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Evaluation Kit User Guide

ZSSC3241

Sensor Signal Conditioner IC for Resistive Sensors

Description

ZSSC3241 SSC Evaluation Kit is designed for
sensor module evaluation, laboratory setup, and
module calibration development for the ZSSC3241
Sensor Signal Conditioner (SSC).

The main purpose of the ZSSC3241 Evaluation Kit
is to enable the communication between the user
and the ZSSC3241 device with the GUI (Graphical
User Interface). The ZSSC3241-GUI establishes the
communication via a USB port (configured as a
virtual COM port) to the SSC Communication Board
(CB). The microcontroller on the SSC CB interprets
these commands, converts them to the configured
interface (12C, SPI, or OWI), and provides it to the
ZSSC3241 located on the ZSSC3241 SSC
Evaluation Board.

Almost all possible applications can be tested with
the Evaluation Kit and the GUI, so that the customer
can easily get the first experience and also evaluate
in detail the ZSSC3241 functionalities.

Kit Contents

« ZSSC3241 Evaluation Board - ZSSC3241EVB
. SSC Communication board (CB)

. Sensor Replacement Board (SRB)

« ZSSC3241 24-PQFN 4mm x 4mm samples (5
pcs)
. USB Cable

Features

. Implemented 12C, SPI, or OWI interface options
for customer specific communication.

. Connections for user’s real sensor module

. Sensor Replacement Board for sensor emulation
. “Dry-run” calibration and calibration examples

. Immediate applications of any functionalities

. Modular design of kit components for evaluation

. Clamshell 24-PQFN socket for ZSSC3241
device under test (DUT)

. Support multi-DUT usage without soldering

. Product specific, powerful GUI (Graphical User
Interface)

. AFE configurator
. AD/ DA processing path transparency
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Figure 1. ZSSC3241 Evaluation Kit

Disclaimer

Integrated Device Technology, Inc. and its affiliated companies (herein referred to as “RENESAS”) 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 RENESAS.

TO THE EXTENT PERMITTED BY LAW, RENESAS 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 FITNESS 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.

Restrictions in Use

RENESAS’s ZSSC3241, consisting of the SSC Communication Board (SSC CB), ZSSC3241 Evaluation Board (SSC EB),
SSC Sensor Replacement Board (SSC RB), and ZSSC3241 Software, is designed for module evaluation, laboratory setup,
and module calibration development only. RENESAS’s ZSSC3241 hardware and software must not be used for module
production or production test setups.

Important Equipment Warning: Ensure the correct connection of all cables. Supplying the board
using the wrong polarity could result in damage to the board and/or the equipment. Check that all
jumpers have been removed from the board before applying power.
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1. Evaluation Kit Setup

This document describes the ZSSC3241 Evaluation Kit, including the hardware components, the product-
specific configuration, the ZSSC3241 Evaluation Software, and its installation. The software is designed for
Windows®-based operating systems to communicate with the ZSSC3241 Evaluation Kit via an USB connection
to the master PC on user’s side.

Three boards are included in the ZSSC3241 Evaluation Kit:

. Communication Board (CB) - The SSC Communication Board V4.1 provides power supply for the evaluation
hardware and handles the communication with a PC via a USB interface. The Communication Board features
digital isolators onboard for the information lines and an isolated DC/DC converter for the power line, which
provide galvanic isolation between the PC's USB port and the evaluation board.

. Evaluation Board (EB) — The EB provides the required circuitry for the operation, evaluation, and calibration
of the ZSSC3241 device under test. It also has a connection to a sensor replacement device or to a user
sensor.

Note: Only one user sensor or the SRB must be connected to the Evaluation Board at any given time.

. Sensor Replacement Board (SRB) can be connected to the EB as a replacement for an actual sensor and can
be used for the first step of a calibration demonstration or a dry-run calibration.

T A E—
Sensor
Replacement
Board (SRB)

Communication
Board(CB)

USB-
Connector =

Figure 2. Connected ZSSC3241 Evaluation Kit

1.1 User Computer Requirements and Setup

1.1.1. Computer Requirements

A Windows®-based computer is required for interfacing with the kit and configuring the part. The user must have
administrative rights on the computer to download and install the Evaluation Software for the kit.

The computer must meet the following requirements:

. Windows® XP SP3, Vista SP1 or later, 7 (including SP1), 8, 8.1, 10
. Supported architecture: x86 and x64

. Available USB port
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Optional equipment:

. The ZSSC3241 power (VDD) can be supplied by the user's external power supply. See section 1.4 for
connection details.

. DC Voltmeter OV to 50V and DC Amperemeter (OmA to 100mA)
. 4 channel 100MHz Oscilloscope

1.1.2. Software Installation and Setup
The ZSSC3241 Evaluation Software is not part of the Evaluation Kit packet; it is shared via the responsible
Renesas team members.

Note: FTDI USB drivers are needed for proper communication. If these drivers are not already installed on the
user’'s computer, they can be downloaded from the FTDIs homepage, https://www.ftdichip.com/FTDrivers.htm.

Follow the procedure to use the Evaluation Kit Software on the user’s computer:

1. Download and extract the zip file to a local computer’s drive on the user's computer. The Evaluation
Software does not need installation, all drivers and libraries are transferred within the single exe-file.

2. Connect the kit hardware as shown in Figure 2 to the host PC using the provided USB cable.

3. Execute the ZSSC3241_Evaluation_SW_vX.XX.exe file.
This could take some time due to unpacking the file and checking the content by an anti-virus software.

1.2 Evaluation Board Configuration and Connections
See Figure 3 for an overview of the assembled devices, connectors, and jumper on the evaluation board.

Digital Interface Power Supply FET Transistor
Selection(I2C/SPI) Selection (5V/HV) (External Supply) Pin1 Mark  External Supply

AF]
. _Jﬁ' LEDA [
—'H R4 (W0
= L§]
1= D

Connector to Communication Board
Connector to SRB

Non Inverting  Direct Access to QFN ZIF  Transducer Signals
OWI Jumper  Op Amp ZSSC3240 Pins Socket Test Pins

Figure 3. ZSSC3241 SSC Evaluation Board — Overview

May.22.23 RENESAS Page 7


https://www.ftdichip.com/FTDrivers.htm

ZS5SC3241

Evaluation Kit User Guide

The complete list of connected signals between CB and EB is given in Table 1.

Table 1. Signal Connections to the Communication Board

Name Pin Description
5P 1 5VDC power supply

KS5P 3 5VDC power supply switch controlled (for timing)

GND 2,4,6,24,40 Ground connection

KS12v 7 12V supply from SSC COMM BOARD

SCL/SDA 11,13 12C interface, logic level
MISO, MOSI, SCK, SS 15,17,19,21 SPI interface, 5V logic (used for SSC EB identification by 12C).
owI 25 One Wire Interface
PE7 28 GPIO control with internal pull-up resistors used to reset the ZSSC3241.
PD3 a Control signal to the EOC (End of Conversion) pin of the ZSSC3241,; logic level defined by
the VDD

PD4 43 Bi-directional 1/O port with internal pull-up resistors
PD7 49 PD7 U2 8-bit serial shift register settings on EB; set by the ZSSC3241 Evaluation Software

The SRB can be used instead of a real sensor module as a sensor emulator to gain experience with Evaluation
Kit and SW. The connected signals between the EB and SRB are listed in Table 2.

Table 2. Signal Connections to the SRB

Name Pin Description
5P 1 5vDC
GND 2,4,...,48,50 Ground
SCL 11 12C clock
SDA 13 12C data
VSSB 43 Bridge negative supply voltage
vVDDB 45 Bridge positive supply voltage
INP 47 Bridge positive signal
INN 49 Bridge negative signal

The sensor signals leading to the ZSSC3241 are accessible at different connectors. Table 3 shows connectors
and pins for possible connection and monitoring purposes.

