOTE

Each lead centerline is located within 0.13 mm of its
true position (T.P.) at maximum material condition.

0.10+0.05
1.30+0.10
1.20

8.10+0.20
6.10+0.10
1.00+0.20

+0.05
0.1578:03

0.50
0.13
0.10
330
0.25(T.P.)
0.60£0.15
0.25 MAX.

0.15 MAX.
P30MC-65-CAB

S|<|c|Hd|v|Z|I8|r| X|«|—|ZT|®O|M|mMm| O |0O|®w|>

RO1UH0308EJ0300 Rev.3.00 506
Sep 22, 2011
RENESAS



pPD78F0730

CHAPTER 24 RECOMMENDED SOLDERING CONDITIONS

CHAPTER 24 RECOMMENDED SOLDERING CONDITIONS

These products should be soldered and mounted under the following recommended conditions.
For soldering methods and conditions other than those recommended below, please contact an Renesas Electronics

sales representative.

For technical information, see the following website.

Semiconductor Device Mount Manual (http://www2.renesas.com/pkg/en/mount/index.html)

Table 24-1. Soldering Conditions of xPD78F0730

PD78F0730MC-CAB-AX: 30-pin plastic SSOP (7.62 mm (300))

Soldering Method

Soldering Conditions

Recommended
Condition Symbol

Preheating temperature: 120°C max. (package surface temperature),
Exposure limit: 7 days"* (after that, prebake at 125°C for 10 to 72 hours)

Infrared reflow Package peak temperature: 260°C, Time: 60 seconds max. (at 220°C or higher), |IR60-107-3
Count: 3 times or less, Exposure limit: 7 days"** (after that, prebake at 125°C for
10 to 72 hours)

Wave soldering Solder bath temperature: 260°C max., Time: 10 seconds max., Count: Once, WS60-107-1

Partial heating

Pin temperature: 350°C max., Time: 3 seconds max. (per pin row)

Note After opening the dry pack, store it at 25°C or less and 65% RH or less for the allowable storage period.

Cautions 1. Do not use different soldering methods together (except for partial heating).

2. The xPD78F0730 has an on-chip debug function, which is provided for development and evaluation.
Do not use the on-chip debug function in products designated for mass production, because the
guaranteed number of rewritable times of the flash memory may be exceeded when this function is
used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not liable for
problems occurring when the on-chip debug function is used.
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CHAPTER 25 CAUTIONS FOR WAIT

25.1 Cautions for Wait

This product has two internal system buses.

One is a CPU bus and the other is a peripheral bus that interfaces with the low-speed peripheral hardware.

Because the clock of the CPU bus and the clock of the peripheral bus are asynchronous, unexpected illegal data may
be passed if an access to the CPU conflicts with an access to the peripheral hardware.

When accessing the peripheral hardware that may cause a conflict, therefore, the CPU repeatedly executes processing,
until the correct data is passed.

As a result, the CPU does not start the next instruction processing but waits. If this happens, the number of execution
clocks of an instruction increases by the number of wait clocks (for the number of wait clocks, see Table 25-1). This must
be noted when real-time processing is performed.

25.2 Peripheral Hardware That Generates Wait
Table 25-1 lists the registers that issue a wait request when accessed by the CPU, and the number of CPU wait clocks.

Table 25-1. Registers That Generate Wait and Number of CPU Wait Clocks

Peripheral Register Access Number of Wait Clocks
Hardware

Serial interface ASIS6 Read 1 clock (fixed)

UART6

Remark The clock is the CPU clock (fcru).
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the #PD78F0730.
Figure A-1 shows the development tool configuration.
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<R>

Figure A-1. Development Tool Configuration (1/2)

(1) When using the in-circuit emulator QB-780731

Notes 1.

Language processing software

- Assembler package
- C compiler package
- Device file Nete!

Software package

- Software package

Debugging software

- Integrated debugger Note
- System simulator Note2

< Flash memory write environment >

- Project manager

Control software

(Windows only) Nete3

Host machine
(PC or EWS)

USB interface cable Nete4

Flash memory

Power supply unit

QB-780731Nete 4

|

programmer Nete 4

Emulation probe

»*" Off-board ~+
. programming ,'

~o -

-

S < -

Flash memory
write adapter

1 PD78F0730
microcontroller

+“ On-board s
', programming .’
J 2

Download the device file (DF780731) for 4 PD78F0730 microcontroller and the integrated debugger

~

-

Conversion adapter

Target connector

Target system

ID78K0-QB from the download site for development tools

(http://www2.renesas.com/micro/en/ods/index.html).

SM+ for 78KO0 (instruction simulation version) is included in the software package.

The project manager PM+ is included in the assembler package.

PM+ cannot be used other than with Windows™.
QB-780731 is supplied with the integrated debugger ID78K0-QB, a USB interface cable, the on-chip debug
emulator with programming function QB-MINI2, connection cables (10-pin and 16-pin cables), and the

78K0-OCD board. Any other products are sold separately.
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<R>

<R>

Figure A-1. Development Tool Configuration (2/2)

(2) When using the on-chip debug emulator QB-MINI2

Notes 1.

Language processing software

* Assembler package
o C compiler package
o Device fileNote !

--------------------------------- Software package =-=-==-=-==-==-=-=--=---------------

e Software package

Debugging software

o Integrated debuggeriote!
o System simulatorNote 2

Control software
* Project manager
(Windows only)Nete3

Host machine

(PC or EWS)

USB interface cableNete4

<When using QB-MINI2 as
a flash memory programmer>

<When using QB-MINI2 as
an on-chip degug emulator>

QB-MIN|2Note 4

QB-MIN|2Nete 4

Connection cable
(16-pin cable)Nete 4

Download the device file (DF780731) for # PD78F0730 microcontroller and the integrated debugger
ID78K0-QB from the download site for development tools
(http://www2.renesas.com/micro/en/ods/index.html).
SM+ for 78KO0 (instruction simulation version) is included in the software package.
The project manager PM+ is included in the assembler package.

PM+ cannot be used other than with Windows.
QB-MINI2 is supplied with USB interface cable, connection cables (10-pin cable and 16-pin cable), and
78K0-OCD board. Any other products are sold separately. In addition, download the software for operating
the QB-MINI2 from the download site for development tools
(http://www2.renesas.com/micro/en/ods/index.html).

78K0-OCD board"ete4

(10-pin/16-pin cable)Nete4

Connection cable

Target connector

Target system
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A.1 Software Package

SP78K0 Development tools (software) common to the 78K0 microcontrollers are combined in this
78K0 microcontrollers software package.
package

A.2 Language Processing Software

RA78KO0 """ This assembler converts programs written in mnemonics into object codes executable
Assembler package with a microcontroller.

This assembler is also provided with functions capable of automatically creating symbol
tables and branch instruction optimization.

This assembler should be used in combination with a device file (sold separately).
<Precaution when using RA78K0 in PC environment>

This assembler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) on Windows.

CC78K0"™ "’ This compiler converts programs written in C language into object codes executable with
C compiler package a microcontroller.

