RENESAS ZSC31150 Evaluation Kit Description

Important Notes

Restrictions in Use

IDT's ZSC31150 SSC Evaluation Kit, consisting of the Communication Board (SSC CB), the ZSC31150
Evaluation Board (SSC EB), and the calibration software, is designed for sensor module evaluation,
laboratory setup, and module calibration development only.

IDT’s Evaluation Kit hardware and software must not be used for module production or production test
setups.

Disclaimer

IDT shall not be liable for any damages arising out of defects resulting from
(i) delivered hardware or software
(i) non-observance of instructions contained in this manual and in any other documentation provided to
user, or
(iii) misuse, abuse, use under abnormal conditions, or alteration by anyone other than IDT.

To the extent permitted by law, IDT hereby expressly disclaims and user expressly waives any and all
warranties, whether express, implied or statutory, including, without limitation, implied warranties of
merchantability and of fithess for a particular purpose, statutory warranty of non-infringement, and any other
warranty that may arise by reason of usage of trade, custom or course of dealing.

Contents
N 1 Oo 101 (=T o | ST SROTPRR 4
2 ZSC31150 EVAIUALION BOAIU......iuiiiieiiiiiieitiiee e etieee ettt st e e st e e e sabe e e e s sabe e e e s ssbe e e e s sbbeeeesabbeeeesanbeeeeane 5
2.1, OVBIVIEBW .o 5
P S T o1 o = o PP 5
2.3, CoNNECLIONS 10 thE ZSCBLLE0 ...eeiiiueiiieiiiiiiie ittt ee ettt e e sttt e e sttt e e s bee e e e sttt e e e sbee e e e snbbeeeeannteeessnneeeeas 6
P S S (=TS B =0 11 (] o PP URP PRSPPI 6
I A S 02 ¥ B KT 0 S0 1 L= 1 = PP PUPPPPPPPRNE 7
3.1.  Overview and Software INSTAllAtiON ...........c.uiiiiiiiii e 7
3.2, USB DrIVEI INSTAIALION .......uuiiiiiiiiiiiiiiiiiieseeseeeeeeaesseerereeeeereeerererererererereaeter.r.r.—.rererer.rerererererrr 8
I T U L= =T g 1o USROS 8
3.4, General Setup Of the SOIWAIE ......cccii i e e e s e e e e e e e s s ereeaeeeeannnes 9
3.4.1.  Interface SEIECHON ........oooviiiiiiie 10
3.4.2.  ZSC31150 CONFIQUIALION ....vvviiieeiiiiiiieieeee e e ceeetee e e e e s e sste e e e e e e s s aastaeereeeessasssreeeeeeeesansrenneeeeessannnes 10
3.4.3. Analog Front ENd (AFE) AQJUSTMENL.........cciiiiiiiiiiee e ceiiiee e e e e s e sseee e e e e e s ssanaee e e e e e e e snnrnaeeeeeeesnnnnes 11
3.4.4. Temperature SENSOr SEIECTION ........uuiiiiiie et e e et e e e e e e sbb e e e e e e e e e aaanes 11
T N I T @~ 11T [ PR 11
G0 T AN o] o] TTor= Y 10T IS Y=Y 1] o SRR 12
T T @] o= =4[] g IS T=Tox 1 o] o PR PPPRUPTN 13
3.5.1. “Commands” Section: Normal Operation Mode (NOM).......cceeeiiiiiiimiieieeeiiriiiieie e e e e s ssinineeeeeeeennns 13

© 2019 Renesas Electronics Corporation 1 May 3, 2016



RRENESANS

3.5.2. “Commands” Section: Command Mode (CM) .......cceeiiiiiiiiiiiee e e s e e e e s srrrare e e e e e e anes 13
3.5.3. “Commands” Section: Power ZSC31150 Off.......coiiiiiiiiiiii 13
3.5.4. Read-Out Data Section: Options for Reading Data..........ccccveeeiviiiiiiiieie e iiiiiieie e e e s srinieeee e e e 14
3.5.5. Read-Out Data Section: Enable Error ChECK ...........couiiiiiiiiiiiiiiiee et 14
3.5.6.  Average Count and STALISTICS. ......oiuuuiiiiiiee ettt e e e et e e e e e e e sanb e e e e e e e e e e aane 14
G2 T @ U1 o101 A @0 oo 11 =1 o] o PR 14
I A @7 111o] = Vio ] IV T o To [0 1 PSR RP 15
3.8.  “RAM-Register” Dialog WINGOW. .........oouuiiiiiiie ettt ettt e e e e e e ibb e e e e e e e e e eanbaaeeeaaeeeaanes 15
3.9, Gt RAW VaAlUBS DHAIOQ ....ccoceeiieiiee e e e ettt e ettt e e e s s e e e e e e s e st e e e e e e e sassntneeeeeeseannrnneeeeeeeannnne 16
10 O 1= o To I @2 0 0] 1 =T o Lo [PPSR 16
4 Calibration DEMONSITALION.........uuuuuiuiitiiiiuteteeur e e e e —e e —are—etstststetststssasssssssssssssssssssssssssssssssssssnnnnns 18
o N o = 10 T TS Y=Y (U o BT PP 18
S Y0 111z 1T - T 11 o PSS 19
4.3.  Calibration Data ACQUISITION .........ueiiiiiiiiiiiieii et e et e e e e e e et e e e e e e s s e anbbe e e e e e e e s sannbbeeeaaaaeas 19
4.4, Calculation of the Coefficients @and LIMILS ...........uiuiiiiiiiiiiiiiieiieierree e e 20

LI o (=110 T N L]0 ¢ =i o o U 21
I = =1 = (=0 [ To Yot 01 1= o1 PSPPSR 21
A €1 (01151 T oY TSP PUTPP TR 22
T B Lo [o W] 0= A = LV £ o o T 1S3 (o] R 23

