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Summary

This application note gives guidelines for designing circuit boards that incorporate the R9A06G062GNP.
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R9A06G062GNP Design Guidelines for Circuit Boards with the Sub-GHz Transceiver

1. Introduction

This application note gives guidelines for designing circuit boards that incorporate the R9A06G062GNP. The
RTKOEE0012D01001BJ evaluation kit with the ROA06G062GNP and F2977 SPDT RF switch is used as an
example.

Caution Descriptions in this application note are examples for reference. Following the guidelines does not
guarantee the quality of characteristic signals. In attempting to use this device in your actual system,
extensively consider and evaluate the system as a whole. Choosing to use the device in your system is
at your own responsibility.

1.1 Related Document
Also refer to the following document related to this application note.
R9A06G062GNP Sub-GHz Transceiver User’'s Manual: Hardware

1.2 Reference Diagram of Circuits
Figure 1 - 1 is a diagram of circuits of the RTKOEE0012D01001BJ evaluation kit for reference.

Figure 1 -1 Diagram of Circuits of the RTKOEE0012D01001BJ Evaluation Kit for Reference

6pFICOGISOV/1005/0.05pF
TpFICOGISOVI1005/0.05pF

cs|
ciof

wddozznmgy
2 4
T 3

M
XRCMDETODOF XQ60R0

o7

TnF/50V/1005 9pFICOGISOVIT00S/0.1pF
o8

¢
0.1uF25V/1005

. R17 Ri5 i
SIN R > G A0S ZZohmR/A05 TS e 00T

c1o cis
c,mbslwccoasawm»w wr;r

R1
A0S

R0

SoUT A

c22
6PFICOGIS0V/T005/0.1pF
R25

soux RO>T B s He G

30 vop A A3V

1 Qg
ca 7
CI1005 | 8FICOGISOVI10050.19F 2 2 Rext Ra3 6 | p.1uErsVit00s
sour REXT SO SH005
& e rxsy_R28 Ry N s 27 veEG Pl 20 fef
sen o> ey S0 se vREG PLL | o
- il 25 { vrec DG VoD pf (28 VOO RE
1COGISOVI10051 VREG TXPA uE 25V
GFICOGISOVITO0S10.1pF & o0 e, Txpn |25 VREG T e oo o urzunoss
2 ) "
Griot aND_AT s BnH10050. 10k TR S -CT
f— R1 ooz 8 2 rroUT i
GPIOO_RX & GohT005 GPIO2 RFOUT <3z | [orioos' B[ 2pFicocisovioosio. 1pF
cPios o 2 N 8
; a apios GND_A0 B s
GPIOTRX & ToTO0S oot 10| oo, P s 2
GPIos 5 . B a90FI00GEOVII0050. 19 0 1
po &7, 8 3 g g Jswat
GPI02RX & S < A 5 a7pricois0vo0ss® ool
& g H
. R1g = g
GPIO3RX & ToRmITO05 E 8
piod R1Y, 2l & &2
GPIOLRX & ToRmTO05 g -y
E 1t
ros R13 FICOGIOVIT0052%
GPIOS.RX & ToRTO0S =5
. R, sz
GPIOSRX & TR0 °
| . at g M
GPIOT_RX < A oD 3|
s,
aselo & ToRwT005
R3g o
GPI0B RX. & R1g SrTIoT » GPo12 RX
GPIOS.f TR0 ) >
s sy, G cps
AseLt & TR0
o2 frTions > GPIo11.RX
0.1uF25V/1005 Ry
G » o
Ry -
H D00 » GPIO10RX %
A R2g .
005 > cso
Rz

» GPI09 R

G ROA06GO62GNP
]—“@W» sw.et e

'RSADGGO62GNP Eva Tport board

s,
A | <Doe 057)

Wednesday, Wardh 09,207 Theer -
T T

R35AN0013EJ0100 Rev.1.00 RENESAS Page 3 of 18
Mar. 14, 2022



R9A06G062GNP

Design Guidelines for Circuit Boards with the Sub-GHz Transceiver

Table 1 - 1 lists components in the reference diagram of circuits shown in Figure 1 - 1.