Table 3. Sensor Signals at Connectors on EB

Signal J1 J2 J3 J4
VDDB 1 6 5 45
INP 3 8 7 a7
INN 2 12 11 49
VSSB 4 10 9 43

The EB has three different LEDs for a quick optical caption for a possible supply voltage at the board. Table 4
contains the assignment between LED number, color, and voltage.

Table 4. LEDs on EB

Connector Type Description
LED1 Green Indication for presence of ZSSC3241 VDD voltage
LED2 Yellow Indication for presence of KS5V voltage
LED3 Red Indication for presence of KS12V voltage

May.22.23
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Table 5 provides a summary of all possible connectors and headers available at the EB.

Table 5. Connectors and Headers

Connector Type Description
Jl 4-Pin Header Sensor signal connections
X1 24-Pin ZIF socket ZSSC3241 socket
. Direct access to the pins of the ZSSC3241. Each IC pin can be connected to VDD or GND
J2, 33, 36, I 2-10-Pin Header with an optional 2.54[r)nm jumper P
J4 2-25-Pin Header Connector between EB and SRB
J5 2-25-Pin Header Connector between CB and EB
J8 2-Pin Header Optional OWI input connection to OWI2
. Necessary connection for OWI communication between ZSSC3241-AOUT/OWI1 pin and
99 2-Pin Header the CB OWI signal
Jumper at pins 1-2 connects the analog ZSSC3241 output to an RC-filter.
J10 3-Pin Header Pins 2 and 3 are shorted. Pin 3 is for optional voltage monitoring with external
measurement instruments.
J11 2-Pin Header Establishes CB connection to supply the EB with 12VDC (in combination with J12 setting)
Jumper for selection of the source for the VDD supply:
J12 3-Pin Header e KS5V rail, from the CB. Short pins 1-2.
o KS12V rail, from the CB. Short pins 2-3.
J13 2-Pin Header Connection for the 50Q sensing resistor on the EB, mandatory for Current Loop application
J14 2-Pin Header Optional header for future features, must be open
J15 2-Pin Header Jumper for routing the 10V output to the optional master PCB via J5
J16 2-Pin Header Jumper for routing the 5V output to the optional master PCB via J5
J17 2-Pin Header Jumper for suppling power to the non-inverting amplifier
18 2-Pin Header i;rgﬁfei;:or connecting the ZSSC3241 voltage output to the non-inverting input of the
. Jumper for selecting the gain of the non-inverting amplifier. Connect pins 1 and 2 for gain
J19 8-Pin Header factoF: 10, or pins 2 %nd 39f0r gain factor 2 9o P ’
J20 2-Pin Header Jumper for an optional 10kQ load resistor at the output of the non-inverting amplifier.
. Jumper for selecting 12C or SPI communication. Place a jumper between pins 1 and 2 for
J21 3-Pin Header IZC,F:Jr between pings 2 and 3 for SPI operation. e P
. Jumper for selecting 12C or SPI communication. Place a jumper between pins 1 and 2 for
922 8-Pin Header IZC,F())r between pings 2 and 3 for SPI operation. e P
J24 2-Pin Header Jumper for connecting pull up resistor on the OWI line

The ZSSC3241 has different analog voltage output modes. Depending on the chosen output, jumpers on the
Evaluation Board must be set accordingly (see

Table 6).
Table 6. Jumper Settings for Voltage Output Selection
Output Power Amplifier Filter
J11 Ji12 P1 Ji7 Ji8 J19 J10
0V to 1V open 1-2 open open open open open/set @
0V to 5V open 1-2 open open open open open/set @
0V to 10V set 2-3 open set set 2-3 1-2

[a]  An RC-filter can be used by setting J10

Table 7. Jumper Settings for Current Loop Selection

Output Power Amplifier Filter
J11 J12 P1 J17 Jis | J19 J10
Current (powered from CB) Ammeter 2-3 open open | open | open 2-3
Current (externally powered) | Pin 2 connected to CL+(P1) 2-3 External Power Supply open | open | open 2-3
May.22.23 RENESAS Page 9
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1.3 Communication Interfaces

All three supported digital interfaces (I12C, SPI, and OWI) can be used with the Evaluation Kit for the
communication with the ZSCC3241. The desired interface has to be configured in the ZSSC3241 GUI (see
Figure 8) as well as on the Evaluation Board by jumpers.

Table 8 shows the required jumper settings for the according interface.

Table 8. Jumper Settings for Digital Interface Selection

Digital Interface J21 J22 J24 J8/J9
owiI X [ X [ set set
12C 1-2 1-2 X [l open
Sp| @ 2-3 2-3 X [l open
[a] Default

[b] Not relevant, any setting OK

[c] Depending on OWI NVM-Configuration
Since SPI communication does not use any slave addressing, it is configured as the initial interface. 12C or OWI
protocol can also be selected, only one can be active a time. Refer to Table 8 for the relevant jumper settings.
Section 2.1.2 provides details on the corresponding GUI setup.

1.4 Power Supply Options
Using the Evaluation Kit the ZSSC3241 power supply can be realized in different ways:

. SSC Communication Board KS5V rail, default setting. Direct 5V voltage supply at VDD.

. SSC Communication Board KS12V rail. When supplying the EB with 12V, the voltage is regulated at Q5 to
the desired target value between 4.8V and 5.4V at VDD (depending on the ZSSC3241 configuration, refer to
ZSSC3241 Datasheet document).

. Externally connected supply greater than 5.5V. The same regulation is used as with SSC CB KS12V rail.
For the correct EB jumper setting see Table 9.

Table 9. Power Supply Selection

Application Supply J11 J12 P1
5V from CB open 1-2 open
12V from CB set 2-3 open
External Source with Vsyp > 5.5V open 2-3 External power supply

1.5 Start-up Evaluation Kit HW
Follow these steps for the initial start-up of the Evaluation Kit:
1. Connect the ZSSC3241 Evaluation Board (J5) to the SSC CB v4.1 (K6).

2. Connect the ZSSC3241 Evaluation Board (J4) to the Sensor Replacement Board.
Important: Do not connect the SRB to the SSC EB if a custom sensor module is used.

3. Replace the dummy IC in the socket with an actual ZSSC3241 device under test (DUT).
Important: Orient the pin 1 mark as shown in Figure 3.

4. Connect the USB cable from the USB connector on the CB to an available port on the user’'s computer.
After initialization, the LEDs on the CB provide its electrical status.
In usual operation mode the LEDs MCU, USB and RUN are on (see Figure 4).
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Figure 4. Communication Board LED Status after Initialization

The Evaluation Board is preconfigured for SPI communication and a direct 5V power supply to VDD,
coming from the CB. The necessary jumper settings for are the following (see Figure 5):

. JP12: 5V supply at VDD via KS5V (from the CB)
. JP21/22: SPI selection (short SDA/MOSI to MOSI pin and SCL/SCK to SCK pin)
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5. Runthe ZSSC3241 Evaluation_SW_vX.XX.exe from a local drive of the host PC to launch the GUI.

Figure 5. Initial Jumper Setting ZSSC3241 Evaluation Board

If the GUI has established the connection to open the assigned virtual COM port, it powers the ZSSC3241

Evaluation Board from the CB with 5V and it configures SPI as initial communication interface.

The power supply from KS5V rail of the CB is indicated by the green LED1 and orange LED2 (see Figure 6)
on the EVB, and by highlighting the virtual LEDs Powered and CMD Mode on the IC Status section of the

GUI (see Figure 7).
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Figure 6. Evaluation Board LED Status after Starting GUI
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Figure 7. Initial GUI Display

May.22.23

RENESAS

Page 12



ZS5SC3241

Evaluation Kit User Guide

2. GUI

The initial display of the GUI could be divided in nine different sections (see Figure 8), where functional contents
and operating instructions are put together to simplify the evaluating process.

1.
2.