© 2019 Renesas Electronics Corporation 2 May 3, 2016



RRENESANS

List of Figures

Figure 1.1  ZSC31150 EVAIUALION Kil........uviiiiieeiiiiiiiieii e s s sseie e e e s s e e e e e s s s e e e e e e s s snnbneeeeeeeesannnnnenneeaees 4
Figure 2.1 ZSC31150 SSC Evaluation BOard — OVEIVIEW. ..........ceiieiiiiiiiiiiiaaeeeeeiiiiiee e e e e e e e e e e e s e snnbeeeeaae s 5
Figure 2.2 SSC Evaluation Board SChEMALIC ..........uuuiiiiieeiiiiiiiiee e st e e e s s e e e e e e s s st e e e e e e e s s nnnnneeneeaees 6
Figure 3.1  Main Window of the Evaluation SOfWAIE ...........cccuuiiiiiie i e e e snaneee e e 9
Figure 3.2 Interface & BOArd VEISION............uiiiii ittt e e ettt e e e e e e s bbb e e e e e e e e e annbeeeeas 10
[T U1 TR T I U N I @] T [ - o) o R 10
Figure 3.4 Sensor Adaptation and Sensor Mode SECHIONS..........uuvivieiiiiiiiiiie e e e e e e 11
FIQUrE 3.5 TEMPEIAIUIE SEISO ....eiiiiiiiiiiitiitiet e e e e ettt et e e e e e e ettt e et e e e e e s s aababeeeeeaeeesaabbbeeeaaaeee s nbbbbeeeaaaeeaannnbnneeas 11
T T TR TN G T AN I T @Yo £ SR 11
[T U1 (TR T A AN o] o [ 1= o IR =1 1] o =R 12
FIgure 3.8  OPEIatioN SECLIONS .......ciiiiiiiiiitiiiiiie ettt ettt e e e e e s e bbb et ee e e e e e aaabbbeeeeaaeeeaanbbbbeeeaaaeeaannsbnneeas 13
T [0 TR S I @ 10 1 10 A0 =Y 1= ox 1 o] o RS 13
Figure 3.10 Data REAU-OUL..........uuuiiiiiieiiiiiiiiiie e s e et e e e e e e s s s e e e e e e e s s st et eeeeeeessa s esteeeeeeeessnnsssaeeeeeeesaansnnneees 14
Figure 3.11 “Interface & Board VErsion” SECHON ..........uuiiiiiiiiiiiiiiie et a e e e e e e eabeeeeas 14
Figure 3.12 “Sensor — Calibration” DIAlOg........uuueeeiiiiiiieiieieeeiesiiieee e e e e s s s e e e e s s ssse e e e e e e e s snnnraeeeeeeeseannnnnneees 15
Figure 3.13 Displaying RAM-EEP ReQIiSter CONIENTS ......iiiiiiiiiiiiieieeee e e s esiiiieie e e e e s s sstbree e e e e s e st e e e e e e e e ennnneeees 15
Figure 3.14 “Get RaW ValueS” DiIalOg ......couuuiiiiiiiiiiiite ettt e et e e e e e e e s bbb e e e e e e e e e annnreneeas 16
Figure 3.15 “Send Command” DialOg .......ccuuruiirieeiiiiiiiiie e s esee e e e e e s e ee e e e e e s s s e e e e e e e s snnn e e e e e e e e e e annrnreees 17
Figure 4.1 Inserting the ZSC31150 INt0 the SOCKET .......coiiiiiiiiiiiiiee e 18
Figure 4.2 AFE CONFIQUIALION .....uiiiiiii ittt ettt e e ettt e e e e e s bbb e e e e e e e e e snbbbb e e e e e e e e e annnbnneeas 19
Figure 4.3  Calibration RESUILS........ceiiiiiiiiiiiiiii e e e e e e s s s e e e e e s st e e e e e e s snnnrreeeeeeeseannnnneees 20

© 2019 Renesas Electronics Corporation 3 May 3, 2016



RRENESANS

1 Kit Content

The ZSC31150 Evaluation Kit consists of the following parts:
e SSC Communication Board (SSC CB) V4.1 (including USB cable) *
e ZSC31150 SSC Evaluation Board (SSC EB) V1.0
e SSC Sensor Replacement Board (SRB) V2.0
e 5 samples of the ZSC31150 (SSOP14)

Note: The ZSC31150 Evaluation Kit Software is downloaded from www.IDT.com/ZSC31150KIT as described in
section 6.

Figure 1.1 ZSC31150 Evaluation Kit

SSC Communication ZSC31150 SsSC SSC Sensor
Board V4.1 (SSC CB) Evaluation Board Replacement Board
V1.0 (SSC EB) V2.0 (SRB)

The SSC Evaluation Kit contains the hardware needed for communication and calibration of ZSC31150 sensor
signal conditioning ICs. A PC can communicate with the ZSC31150 via the Communication Board (SSC CB)
through a USB connection. The Sensor Replacement Board (SRB) provides a replacement for an actual sensor
for demonstration purposes only, which can be helpful for setting up calibration as described in section 4. On the
SRB, the sensor replacement signal is controlled by a potentiometer (see Figure 4.1). For the actual application
calibration, the user’s sensor module can be connected via screw terminals on the SSC Evaluation Board.

The software will run under Windows® 98/ME/XP/NT/Vista/Windows® 7/Windows® 8 operation systems.

Note: If the CB revision is earlier than V3.3, installation of a USB driver is required before installing the software
(refer to the SSC Communication Board Data Sheet).

For detailed information about SSC Communication Board, please refer to the SSC Communication Board Data Sheet available on the IDT
website at h@://www.IDT.com/SSC-COMM-BD.

© 2019 Renesas Electronics Corporation 4 May 3, 2016
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2 ZSC31150 Evaluation Board

2.1. Overview
Figure 2.1 ZSC31150 SSC Evaluation Board — Overview
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The main purpose of the SSC Evaluation Kit is communication between the user's PC and the ZSC31150. The
PC sends commands and data via its USB port (configured as a virtual COM port) to the SSC CB. The
microcontroller (LC) on the SSC CB interprets these commands and relays them to the ZSC31150 in the l2c™" or
OWI (One-Wire Interface) communication mode. The pC will also forward any data bytes from the ZSC31150
back to the PC via the USB connection. These bytes can be sensor and temperature readings to be displayed by
the PC software, raw ADC data used during calibration, or EEPROM data. The SSC CB uC controls the power
signals required for entering the Command Mode.