This compiler should be used in combination with an assembler package and device file.
<Precaution when using CC78K0 in PC environment>

This C compiler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) on Windows.

DF780731""? This file contains information peculiar to the device.

Device file This device file should be used in combination with a tool (RA78K0, CC78K0, ID78K0-
QB, and the system simulator).

The corresponding OS and host machine differ depending on the tool to be used.

Notes 1. If the versions of RA78K0 and CC78K0 are Ver.4.00 or later, different versions of RA78K0 and CC78K0
can be installed on the same machine.
2. The DF780731 can be used in common with the RA78K0, CC78K0, ID78K0-QB, and the system simulator.
Download the DF780731 from the download site for development tools
<R> (http://www2.renesas.com/micro/en/ods/index.html).
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A.3 Control Software

PM+ This is control software designed to enable efficient user program development in the
Project manager Windows environment. All operations used in development of a user program, such as
starting the editor, building, and starting the debugger, can be performed from the project
manager.

<Caution>

The project manager is included in the assembler package (RA78K0).

It can only be used in Windows.

A.4 Flash Memory Writing Tools

A.4.1 When using flash memory programmer FG-FP5 and FL-PR5

PG-FP5, FL-PR5 Flash memory programmer dedicated to microcontrollers with on-chip flash memory.
Flash memory programmer

QB-COMMON-PW This product is mandatory for the In-circuit emulator IECUBE and for the Flash memory
Power supply unit programmer PG-FP5.

This product is commonly used for IECUBE for 78K0S, 78K0, 78KOR, V850
microcontrollers, and PG-FP5.

FA-30MC-CAB-B Flash memory programming adapter used connected to the flash memory programmer.
Flash memory programming adapter | ¢ FA-30MC-CAB-B : For 30-pin plastic SSOP (MC-CAB type)

Remarks 1. FL-PR5 and FA-30MC-CAB-B are products of Naito Densei Machida Mfg. Co., Ltd
(http://www.ndk-m.co.jp/, TEL: +81-42-750-4172).
2. Use the latest version of the flash memory programming adapter.

A.4.2 When using on-chip debug emulator with programming function QB-MINI2

QB-MINI2 This is a flash memory programmer dedicated to microcontrollers with on-chip flash
On-chip debug emulator with memory. It is available also as on-chip debug emulator which serves to debug hardware
programming function and software when developing application systems using the 78K0/Kx2 microcontrollers.

When using this as flash memory programmer, it should be used in combination with a
connection cable (16-pin cable) and a USB interface cable that is used to connect the
host machine.

Target connector specifications 16-pin general-purpose connector (2.54 mm pitch)
QB-Programmer Software for operating the QB-MINI2

Remarks 1. The QB-MINI2 is supplied with a USB interface cable and connection cables (10-pin cable and 16-pin
cable), and the 78K0-OCD board. A connection cable (10-pin cable) and the 78K0-OCD board are used
only when using the on-chip debug function.

2. Download the QB-Programmer from the download site for development tools
<R> (http://www2.renesas.com/micro/en/ods/index.html).
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A.5 Debugging Tools (Hardware)

A.5.1 When using in-circuit emulator QB-780731

QB-780731""
In-circuit emulator

This in-circuit emulator serves to debug hardware and software when developing application
systems using the ¢ PD78F0730. It supports to the integrated debugger (ID78K0-QB). This
emulator should be used in combination with a power supply unit and emulation probe, and the
USB is used to connect this emulator to the host machine.

QB-COMMON-PW
Power supply unit

This product is mandatory for the In-circuit emulator IECUBE and for the Flash memory
programmer PG-FP5.

This product is commonly used for IECUBE for 78K0S, 78K0, 78KO0R, V850 microcontrollers, and
PG-FP5.

Emulation probe

QB-144-CA-01 This check pin adapter is used in waveform monitoring using the oscilloscope, etc.
Check pin adapter
QB-80-EP-01T This emulation probe is flexible type and used to connect the in-circuit emulator and target

system.

QB-30MC-EA-01T
Exchange adapter

This exchange adapter is used to perform pin conversion from the in-circuit emulator to target
connector.
o QB-30MC-EA-01T: 30-pin plastic SSOP(MC-5A4 type)

QB-30MC-YS-01T
Space adapter

This space adapter is used to adjust the height between the target system and in-circuit emulator.

e QB-30MC-YS-01T: 30-pin plastic SSOP(MC-5A4 type)

QB-30MC-YQ-01T
YQ connector

This YQ connector is used to connect the target connector and exchange adapter.
¢ QB-30MC-YQ-01T: 30-pin plastic SSOP(MC-5A4 type)

QB-30MC-HQ-01T
Mount adapter

This mount adapter is used to mount the target device with socket.
¢ QB-30MC-HQ-01T: 30-pin plastic SSOP(MC-5A4 type)

QB-30MC-NQ-01T
Target connector

This target connector is used to mount on the target system.
* QB-30MC-NQ-01T: 30-pin plastic SSOP(MC-5A4 type)

Note The QB-780731 contains the integrated debugger ID78K0-QB and a USB interface cable.

emulator with programming function QB-MINI2 is also contained.

Remark The packed contents differ depending on the part number, as follows.

On-chip debug

Part Number

Packed Contents

In-Circuit Emulator | Emulation Probe | Exchange Adapter YQ Connector

Target Connector

QB-780731-ZZZ

QB-780731-T30MC

QB-780731 None

QB-80-EP-01T

QB-30MC-EA-01T | QB-30MC-YQ-01T | QB-30MC-NQ-01T
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A.5.2 When using on-chip debug emulator with programming function QB-MINI2

QB-MINI2
On-chip debug emulator with
programming function

This on-chip debug emulator serves to debug hardware and software when developing
application systems using the 4 PD78F0730. It is available also as flash memory
programmer dedicated to microcontrollers with on-chip flash memory. When using this
as on-chip debug emulator, it should be used in combination with a connection cable (10-
pin cable or 16-pin cable), a USB interface cable that is used to connect the host
machine, and the 78K0-OCD board.

Target connector specifications

10-pin general-purpose connector (2.54 mm pitch) or 16-pin general-purpose connector
(2.54 mm pitch)

Remarks 1. The QB-MINI2 is supplied with a USB interface cable and connection cables (10-pin cable and 16-pin
cable), and the 78K0-OCD board. A connection cable (10-pin cable) and the 78K0-OCD board are used
only when using the on-chip debug function.

2. Download the software for operating the QB-MINI2 from the download site for development tools
<R> (http://www2.renesas.com/micro/en/ods/index.html).

A.6 Debugging Tools (Software)

ID78K0-QB"™*
Integrated debugger

This debugger supports the in-circuit emulators for the 78K0 microcontrollers. The
ID78K0-QB is Windows-based software.

It has improved C-compatible debugging functions and can display the results of tracing
with the source program using an integrating window function that associates the source
program, disassemble display, and memory display with the trace result.

It should be used in combination with the device file (DF780731).

SM+ for 78K0
System simulator

System simulator is Windows-based software.

It is used to perform debugging at the C source level or assembler level while simulating
the operation of the target system on a host machine.