®

2.1.2).

sensor and temperature (see section 2.3).

resolution (see section 2.4).

and Communication Board information (see section 2.6).

calculating (see section 2.8).

Main Buttons: power, reset, measurements (see section 2.9).

Menu Bar: capabilities for NVM data transfer and interface configuration changes (see section 2.1).

Logging Options: interface communication and measurement data can be logged (see section 2.5).

Tabs: tabs for different ZSSC3241 function and feature applications (see section 2.7).

Interface Settings: communication interface selection and its configuration are shown here (see section

Measurement Control: display selection between raw and/or corrected measurement results of both external

Display Control: choice of how and which measurement results are displayed on the GUI, for example, ADC

Status: display of the electrical and functional ZSSC3241 status, recent sensor and temperature reading,

Information Bar: basic information for some of the operations of the ZSSC3241, for example, coefficients

‘ 5. Logging Options ‘

285C3241 Evaluation SWv11_{ 1 Menu Bar ‘ ‘ 3. Measurement Control ‘ ‘ 4. Display Control ‘
File Interface 7 4

2. Interface Current IF Setup.
Settings Interface  SPT [500kHzZ]

(Measurement Control
Raw Measurement | Sensor and Temp. Meas

[] Corr. Measurement | Full Measurement

Display Control
- | Meas, Tmer[ms] || ADCResolution [/ Ext. Sensor [ %Fs

-[e ]

Log

Log Communication Open Com Log

168t v | [ Temp. Sensor [ °C [ Log Measurement Data

(

((easurement

Calibration __Diagnostic / Cydic Configuration { Command Section __AFE Configuration )

IC Stats

6. Status Powered

9. Main Reset
Buttons

CMD Mode
Status Request

HW Connection

8 —
Fw V4.18©
McE No

Close Port

External Sensor

Temperature Sensor

Il
[N
Poner Off

START Measurement

Get Measurement Value
for Calibration

ADC-OutpLt [counts)

ACC-Output [counts)

1.000 4

External Sensor

7. Functional Tabs

800 |

600 |

400+

200

Ambient Temperature

1.000

T T T
200 400 600

T
800

1
1.000

Figure 8. ZSSC3241 GUI Sections
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2.1 Menu Bar

In this GUI section NVM configurations can be managed by loading/saving the full register content of the
connected DUT. The detailed interface configuration setup can be entered and modified.

2.1.1. NVM Control

The content of the NVM can be saved and loaded via the corresponding File item. Changes in the NVM table of
the GUI, such as manual input or recently loaded data, are not applicable until they are written into the registers
of the ZSSC3241.

The ZSSC3241 NVM consists of two areas:
. Customer area: registers Oxex t0 35Hex
. Renesas area: registers 361ex to 3FHEx

The configuration text files have the suffix ‘nvm’ for quick identification. They are containing the complete
memory content, including the customer and the Renesas register information.

2.1.1.1. Load NVM Configuration

To load a configuration file, select File / Load NVM Config. Each row content (register value) is compared to the
current value of the relevant register of the ZSSC3241 memory. If the compared values differ, the background of
the NVM table row is displayed by red.

The configuration files contain the register information as decimal numbers. Once loaded in the GUI, these
values are automatically displayed as hexadecimal values on the NVM tab.

2.1.1.2. Save NVM Configuration

To save a configuration file, select File / Save NVM Config. This menu item saves the latest content of the NVM
to the chosen file. Each row of the NVM configuration file represents the content of one NVM 16-bit register
value in decimal notation. Note that the file shows 64 NVM registers, but only the first 54 are accessible by the
user.

Figure 9 shows an example for the first three lines of an NVM configuration. The first two registers are Cust_ID0O
and Cust_ID1 having the default delivery value 0, the interface configuration (third row) register has a value of
72pec = 48HEx.

Configuration files are saved by default into the directory of the GUI executable file. After a successful saving,
the information bar displays a note with the full path to the saved file.

I=1 Z55C3241_NVM_Corfig.nvm
0
0

A

Figure 9. Extract of an NVM Configuration File

2.1.2. Interface Setup

Click on Interface (see Figure 10) and select I12C, SPI, or OWI for switching to use the relevant interface with
standard settings.

Interface
12C

5P|
owl
Setup

Figure 10. Interface Quick Selection

May.22.23 RENESAS Page 14



ZS5SC3241

Evaluation Kit User Guide

To change setting for an interface, follow these steps:

1. Click on Interface / Setup.

Digital Interface Setup pop-up window opens.

Select the communication protocol from the ‘Interface Type’ drop-down list.

Make the necessary changes to the configurable parameters, see Figure 11.

Due to limitations of the Communication Board the GUI does not allow the full bandwidth of settings
supported by the ZSSC3241, for example, Fast and High Speed (HS) mode for I12C.

Digital Interface Setup

Interface Type

12CType

Normal

Slave-Address [hex]

~ | | 400kHz

0x0

Apply Settings and Close

Interface Speed

- O X
Interface Type Interface Speed
SPI ~ | 500kHz -
2C SPI
C-Type Clock Idle State
-
low -
Slave Select Polarity
active low -
Data Qutput Edge
= ex]
falling edge -
Apply Settings and Close
Digital Interface Setup — m} X

Digital Interface Setup

Interface Type
OowI

owl
Eit Time
1000us

Slave-Address [hex]

0x0

Apply Settings and Close

- [m]

Interface Speed

SPI communication is selected by default with a bus
speed of 500kHz.

Setting 12C as interface the slave address can be
entered manually. The ‘Slave-Address [hex] field
displays the content of register 02nex, bits [6:0].

OWI speed is typically specified by the bit period (Bit
Time). The Interface Speed drop-down also offers a
speed configuration.

Figure 11. Communication Interface Configuration Options
4. Click on ‘Apply Settings and Close’ button.
The interface settings are taken over to the main GUI and Communication Board configuration.

May.22.23

RENESAS

Page 15



ZSSC3241 Evaluation Kit User Guide

2.2 Active Interface
The basic interface settings are summarized in this section. Additionally, there is an option to scan the 12C bus to
identify the connected 12C slave. The Scan 12C bus button is only active when 12C communication is selected,
as shown in Figure 12.

Current IF Setup

Interface 12C [400kHz]
12C-Address Ox0

Scan 12C-Bus

Figure 12. Interface Setting Display

Selecting Scan 12C-Bus triggers the sequence during which the ZSSC3241 status is requested for each address
from 00nex to 7FHex. Once the connected slave-IC acknowledges the 12C address and provides a valid IC-status,
the scan stops and the address is used for further communication. The scan result is displayed in the Information
Bar:

. Status window message after a successful I2C scan: Valid 12C address found!

. Status window message after an 12C scan without slave acknowledging: No valid 12C address found!

2.3 Measurement Control

2.3.1. Measurement Commands

The GUI can send either a command for raw or for corrected measurement to the ZSSC3241 IC, depending on
the selected checkbox.

Measurement Control

Raw Measurement  Sensor and Temp. Meas +  Meas. Timer[ms]

[] corr. Measurement | Full Measurement - III

Figure 13. Measurement Control Section
The raw data output provides the results directly after the analog-to-digital conversion (ADC).

SSC corrected measurements return values after applying NVM coefficients to raw values. This measurement
mode provides reasonable results only after a valid calibration of the ZSSC3241. The corrected data can be a
result from a single measurement, or as an average of 2, 4, 8, or 16 consecutives samples.

The drop-down menu selection for SSC corrected output determines the number of measurements that are used
for calculating the average result (see Figure 14).

Corr, Measurement | Full Measurement -

Full Measurement (2x05R)
Full Measurement (4x05R)
Full Measurement (Sx05R)
Full Measurement {16x05R)
Full Cydic Meas.