2.2. Schematic

Figure 2.2 shows the schematic of the ZSC31150 SSC Evaluation Board (SSC EB). The SSC EB is powered by
the KS5V supply controlled by the uC on the SSC CB. The D1 red LED on the SSC EB displays the status of this
supply (see Figure 2.1). Its forward current is not included in the measured supply current.

Jumper K3 can be used to manually remove the power supply for the ZSC31150 or for a simple measurement of
the supply current.

T 1’c™ is a trademark of NXP.
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Figure 2.2 SSC Evaluation Board Schematic
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The SSC EB is connected to the SSC CB via the K1 50-pin female connector. The SSC EB board type is hard-
coded by three resistors on K1 connector pins D7 (high), D6 (low), and D5 (high). On the SSC EB, there are
several pin-header strips for simple access to all IC signals (K5, K6, K7 and K8).

The SRB can be connected to the SSC EB via the K2 50-pin male connector. Alternatively, the user’'s external
bridge sensor element and/or an external temperature sensor can be connected using the on-board screw
terminal KL1/2. Do not connect the user’s sensor(s) at the same time as the SRB.

2.3. Connections to the ZSC31150

The SSC EB has an SSOP14 socket for inserting the ZSC31150 SSOP14. Note the pin orientation shown in
Figure 2.1. For more details, also see Figure 4.1.

The connectors K5 to K8 on the SSC EB can be used to connect directly to the ZSC31150 for in-circuit
programming. NOTE: Only one ZSC31150 connection option can be used at a time (i.e., either through the SSC
CB or via individual connections).

2.4. Reset Button

Use the push button on the SSC CB to reset communications if needed. See Figure 4.1 for the location of the
button.
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3 ZSC31150 Software

3.1. Overview and Software Installation

The ZSC31150 Evaluation Software provided is intended for demonstration purposes and calibration of single
units. This section gives installation instructions and a short overview of the variety of ways to use this evaluation
software. For calibration examples using the complete SSC Evaluation Kit, refer to section 4. IDT can provide
users with algorithms and assistance in developing their full production calibration software.

Note: If using a previous revision SSC CB, see section 3.2 regarding USB drivers that must be installed prior to
the ZSC31150 Evaluation Software.

The ZSC31150 Evaluation Kit does not include the software, which must be downloaded from the IDT website
(www.IDT.com) to ensure receiving the latest release.

To download the software, follow these steps:
1. Navigate to the ZSC31150 product page: www.IDT.com/ZSC31150

2. Download the “ZSC31150 Evaluation Software Rev. X” (where X is the current revision) and follow the
dialog instructions as needed to download the zip file for the software.

3. Open the zip file and extract the executable file ZSC31150 rev.X.xxx.exe.

To install the software on the user’'s PC hard drive, double-click on the downloaded extracted executable
file. Respond to the dialog box to select the installation directory. The default software installation folder
is C:\\program files\ZMDI\ZSC31150. The software will automatically complete the installation, which
results in a program shortcut on the desktop of the PC:

150

B

The software logs various data and commands into log files as described in section 3.3.

The software contains five menus that are intended for the following functions:

e Main Window: IC setup, configuration, and communication via check boxes, entry fields, and
pull-down menus

¢ RAM/EEPROM Dialog: Direct access to RAM/EEPROM registers (consecutively numbered)

e Calibration Dialog: Acquisition of raw values from sensor and calculation of coefficients

¢ Get Raw Values Dialog: Special Dx commands for the ZSC31150°

e Send Command Dialog: Low-level write/read communication with SSC CB®

For details about the Dx commands, refer to the ZSC31150 Functional Description.
$  For details about SSC CB command structure, refer to the SSC Communication Board Data Sheet and SSC Command Syntax
Spreadsheet.
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3.2. USB Driver Installation

USB driver installation is not applicable to the current version ZSC31150 Evaluation Kit because it includes the
current version of the SSC CB (rev. 4.1). The USB driver installation is only required if the CB revision is the
previous version V3.3 or earlier. For more information, refer to the SSC Communication Board Driver Installation
Application Note available on http://www.IDT.com.

3.3.  User Files
User files are saved in [Program Files\ZMDN\ZSC31150 and consist of log files and EEPROM files.

e ZSC31150 *.log is a communication log file created when the connection between the SSC CB and the
ZSC31150 is established (via OWI or I’C™ ** interface). To enable logging, after activating the software,
navigate to “Calibration” > “Send Command” and check the box for “logFile.” This file is a log of the
communication to the ZSC31150 during the software session and can be saved after closing the software
by renaming the file. Otherwise, it is overwritten the next time the software is opened.

e save_[date] [time].31150 is a log file containing the ZSC31150 settings and acquired RAW data. This file
can be used to load/save EEPROM contents.

e save_[date] [time].31150 txt is a log file in text format containing the ZSC31150 settings and acquired
RAW data. This file can be used to view the EEPROM contents.

** |°C is a registered trademark of NXP.

© 2019 Renesas Electronics Corporation 8 May 3, 2016
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3.4. General Setup of the Software
Install the software as described in section 3.1.

Because of the large number of different functionalities of the ZSC31150, the user interface is divided into
different sections. Within each section, a number of associated functionalities are implemented. Several
submenus allow access to sub-functionalities. After the ZSC31150 Evaluation Software is started, the main
window is displayed (see Figure 3.1). When communication is established with a ZSC31150 inserted in the socket
on the SSC EB, the software can be adapted to the IC’s configuration by clicking the button on the
main window in the "DUT Configuration” section.