Use of system simulator allows the execution of application logical testing and
performance testing on an independent basis from hardware development, thereby
providing higher development efficiency and software quality.

SM+ for 78KO0 (instruction simulation version) can only simulate a CPU. It is included in
the software package.

It should be used in combination with the device file (DF780731).

Note Download the ID78K0-QB from the download site for development tools

<R>

(http://www2.renesas.com/micro/en/ods/index.html).
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APPENDIX B NOTES ON TARGET SYSTEM DESIGN

This chapter shows areas on the target system where component mounting is prohibited and areas where there are
component mounting height restrictions when the QB-780731 is used.

Figure B-1. For 30-Pin MC Package

naOnOnOnonit
H
DO00000A0000000

12.5 12.5

A

13.375

A
."
A

|:| : Exchange adapter area:  Components up to 17.45 mm in height can be mounted"**®
- : Emulation probe tip area: Components up to 24.45 mm in height can be mounted""*

Note Height can be adjusted by using space adapters (each adds 2.4 mm)
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APPENDIX C REGISTER INDEX

C.1 Register Index (In Alphabetical Order with Respect to Register Names)

11

16-bit timer capture/compare register 000 (CROO0) .........ceiiiuuiiiiiiiie ettt et e et e e sb b e see e e s sane e e e sabeeessaneeeesanees 116
16-bit timer capture/compare register 010 (CROTO) .....oiiiiiiiie ettt st e b b e sane e snreenaeeeees 116
16-bit timer counter 00 (TIMOD) ......ceouieieiiieee ettt e et e et e e e e e s s e e e e e st et e e e ne e e e s nn e e e e s abee e e e nee e e snneeeeanreeesanneeeenanes 116
16-bit timer mode control register 00 (TIMC00) .........ueieiieieee ittt ettt e et e e s rbr e e e aabe e e e sbee e e s sane e e e aabeeesaanreeesanees 119
16-bit timer output control register 00 (TOCO0) ........ceiueiiuriereeeitee et ettt rt e et et e e et e e sbeeebe e beeebeesbeesabeesabeesaneesnseeaneeenes 122
(8]

8-bit timer compare register 50 (CRB50) ........iiiiiiiiieiiee ittt ettt st sae e s e et e bt e e sbeeesae e e beeene e s beeebeesabeesneennneas 181
8-bit timer compare regiSter 51 (CRBET) ....cii ittt e st e e et e e e s e e e e s br e e s enre e e sneeeeanreeeaans 181
8-Dit imer COUNLET 50 (TIMB0) ... ..uiiiiiiee ittt e e eee ettt e e e e e st e e e e e e e st aeeeeeeeaaaasaeeeeaaeesaassseeeeaaaesaaasnssaeeaeeseanntaneeeaseennssranees 181
8-Dit tIMEr COUNTET 51 (TIMBT) ..ttt ettt b ettt b e et e bt e e et e s a b e e ease e sa b et e be e e be e eaneeeabeeeneesabeesnneennneas 181
8-bit timer H carrier control regisSter 1 (TMOYCT) ...cooiuiiii et e s et e e s s enn e e e e asreeenans 201
8-bit timer H compare re@ister 01 (CIMPOT).....coouiiiiiiie ettt e et e e st e e e b b e e e sab e e e snneeeeanbeeenans 198
8-bit timer H compare register 11 (CIMPT1) ... ittt e e e be e b et eeneenare s 198
8-bit timer H mode register 1 (TMHMDT) ......viiiiiie et e e e s e s e e e s r e e e snn e e e sanneeeeanreeenans 199
8-bit timer mode control register 50 (TMCB50).........eiiiuieieiiiie ettt e et e e e e e e sab e e e e e asb e e e sanreeesanneeeeanreeenans 184
8-bit timer mode control register 51 (TIMCST)....couiiiiieeiii ettt e st e e e nae e e b e e nne e s beeeneenaneas 184
[A]

Asynchronous serial interface operation mode register 6 (ASIMB).........ccueiriiiiiiiiiie e 228
Asynchronous serial interface reception error status register 6 (ASISB) .........coiueiriiiiiieiie e 230
Asynchronous serial interface transmission status register 6 (ASIFB).........cooiuiiiiiiiiiiiiiee e 231
[B]

Baud rate generator control register 6 (BRGCB) .........c.coiiiiiiiiiiieci e e e e e 233
[C]

Capture/compare control register 00 (CRCO0) ........coiureiiiirieeaiieie et e ettt e e st e e s ebe e sbae e e e sbbe e e sseeeesbeeeesbaeeeaans 121
Clock operation mode select regisSter (OSCCTL) ...ccuiiiiiiiiie ettt ettt e b e e st e b e st e e enneesareesnneeneee 86
Clock selection regiSter B8 (CKSRB) ........uuiiiieieiiiiii ittt et e e e s b e e e nb e e e s ss e e e e s beeeeanreeesneeeeasneeeaans 232
[E]

External interrupt falling edge enable register (EGIN) ..........ccco i s 403
External interrupt rising edge enable regiSter (EGP) ........ueii ittt 403
[

Internal expansion RAM size switching register (IXS) ... ..o e 455
Internal memory size sWitching register (IMS)......... oo it sb e s san e sar e nae e e 454
Internal oscillation Mode regiSter (RCM) ...t e s e e e e b e e e s e e e e s abr e e e e ab e e e sannneeesaneee s 88
Interrupt mask flag register OH (IMIKOH) .......coo et e st e e s e e e e e aab e e s enn e e e sanes 401
Interrupt mask flag register OL (IMKOL) ......coitiiireeiiieiiee ettt ettt ettt ettt et e et e e b e e et e e sane e st e e saneesnreennneenee 401
Interrupt mask flag register TH (IMKTH) ... ..o e e s e e e e s e e e 401
Interrupt mask flag register TL (IMKTL) ... ettt e e e s b e e e s b et e s aane e e e st e e e s enr e e e sanees 401
Interrupt request flag register OH (IFOH).........ooi ittt s sb e san e sareennne e e 399
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Interrupt request flag regisSter OL (IFOL).......cui ittt sttt e e et e e s e e e e bbbt e e e sb e e e snne e e e anbeeesanneeeeennes 399
Interrupt request flag re@ister TH (IFTH) ... it et s ar e e sae e ser e e sae e e 399
Interrupt request flag regiStEr TL (IFTL) ....ueei ettt e e s e e et e s nn e e e e anr e e e s ennr e e e eanes 399
[L]

Low-voltage detection level selection register (LVIS) ..o e 441
Low-voltage detection reGiSter (LVIM) ... ... ettt ettt e e sab et e e s bt e e s eane e e e sab e e e s enbeeeennnes 440
[(m]

Main clock Mode reGiSTEr (MOM).......oo ittt st e s ettt e e e s et e e s be e e e e b bt e e e nbe e e s nneeeeanbaeesenneeenannee 90
Main OSC CONtrol re@ISIEr (IMOC) ......cuiiiiuiie itttk b ettt e et et e bt e et et e bt e e abe e e bt e eab e e sabeeean e e sabeeenneesmbeennneennee 89
[0]