Table 1-1 Components in the Reference Diagram of Circuits (Figure 1 - 1)

Part Reference Description Part Number Vendor Package Size (mm) Tolerance

C3, C67 1nF/50V/1005 GCM155R71H102KA37D Murata 1005 +10%

C4, C8, C12 1uF/25V/1005 GRM155R61E105KA12D Murata 1005 +10%

C6 6pF/C0G/50V/1005/0.05pF GJIM1555C1H6ROWB01D Murata 1005 +0.05 pF

C10 7pF/COG/50V/1005/0.05pF GJM1555C1H7ROWB01D Murata 1005 +0.05 pF

R12 22nH/350mA/1005 LQG15HS22NJ02D Murata 1005 +5%

C11 9pF/COG/50V/1005/0.1pF GJM1555C1H9R0BBO1D Murata 1005 +0.1 pF

Cl4 470nF/25V/1005 GRM155R61H474KE11D Murata 1005 +10%

C16, C23, C29, C37, C41, C43, C45, 0.1pF/25V/1005 GRM155R71E104KE14D Murata 1005 +10%

C47, C48, C49, C50, C51, C52, C53,

C54, C55, C56, C58, C66, C201

C18, C27 8pF/CO0G/50V/1005/0.1pF GJM1555C1H8R0OBB01D Murata 1005 +0.1 pF

C20, C25 2.2uF/25V/1005 GRM155R61E225KE11D Murata 1005 +10%

C22,C31 6pF/COG/50V/1005/0.1pF GJM1555C1H6R0BBO1D Murata 1005 +0.1 pF

C34 5.6pF/C0G/50V/1005/0.1pF GJM1555C1H5R6BB01D Murata 1005 +0.1 pF

C35 3.9pF/C0G/50V/1005/0.1pF GJIM1555C1H3R9BB0O1D Murata 1005 +0.1 pF

C36 2.2pF/C0G/50V/1005/0.1pF

C39 33pF/C0G/50V/1005/2% GJIM1555C1H330GB01D Murata 1005 +2%

C46 4. TUFIX7R/25V/2125 C2012X7R1E475K125AB TDK 2125 +10%

C59 2pF/C0G/50V/1005/0.1pF GJIM1555C1H2R0BB01D TDK 1005 +0.1 pF

C60 47pF/COG/50V/1005/5% GJM1555C1H470JB01D TDK 1005 +5%

C68 18pF/C0G/50V/1005/1% GCM1555C1H180FA16D Murata 1005 +1%

L2 MLZ1608M100WT000 MLZ1608M100WT000 TDK 1608 +20%

L3, L4 5.6nH/1005/0.1nH LQW15AN5N6C10D Murata 1005 +0.1 nH

L5 5.8nH/1005/0.1nH LQW15AN5N8B0O0D Murata 1005 +0.1 nH

L6 3.3nH/1005/0.1nH LQW15AN3N3B80D Murata 1005 +0.1 nH

R1, R2, R4, R7, R10, R11, R13, R14, 0ohm/1005 RK73Z1ETTP KOA 1005 < 50 mohms

R15, R17, R18, R19, R20, R22, R26,

R28, R30, R33, R34, R37, R38, R39,

R40, R57, R58, R59, R60, R62, R69, L7

R5 3.9K/5%/1005 RK73B1ETTP392J KOA 1005 +5%

R16, R25, R27 220hm/5%/1005 RK73B1ETTP220J KOA 1005 +5%

R8, R29, R44, R201, R202, R203, R/1005

R204, R205, R206

R43 56K/0.5%/1005 ERA-2AED563X Panasonic 1005 +0.5%

R45, R46, R47, R48, R49, R51, R61 5.1K/5%/1005 RK73B1ETTP512J KOA 1005 +5%

R50, R54 10K/5%/1005 RK73B1ETTP103J KOA 1005 +5%

R52, R53, R55, R118 51K/5%/1005 RK73B1ETTP513J KOA 1005 +5%

R56 1K/5%/1005 RK73B1ETTP102J KOA 1005 +5%

R207, R208, R209, R210, R211, R212 330hm/5%/1005 RK73B1ETTP330J KOA 1005 +5%

TCXO1 DSB1612SDN 48.0MHz +0.5ppm DSB1612SDN 48.0MHz +0.5ppm KDS

U1 SN74LV1T34DCKR SN74LV1T34DCKR Tl

u2 R9A06G062GNP R9A06G062GNP Renesas

us F2977 F2977NEGK Renesas/IDT

Y1 XRCMD48MO00FXQ60R0 XRCMD48MO00FXQ60R0 Murata 1612 +20 ppm
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R9A06G062GNP Design Guidelines for Circuit Boards with the Sub-GHz Transceiver