Figure 3.1 Main Window of the Evaluation Software

ﬂE Z5C31150 Evaluation Software - - - - = | B -

File Configuration Calibration Miscellanecus  Tools 7

E&E GBS

_ ADC Adjust Temperature Senzor Adjust, Failzafe & Qzcillator
Span [/ |524 jl = |3l,a4 j Frange Shift internal &+ et [ BBoost [ EEP-Lock [ 3P
- . Dtk T [ BSet! [ Res@DM [ ROM
HEL Adjust [rvf A j oo - 14 :‘ Resolution = [~ scowssc T
e e 1 | Ouder 612 x| W doubled S5C-Limit
+@ | SignalPalaity ¢ = || [ ClockDivider 0 =] ZecPaint | | [ TS
= - v -1 11.264 | —Dugital Filker -
oltage, Vref=vBR v | Mode W calcConwT [ms} Freghdust [MHz] |+0% =
00% ¥ CMSHE || Seg#|1 —|Cowt| 0| Pava 0 P [0 FregEstim[MHz] |2
DUT Configuration Interface & Board Yerzion Commands ReadOut Data
- ouT B:
EeadraM Ftipd--3EEP |NL|LL Mo Hardware J EEPDWwI Fead | Read Loop
RdRak s et EEP->RAM Slave Address: |DH?B j RAMOWI Loop
; : . | Delay[ms]: 200 CRC:  Cmd:
WwiriteReh ClearEEF | Altemnative Addr. | 0xf8 - EER&MNA, b
WwitebCycle = Ow-Made: | OWIWIN RAMAMA [ enaEnChhk
— updated —
RdSaveTiD Owl-Speed: |10kHz — w Cmdh ﬂ & 10
Info: | Mot calibrated
Ready Dut 1 |[Rev Z5C31150x% MUM

The main window includes all the settings for configuration of the ZSC31150 in a clear structure that hides the
corresponding HEX commands behind buttons and pull down menus. For a detailed description of the com-
mands, refer to the ZSC31150 Functional Description. An information box that explains functionality appears
when the cursor is placed over most buttons, drop-down menus, and check boxes.
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3.4.1. Interface Selection

The ZSC31150 supports two interfaces: the one-wire digital interface
(OWI) and the I2C™ interface. After starting the software, select the
interface for the application in the “Interface & Board Version” section.

Figure 3.2 Interface & Board
Version

Interface & Board Yersion

Below the drop down menu for the interface, there is a menu for

selecting the 12C™ addresses to be used. Enter the ZSC31150's INULL - No Hardware _ﬂ
general address using this menu. There is also an option to use an NULL -MoHardware
alternative address. Refer to the ZSC31150 Functional Description for I:%EJI Hgg t::
more details. [2C -MCE @& CH

0| - MCE & CB

The one-wire digital interface (OWI) combines a simple and easy pro-
tocol adaptation with a cost-saving pin sharing (Aoyt). The communi-
cation principle is derived from the I°C™ protocol. An advantage of OWI output signal capability is that it enables
“end of line” calibration. It is designed mainly for calibration, but it may also be used to digitally read the calibrated
sensor signal continuously.

3.4.2. ZSC31150 Configuration
The “DUT Configuration” section includes the following buttons:

e : reads the complete RAM contents and updates only the “RAM_Register” menu.

A D
QD
Q
Py,
>
<

o RARAM&Set : reads the complete RAM contents and updates

all of the ZSC31150 software. Figure 3.3 DUT Configuration

. : copies the current software settings into the DUT Canfiguration
RAM of the ZSC31150. [ BeadRam Riéd-->EEF
* RA . copies the RAM contents into EEPROM. Also, RdrRamMsSet|  EEP->RaM
the free-user-memory registers (10pex, 11nex ]
and 12,e) will be copied using the contents of TSR Dzl
the IDT software registersﬁ. WiitekCycle =
o EEP-->RAM : copies the EEPROM contents into RAM using BdSaveTilD updated

the COxex command.

o Write&Cycle : copies the current software settings into the RAM of the ZSC31150 and starts the
measurement cycle using the current RAM settings (command: OZHEX“).

o RdSaveTrID : Read and save traceability information (the contents of three free-user-memory registers
10nEx, 11hex and 12pex).

o ClearEEP: Clears the EEPROM contents.

m )

- =

v

u

S m

@) T

The “updated” simulated LED displays the software configuration status compared with the attached IC’s register
contents. If the content is identical, the LED is green (on).

™ The contents of the “RAM-Register” dialog will be used for free-user-memory registers.
* For details about ZSC31150 commands, refer to the ZSC31150 Functional Description.
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3.4.3. Analog Front End (AFE) Adjustment

The ZSC31150 has different options for adapting the analog front Figure 3.4 Sensor Adaptation
end (AFE) to the specific sensing element. The “Sensor Adaptation” and Sensor Mode Sections
and “Sensor Mode” sections (see Figure 3.4) configure the pro- ‘Sensar Adaptation
grammable gain amplifier (PGA) and the extended zero compen-

sation (XZC). Refer to the ZSC31150 Data Sheet and ZSC31150 Span (VAT |24 j' m
Functional Description for details about PGA and XZC settings. SZC Adjust [ A] j ITL'
The “Mode” drop-down menu in the “Sensor Mode” section selects Senzor Mode

the bridge excitation mode (current or voltage; CFGAPP:CSBE) +& | SignalPolaity (O -
and the ADC conversion reference voltage (CFGAPP:BREF). The

polarity of the sensor signal can be selected by the radio button if |Vokage. ViefVBR v | Mode
the circuit board layout requires swapped input pins. 0.0% v CHMSHE

If checked when the sensor current excitation mode has been
selected, the CMSHE (common mode shift enable) checkbox
(configuration word CFGAPP:CMSHE), enables common mode regulation. If CMSHE is checked when the sensor
voltage excitation mode is selected, it connects VSSA to VBR_BOT and VDDA to VBR_TOP. Always enable
CMSHE if either of the two voltage excitation modes is selected with the “Mode” menu.

3.4.4. Temperature Sensor Selection
The next stage in the AFE is the multiplexer that selects the input | Figure 3.5 Temperature Sensor
signal for measuring temperature. The ZSC31150 can use two dif-
ferent temperature channels: one for the temperature that is used
for the ZSC31150's internal calibration calculation and one that is

Temperature Senzor

internal ™ T et

used as an optional additional output signal during Normal Opera- Diode Type
tion Mode (NOM). The “Zero Point” setting can be used to select m
different reference voltages to shift the single-ended temperature

signal as needed for a differential ADC input during temperature 0 =] ZercPaint

measurement. Refer to section 6.1 in the ZSC31150 Functional
Description for more details.