Oscillation stabilization time counter status register (OSTC)......cccuii it 91, 413
Oscillation stabilization time select register (OSTS) .......oi e 92, 414
[P]

[ I I o] g (o I (= To 1] (=1 g (d B I ) TSP PP PP UPPPRPTI 93
(o g qTeTe Lo =Y [y (oY G O I 1Y 0 ) PSP SR UPRRP 77
(ol @ oo Lo Yo 1] (=Y i I (1 1 I PRSP UPRRURP 77
POrt Mode regiSter 12 (PMT2) .. .. ittt et e e e st e s b e e e e s s b e e e e e s b et e e e s e e e e s be e e e enre e e nnnneeesaneee s 77
(o g gToTo Lol (=To [y G R I (1Y ) PSPPI 77
POrt MOAE rEISIEN B (PIMB) ... ..ttt ettt ettt ettt b e bt bt e bt e e ket eab e e oAb et e bt e e ket e bt e ea b e e eabeeaa b e e eaneesabeesaneenane s 77
(o g g (=T o 1] (=T A O (0 RSP SUPRPR PRI 78
o el (= To 1] (=T I (o 1 PSP PP PPRPPPRI 78
oLl CCTo 1] (=T o (o 2 TP PP SP VPPN 78
o gl (=T o 1S] (=T R (o) RSP SUPRPPPRI 78
o el (= To 1] (T A () PSP PP PP UPRPPTRI 78
Prescaler mode register 00 (PRIMOOD) ........coitiiireeiiieiieeitt ettt ettt et e et e be e et e b e e sab e e e be e eane e sabeesaneesabeeanneesneeeaneennres 124
Priority specification flag register OH (PROH) ......cooiiii i e e e 402
Priority specification flag register OL (PROL) ......cooiiuiiiiiieee ittt sttt sttt e e ebe e snee e e s anne e e e sab e e e senneeeeeanees 402
Priority specification flag register TH (PRTH) ......oo it 402
Priority specification flag register TL (PRTL) ......coiiiiiiiieie ittt e e s s anne e e e aar e s ene e e e eanes 402
Processor Clock CONIOl rEGISIEr (PCC) .....ueiiiiiiiie ettt ettt et e e s bt e e s ab e e e e sabe e e e snbb e e e enreeesnneeas 87
Pull-up resistor option regisSter O (PUD) .........oiiiuiiiiii ettt bttt se e sae e sa b e e sas e e sas e e saeeeanbeesareesneeesnneeneas 79
Pull-up resistor option re@iSTEr 1 (PUT) ...t e bt e e e s s e e e e e b e e e e e st e e e snneeas 79
Pull-up resistor option re@iSTEr 12 (PUT2) ...ttt st e bt e e sttt e e sab et e e e bb e e e enteeesnneeas 79
Pull-up resistor 0ption regiSter 3 (PUS) .....coouiiiiiiiii ettt a e st sa bt e sat e e sab e e st e e nnn e e snreenneas 79
[R]

Receive bUffer register 6 (RXBB)..........uui ettt ettt ettt ettt ettt b et e e et e e eab e e e abe e eabe e sabeesabeesabeesaneesaneennneeneee 227
Receive Shift regiStEr 8 (RXSB) ... .cciiieiiiiiie ettt e e e ekt e e e e e s e e e e e nr e e e anre e e s anne e e e anneeesannneeenanees 227
Reset control flag register (RESF)..... ..ottt s ere e 432
[S]

Serial clock selection register 10 (CSICT0) ....uiiiiiiiiiiiiiee ettt e st e e s et e e e sb e e e e ebb e e e eanreeesanneeeennreeenans 259
Serial /O shift re@ister 10 (SIOT0) ....oiiueiiiiietie et ee e sa e e s ae e e sa b e e s st e sab e e ear e e aneeessneenbeeennneeneeens 257
Serial operation Mmode regiSter 10 (CSIMT0) ....ccuiiiiiiiiie ittt se e et e st e e sbe e e sbeesabeesaseesbseesaeeeneeens 258
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[T]

Timer clock selection regiSter 50 (TCLB0) .....ccuuiiiuieeitee ettt eiee et ettt st e e b e st e e e se e sabeesaeeesbeeesaeeebeeeneesabeesaneennneas 182
Timer clock Selection regiSter 51 (TCOLST) ... ittt e e e b e e s s e e e s br e e e e anbe e e snneeesanneee s 182
Transmit buffer register 10 (SOTBT0) .. ...ttt et s e s be e e e e st e e e s e aee e e sbbeeeeanbeeesanneeeeanneeeas 257
Transmit DUFFEr FEGISIEr B (TXBB) ........ciitiiiiuieiiei ettt ettt et et s bt e e b e e sa b e e e e e e sabeesae e e ahseeanee e beeeneesnbeeaneesaneas 227
Transmit Shift rEGISTEr B (TXSB).....cciuriieiiiie ettt e e e e e bt e e s se e e s aare e e s aas e e e e sne e e e s beeeeeanbeeesannneeesnneeenn 227
[l