Figure 14. SSC-Measurement Command Choice

In the GUI the averaging option is assigned to the abbreviation OSR, which stands for “oversampling rate”. If
‘Full Cyclic Meas.’ is selected from the drop-down list in Cyclic Mode, the GUI applies only reading sequences
on the bus for output data fetching, in order to periodically read the output registers. In Command and Sleep
Modes, the Cyclic Mode is started first by the command ABHex. Thereafter, reading sequences are capturing the
values from ZSSC3241’s output registers.
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Note: In Cyclic Mode, the ZSSC3241 always provides BUSY=1 until the STOP_CYC (Command BFuex)
command is sent.

In the drop-down menu it can be selected weather raw measurements are run for temperature measurements,
external sensor or both (see Figure 15).

Raw Measurement |Sensor and Temp. Meas

Sensor only
Temperature only

Figure 15. Raw Command Measurement Options

Regardless of the measurement type, a delay (in milliseconds) can be defined between the triggered
measurements and the following reading sequence. The default value is 0Oms, which allows the highest update
rate, mainly limited by the USB timing.

2.4 Display Control

Settings in the display control section define how the measurement data is presented in the measurement tab
and in the single numerical result display. It is possible to display either or both external and temperature sensor
parameters. The ADC resolution can be adjusted for the presentation of measurement values. This does not
affect the configured actual ADC resolution in the registers SM_configl and SM_config2.

Display Control

ADC Resolution Ext. Sensor [ | % F5

16 Bit - Temp. Sensor |:| oC

Figure 16. Measurements Display

Applying SSC conversion commands, it is possible to switch between x-bit LSB display and the FS (full scale)
percentage output for the external sensor and degree Celsius for the temperature sensor (see exemplary display
of the external sensor measurement results, in percent, in Figure 17)

Z55C3241 Evaluation SW v1.11 — ] X
File Interface

Current IF Setup Measurement Control Display Control Log

Interface  12C[400kHzl  [T] Raw Measurement  |Sensor and Temp, Meas ~ | Meas. Tmer[ms] ~ ADC Resolution [ Ext. Sensor %FS Log Communication Open Com Log A E N ES AS
IC-Address  0x0 (
Corr. Measurement | Full Measurement [0 ] 168t v [ Temp. Sensor [ ¢ [ Log Measurement tData
Scan 12C-Bus
Measurement ~ MvM  Calbration  Diagnostic / Cycic Configuration / Command Section  AFE Configuration
IC Status
External Sensor
Powered
100
Mem Error
CMD Mo / N\ i
— 80 |

A /7 0\ [
— i \ —
L \ / N

Close Port 207 /
o N ————

T T T T T T T T T 1
0 50 100 150 200 250 300

Status Request

HW Connection

Full Scale Output [%]

o - i
e 5 i I
R \ ML L I

g soan 52160 I 0 T D A 4 N\
BUAL Smel | AT 3 O O O O A 1 TR 1
= -8 Ezlﬁ: N ,_l J'lJ'lJ“_lJ'l ,_IUIU'HUU\_HULJUUUUU IR \_lhl'( I [ 1/ B A A R
B |

START Measurement 21,56 W]‘U{ U

Figure 17. External Sensor Results Display in Percent
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Each measurement result coming from the ZSSC3241 is structured in 3 bytes (24-bit). The GUI defines the data
display by in the Display Control section. The full measurement data stream of bits can be considered in the
communication log. Figure 18 gives an overview of the measurement ADC resolution context, depending on its
processing step.

-
-

gl e g N

Digital Interface - =
255C3241 (SPI, 12C, OWI) =
”'- B B 0 % % N
"-- I E W
Measurement Configuration Measurement Output Measurement Results Display
ADC resolution: 12..24-bit Output registers: 24-bit GUI setting: 12..24-bit

Figure 18. ADC Resolution from ZSSC3241 to GUI

2.5 Logging Options
The GUI offers two powerful logging options (see Figure 19):

. Log of the communication stream between the ZSSC3241 and the microcontroller on the Communication
Board.

The communication log is always enabled. Clicking the ‘Open Com Log’ button opens the text file where the
complete communication is stored from the last GUI launch.

. Log of the measurements data from the ZSSC3241.

Click on the relevant checkbox enables the measurement data log. Clicking the ‘Open Meas Log’ button
opens the csv file, where all measurement results are stored since the last enabling.

Log files are stored in the same folder as the ZSSC3241 Evaluation_SW_vX.XX.exe file.
Log

Log Communication Open Com Log

|:| Log Measurement Data
Figure 19. Logging Options

2.5.1. Communication Log
In Figure 20 examples of command logs for SPI, 12C, and OWI communication are shown.
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lsend_spi: ‘SW_008AAQ0000000000000' response: 'ACK'
receive spi: 'SR_0@7' response: '441E26DF80eeee’
send spi: 'Sk _003AA00000000000000"' response: 'ACK’

: . Pl
receive spi: 'SR_@07' response: '441E2702300000' S
send_iZc: "IW_430881AA° response: "ACK®
receive_iZc: 'IR_48007"' response: '441E354180@060°
send _iZ2c: 'TW 48881AA° response: “ACK® 12C

receive_iZc: 'IR_A8007"' response: '441E35418060608°

send owi: 'OW ©0@01A2' response: 'ACK',

receive owi: 'OR _@@@e4' response: 'ACK', '40701D47'

send owi: 'OlW _©@0@001A4' response: 'ACK', "' owl
receive owi: 'OR _@@e@e4' response: 'ACK', '40F1BE@@’

Figure 20. Communication Log Examples

2.5.2. Measurement Data Log

Measurement data can be recorded by activating the ‘Log Measurements Data’ checkbox in the Log section of
the GUI (see Figure 19). While the ‘Log Measurement Data’ is checked all measurement results are appended to
the log file. The data is logged in the same way as it is configured in the Display Control, see section 2.4.

2.6 Status

2.6.1. IC-Status

In the first byte of each reading sequence from the ZSSC3241 provides the operating status of the device. The
meaning of single bits and bit combinations is decoded into IC Status section of the GUI (see Figure 21). Virtual
LEDs and their labels are describing the electrical status, the actual ZSSC3241 mode, and the main self-
diagnostic output of the ZSSC3241.

IC Status

Powered

CMD Mode

Status Request

Figure 21. IC-Status Display

The status is updated automatically for any reading sequence from the ZSSC3241. It can also be updated
manually by clicking on the ‘Status Request’ button. Table 10 shows various status indicators according to the
relevant background color.
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Table 10. IC-Status Indicators

Control GUI Virtual LED Indication
Powered The ZSSC3241 is not powered correctly or no valid communication is present.
Powered
Powered The ZSSC3241 is powered correctly.
The ZSSC3241 device is not busy, new commands can be processed.
Busy B The ZSSC3241 device is busy, which indicates that the ZSSC3241 is actively processing the last
usy command. New commands are rejected.
The CRC (Cyclic Redundancy Check) successfully passed. The matches the calculated
Mem E checksum of the actual NVM content.
em Error The CRC verification failed. The calculated CRC of the actual NVM does not match the CRC
Mem Error . .
value in register 35yex.
No saturation of the ALU. Intermediate and final results, applying coefficients on the raw
Saturation measurement values within valid ranges.
Saturation Saturation occurred in the internal ALU.
The ZSSC3241 is not in Sleep Mode.
Sleep Mode
Sleep Mode The ZSSC3241 is in Sleep Mode.
The ZSSC3241 is not in Test Mode.
Test Mode
Test Mode The ZSSC3241 is in Test Mode (only for Renesas use).
The ZSSC3241 is not in Cyclic Mode.
Cyclic Mode
Cyclic Mode The ZSSC3241 is in Cyclic Mode.
The ZSSC3241 is not in Command Mode.
CMD Mode — - - - -
The ZSSC3241 is in Command Mode and remains active and ready to receive dedicated
CMD Mode
commands.
No faults detected applying the self-diagnostic.
Sensor Check
Sensor Check | Configured self-diagnostic with fault detection.