1.3 RF Matching Circuits

1.3.1 Transmitted output matching circuit

Figure 1 - 2 shows an example of the configuration of a transmitted output matching circuit. We recommend
adding a notch filter circuit following the LC filter in the line from the RFOUT pin (pin 23). This is to suppress
the second higher harmonic component from the fundamental waveform. Table 1 - 2 lists examples of the
constants for the transmitted output matching circuit.

Figure 1 - 2 Example of the Configuration of a Transmitted Output Matching Circuit

Antenna
(50 ohms)
L5

RFOUT
{1 L (pin 23)

C36
L6 C35 C34

Table 1 -2 Examples of the Constants for the Transmitted Output Matching Circuit

Component C34 L5 C35 L6 C36
Value 5.6 pF 5.8 nH 3.9 pF 3.3nH 2.2 pF
R35AN0013EJ0100 Rev.1.00 RENESAS Page 5 of 18
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R9A06G062GNP

Design Guidelines for Circuit Boards with the Sub-GHz Transceiver

1.3.2 Received input matching circuit

Figure 1 - 3 shows an example of the configuration of a received input matching circuit. We recommend
impedance matching at 50 ohms for the received input. Table 1 - 3 lists examples of the constants for the

received input matching circuit.

Figure 1 - 3 Example of the Configuration of a Received Input Matching Circuit

Antenna

(50 ohms)

L8

Table 1 -3 Examples of the Constants for the Received Input Matching Circuit

Component C39 L7 C42 L8
Value 33 pF 0 ohms Not Not
mounted mounted
R35AN0013EJ0100 Rev.1.00 RENESAS Page 6 of 18
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R9A06G062GNP Design Guidelines for Circuit Boards with the Sub-GHz Transceiver

1.4 RF Input/Output Circuits

Figure 1 - 4 shows an example of the connection of the F2977 SPDT RF switch to the RF input/output
circuits. Table 1 - 4 lists examples of the constants for the circuits shown in Figure 1 - 4. Table 1 - 5 shows
an example of the connection of the F2977 SPDT RF switch in the RF signal lines.

Figure 1 - 4 Example of the Connection of the F2977 SPDT RF Switch to the RF Input/Output Circuits

R61
SW_CTL >>—\/\/\/\ —T_
csi RFOUT

_T_ U (pin 23)
Antenna Q c36
(50 ohms) cs58
e L6 35 T034
ceo 3 ! = =
| | R118
|

L5

1 9
13 12 11 10
[ ] | L7 cag
J RFIN
— 4’“““‘? |—D (pin 21)
L8 C42

Table 1 -4 Components and Examples of the Constants for the RF Input/Output Circuits with the F2977
SPDT RF Switch in Figure 1 - 4

Component ID Component
Value
R61 5.1 Kohms
C59 2 pF
C60 47 pF
R118 51 Kohms
C58 0.1 pF
C39 33 pF
L7 0 ohms
C42 Not mounted
L8 Not mounted
C34 5.6 pF
L5 5.8 nH
C35 3.9 pF
L6 3.3nH
C36 2.2 pF
R35AN0013EJ0100 Rev.1.00 REN ESANAS Page 7 of 18
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R9A06G062GNP Design Guidelines for Circuit Boards with the Sub-GHz Transceiver

Table 1 -5 Example of the Connection of the F2977 SPDT RF Switch in the RF Signal Lines

Pin No. Pin Name Description Destination for Connection
1 GND Ground pin Ground
2 RFC RF common port pin Antenna (50-ohm load)
3 GND Ground pin Ground
4 GND Ground pin Ground
5 RF1 RF1 port pin Pin 23 (RFOUT) of the ROA06G062GNP
6 GND Ground pin Ground
7 Ven Logic control pin Pin 16 (GPI109) of the ROA06G062GNP
8 EN Active-high enable pin A3.3 V power supply
9 Vce Power supply pin A3.3 V power supply
10 GND Ground pin Ground
11 RF2 RF2 port pin Pin 21 (RFIN) of the ROA06G062GNP
12 GND Ground pin Ground
13 Exposed pad Exposed pad pin Ground
R35AN0013EJ0100 Rev.1.00 RENESAS Page 8 of 18
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R9A06G062GNP Design Guidelines for Circuit Boards with the Sub-GHz Transceiver