UFO active alternative setting register (UFOAAS) ....... .o e e e e s 319
UFO0 active interface number register (UFOAIFN) .......coo ittt sttt e e sb e e s nn e e nanes 318
UFO address reg@ister (UFOADRS) ... ..ottt ettt ettt ettt ettt ae e bt e e sbe e et e e e sbe e e abe e e be e sabe e sabeesnneesareennneennee 341
UFO alternative setting status register (UFOASS)........uo ittt st saee e e 320
6O oW T T =T Y G g (U (0] =] B 1 T PP PRSPPI 333
UFO bulk out 1 length register (UFOBOTL) ......cccueiiiiiiiieitit ettt ettt sttt e b e st esane e sabeenane e e 332
UFO bulk out 1 regiSter (UFOBOT) ...ttt sttt ettt ettt he e e bt e sbe e e abe e e be e e bt e e beeeabeesabeesaneesnbeennneenene 329
UFO CLR request regiSter (UFOCLR) ..........eeiiiiiieieiiee ettt ettt sttt e et e e et e e s e e e sbe e e s ane e e e sane e e e anbreeeenreeenannes 290
UFO configuration regisSter (UFOCNF)........coiuii ettt ettt ettt sbe e et b et rbe e e be e e be e eane e st e e snn e e snreennneeneee 342
UFO configuration/interface/endpoint descriptor registers 0 to 255 (UFOCIEQ to UFOCIE255).........ccccevvieeiieeniiienieenieene 347
UFO data end register (UFODEND) ........coouiiiiiiiiiieiiit ettt sttt e e et e e et e s sab et e e et et e e s abe e e e amne e e e anbeeeeenreeenanees 314
UFO descriptor Iength register (UFODSECL) ......cc.eiiiiiiieeiiieeiee ettt sb et e e bt sae e b be e san e e snbeennne e e 345
UFO0 device descriptor registers 0 10 17 (UFODDO t0 UFODDT7).....ceiiiiiiieiiieee et 346
UFO device status re@ister L (UFODSTL) .....coiiiiiiiiiiiie ittt ettt sttt et e et e e e st e e s e e e s sane e e e ebn e e e enneeesanns 337
UFO0 endpoint 1 interface mapping register (UFOETIM) .......cccuiiiiiiiiieiieiieese ettt 321
UFO0 endpoint 2 interface mapping register (UFOE2IM) ........ccueiii i e e e 322
UFO EP status 0 regisSter (UFOEPSO) .........eiiiiiiieitie ettt ettt e et e s e ane e e e sne e e e ebr e e e e nn e e e sannes 292
UFO EP status 1 register (UFOEPST) ..ottt b et e bt ane e bt et esan e e sabeenane e e 293
UFO EP status 2 register (UFOEPS2) ...ttt e e b e e et e s enne e e e snn e e s enn e e e s ennes 294
UFO EPO length regisSter (UFOEOL)........coo ittt sttt e sttt e et e e s bt e e e e st e e e s aane e e e sabeeesenbeeeeennes 324
UFO EPO read register (UFOEOR)..........utiiieiie ittt ettt sttt st e s e e e sab e e st e e sae e e saeeeabe e e nbeeeabeesnneennneeaas 323
UFO EPO setup regisSter (UFOEOST) ... ..ottt ettt e st e e e e e s e e e s e e e e e s e e e s ab e e e s amnn e e e saneeesannne e s ennes 325
UFO EPO status re@ister L (UFOEOSL) .......uiii ittt ettt sttt st e s rab e e s ab et e s eane e e e snbe e e s enneee e nnnees 338
UFO0 EPO write register (UFOEOW) .........ooiiiiiiiiiie ettt sttt sttt sttt sa e st sa bt e s ae e e sa b e e saeeenbe e e sneeeabeeeneennneeaas 327
UFO EPONAK re@iSter (UFOEON) .....cc.ueeiiiiiieeeiiete st tee et e ettt ss e e st e s s e e e e aab et e s aane e e e sane e e e e anbe e e e annr e e e saneeesannneeenannes 283
UFO EPONAKALL register (UFOEONA)........ooiiiiit it eieeesteeestee et eeetee st e eaee st e eseesabeeenseesmbeeanseesnbeeanseessseesneeenseeenseeeneesns 285
UFO EP1 status re@ister L (UFOETSL) .....c.eiiiiiiiii ettt sttt st sae e e nbe e ssn e e b e e neenneeaa 339
UFO0 EP2 status re@ister L (UFOE2SL) ........oiiiiiiiieiie ettt sttt sttt sttt e st e st e e sbe e e sbeeebeeanaeeenneeans 340
UFO EPNAK mask register (UFOENM) .........ooi ittt et sttt e rab et e et e e s e e e sabe e e s ennneeenanes 288
UFO EPNAK register (UFOEN) ........ooiiiiiiiie ittt sttt sa e ae e e b bt e s ae e e sab e e san e e nbe e e sneeebeeeneeenneenas 286
UFO FIFO clear 0 re@ister (UFOFTC0) ........coitiiiieeiiiteaeeesite et ste sttt sie et e e s se e e sae e e sae e e b e e e sbeesbe e sabeesabeesabeesnneesaneenneeennes 312
UFO FIFO clear 1 register (UFOFTCT) ..ottt ettt ettt ettt e et e e s b e e e st e e e s st e e e s anne e e e anb e e e sannneeenanees 313
UFO GPR register (UFOGPRY) ......cuiiitiiiiieetet ettt ettt ettt ettt e et e et e sab e e s be e e bt e et e e sabe e sabeeenneesnreennneeneee 315
UFO INT clear O regiSter (UFOIC0) ...... oottt ettt ettt ettt ettt ettt et e et e e et e e e be e e bt e e be e sabe e sabeeeaneesabeeanneeseee 307
UFO INT clear 1 regiSter (UFOICT) ...ttt ettt ettt e e ettt e et et e e sabe e e e eabb e e e s abn e e e anne e e e aabeeeeenreeenannes 308
UFO INT clear 2 register (UFOIC2) ........oiiiiiiieiieeitit ettt ettt ettt ettt ettt b e ab e e be e e be e e be e eabe e eab e e saneesmbeennneeneee 309
UFO INT clear 3 regiSter (UFOICB) .......iiiiiiiiieiieeitit ettt ettt ettt ettt ettt b et e et e b e e eab e e be e e be e e abeeeabeeeabeesaneesmbeennneesene 310
UFO INT clear 4 regiSter (UFOICA) .... ..ottt sttt sttt e e ettt e st e e e s abe e e e e s et e s e ane e e e sane e e e ensreeeenneeesannee 311
UFO INT mask O register (UFOIMO) ........cc.eiitiiieeiiieeiee sttt ettt ettt s e e sbe e sae e e bt esbe e e ne e e saeeeabe e ebeesnneesmbeennneeneee 302
UFO INT mask 1 regisSter (UFOIMT) ......oo ettt et e e e s e e e s e e s e nn e e e sann e e e e nn e e e e nn e e e nannes 303
UFO INT Mask 2 regisSter (UFOIM2) ..o ittt e ettt e et e e s bt e e e st e e e e e ane e e e sane e e e e br e e e enreeenannes 304
UFO INT Mask 3 register (UFOIIM3) .......cccueiiiiiiieiiie ettt sttt ettt sb et ee e bt ae e e bt e ese e e b e e e bt e sane e sareenane e e 305
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UFO INT Mask 4 regiSter (UFOIMA) .......ooo ittt sttt ettt e sttt e e s bt e e s bb e e e e abe e e s aane e e e aabeeesrnbeeesrnnes 306
UFO INT status 0 regiSter (UFOIS0) .......ccuiuee ittt ittt ettt ettt et sae e e abe e e sbeesbe e e sae e e saeeesaeeebeeeaseesbeeabeeeneeans 295
UFO INT status 1 regisSter (UFOIST) ... ..ottt et e s e e e s st e s amne e e e snne e e s ennn e e e eanns 297
UFO INT status 2 regisSter (UFOIS2).......coo ittt sttt e ettt s et e e e s bt e e e e abe e e s aane e e e sabeeesenbeeeenanes 299
UFO INT status 3 regiSter (UFOIS3B).......cuouiiiiiiiiee ettt ettt ettt sae e e be e sbe e s bt e e sbe e e sae e e saeeebeeesneesabeeaneeenneeans 300
UFO INT status 4 regisSter (UFOIS4) ... .ottt e et e st e e s e e e et e e e s annn e e s snb e e e s ennn e e e sanes 301
UFOQ interface 0 register (UFOIFO)..... ... oottt et e e e bt s st e e e rab e e e e sbe e e s aane e e e sab e e e s anneeeenanees 343
UFO0 interface 1 to 4 registers (UFOIFT 10 UFOIFA) .........oiiiieeieeeee ettt ettt n e ne e 344
UFO0 mode control register (UFOMODC)..........ouiieiiiieeiee ittt sttt sttt et e sae e e sae e e sbe e saee e sbe e e saneesbeeesseesbeeeneeenneeans 316
UFO mode status register (UFOMODS) .........ooiiiiiiiiiiiee ittt sttt e et e e e s e e s aae e e e e ssbe e e e aabe e e e aaneeeesabeeesannreeenanees 317
UFO SET request register (UFOSET)......cocuti ittt sttt sttt sa e sae e e sa bt e sane e sab e e saneenbeeeasnesneeabeeenneenas 291
UFO SNDSIE regiSter (UFOSDS).......ioiitiiiieiieatie ettt sttt ettt es e st e et e s bt esase e sab e e saeeesabeesaseesabeesaeeaabeeeaseeebeeabeeenneeans 289
USB clock CONrol reGISTEr (UCKC)......uiiii ittt et e s e e e e s s st e e e s b b e e e ente e e s asne e e e anbeeeeenneeenannes 94
USB function 0 buffer control register (UFOBC).........couiiiiiiiieeii ettt et st neee 349
wi