2.6.2.

Hardware Connection

This HW Connection section (see Figure 22) provides basic information regarding the detected Communication
Board, the FW of the micro controller, and the Mass Calibration Board (MCB).

HW Connection

CB S5C CB v4.1

Fuy V4,12

MCE Mo
Close Port

Figure 22. HW Connection Status

The ‘Open Port / Close Port’ button allows opening and closing the USB communication port. Closing the port is
recommended for hardware changes (for example, switching the DUT or jumper settings, connecting MCB)
without exiting the GUI.
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2.6.3. Sensor and Temperature Readings

Sensor (external and temperature) readings from the ZSSC3241 are indicated in the numerical displays (see
Figure 23). The displays show the recent measurement value in the decimal notation. As the measurement
values in Measurement tab and measurement log, the output of the numerical displays is defined by the settings
in the Display Control (see section 2.4).

External Sensor

Figure 23. Numerical Display Measurement Results

2.7 Tabs

The primary GUI is partitioned into separate tabs, each of which is dedicated to a distinct functionality and/or a
specific use case of the ZSSC3241. These tabs include measurement, non-volatile memory (NVM), calibration,
diagnostic, and AFE (analog front-end) configuration.

2.7.1. Measurement Tab

The Measurement tab (see Figure 17) presents the data from the external and the temperature sensor in two
separate graphs. Each graph is auto scaled according to the minimum and maximum value of the collected data.
Up to 10000 measurements are represented on the screen. Every new measurement data after the initial 270000
clears the earliest data, therefore the displayed graph is made from the data of the last 120000 points maximum.
Every time the ‘START Measurements’ button is clicked, the plots are cleared from previous data.

2.7.2. NVM Tab

The NVM tab shows the memory content by registers on the left side. On the right, the assigned configuration
parameters are displayed.

2.7.2.1. NVM Table

The NVM tab is used to manage the memory data. The data is displayed in hexadecimal format for each of the
first 351ex (53pec) registers in the NVM. The final register 351ex contains the checksum of the entire memory
contents.

As shown in Figure 24, the first column is the address number; the second column is the description name for
the corresponding register, the third column contains the registers data.

Register content changes are made by modifying the desired value directly in the table, or by using the drop-
down menus of the single parameters.

Color-coding is used to identify different data states in the table:
. Red: Modified in the GUI (content is different from the last read value)
. Orange: Writing to ZSSC3241 memory failed

. Blue: Selected register

GUI changes in the NVM table are only effective after writing them to the ZSSC3241 memory and an IC reset.
After a successful reprogramming of the NVM, the ‘Mem Error’ flag in the IC Status appears on a red
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background, due to mismatch between the old CRC in register 35rex and changed data in the NVM. New CRC
calculation can be triggered by clicking the ‘Write CRC’ button (see Figure 42).

On start-up, the GUI automatically attempts to read the memory content of the connected ZSSC3241. If it fails,
the NVM tab displays the value Onex for all registers. It is recommended to have the first memory data read of
ZSSC3241 after the communication to the device is established.

The operations for reading and writing the NVM are controlled by the ‘Write NMV’ and ‘Read NMV’ buttons. The
ZSSC3241 must be in Command Mode or Sleep Mode in order to write to the NVM.

2.7.2.2. Parameter

On the right side of the NVM tab are the main functional parameters, decoded from NVM registers. Each

New register content failed to be written
to the ZSSC3241 memory

Register content modified in the GUI, but
not written to the ZSSC3241 memory

View

17
Selected register B

Measurement NvM
Name
o7 TCG_LSB
08 TCO_LSB
0 SOT_TCO_LSB
0A SOT_TCG_LSB
08 SOT_SENS_LSB
OFFSET_T_LSB
o AIN_T_LSB

3 SOT_T_(3
OF  OFFSET_S/GAIN.S_MSB
10 TCG/TCO_Ms8

n SOT_TCO /SOT_TCG _MSB

SOT_SENS / OFFSET_T _MSB

15 SM_CONFIG 2

16 EXT_TEMP_CNFG 1

-TEMP_CNFG 2

TRSH_1A_LSB

19 TRSH_2A_LSB

14 TRSH_2A/_1A_MSB

8 SENS_SHIFT_LSB

1c T_SHIFT_LSB

1D SENS_SHIFT /T_SHIFT MSB

1E MEAS SCHEDULER 1
Write NvM

Figure 24. NVM Table

Calibration

Diagnostic / Cydic Config

Value [hex]
0000
0000

~

v

parameter has a drop-down menu beside it, including all possible values or effects named by their meaning for
configuration. Changing a parameter in its drop-down menu or in the NVM table shows directly the value change
in the corresponding register. This register is then highlighted with the red background.

Figure 25 illustrates the assignment of the individual parameters to the respective registers.

SM Config 1/2 Ext. Temp. Config 1/2 DAC Config
B Gain 2 - Gain 4.8 v = Cli Disabled - 7]
e NVM Address
Polarity Negative hd Polarity Positive hd F—
NVM Address | aocresotion 16 8it - ADC Resolution 16 Bit ~ |NVM Address 24HE)(' 'ZEHEX
- - Upper Limit
14HEX ADC Offeet 0% ADC Offeet % 16HEX L
ADC Reference Ratiometric - ADC Reference Bandgzp 7
| roffic e - 10ff5C ~15mV - DACSSC |Disabled = n
Thias out Sua - Thias out 196UA - 5 NVM Address
NVM Address  canac
NVM Address ADC Gain/Offset off - ADC Gain/Offset  |On - 17 - 24HEX: ZAHEXJZBHEX
15« M Adustment on - M Adjstment  [on - HEX Offset DAC i
Smart Sensor Feature Reg. 1 Smart Sensor Feature Reg. 2 EOC Config
o DAC resolution | 138it -
Default Mode  Command Mode -
0T Listen Time |50ms - Giveres  [oemaof z EOC Functionaity [EOC ~ NVM Address 02,
DAC Input Sensor -> DAC -
OWISUCase |Startup Window . = Hysteress  [off =/ NVM Address 24,
Temp. Source  Internal PTAT -
NVM Address . S ‘;““' s ::;’t"‘“” _'“::' T |NVM Address  meshas s NVM Address
iagnotstic agrostic -
03ex InternalRt | 440hm - N - 04 ey S— 18,0y 1ALy
ExternalRt R VSSB -
out off m—— = LDOctrl Voltage VDD = 5.0V - Threshold 18 NVM Addl’eSS
Azsensor | AZM Sensor OFF - 27 29
MMbck (IR b 2w, [OTTESIOE = Threshold 28 HEX""<ZHEX
ChargePump  [On =
- Oversampling | No Overs, -
Figure 25. Parameter to Register Assignment
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2.7.2.3.

DAC Configuration

The analog output, controlled by the DAC, can be configured to clip at a defined lower and upper limit. Both can
be entered as a decimal value, on the parameter side of this tab. The function is switched on and off via the
‘Clipping’ drop-down menu and the following NVM programming of the new state of the clipping_on-bit.

The ‘DAC SSC’ drop-down menu configures the use of DAC coefficients Gain_DAC and Offset DAC. Whether
these coefficients are necessary depends on the customer application (see Figure 29 for guidance). If needed, it
is recommended to calculate their values in the DAC SSC Calibration Section of the GUI (see section 2.7.4.3).

For detailed information about the clipping function and the DAC SSC coefficients, refer to the ZSSC3241
Datasheet document.

2.7.2.4.

EOC - Output Interrupt Signaling

Interrupt configuration of the EOC pin is available on the NVM tab. It can be configured for two different
purposes, either as End-Of-Conversion signaling or as an interrupt output. With the EOC configuration
INT_setup = 00gin, the EOC pulse is approximately 5us long. After setting the Threshold 1A/2B values, the
decimal inputs are converted into 16-bit values for the threshold interrupt registers 18nex, 19+ex and 1Axex (see
Figure 26), they are highlighted by a red background. To save the changes in the ZSSC3241’s memory, click the
‘Write NVM’ button.