1.5 Reference Clock Circuits

15.1 Using a 48-MHz crystal oscillator

Figure 1 - 5 shows an example of the standard configuration with a crystal oscillator. Ensuring stable
oscillation by the 48-MHz crystal oscillator requires inserting a capacitor in the lines from each of the XIN (pin
31) and XOUT (pin 32) pins. We also recommend inserting an inductor in series between the XIN pin (pin 31)
and the crystal resonator to suppress the harmonic components from the 48-MHz oscillation. Note that
inserting either a resistor or inductor as R12 and R8 may be required in response to the state of the spurious
emissions from this clock signal.

Table 1 - 6 lists examples of the constants for the crystal oscillator with the use of the
XRCMD48MO0O00FXQ60R0 from Murata as a crystal resonator (Y1). Before final determination of the
constants, we recommend you proceed with sufficient evaluation from the various relevant viewpoints, such
as the type of crystal resonator and the stray capacitance generated by the patterns for your own PCB.

Figure 1 -5 Example of the Configuration of the Crystal Oscillator

XIN XOUuT
(pin 31) (pin 32)
Cl1

_{

C68 I R12 RS Icm

Y

1
C10 Ica

Table 1 -6 Examples of the Constants for the Crystal Oscillator When Using the XRCMD48MO0O0OOFXQ60R0
from Murata as Crystal Resonator Y1

Component ID Component
Value
C6 6 pF
C10 7 pF
Cl1 Not mounted
Cc67 Not mounted
C68 Not mounted
R8 0 ohms
R12 22 nH
R35AN0013EJ0100 Rev.1.00 RENESAS Page 9 of 18
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1.5.2 Using a 48-MHz TCXO

Figure 1 - 6 shows an example of the standard configuration of a circuit with the use of a temperature-
compensated crystal oscillator (TCXO). To suppress the harmonic components, we recommend adjusting
the voltage amplitude value of output from the 48-MHz TCXO, input of a signal to the XIN pin (pin 31), and
inserting a capacitor in the line from the XOUT pin (pin 32).

Table 1 - 7 lists typical values of the constants for the circuit with the use of the DSB1612SDN from KDS as
the TCXO. Before final determination of the constants, we recommend you proceed with sufficient evaluation
from the various relevant viewpoints, such as the type of TCXO and the stray capacitance generated by the
patterns for your own PCB.

Figure 1 - 6 Example of the Configuration of a Circuit with the Use of a TCXO

XIN XOouT
(pin 31) (pin 32)

ClZIi

TCXO | i l
casI R12 RS Ices?

Table 1 -7 Examples of the Constants for the TCXO Circuit When Using the DSB1612SDN from KDS as

the TCXO
Component ID Component
Value
C68 18 pF
c11 9 pF
C67 1nF
R8 Not mounted
R12 Not mounted
R35AN0013EJ0100 Rev.1.00 RENESAS Page 10 of 18
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1.6 Circuit for Connecting the Serial Peripheral Interface (SPI)

Figure 1 - 7 shows an example of the circuit configuration around the SPI. The R9A06G062GNP has the SIN
(pin 1), SOUT (pin 2), SCLK (pin 3), and SEN (pin 4) pins for the SPI signals. The ROA06G062GNP is
connected with the external master microcontroller and operates as a slave device. Some transfer rates for
the SPI may lead to the harmonic components at integer multiples of the SCLK signal frequency adversely
affecting the operation within the desired bandwidth. We recommend inserting damping resistors or low-pass
filters for suppressing the harmonic components in response to the state of the spurious emissions from the
SCLK signal for the SPI.

Table 1 - 8 lists examples of the constants for the circuit when the clock signal for communications is at 24
MHz.