Watchdog timer enable regisSter (WDTE).......coiiiiiieeiiieeiee ettt ettt b e eear e ab e sae e e be e e ne e s be e e neenaneas 220
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C.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

[A]

ASIF6: Asynchronous serial interface transmission Status regiSter 6...........evi i 231
ASIM6: Asynchronous serial interface operation Mode regiSter B........coiuiiiiiiiiieiiee e 228
ASIS6: Asynchronous serial interface reception error status register B.............cooiciiiiiiiiie i 230
[B]

BRGCB6: Baud rate generator CONrol FEGISTEE 6 ...........coiiiiiiiiiiiie e 233
[C]

CKSR6: ClOCK SEIECHON FEGISTEr B ... e s s e s s see e 232
CMPO1: 8-bit timer H COMPAre regiSter 07 ......ooo ittt ettt et e et e e s bae e e sbe e e e snbe e e sbeeeeenneeeaans 198
CMP11: 8-bit timer H comPare register 11 ... ..ottt st e b st e e ne e sab e e sneenane s 198
CRO000: 16-bit timer capture/compare register 000............uuiiiiiiiie e ee e e e e e e s b e e e sasre e e sneeeeanrreeeaans 116
CRO010: 16-bit timer capture/compare regiStEr 010........ouiiiiii it e e st e e e st b e e e snre e e sneeeeenneeeeans 116
CRB50: 8-bit timer COMPArE FEGISTEI 5O .....cueieiuieeitiieiieeitit ettt ettt e bt et e e e be e st e e ebe e s beeenee s beeeneesabeeeneesabeesnneenaneas 181
CR51: 8-bit imer COMPAre rEQISTEr 51 ..o b e e e bt e s asn e e e e abe e e e enr e e e sneeeeanreeeanns 181
CRCO00: Capture/compare CONTrol rEGISTE 00 ........iiiiuiiiiiiiiie ettt ettt e ettt e e et e e sabe e e e sbb e e e saneeeesneeeeensreeenans 121
CSIC10: Serial clock SEIECON rEGISTEI 10 ....c.uiiiuiiiiieeit ettt e b et e eb e st e bt e sab e e sneesane s 259
CSIM10: Serial operation MOAE FEGISIEr 10 ......ciiuiiiiiiiitii ettt ettt sttt eesab e e sabeesaeeesabeeaeeaabeeebeesnbeeeneesareas 258
[E]

EGN: External interrupt falling edge enable regiSTer ..........oo i 403
EGP: External interrupt rising edge enable regiSter ............oiui i e 403
M

IFOH: Interrupt request flag register OH ...........ooi i s e e 399
IFOL: Interrupt request flag regiSter OL ........cooi ittt e e s e e e s emne e e e ar e e e s e nn e e e nanes 399
IFT1H: Interrupt request flag regiSter TH ... ... e e e st s e e e e sr e s e s e e 399
IF1L: Interrupt request flag regiSTEr TL ......coiii e et 399
IMS: Internal memory Size SWItChING FEGISTET ......coiueiiiiieii et sn e e e e e 454
IXS: Internal expansion RAM size SWItChiNG regiSTer ..o e s 455
[L]

LVIM: Low-voltage deteCtion reGISTEr ..............oo i s 440
LVIS: Low-voltage detection level SEIECHON FEGISTEN .........iii i e b e e 441
[(m]

MCM: Main CIOCK MOGE FEGISTEN .....eeiiitiie ittt ettt e e e bt e e e ettt e e sa b et e e aab b e e e ente e e snne e e e anbeeesenneeenanees 90
MKOH: Interrupt mask flag register OH .........coo i e e e st e e e e e s e e e s n e e e s 401
MKOL: Interrupt mask flag regiSter OL ..o e e e e 401
MKTH: Interrupt mask flag reQiSTEr TH ... ..o e e e et e e s sae e e sab e e s s abe e e s nanees 401
MKAL: Interrupt mask flag regiSter TL ... s e e e e s e s e n e e e s e e e s enn e e e s 401
MOC: Main OSC CONIOI FEUISTEN ... ittt ettt et e e e bt e e e s e e e e s b e et e s aab et e e aane e e e e nr e e e e anreeesannneas 89
[0]

OSCCTL: Clock operation Mode SEIECT FEGISTEN .........uuiii it e e sb e e e nne e 86
OSTC: Oscillation stabilization time counter status register...........coociviiiiiiii e 91, 413
OSTS: Oscillation stabilization time SEIECE FEQISTET ........ciiiiiee e e e e e e e e e e e nneeeeenns 92, 414
RO1UHO308EJ0300 Rev.3.00 521

Sep 22, 2011



pPD78F0730 APPENDIX C REGISTER INDEX

[P]

O 0T (=T 13 (=T O REPPRRP 78
[ R o g (=T o ] =Y PP U PP 78
L P2 o T (=0 ] (=Y e 2 PSPPSR RPP 78
L T 0T (=T o 11 (=T g TS UPETPRRPR 78
T o g (=T o I51 (=T g T ST PP PP UPRPPPRI 78
PCC: Processor ClOCK CONIOI FEGISTEN .........ueiiieieiii ittt s e b e b e e s e e e b e e s e e e neesare s 87
[ B O o I I oTo] g o] I (Yo ] (=Y PP PRSP PPRUPRP 93
1Y (O oo Tl aaTeTe Lo (=T o I (=T o O O TSP P PP UPRPP PP 77
PMT: POt MOAE FEGISIEE T ...ttt e e s b e e e b e s a e e e b e e e b e e e be e st e e e beesr e e e neesareas 77
Y P2 oo T o ot [N =T ] (=T e I PSPPI 77
1Y oo Tl aaTe e Lo (=T L] (=T g PR PRRR PR 77
PMB: POIt MOAE FEAISIEN B ......eeiiiiieiii ettt e sh e e be e she e e ae e e s b e e e be e e baeebeesr e e e neesareas 77
PROH: Priority specification flag regisSter OH..........cooo i e e 402
PROL: Priority specification flag regiSter OL..........oo it s sre e e 402
PR1H: Priority specification flag register TH.........ooui e e e e 402
PR1L: Priority specification flag regiSter TL...... ..o 402
PRMOO: Prescaler mode regiSter 00 ...........eeuiiiiieiiiiiie et et e s e e e st e e e st e e s anee e e sne e e e e sre e e s aane e e e sane e e e anneesanreeenannes 124
PUO: Pull-up resSistor OPHION rEGISTEr O........eiiiiiiiee ittt e et e e s e e e as b e e e s aane e e e sabe e e e e nb e e e eanrneesannneas 79
e O O VI ST o B =E ]I~ (o o o] 1 o] I =T =] (=T e PR PURRO 79
PU12: Pull-up resiStor OptioN FEGISTEE 12......cco ittt e e e e e e s s e s e e e e s nn e e e e snre e e senne e e e anneeas 79
PUS3: Pull-up reSistor OPHION FEGISEN B........eeiiiiiiieieiiii ettt e s b b e e e et e e e ene et e s nr e e e e anb e e e e eanee e e naneeas 79
[R]