To use the hysteresis, its functionality has to be switch on in the ‘Hysteresis’ drop-down menu. For it the
additional thresholds Threshold 1B/2B can be set in the same section. If hysteresis bit is not set to ‘Off’ the
Threshold 1B/2B are greyed out, but still can be set and written to the NVM.

Z55C3241 Evaluation SW v1.12

File Interface

Current IF Setup

Interface  12C [400kHZ]
I2C-Address  0x0

Scan 12C-Bus

IC Status
Powered

Mem Error

CMD Mode

Status Request

HW Connection

CB V4.1

FWw V419 ®

Mce No
Close Port

External Sensor

Temperature Sensor

Power Off
Reset

START Measurement

Get Measurement Value
for Calibration

Measurement Control

Raw Measurement | Sensor and Temp. Meas

[] Corr. Measurement | Full Measurement:

~ | Meas. Timer[ms]

Lo ]

Display Control

ADC Resolution [7] Ext. Sensor

16 Bit

v [A Temp. sensor [ =C

O esrs

Log
Log Communication Open Com Log

[ Log Measurement Data

RENESAS

Measurement  NVM | Calibration  Diagnostic / Cycic Configuration / Command Section
Name Value [hex]

05 OFFSET_5_LSB 0000

06 GAIN_S_LSB 0000

o7 TCG_LSB 0000

08 TCO_LSE 0000

09 SOT_TCO_LSB 0000

0A SOT_TCG_LSE 0000

08 SOT_SENS_LSE 0000

oc OFFSET_T_LSB 0000

oD GAIN_T_LSE 0000

0E SOT_T_LSB 0000

OF  OFFSET_S/GAIN_S_MSB 0020

10 TCG/TCO _MSB 0000

11 SOT_TCO /SOT_TCG _MSB 0000

12 SOT_SENS / OFFSET_T _MSB 0000

13 GAIN_T / SOT_T _MSB 2000

14 SM_CONFIG 1 8417

15 SM_CONFIG 2 0200

16 EXT_TEMP_CNFG 1 3402

17 EXT_TEMP_CNFG 2 03¢

18 TRSH_1A_LSB 4840 /

13 TRSH_2A_LSB CFco

14 TRSH_2A/_1A_MSB BA4C

1B SENS_SHIFT_LSB 0000

1Cc T_SHIFT_LSB 0000 hd
Write NVM Read NVM

Renesas Configuration

M Config 1/2

Gain £
Polarity Positive
ADC Resolution 168t
ADC Offset 0%
ADC Reference Ratiometric
10ffsC omV (no shift)
Thias out 5uA
ADC Gain/Offset off
€M Adjustment on

Smart Sensor Feature Reg, 1

Default Mode

Command Mode

OWI Listen Time | 50ms.

OWI U Case
Temp. Source

Sensor Supply

Startup Window

External Rt Rt_VSSB
oW off OWI enabled
NVM lock NVM write OK

Charge Pump |On

Current Mode at T_ext (noRt_Text)

Current Mode out of VDDB

AFE Configuration

Ext. Temp. Config 1/2

- Gain [
- Polarity Negative
- ADC Resolution 168t

- ADC Offset 18.75%
- ADC Reference Bandgap
- 10ffsC -10my

- Tias out 196UA

- ADCGanfoffsst  |On

- CM Adjustment on

Smart Sensor Feature Reg, 2

DAC resolution | 13Bit

Dithering | Dithering Off
al DACInput | Sensor -> DAC
a Analog Out | DAC Output enabled
AoutSetup | Ext. VDD ration. 2R

Diagnotstic
LDoctr |On
LDOctr Voltage | VDD = 5.2V

AZSensor | AZM Sensor OFF
AZTemp. | AZMTemp. OFF

Oversampling | No Overs,

Analog Diagnostic OFF

DAC Config

Clipping | Disabled -

DACSSC  |Disabled -

EOC Config

EOCConfig. |0-L:TR_1<=M<TR_2 +

Hysteresis | OfF -

Threshold 14
i
Theshodss | |
Tveshods [ ]

Figure 26. EOC Interrupt Thresholds
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2.7.3. Calibration Tab

The Calibration tab (see Figure 27) allows the user to execute the calibration procedure for the external bridge
sensor and/or the temperature sensor. The tab is divided into three main areas:

. Calibration Points Positions: distribution of the calibration points.

. Calibration Points: selection of the calibration type, see section 2.7.3.1.

. Coefficients: calculated calibration coefficients, see section 2.7.3.2.

Measurement NyM

Calibration Points Position

80

Calibration

Diagnostic / Cydic Configuration / Command Section

AFE Configuration

70|

50

40|

20

T T T T
. ® @

; @ : -
0 : ® )
L 1 1 1 L L 1
0 10 20 30 40 50 60

Calibration Points

7 Paints: B(O+6+50T+TC(0+G+50T(0+6))) T(0+G+50T) -

Parabolic Compensation (default)

[ Analog Qutput Calibration

m L]
Sl Slcounts] T Tlcounts]
1 25 0 0 0
2 75 0 0 0
3 25 0 30 0
4 50 0 30 0
5 75 0 30 0
6 25 0 60 0
7 75 0 60 0
Temperature Limits:  Tmin[oC] Tmax{c]
Calculate Coeffidents Write Coeffidents to Memary
Coeffidents
External Sensor Correction Temp. Sensor Correction
Name Value Name Value
Offset S 416570 Offset T 0
Gain_S 5922608 Gain_T 0

TC6
o
SOT_TCO
50T TCG
S0T.S

0

0

0

0
21596

SOT.T

0

2.7.3.1. Calibration Points
The table of this section displays the calibration input where the calibration points are defined (raw measurement

results with their reference information) for the external and temperature sensor, see Figure 27.

Figure 27. Calibration Tab

Follow these steps to calibrate the ZSSC3241 device:

1. Select the type of calibration from the upper drop-down list.
The calibration type is decisive for the corresponding number of calibration points, see Table 11 for default
calibration types.

Table 11. Supported Default Calibration Types

Calculated Coefficients Required Set Points
Type GUI 210 ol 818 Sl e -
m > 8 8 o o F o = ! | External | Tempera
Pl Pl Rr|lolelel?2]<]|oO Sensor ture
o 0] wn (o] @] [ 0] 7]
o n | v | o
2 Point S(O+G) X X 0
3 Point S(O+G + SOT) X X X 3 0
4 Point S(O+G +TC(O+G) T(0O+G)) X X X X X X 2
. S(O+G +SOT + TC(O+SOT(0)))
5 Point T(0+G+SOT)) X X X X X X X X 3 3
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Calculated Coefficients Required Set Points
Type GUI n ol ol *F-
yp o o o 0|0 ]| H
w = O [ = w = External Tempera
n| £ 0| 0| K I ol €| &
L | < | | O = | = | < O Sensor ture
[ O 7] (o] o] L O 2]
(@] 0 0 (@]
. S(O+G+TC(O+G+SOT(0+G)))
6 Point T(O+G+SOT)) X X X X X X X X X 3 2
. S(O+G+SOT+TC(O+G+SOT(O+
7 Point G))) T(O+G+SOT)) X X X X X X X X X X 3 3
2 Point T(O+G) X X 0 2
3 Poaint T(O+G+SOT) X X X 0 3

The number of entries in the table of this section is updated accordingly. It contains up to 7 rows and 4
columns for each combination of sensor and temperature conditions, see Table 12.

Table 12. Calibration Table Parameters

Parameter [Unit] Description
S [counts] Raw external sensor measurement result in counts.
S [%] External sensor measurement reference point, entered as a percentage of the full measurement range after

signal conditioning.