3.4.5. ADC Settings

The last stage of the AFE is the ADC. The signal path within the , ,

AFE is fully differential, so it is necessary to provide an input signal | F19ure 3.6 ADC Adjust

within the common mode range. Otherwise, the ADC will provide a ADC Adjust

signal that is equal to 0000,ex (underflow) or 2°P-Resolen (Gyerfiow) _

in the “Sensor — Calibration” menu during calibration. Refer to the 3/4 v RangeShit
ZSC31150 Data Sheet for details about ADC settings. m Fresalution

If the analog input voltage does not fit the ADC range and an under- m Order

flow or overflow occurs, the “Range Shift” option can be used for

fine-tuning. A lower “Span” setting in the “Sensor Adaptation” | ClockDivider

section (see section 3.4.3) can also be useful for fitting the ADC [ calcConeT [msl] O
range. The first-order ADC is more robust and noise immune while

the second-order ADC is faster. Segh Itl Count: 0

If enabled by the “calcConvT” check box, the adjacent field gives a
rough estimate of the analog-to-digital conversion time.

© 2019 Renesas Electronics Corporation 11 May 3, 2016
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The “Seg#” drop-down menu selects the number of 2** counts subtracted from the measurement result value
during the range zooming procedure for ADC resolutions greater than 14 bits. Refer to the ZSC31150/2SSC3138
Application Note — Range Zooming for more details.

3.4.6. Application Settings

The internal microcontroller of the ZSC31150 can detect various errors and perform different types of measure-
ment cycles. It controls multiple protection options that can be configured by the ZSC31150 evaluation software.
The checkbox in the “ReadOut Data” section enables the ZSC31150 software to respond to any of the
selected protection options by analyzing the error flags sent by the ZSC31150.

Protection options are enabled/ disabled via checkboxes in the “Adjust, Failsafe & Oscillator” section (see Figure
3.7). For more details about the related options, refer to the ZSC31150 Functional Description.

« BBoost : Activates bias boost functionality. If enabled, bias Figure 3.7 Application Settings
current is increased. This is recommended for clock
frequencies greater than 3MHz. Adiust, Failsafe & Dscilator
e [EEP-Lock : Enables the EEPROM lock for OWI communication. [ BBoost |~ EEP-Lock [ 1P
If ena_bled, the EEPROM cannot be cha_nged via the [ BESetl [ Fes@DM [~ ROM
OWI interface. It can only be reset via the 12C™
interface. [ scoessc T
. . ¥ doubled 5SC-Limit
. : If enabled, 30 sensor signal measurements instead - 1o
of 1 measurement will be processed in a measure-
ment loop.
Freghdiust [MHz] |+/-0% »|
o BSettl: If enabled, an A/D conversion time is added for out- e I_us [MHz]
put voltage settling in NOM. FegestlsE] 2

Res@DM : If enabled, the ZSC31150 is reset if the ZSC31150 enters the Steady Diagnostic Mode.

OM: Enables the ROM check after power on. If enabled, the start-up time will be increased by
approximately 10ms. If a ROM error occurs, the ZSC31150 will change to the Diagnostic Mode.

.
PY)

.
[72)

CC&SSC!. If enabled, the sensor connection and sensor short checks monitor the connection of the sensor.

« Doubled SSC-limit: Activates the enhanced sensor short check limit. The lower limit for short detection is
1750 counts if this checkbox is not enabled; the enhanced limit is 2240 counts if enabled.

[ ]
vl

S: If enabled, temperature sensor ADC result (equivalent to cmd:\"D1\") is checked for being within
the range (0;2°%"™"),

FregAdjust[MHz] :  Clock frequency adjustment.

FreqEstim [MHz] :  Estimated oscillator frequency.
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3.5. Operation Sections

The operation sections (“Commands” and “ReadOut Data”) control the collection of data and configuration of the
ZSC31150.

Figure 3.8 Operation Sections

Commands ReadOut Data
auT B:
=St Fead | Fead L-:u:||:||
Rk ~ Loap
" EEFANA | Delayms]: |200 CRC. Cmd:
 RAMANA | [ enaEnChi
Cmai | ot @ | | T o

3.5.1. “Commands” Section: Normal Operation Mode (NOM)

o EEPOWI: Starts NOM_ using the EEPROM configuration with digital Figure 3.9 Output Selection
output only; i.e., OWI Interface Mode.
. . . . . C d
 RAMOW] : Starts NOM using current the RAM configuration with digital e
output only; i.e., OWI Interface Mode. EEFDWI
o EEPANA : Starts NOM using the EEPROM configuration with analog _FAMOWA | &
output; i.e., Analog Output Mode. EEPAMA
 RAMANA: Starts NOM using the current RAM configuration with analog RAMANA
output; i.e., Analog Output Mode. Crodb | OFF || @

3.5.2.  “Commands” Section: Command Mode (CM)

CmdM: Re-starts the Command Mode of the ZSC31150 by powering off the ZSC31150 and then sending the
Start CM command (72D1,ex) again.

3.5.3. “Commands” Section: Power ZSC31150 Off

@: Switches off all power supplies to SSC EB. Also all communication interfaces are disabled, so no further
communication is possible until the button has been clicked or the next interface is selected.
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3.5.4. Read-Out Data Section: Options for Reading Data

Read & ReadLoop: To start a readout of sensor data, click on one of
these buttons. If a loop is started, the button text changes to “Stop.” Click
again to stop the loop.

3.5.5. Read-Out Data Section: Enable Error Check

| enabnlhk]: Enables error checking according to the application

settings described in section 3.4.6. An error message will be displayed if
any of the errors selected occur.

3.5.6. Average Count and Statistics

Figure 3.10 Data Read-Out

— ReadOut Data

Fead | Fead LDDpl

Loop
Delay[ms]: IEDEI
[~ enaEmChk

[T Awg Cnt |1D

I Ava Cnt | This checkbox enables averaging and statistics calculation. It is only active if the measurement is in
loop mode. The resulting data will be displayed after the specified cycles in the field have passed.

3.6. Output Configuration

The ZSC31150 provides two output options at the AOUT pin. Depending
on the setting selected in the “Interface & Board Version” section (see sec-
tion 3.4.1), this output is either the analog output or the digital OWI inter-
face:

« Ratiometric analog voltage output (5 - 95% at maximum)
e ZACwire™ (OWI)

The sequence in which this pin (AOUT) is configured is set by the “OWI
Mode” drop-down menu in the “Interface and Board Version” section (see
Figure 3.11):

e OWIWIN: OWI interface is enabled only for a specific time window
(approximately 100ms).