RCM: Internal oscillation MOAE FEGISTEN..........cooiuii i e e s 88
RESF: Reset CONIOl flag FEGISIEN .....co.uii ittt ettt st e e s ae e e e an e st e sae e e saneenne e e nbeeennnennee 432
RXB6: RECEIVE DUFEI FEUISTEE B ......eeeeeeieee ettt et e e e e e e s n e e e e s et e s n e e e nn e e e s anre e e e nnnneas 227
RXS6: RECEIVE SNift FTEGISTEI B .....ceiiiiiie ittt h ettt e e s bt e e e s b bt e e e bbe e e sbae e e e anb e e e sanneeeernnees 227
[S]

SIO10: Serial 1/ Shift FEGISTEr 10 .....ii ittt e et e e e s b e e e e e abe e e e s aabe e e e aabeeesaaseeeesaneeeeanbaeeenans 257
SOTB10: Transmit DUfEr re@GISTEI T0.......oiuiiiieiii ettt s b e e e e e sttt en e e st e e e neesabeesnneennee s 257
[T]

TCL50: Timer clock SEIECON rEGISTEI 5O .....cco.uiiiiiiiiii ettt ettt e e et e be e e sae e et e e e neesabeesaneennneas 182
TCL51: Timer clock Selection register 51 ..o s 182
TMOO: 16-Dit tIMEr COUNTET D0 .......viiiiiiiiieeee et r et e st s bs e e s ae e e b e e e ae e s r e e e b e e ser e e sneenareas 116
TMB0: 8-Dit tIMEI COUNTET B0 ......eeeiiiiiie ittt sn e e e et e e e s e e e e sare e e e e ne e e s s nn e e e s ne e e s eanre e e nnnneenanneeean 181
TMS51: 8-Dit TIMEI COUNTEE BT ...t e e e bt e st e e e e s s b et e e e b et e e san e e e e s b e e e e e nbe e e snneeeeanneee s 181
TMCOO: 16-bit timer mode CONtrol reGISTEr 00 .........c.ciiiiiiiiie e 119
TMC50: 8-bit timer Mode CONEIOl FEGISIEN B0 .......cueiiieeitieite ettt b et st e e s e e sb e e sae e e s beeenneeaabeeeneenaneas 184
TMC51: 8-bit timer mode CONIOl FEGISTE BT ... s e e e e e aar e e ene e e e sane s 184
TMCYCH1: 8-bit timer H carrier CONrol regiSter 1 .........oooiiiiie e e 201
TMHMD1: 8-bit imer H MOdE rEGISTEI ... it e s e s e e s e e e e e e e s ennn e e e neneee s 199
TOCO0O0: 16-bit timer output CONTIOl FEGISTET D0 ........eiiiiiiiie ettt ettt ettt e b e st e e sae e e st e e saeeesbeeenaeesbeeeneesaneas 122
TXB6: Transmit DUTFEr rEQISTEI B .........ooiiiiiie e e st sre e s r e ne e s 227
TXS6: Transmit SHift FEGISTEI B.......ee ittt st b e s bt e eae e e shb e e sae e e be e e aneesabeeeneenareas 227
[l

UCKC: USB ClIOCK CONTIOI FEGISTET ......utiiiitieeiiee ittt ettt e et sa e et esa e e ean e e sa bt e ean e e sab e e snr e e nnneesnneenneas 94
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UFOAAS: UFO0 active alternative SEHNG rEgiSTOr ........oii it e b e s eb e 319
UFOADRS: UFO @dAress FEOISTEN .....eeutiiiiiieiitieeitte sttt ettt et sa e st s bt e s ae e e sbe e e sae e e abe e e saeeeaabeesaeeeabeeeabeeeabeeabeesnneeans 341
UFOAIFN: UFO active interface NUMDEr F@ISTEN ... 318
UFOASS: UFO alternative setting Status regISTON ........coi i 320
UFOBC: USB function 0 buffer CONTrol FEGISTEN ..........ooiiiiiiieiiee ittt see e be e sneeene e 349
UFOBIT: UFO DUIK IN T FEQISTEN ...ttt ettt e e st e s e s e e e s bn e e e e s et e s amne e e e anb e e e s anne e e e eanes
UFOBOT: UFO DUIK QUL T FEGISTEN ...ttt et e e st e sae e e b e e e sbnesbe s e aeeeneeeas
UFOBO1L: UFO0 bulk out 1 length register

UFOCIEO to UFOCIE255: UF0 configuration/interface/endpoint descriptor registers 010 255 ..........cocceviieiieeniieenieenienne 347
UFOCLR: UFO CLR reqUESE FEGISTEN . .....ccciiiiiie ettt ettt sn e e b s e see e s ne s s neesne e 290
UFOCNF : UFO CONfIQUIALION FEOISTET ....ccueiiiiieiiie ittt ettt ettt sb e sae e e bt e sae e e sab e e ean e e nbe e e sbnesbeeeneenneenas 342
UFODDO to UFODD17: UFO device descriptor registers 010 17 ......eeeiiiiiiiiiee et 346
UFODEND: UFO data @nd rEQISTEr.........ciiiiiiiieeie ettt st e e b e e sbe e s b e s s neesne e 314
UFODSCL: UFO desCriptor I8NGEh FEGISTE ........eeeiiiiiieeee ittt ettt sae e sn e e nae e e snr e e b e e nneenneeens 345
UFODSTL: UFO deViCe StatUS FEGISTET L....couiiiiiiiiii ettt ettt ettt bbbttt e b e e st e e san e e smbeenneeeees 337
UFOEOL: UFO EPO 1ENGEh FEUISTEN ... .ottt e s n e sere e s e e e s e e sne e nes 324
UFOEON: UFO EPONAK FEOISTE .....ceittieiteeitet ettt ettt ettt ettt ettt ettt et e et e e et e e bt e et e e eab e e e be e eane e e beesab e e sabeesnneesmreennneenes 283
UFOEONA: UFO EPONAKALL FEOISTEN ...uteiiitieetie ittt sttt ettt ettt et nbe e e s et e eab e be e eab e e e be e eabe e sabeesaneesabeenneeenees 285
UFOEOR: UFO EPO read EGISTON .....ceiiieeeeiet ettt ettt s s e s e s an e e sane e san e e sen e e ene e nes 323
UFOEOSL: UFO EPO StatUS FEGISTEI L......eeiitiieiieiiitii ettt sttt ettt ettt ettt e et e et e et esab e sab e e enne e snreennneenee 338
UFOEOST: UFO EPO SELUP FEGISEN ... .iiiitieietieitee ittt ettt ettt ettt ettt b et e e bt e et e et e e e be e eabe e e beeeabeesabeesaneesabeenneeeees 325
UFOEOW: UFO0 EPO write register