T [counts] Raw temperature measurement result in counts.

T[°C] Temperature measurement reference point. Enter this point in Celsius degrees.

AOUT [V]/[mA] | Optional analog measurement value, voltage or current, depending on the analog output configured.

The distribution of the reference values is also displayed in the Calibration Points Position graph to illustrate
the coverage of the measurement range.

2. Select the type of compensation from the lower drop-down list.
Options to compensate the nonlinearity of the sensor data are Parabolic or S-Shape. Most sensor
characteristics require the Parabolic compensation.

3. Click the ‘Get Measurement Value for Calibration’ button (see section 2.9).
Predefined values are displayed in the S[%] and T[°C] columns of the table with the result from the
measurement.

4. If needed, change the values for S[counts] and T[counts] by double clicking on them and entering the new
value.

2.7.3.2. Coefficients
This section of the Calibration tab displays the coefficients after calculation. If one of the coefficients exceeds the
range limits, its value appears as a red number. In this case, the status window displays “Calculated coefficients

out of range!”

2.7.3.3. Analog Output Calibration

In addition to the standard calibration process, where raw data is inputted as digital values, the GUI has a
feature that enables precise calibration of the analog output. For it the relevant analog measurement results
must be used because the digital-to-analog converter and the analog output stage have a not ideal transfer

function.

The overall nonlinearity can be covered in one calibration flow. When the focus is on analog output, it is
recommended to enable the ‘Analog Output Calibration’ checkbox, as shown in Figure 28.
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Calibration Points
7 Paints: B[O +G+S0T4TC{O+G+50T(0+G))) T(O+G+50T) -

Parabolic Compepsation (defautt) -

] Analog Output Calibration

[ cCurrent Loap V Output W_max [V]

si%]  Slcounts] Tldeg.Cl Tlcountslf AOUTIV] }#
1 25 0 0 0 0.0
2 75 0 0 0 00
3 25 ] 30 0 0.0
4 50 ] 30 0 0.0
5 75 0 30 0 0.0
6 25 0 60 0 00
T 7 0 2] 0 W 00 Jo
Temperature Limits: Tmin[*C] Tmax[*C]
Calculate Coeffidents Write Coefficents to Memary

Figure 28. Activate Analog Calibration

Note: Raw measurement commands are not driving the analog output stage. To get the analog measurement
values for the calibration table it is mandatory to use SSC commands in combination with default coefficients
value in the NVM.

The analog output selection distinguishes generally between:

. Current Loop: The required jumper settings are shown in Table 7. The current loop application does not use
the full dynamic range of the ADC, but the upper 75%, because the current range of OmA to 4mA is reserved
for the power supply of the ZSSC3241. Thus, its reference values in the first column differ from the digital
input.

. Voltage Output: In this case the configured and/or measured voltage reference must be entered in the
Vmax[V] window to achieve the highest accuracy possible

Depending on the application requirements, the analog output calibration can be established in the DAC SSC
Calibration section in the Diagnostic / Cyclic Configuration / Command Section tab. The flow chart in Figure 29 is
providing guidance for the right calibration choice.

Calibration Choice

Only Digital No
Interface Application

Only Analog No
Output Application

Usual Calibration Analog Output Calibration Usual Calibration
Digital Raw Data Input Analog Measurement Input + DAC SSC Calibration

Celirston Forss
cuompe 77omes Aoy
arsboke Camosration (éefadt]
[P pa—

= c

DAC SSC Calbaton
st Steounts]  Thdeg. €1

stwl Sicounts]  Thieq. €1 %] Sleounts] Tldeg (] Tleouts] AOUTIV] ~ warer vouT w_max [V 50
s ; es it Jd s e A O curentioop & vout v_max [
I a6 3 L v | e | e DAC-Input  ADUT
2 ST o -
: st ) 2 ) am + e *
- . FI auo6200 = 654 Lt
FI 3006200 = 3 5 " - =
i = s = 9 :
P s = g s
5 3433302 k=1 5 ] 419 > L & Calculst= DAC S5C Coefficents
; s = s ®
6 = se21a00 ® o o 13
7 " 4801317 £ sTaTE10 L 45131 0 ik 403 7 B A3 L]

—— o et | it i i owii 2] i[5

T T prreyw—" ] Calaiate Coeflldents e Coeflidents lo Memery

Figure 29. Calibration Choice Guidance
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2.7.3.4. Calibration Examples

The calibration points drop-down menu contains at the lowest entries example calibration data for digital analog
calibrations. Depending on user choice between voltage and current loop, the according raw data is updated in
the calibration table. The coefficients are calculated by pressing the ‘Calculate Coefficients’ button.

See Figure 26 for an example where a raw bridge sensor value of -6727367 counts (24-bit resolution) mapped to
10% of FSO (Full Scale Output) by calibration, which results in a corrected digital output of 1677722 counts.

External Sensor
Calibration Points

After calibration
2 Points: B(O+G) v

>

S[%] Slcounts] TEA Tlcounts]
1 10 -6727367 30 0

Figure 30. Raw Data to Calibrated Data in Percentage

2.7.4. Diagnostic / Cyclic Configuration / Command Section Tab
Figure 31 shows the eight sub-sections of the Diagnostic / Cyclic Configuration / Command Section tab.

Measurement  NVM Calibration Diagnostic / Cyclic Configuration / Command Section AFE Configuration

DAC-Diagnostic
ST OWI Master
Commands
) . On-Chip Diagnostics
DAC SSC Calibration nRER
ADC-Diagnostic
Terminal

Cyclic Sequencer Configuration

Figure 31. Diagnostic / Cyclic Configuration / Command Section Tab

2.7.4.1. DAC Diagnostic

The DAC module allows a direct digital value input to be set as the stimulus at the DAC. Clicking the ‘Apply
DAC-Diagnostic’ button applies the set value to the DAC's input, updating its output. The output at the AOUT pin
can be compared with the expected output based on its configuration.

DAC-Diagnostic

V_DAC10_ACUT [V] = 0.485

V_DACS0_ACUT [V] = 4.538

Set DAC-Input [0..65535] [ o |

Apply DAC-Diagnostic

Figure 32. DAC-Diagnostic

This section shows the decoded measurement values for 10% and 90% excitation for the ratiometric
configuration at the VDD = 5V. If this configuration is used for evaluation and/or application, these values can be
used for the DAC SSC calibration. See section 2.7.4.3 for further details.
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2.7.4.2. ADC Diagnostic

When the ‘Apply ADC-Diagnostic’ button is clicked to activate the ADC Diagnostic, the standard sensor
processing path is disconnected. Instead, an analog differential voltage ranging from -15mV to +15mV is directly
input to the ADC, which performs a conversion using the SM_config registers setup.

The input is realized via a decimal number from 0 to 31, which are directly mapped to the mV stages from -15mV
to 15mV.

2.7.4.3. DAC SSC Calibration

This section is relevant for a separate analog output calibration when the usual calibration was already done and
a digital interface is also used for measurements.

DAC SSC Calibration

[ currentLoop (4 vOUT V_max [V] 5.0 DACssC gEnabled X
DAC-Input  AOUT
6554 049 Gain_DAC [ 33424
58982 453
[ Calculate DAC SSC Coefficents ] Offset_DAC l -8291

Figure 33. DAC SSC Calibration
Since the DAC SSC calibration results in two correction coefficients (Gain_DAC, Offset_ DAC), the table for it
has the following two lines for the calibration input:
. DAC-Input: a 16-bit number which drives the analog output according to its configuration.
. AOUT: the measured analog value.

Clicking on the ‘Calculate DAC SSC Coefficients’ button initiates the correction calculation process and displays
the accurately converted outcomes in the DAC Config section of the NVM tab. The coefficients Gain_DAC and
Offset_ DAC can be saved to the NVM. Upon the next IC reset, they are utilized to modify the digital SSC
measurement results prior to generating the analog output.