« OWIANA: OWI is enabled, but analog output is activated without a delay.

e OWIENA: OWI is enabled without analog output.

Figure 3.11 “Interface & Board
Version” Section

Interface & Board Yerzion
|NULL - W Hardware ﬂ

Slave Address: m
Albernative Addr.: lm
OwiMode: | DWiwiIN - v
Owl-Speed: |[10kHz v

¢ OWIDIS: OWI interface is disabled with immediate analog output enabled.

© 2019 Renesas Electronics Corporation 14

May 3, 2016




RRENESANS

3.7. Calibration Window

fiT]
The “Sensor — Calibration” dialog is accessed by clicking on the icon on the top banner or by clicking on

“Calibration” in the top menu and again in the resulting drop-down menu. It is used to perform a calibration of the
ZSC31150 with either the SRB or the user’'s sensor module. Section 4 gives an example calibration using the
commands on this screen.

Figure 3.12 “Sensor — Calibration” Dialog

Sensl} - Calibration EI_I_]ih
Calibration Mode DUTE] Lol OpenLog
a Config for added DUTs: ¥ usini -3
LINEAR + active last d
Sengar DUT: 1 - DUT: 1 @ curent | Ulsr I~ oM & AccessTest
Temp: |MD - [~ Loop [ alwaysOn [ autcwiie Cdefault T Uzes [ Confl @ pawerD Al
I~ EEF1 -
- ™ awalucle  ~puT [ U3es ™ Cas & calcCosff
DataFing Acquire Raw Data Output Target I Limit @ Lin ChY Osc
| 14kbits [EWDDA [T Confz | @& wiiteEEP
il a0 [TEEFZ | @
Sensor o J 2 M 3 J I~ Cucle & cycle '_4
|
+1 U|550 " Esoeéegmentahon -] 70 Aging
; P ) [~ CHY [%]VER
zu58 | P ® 50 ™ =] =
e[ o G e | e 10 ' EED
ChV- 10
Temp.:  Temp. | gotout Limits * clearDUTs
S Counts Counts Counts [ ?VDDA — DT
+ E zcilator erazeDUTs
| ] uf = B
-6554 Max: a0 [ cali0eci Set for &l
Min: 10
¥ RangeChk  Avgerage Count: 3 I use SnapShat " DscFreqT arget
10 [%] Skip Measurement: a I syncedéeq |1 Digital Out [MHz] 3 pt_Open
S 7]

3.8. “RAM-Register” Dialog Window ] ] ]
Figure 3.13 Displaying RAM-
The “RAM-Register” dialog is accessed by clicking on the icon on the | EEP Register Contents
Eop banner or ‘il'f:k'ng on Cpnﬂguraﬂon in the top menu and then on (e - |
EEPROM/RAM” in the resulting drop-down menu. It is used to read and
write register contents into the ZSC31150 memories and has the same Add.  Fiegister Data [HEX]  Addr
. . « . . ” . . . . Hes swhite  Read ‘wiite ReadHex
functionality as the “DUT Configuration” section in the main window. o2 B s I
Register indexing corresponds to the ZSC31150 memory addresses. Refer 12 LBBD ,isi % SFEFEE i
to the ZSC3.1150 Eunctional Description for a description. of the registers. If N [ o mE [ co e o)
current settings differ from the memory contents, registers that do not 4 o G | 1% SR
correspond to memory have a [l background after a “Read” operation. 5 0 0] 232 2332%
3 1} ] 3 <3
Clicking on the WriteEEP| button stores all register contents into the 7 0 0 gz EE
EEPROM of the ZSC31150. witeRAM | ReadRaM | FeadR & Set|
The configuration of the ZSC31150 is stored in 20 EEPROM 16-bit words. wiiteEEP || ReadEEP | Réb->EEP |
e Calibration coefficients for conditioning the sensor signal via con- w[ o [5E o 1z
ditioning calculations and output limits are stored in eight registers 1 0 NG o3
(registers OHEX to 7HEX)- RdSaveTracelD | [ L;E?I_Ho??\ﬁa?;g
e Three registers are used to configure the output limits (registers Lobfw:| CO00OD]00 ] O] O
8rex and 9yex) and CMV measurement limits (register Apex).

e There are four words for setting the configuration of the ZSC31150 for the application (registers Bygx to
Erex, indicated by yellow background).
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e One register is used for storing the EEPROM signature, which is used in NOM to check the validity of the
EEPROM contents after power-on, (register Fyex).

e Three additional 16-bit registers (registers10yex to 12,ex) are available for optional user data.

3.9. Get Raw Values Dialog

The “Get Raw Values” dialog is accessed by clicking on the =2 icon on Figure 3.14 “Get Raw Values”
the top banner or clicking on “Calibration” in the top menu and then “Get Dialog
Raw Values” in the resulting drop-down menu. It is used to acquire the P et Raw Valuos | eals=n
RAW values of the measurements for the following values. alue —
. . [hex]  [dec) Crnd
. Sensor Signal Raw Data (main channel).
g ( ) — ]
: Temperature Signal Raw Data. | T E
. ; ) BRAZ | &
BRAZ: Sensor Signal Auto-Zero Raw Data. = R
TAZ: Temperture Signal Auto-Zero Raw Data. [ sser *ﬁ
Sl L
SSCP Positive-Biased Sensor Short and Connection Check Raw Data. SSEN ||
SSCPM
SSCN: Negative-Biased Sensor Short and Connection Check Data. I s E
SSC P-N|: Differential Input Raw Data. _sacazc| o
ISAC: Sensor Aging Check (Common Mode Voltage) Raw Data. | PR 4
Tezn | L
SAC_AZC|: Sensor Aging Check (Common Mode Voltage) Raw Data . Q —
including Auto-Zero Compensation.

BR_AZC|: Sensor Signal Main Channel Raw Data including Auto-Zero Compensation.