Figure 1 - 7 Example of the Circuit Configuration around the SPI

R17 R16 L3 N
/v\/\/ /\/\/\l 00 l J (pin 1)
ci9| ci8
R20 = R19 =
SOuUT
NN O (oin 2)
Main c22
MCU =
R26 R25 L4 scLk
(pin 3)
ces|  co7|
R28 R27 — =
SEN
AN AN OJ pin 4)
c31|

Table 1 -8 Examples of the Constants for the Circuit When the SPI Clock Signal Is at 24 MHz

Component ID Component Component ID Component
Value Value
c18 8 pF c27 8 pF
C19 Not mounted C28 Not mounted
L3 5.6 nH L4 5.6 nH
R16 20 ohms R25 22 ohms
R17 0 ohms R26 0 ohms
R19 0 ohms C31 6 pF
R20 0 ohms R27 22 ohms
C22 6 pF R28 0 ohms
R35AN0013EJ0100 Rev.1.00 REN ESANAS Page 11 of 18
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1.7 Circuit for the DC-DC Converter

Figure 1 - 8 shows an example of the external circuit configuration for the DC-DC converter. An additional LC
low-pass filter in the line including R57 and C2 or connecting a ferrite bead to R57 may be required in
response to the introduction of noise from operation of the DC-DC converter. Connect the grounds for
capacitors C2 and C4 to the GND_DDC pin (pin 35) along the shortest possible paths.
Table 1 - 9 lists examples of the constants for the DC-DC converter circuit.

Figure 1 -8 Example of the External Circuit Configuration for the DC-DC Converter

R57

i
CZI N gj ’i\InD§I53)DC
A
T | o

= C37

Table 1 -9 Examples of the Constants for the DC-DC Converter Circuit

Component ID Component

Value

L2 10 pH

C4 1pF

R57 0 ohms

c2 Not mounted

C37 0.1 pF
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2. Design of the Pattern Layout of the Board
We recommend the application of the same principles for the pattern layout of a board as those applied on
the evaluation board from Renesas.

As is the case with the evaluation board from Renesas, a PCB with four wiring layers is recommended.
e PCB material: FR-4
Board thickness: 1.6 mm
Number of layers: Four
e Major layer configuration (main intended use)
First layer: signal lines, second layer: ground, third layer: VDD, forth layer: ground, signal lines, or
ground and signal lines

2.1 RF Input/Output Signal Lines
Points to note in the design of the wiring patterns around the RF input/output signal lines are as follows.

« Use microstrip lines for the RF signals and design the wiring patterns to maintain characteristic
impedances of 50 ohms.

e Place as many via holes as possible around the microstrip lines and secure the widest possible
ground regions. Also secure the widest possible ground regions and do not place the lines for different
signals in the second layer just below the RF signal lines.

¢ Secure the widest possible ground regions for the GND_AO (pin 22) and GND_A1 (pin 24) pins.
Connect these pins to the ground pad just below the IC in the surface layer along the shortest
possible paths and connect the pins to the ground (second) layer through as many via holes as
possible, and such that the wiring lengths become as short as possible.

Figure 2 - 1 shows an example of the wiring patterns around the RF signal lines.

Figure 2-1 Examples of Layout of the Patterns around the RF Signal Lines

R35AN0013EJ0100 Rev.1.00 RENESAS Page 13 of 18
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2.2

Crystal Oscillator

Points to note in the design of the wiring patterns for the crystal oscillator are as follows.

Place capacitors C6 and C10 close to the electrodes of the crystal resonator.

To avoid intermodulation, the wiring runs between the XIN (pin 31) and XOUT (pin 32) pins and the
crystal resonator (Y1) should be at almost the same distance from the REGIN (pin 34) and VDD_A
(pin 30) pins, respectively.

Do not place signal lines other than those for the XIN and XOUT pins around the crystal resonator.
Separate the grounds for the crystal resonator and capacitors C6 and C10 in the surface layer and
connect the grounds to the ground (second) layer through via holes along the shortest possible paths.
Proceed with sufficient evaluation of your system in detail before determining the constants for the
circuits related to the crystal resonator.

Inductors may be inserted as R12 and R8 as required in response to the spurious emissions from
clock signals with frequencies of 864 MHz and 912 MHz, both integer multiples of the crystal
frequency (48 MHz), for channels in the vicinity of the oscillator. We recommend mounting a 22-nH
inductor as R12, as is the case on the evaluation board from Renesas.

Figure 2 - 2 shows an example of the layout of wiring patterns related to the crystal resonator.