UFOE1IM: UFO endpoint 1 interface mapping rEGISIEN ........ccueiiiiiiieiiit ettt 321
UFOETSL: UFO EP1 StAtUS FEOISTEI L....cueiiiiiiiieeit ettt ettt ettt ettt be e et e e sabe e sebeesaee e sbeeenaeeentes 339
UFOE2IM: UF0 endpoint 2 interface mapping rEGISTEN ......ooii ittt 322
UFOE2SL: UFO EP2 StatUS rEGISIEN L....coueiiiiieiiee ittt ettt at e st e e sab e s ae e e nbe e e sbeeeaneesneeenneeans 340
UFOEN: UFO EPNAK FEUISTE ...ttt b e s ae e s s e e s e e e b e s e sane s b e s s sneesaneeeas 286
UFOENM: UFO EPNAK MASK FEGISTEN ...ciiitiiiiiiiit ettt ettt ettt e st e e s bt e e s ab b e e e eane e e e sabe e e e enreeenanees 288
UFOEPSO: UF0O EP STAtUS 0 FEQISTEN .. .eeieiieiiietit ettt ettt sttt sttt st e st e sa b e st e e sab e e saneesbeeesaeeebeeeneeenneeaas 292
UFOEPST: UFO EP StAtUS 1 FEQISIEN ...ttt ettt et e st e s anr e e e san e e e s enn e e e nanes 293
UFOEPS2: UF0 EP STAtUS 2 FEQISTEN ... .ceieiiieie ettt ettt st e b e e san e s ne s e sneesneeea 294
UFOFICO: UFO FIFO ClEAI O FEISTEN ...ttt ettt ettt ettt ettt st s e sa e st e e s ab e e sae e e sa bt e saneenbe e e sneeeneeenneeeneeans 312
UFOFICT: UFQ FIFQO ClEAI 1 FEOISTE ....eiiitiieiiittiee ettt ettt e e et et e et e s s s et e e et et e e ean e e e s anne e e e aan e e e s ennreeenanes 313
UFOGPR: UFO GPR FEISIEN ... .ottt ettt ettt e st et e e s b e e st e e e b e s e ee e s ar e e san e e san e e saneesnne e e 315
UFOICO: UFO INT ClEAI O FEOISTEN ....eeutiiiiieitiie ittt ettt ettt ettt ettt bt et e et et e e eab e e s be e e abe e e beeeabe e sabeeenneesabeennneenene 307
UFOICT: UFO INT ClEAI 1 rEOISTEN . ..eiitiiiiie ittt ettt ettt e e bttt e bt et e e et e e et e e ebe e e beeeabe e aabeesaneesmbeenaneenene 308
UFOIC2: UFO INT ClEar 2 rEQISTEr ... iiiiiie ittt sttt st e s b s e be e s b e s st e e san e e sn e e sanee e 309
UFOIC3: UFO INT ClEAI 3 FEOISTEN ....eeutiiiiie ittt ettt ettt eb et h e e bt b e e e bt et e e eab e e e be e e be e e aaeeeabe e e beesaneesnbeennneenaee 310
UFOICA: UFQ INT ClEAI 4 FEQISTEN ... iutii ittt ettt ettt ettt st a et s hb e e eae e e s e et e eae e e sh e e e eane e sabeeaaeeesabeenaeesbeeenneeanne 311
UFOIFO: UFO INterface 0 FEGISIEN ......c..eiiiiieiei ettt et e st e s e e s e e sbe e e sae e e sbeesnee e 343
UFOIF1 to UFOIF4: UFO interface 110 4 regISTEIS ......vii ittt et 344
UFOIMO: UFO INT MASK O FEOISTON ... eieieieieee ettt ettt e e e e e e e e s e e e e s et e e e ne e e e sne e e e e nre e e enrneennnee 302
UFOIMT: UFO INT MASK 1 FEUISTE ...ttt ettt e s e s e e s n e s e be e sane e s r e e sane e e 303
UFOIM2: UFO INT MASK 2 FEOISTEN......eteie ettt ettt e e e e e s e e e s e e e e s e e e s e nn e e e sne e e e e nre e e enneeenannes 304
UFOIMBS: UFO INT MASK 3 FEQISTON......eeieiiieee ittt ettt e e e e s e s e e e e s et e s e ne e e e sne e e e e nre e e e nn e e e nnnee 305
UFOIM4: UFO INT MASK 4 FEUISTEN ... ..ottt s e se e e e s e e s b e s s ee e sne e s n e e sane e e 306
UFOIS0: UFO INT STAtUS O FEGISEN ...cvtiiiieetii ettt ettt ettt ettt st s bt e st s bt e e an e e s et e e eae e e sheeennneenbeeeaneennne 295
UFOIST: UFO INT SEALUS 1 FEGISTEN ...ttt ettt ettt ettt ettt ettt ettt e st e e st e e s b e e sabeesaseesabeenneeeabeeeneeenee 297
UFOIS2: UFO INT STAtUS 2 FEGISTEN ... et st s e e sae e r e e e e n s 299
UFOIS3: UFO INT StAtUS 3 FEGISTEN ...ttt ettt ettt sttt sttt sa bt e s et e s st e e sas e e sae e e saeeebeeeabeesbeeebeeenneeans 300
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513,515
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D.2 Revision History of Preceding Editions
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2nd Edition

Modification of related documents

Deletion of flash memory programmer PG-FP4 and FP-PR4

Deletion of on-chip debug emulator QB-78KOMINI
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Throughout

Modification of state of USBPUC pin after reset in 2.1 Pin Function List

Modification of Remark in 2.2.3 P30-P33 (Port 3)
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CHAPTER 2 PIN
FUNCTIONS
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12.8 External Circuit Configuration
¢ Addition of 12.8.1 Outline
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Addition of 12.9 Cautions for USB Function Controller USBF

CHAPTER 12 USB
FUNCTION
CONTROLLER USBF

Modification of Note 2 in Table 19-1 Wiring Between 1 PD78F0730 and Dedicated
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Writing in UART (UART6) Mode

Modification of Note in Figure 19-7 Communication with Dedicated Flash
Memory Programmer (UART6)
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Modification of capacitance of a capacitor in 19.6.5 REGC pin

Modification of description in 19.6.6 Other signal pins
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Addition of Recommended Oscillator Constants ELECTRICAL

SPECIFICATIONS

Addition of this chapter

CHAPTER 24
RECOMMENDED
SOLDERING
CONDITIONS

Modification of Figure A-1 Development Tool Configuration
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A.4 Flash Memory Writing Tools

¢ Modification of A.4.1 When using flash memory programmer FG-FP5 and FL-
PR5
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A.5 Debugging Tools (Hardware)
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function QB-MINI2
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