T_AZC: Temperature Signal Raw Data including Auto-Zero Compensation

3.10. Send Command

U

5

The “Send Command” dialog is accessed by clicking on the icon on the top banner or clicking on
“Calibration” in the top menu and then “Send Command” in the resulting drop-down menu (see Figure 3.15). It is
used for transferring commands from the PC to the microcontroller on the SSC CB and reading the result of the
commands. A full summary and detailed command description of the applicable controller commands are given in
the SSC CB Command Syntax Spreadsheet.

For the communication between the SSC CB and the ZSC31150, the ZSC31150’s slave address and the com-
munication frequency can be selected from the drop-down menus in the “Send Command” dialog.
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Figure 3.15 “Send Command” Dialog

DirectCmd & Batch

Send |[OW_ 780036742 CmaFile| P20 [ ask

SSC CB Format for
EEPROM Write
Enable Command

\

Read Data / Write Command owl@use

Read | C36CD06C
EEPROM Write [ LoopDelay[ms]: 100_0011_010_1100 | | iave-addr

Enable Command

i 0x78
and Data Field cmd:|—5C data:| F742  [hex] T pwr

7

Bittime[ms]
01 -
Locai
User Message o [ logFile ¥ Status W Cmd's ¥ CBMsg W Fkt [~ Dbg
Written in the I~
Log File \ I User Text
The “Send Command” dialog includes the following buttons:
Send Sends a command to the CB. Alternatively, a *.31150_cmd command file can be loaded.
Read Reads the output data buffer of the ZSC31150. A loop delay can also be added between the
readings.
Write Performs the same function as the “Send” command except that the command field and the

data field are separated. The ZSC31150 software generates the actual instruction to be sent
to the SSC CB. The “pwr” check box, if enabled, makes it possible to power the IC on/off by
sending the 72,ex command.

Writes text entered in the adjacent field to the log file. The checkboxes can be used to write
various data into the log file, such as status, commands, messages, etc.

The |# logFile check box enables and disables the logging.

Pl

Wri2log

Note: For additional functionality, the IDT SSC Terminal Software can be used as an alternative to the ZSC31150
Evaluation Software. The SSC Terminal Software can be downloaded from IDT's web site at
www.IDT.com/ZSC31150KIT. This is the lowest level of communication for transferring commands from the PC to
the microcontroller on the SSC CB. A full summary and detailed command description of the applicable controller
commands are given in IDT’s spreadsheet SSC CB Command Syntax for Version 4.x Communication Boards,
(see section 6).

Clicking on the downloaded executable file SSC TerminalVxyy.exe installs the terminal software and creates a
IDT SSC Terminal icon on the PC desktop. Click on this icon to activate the terminal program. For the
communication mode, use the setting explained for I°C™.
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4  Calibration Demonstration

The following directions perform an example of a simple demonstration calibration using the sensor replacement
board (SRB) to replicate the resistance change of a basic sensor responding to a measurand. The calibrated
output will be displayed as a calibration result by the software.

4.1. Hardware Setup
The steps for the calibration procedure are as follows:
a) Connectthe SSC CB, SSC EB, and the SRB as shown in Figure 4.1.

b) Insert the ZSC31150 into the socket (note pin 1 orientation). Press down on top of the socket in order to
open the connector.

c) Connect a USB cable from the USB connector on the SSC CB to an available USB port on the PC. Verify
that the green PWR LED is lit on the SSC CB.

Figure 4.1 Inserting the ZSC31150 into the Socket

SSC CB SSC EB

i
B

—
—
—
—
e

|

. -—
b
—
-
B
-

ZSC31150 [

S5C Board ZMD31150 V1.0
Status LEDs =
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4.2. Software Startup

a) Startthe ZSC31150 Software by clicking on the desktop icon or from the Windows® start menu folder:
...\ZMDIN\ZSC31150\ZSC31150.EXE.

b) Select “12C USB kit” or “OWI USB kit” from the drop-down menu in the “Interface & Board Version”
section of the main window.

c) Select the following AFE settings: ] f' .

e 32mV/V span (sensor sensitivity), which is the Figure 4.2 AFE ig:m_'%uratlon
typical span when using the SRB; for the 5V supply, _Span[mw SR m'vus S
this equals a total of 160mV. _ .

. . . 5L adiust [v] = |[ 00 ] [14 =] Resoluion
e 14 bits of resolution; i.e., 16384 steps of the ADC. ]
_ 1 ~ | Order

o ¥ range shift, which fits the input signal range to the 4+ | SignalPolaity O = || [ ClockDivider
ADC output value (“analog zero”). For example for a Vollage, VielvER v | Mode || [V caloConvT [ms}| 11254
range shift of % and 14 bits resolution, the read-out 002 ~| ™ cMsHE | Sea|T | Count| D
values would be between -4096 and +12287. DUT Configuration Interface & Board Yersion

d) Important: Write the configuration into the RAM by click- BesdRab | RaM-oEEP | | [NULL -NoHardware ~
ing on the WriteRAM button in the “DUT Configuration” RoRabigel | EEP-RAM | | siaveadiess 0478 ]
SeCtion i rite R Ak ClearEEP | Allernative Addr: | 0x78 -

' WiitetCycle P e O'wl-Mode: ’W‘
— update:
4.3. Calibration Data Acquisition [FE=Tin] ez IR |

a) Click on the icon or select “Calibration” ->
“Calibration” from the menu. The “Sensor—Calibration” window appears (see Figure 4.3 and Figure 3.11).

b) Select the calibration mode from the drop-down menus in the “Calibration Mode” section. For this
example, the recommended mode is the following combination:

v" LINEAR (two points only) for the sensor

v NO calibration for the temperature (temperature calibration requires a chamber with controlled

environment).

c) Type the desired sensor target corresponding in percent to the VDD supply in the “Output Target
[%]VDDA” section. It is recommended that the output targets for the sensor points be between 10% and
90%.

d) Next start data collection. Normally this would be done with an actual sensor attached on a remote board

in a controlled chamber. Instead, this example calibration run uses the SRB as the input as follows:

v Minimum [10%] sensor signal: Turn the potentiometer on the SRB counter-clockwise (CCW) to the
end and click the button.

v Maximum [90%] sensor signal: Turn the potentiometer clockwise (CW) to the end and click the

button.