Figure 2 - 2 Example of Layout of Wiring Patterns around the Crystal Resonator

[REGIN] I_o_l
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2.3 DC-DC Converter Circuit
Points to note in the design of the feedback loop patterns for the output line of the DC-DC converter are as
follows.
¢ Do not place signal lines around the REGIN (pin 34), GND_DDC (pin 35), DDC_OUT (pin 36), and
VDD_DDC (pin 37) pins.
¢ Make the wiring loop between the REGIN and DDC_OQUT pins as short as possible.
e Place capacitor C37 as close as possible to the VDD_DDC pin.
¢ Place grounds for capacitors C4 and C37 such that they can be connected to the GND_DDC pin
along the shortest possible paths on the ground surface.
¢ An additional LC low-pass filter in the line including R57 and C2 or connecting a ferrite bead to R57
may be required in response to the introduction of noise from operation of the DC-DC converter.

Figure 2 - 3 shows an example of the layout of wiring patterns around the DC-DC converter circuit.

Figure 2 -3 Example of Layout of Wiring Patterns for the DC-DC Converter Circuit

!"" Via holes for
“~# grounds

-

| vDD_DDC | | DDC_OUT | | GND_DDC | | REGIN |
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2.4 Power Supplies
Points to note in the design of the pattern layouts for power supplies on the board are as follows.
e Place bypass capacitors close to the respective power supply pins such that the wiring lengths are as
short as possible.
¢ Place via holes for grounds close to grounds for the bypass capacitors such that the grounds can be
connected to the ground (second) layer through the via holes along the shortest possible paths.
e Unless otherwise specified, keep wiring runs to power supply pins as thick as possible in
consideration of keeping the impedances low.

Figure 2 - 4 shows an example of the layout of wiring patterns around power supplies.

Figure 2 - 4 Example of Layout of Wiring Patterns around Power Supplies

l-i Via holes for
“#  grounds
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2.5 Grounds
Points to note in the design of the wiring patterns for grounds are as follows.

e Place as many via holes for grounds as possible.

¢ Use the second layer as the ground layer.

e Connect the GND_AO (pin 22), GND_AL (pin 24), and GND_DDC (pin 35) pins to the exposed die pad
in the surface layer and connect them to the ground (second) layer through via holes along the
shortest possible paths. Place many via holes on the exposed die pad.

¢ Do not place signal lines under the exposed die pad.

Figure 2 - 5 shows an example of the layout of wiring patterns around grounds.

Figure 2 -5 Example of Layout of Wiring Patterns around Grounds

I
oy
Petal
IU
g
(4
I

Exposed die pad
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Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO THE
IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are
responsible for evaluating the safety of the final products or systems 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. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, 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.

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled

subsidiaries.

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

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact information
TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:

www.renesas.com/contact/.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can 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 must be grounded. The operator must also be grounded using a wrist strap. Semiconductor devices must not be
touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.

2. Processing at power-on
The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LS| are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins in
a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the level
at which resetting is specified.

3. Input of signal during power-off state
Do not input signals or an 1/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/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.
Follow the guideline for input signal during power-off state as described in your product documentation.

4. Handling of unused pins
Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal
become possible.

5. Clock signals
After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal produced
with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.

6. 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 Vi (Max.)
and Vi (Min.) due to noise, for example, 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 Vi (Max.) and Viu (Min.).

7. Prohibition of access to reserved addresses
Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these
addresses as the correct operation of the LSl is not guaranteed.

8. Differences between products
Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms of
internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-

evaluation test for the given product.



	1. Introduction
	1.1 Related Document
	1.2 Reference Diagram of Circuits
	1.3 RF Matching Circuits
	1.3.1 Transmitted output matching circuit
	1.3.2 Received input matching circuit

	1.4 RF Input/Output Circuits
	1.5 Reference Clock Circuits
	1.5.1 Using a 48-MHz crystal oscillator
	1.5.2 Using a 48-MHz TCXO

	1.6 Circuit for Connecting the Serial Peripheral Interface (SPI)
	1.7 Circuit for the DC-DC Converter

	2. Design of the Pattern Layout of the Board
	2.1 RF Input/Output Signal Lines
	2.2 Crystal Oscillator
	2.3 DC-DC Converter Circuit
	2.4 Power Supplies
	2.5 Grounds

	Revision History
	Notice
	General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products