Note: Acquired data will be displayed in the text boxes next to the buttons. A green background means the data is
within the range check limits (typical 10% to 90% of the ADC range). A purple background means that the
acquired raw data has not been checked against any limits and if ADC saturation occurs, it will not trigger a
warning. A red background means that acquired data fails the range check limits.

19 May 3, 2016
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Figure 4.3 Calibration Results

Note: Only active buttons corresponding to the calibration mode are light green.

— 5
27 75¢31150 S5C Evaluation Board connected via port COM4, - ===
File Configuration Calibration Miscellaneous  Tools
| A RAM fiTl. =5[] -nnn
B & = ?
i
‘Sensor Adaptation BDCAGUSE Sensor - Calibration - — - | = RS |
Spenlivv] [32 ~J[2625 || |34 =] Calbration Mode oUTs] _ Status P
#ZC Adjust [ /] j 0o :I' L Sensar. UNEAH:" F)CL:i'Ffa 1 :|' :;EItT' ! :| oot atedDH g Ei;ng ; AccessTest
,—_| . : & curent [ U144 —_—
_ 2 h Temp: |NO hd [~ Loop [ alwapsOn [ autoWwiite O default T UZes [~ Confl @ poveerO Al
+ Signal Polarity - ¥ ClackD - [ auelyel  ~puT [ U3 ™ EERP1 & el
++ calcloel
I Cale & | — |
= v
Volkage. Vie=VER v | Mode fcakcg DataRing Acquire Raw Data (BR_AZC) Output Target I Limit & Lim EhY Dsc
0.0x% ¥ CMSHE || Seg#|1 14kits | [EWDDA | [ Conf2 | @ | iteEEP
[l @ @ | 9341 B2M || AppTitle
DUT Configuration Interface & || Sensar | J _J
Feadhith | PaM-seer | || [ow -usd| | T D|550 n| Nosegmeridton @
uzed. . -
RdRAMES et EEP-»FiaM Slave dddie 2458 E & l— ':0' Calibration coeffs successful calculated for DUT# 1
WriteFLak ClearEEP Altemative 4 Temp.: 3 o ,_ - ,_18 i - . 1225{94[9
witetCyole | Dwl-Mode: +6554 —J 1=18045/467D
updated | Counts Counts
FdSaveTrlD Owl-Speed: B854 Digital Gain = 0.908
L L Analog Output Resolution is ~ 12bit
Infos | o Range | Absolute ADC Linil
Limit [BR Measurement] Measurements: [3 .
Read raw data is out of adc range: 614 <= [value= ’T 4 ,? ] Sk Measuremenl:l—ﬂ. Press <Ok for acceptance or « CANCEL> for rejection ...
oK | Cancel

4.4, Calculation of the Coefficients and Limits
Note: All active buttons corresponding to the calibration method selected are green.

a) button at the right of the “Sensor — Calibration” screen calculates the calibration coefficients.
The result of the calculation (if successful) is displayed on the screen. The CMC removes the offset and
temperature dependency so that the measured output result would be within the target values (%VDDA
or in this case in between 10% and 90%).

Note: The number of calibration points is equal to the number of coefficients to be calculated.

b) [Lim CMV Osc| button calculates sensor aging (CMV) and oscillator limits.

c) writeEEP| button makes these calculations effective and writes them in the EEPROM.
Option: A measuring cycle can be triggered by clicking the button.

Close the calibration window and trigger a measurement in the main window by clicking on either the or
ReadlLoop button in the “ReadOut Data” section. The ZSC31150 is already running in Normal Operation Mode
(NOM) if the [cycle button was clicked in the calibration window.

Measurement results can also be displayed in % in the “Measure” window by clicking “Tools” on the top menu and
then “Measure Output” in the drop-down menu. Select the output format in the checkbox.

© 2019 Renesas Electronics Corporation
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5 Ordering Information

Product Sales Code Description
ZSC31150KITV1.1 ZSC31150 Evaluation Kit, version 1.1
SSC Comm. Board V4.1 SSC Communication Board (SSC CB) V4.1 (including USB cable) *
SSC Board ZSC31150 V1.0 ZSC31150 SSC Evaluation Board (SSC EB) V1.0 *

SSC Sensor Replacement Board V2.0 SSC Sensor Replacement Board (SRB) V2.0 *
SSC Test Board V1.0 SSC Test Board V1.0*

* Can be ordered separately after ordering the ZSC31150 Evaluation Kit.

6 Related Documents

Document
ZSC31150 Data Sheet
ZSC31150 Functional Description

SSC Communication Board Data Sheet *

SSC Sensor Replacement Board Data Sheet *

SSC Application Note—Communication Board Driver
Installation *

For SSC Command Boards V3.x only.

SSC CB Command Syntax Spreadsheet for Version
4.x Communication Boards *

For SSC Command Boards V4.x only.

SSC CB Command Syntax Spreadsheet for Version
3.x Communication Boards *

For SSC Command Boards V3.x only.

Visit the ZSC31150 product page (www.IDT.com/ZSC31150) or contact your nearest sales office for the latest
version of these documents.

* Documents marked with an asterisk (*) can be found on at www.IDT.com/SSC-COMM-BD.
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7 Glossary

Term Description

ADC Analog-to-Digital Converter
AFE Analog Front End

CB Communication Board

CMC Calibration Microcontroller
CMV Common Mode Voltage

owI One-Wire Interface

PCB Printed Circuit Board

PGA Programmable Gain Amplifier
SRB Sensor Replacement Board
SSC Sensor Signal Conditioner or Sensor Short Check depending on context
pucC Microcontroller
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8 Document Revision History
Revision Date Description

1.00 February 28, 2012 First release.

2.00 October 7, 2014 Updates for all documentation and software being available on the www.zmdi.com.
Updates for new version software. Updates for related documents.
Updates for cover imagery and contact information.

2.01 February 3, 2015 Main screen illustration updated for new revision of software.
Added reference to the Command Syntax document.
Update for contact information and minor edits for clarity.

2.02 November 2, 2015 Update for new version of software, including removal of references to the

PGAHigh and PGALow buttons.
Updates for related documents.

May 3, 2016

Changed to IDT branding.
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1.
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12.

13.
14.

(Note1)

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.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
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