2.7.4.4. On-Chip Diagnostic

For possible sensor check(s) execution the relevant bits of NVM register 211ex must be set. The On-Chip
Diagnostics section facilitates this process by activating the desired checks in the right checkbox. The function
behind the ‘Apply Sensor Check’ button writes the correct value into the register 214ex and reads the results of
the applied diagnostic. The results are displayed as the following background colors at each line of the triggered
check:

. green: pass
. red: fail
The resulting 24-bit raw data is displayed additionally in the Output [hex] window.

If one of the chosen checks provides a fail, it is also signalized in the ‘Sensor Check’ bit of the general IC-Status
Byte, which is presented on the left of the GUI (see Figure 34).
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IC Status On-Chip Diagnostics
Powered - -
2
CMD Mode INP Range O
Sensor Check INN Range
Status Request Sensor Short O
T_EXT Open
T_EXT Range O
T_EXT-INN Short O
SSC Saturation
Memory Error D
Die Crack O
T_EXT-INP Short O

Reset Diagnostic

Apply Sensor Check

Output [hex]: 54

Figure 34. Diagnostic Result Example

2.7.4.5. Single Command Section

The buttons showed in this sub-section (see Figure 31) have the following functionalities:
. Start Command Mode: Command A9Hex

. Start Sleep Mode: Command A8Hex

. Start Cyclic Mode: Command ABHex

. Single Measurement: Command, as defined in the Measurement Control section.

. Write CRC: Command 39+ex

It triggers the IC-internal CRC calculation over the current memory contents and writes it to register 35xex. It
is the last step of the calibration process, after AFE configuration, coefficients calculation, and their writing to
the NVM. After the checksum is written and the ZSSC3241 is reset, the Memory Error LED turns off (see
Figure 21 and Table 10).

« Apply HV-Supply (12V)/Turn HV-Supply Off: Switches on/off the 12V supply from CB.
LED L3 is indicating whether this voltage is available on the EB (see Figure 3 and Table 4)

2.7.4.6. Terminal

Send commands directly to the ZSSC3241 on the Terminal section. For a reading command, the response is
displayed in the output line. The Terminal is not relevant for evaluation; the purpose of this tool is having an
option for a better debugging support.

Follow these steps for a write/read command:

1. Enter a command into the Write Commands: field.
2. Click the ‘Send Write Command’ button.

3. Enter a command into the Read Commands: field.
4

Click the ‘Send Read Command’ button.
The read data is provided in the Output [hex] field.

The command syntax can be found in the SSC Command Syntax for V4.x Communication Boards spreadsheet,
which is available using the following link: SSC-CB - SSC Communication Board | Renesas.

Figure 35 shows an example of Write/Read command.
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Terminal

Sttt S ioeE a0 R0 = =EsE/Saipt ftest_1. it

Load Script Execute Script

Write Commands:

IWO000001A4

Send Write Command

Read Commands:

| IR000004

Send Read Command

Output [hex]:

| 40FOE00D

Figure 35. Read/Write Operations via Terminal

A script can be loaded and executed by clicking the ‘Loading Script’ button, see Figure 35. The GUI is limiting its
search focus on text files with ‘.src’ extension. Any text file can be loaded, but each line of the script must contain
a nonempty string.

2.7.4.7. Cyclic Sequencer Configuration

In Cyclic Mode the ZSSC3241 starts measuring autonomously after power-up. The continuously running
measurement sequence consists of individual measurement slots in which all or a selectable subset of
measurements and checks can be scheduled and allocated.

Cydic Operation Sequence 12
Sensor Bridge Mezs, |Enable | SM/AZSM 1stSlot |Emasble v | SM/AZSM-Pause [0..15]
Temperature Meas., |Enable = | TM [ AZTM 1stSlot |Emable = TM [ AZTM-Pause [0..63]

Sensor Conn, Check Disable + SC Check 1stSlot Enable - SCC-Pause [0.,1023] 512

Update Rate 1.0ms =

Write to NVM

Figure 36. Cyclic Sequencer Section

Clicking the ‘Write to NVM’ button directly programs the configured settings into the registers for this purpose.

2.7.4.8. OWI Master Section

This functional block is relevant for Current Loop / voltage output evaluation, where the CB can be used as the
master controller, responsible for supply voltage modulation and OWI communication.
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2.7.5. AFE Configuration Tab
Figure 37 shows how the tab is divided into the following parts:
. AFE Configurator: allows the input of a general sensor characteristic, which is used to determine an

optimized AFE Configuration. The resulting configuration can be directly transferred and written to the
ZSSC3241 registers by clicking the ‘Copy to SM_Configl’ button.

. Raw Measurement Calculator (Sensor Signal <-> Digital Input): displays measurement results perception.
The AD Conversion Calculator section shows how an analog sensor voltage is processed to a digital output,
the DA Conversion Calculator section shows which digital output value is caused by a certain analog input.

Note: In both sections, the SSC Output [counts] is calculated with default coefficients settings.

(" AFE Configurator )
Sensor Application Choice Sensor Characteristic Recommended AFE Config
Bridge Sensor Setup (ratiometric) - Sensor Output  PGA Input PGA Ouput AD Con- ADC Output  55C Output
[mv V] [mv] [mv] wversion[my] [counts] [counts]

Ratiometric bridge supply via VODB with differential sensor output

Vmin | 0 | | | | | | | ADC Resolution |12Bit «
Sensor Output Bridge sensor characteristic with customer defined limits:

| | |
Wmin: minimal expected differential voltage Vmax | a0 || || | | | | || | Gain l:l
| | |

Vmax: maximal expected differential voltage

Vrange: resulting differential voltage range Vrange | 0 | | | | Polarity I:I
PGA Input Differential sensor voltage (V_INP-V_INN), supplied

with VDDB = 1.75V ADC range used [%] l:l ADC Offset [%] l:l
PGA Qutput  Voltage input after gain stages and IOFFSC shifting Required user input for calelation ADC Reference I:I
AD Conversion Analog voltage converted to counts, after ADC offset ADC Gain/Offeet

and ADC gain il l:l

ADC Qutput  Raw AD conversion result
Qutput range: -2"rADC,.2rADC-1 counts

SSC Output  Digital output using full cyde measurement commands, Copy to SM_Config
e.0.0xAA, with factor1 coefficients
Output range: 0..2°24-1 counts

&

J
(" Raw Measurement Calculator ( Sensor Signal — Digital Output ) )
PGA Config ADC Config AD Conversion Calculator
Gain 1.32 - ADC Resolution 12 Bit - Apply PGAJADC Sensor Out, PGA Output ADC Conversion ADC Cutput SSC Output
Config differential [mv] [mv] [mv] [counts] [counts]
Polarity |Positve = ADC Offset 0% - | | | | | | | | | |
O 0
ADC Reference Bandgap -
ADC Gain/Offset off -
Apply measured VODE O
DA Conversion Calculator
VDD (defauit) V]
Apply PGA/ADC Sensor Out, PGA Output ADC Conversion ADC Output 55C Qutput
ADC Input Range [V] l:l Config differential [mv] [mv] [mv] [counts] [counts]
O Lo | | | | [ |
| J

Figure 37. AFE Configuration Tab

2.7.5.1. AFE Configurator

The input for the configurator can be either the sensor characteristic or the desired application sensor range, and
the output is an optimized AFE configuration. The necessary customer inputs are indicated by fields with a green
background. Vmin and Vmax are the differential voltages that establish the bounds of the application.

Example:
The sensor characteristic displayed in Figure 38 is given. Assuming here that the complete array of curves

should be covered by on optimized AFE configuration, then the according minimum and maximum sensor output
can be read from the graph.

May.22.23 RENESAS Page 31



ZSSC3241 Evaluation Kit User Guide

Max = 33mv/V ----1-- — 0.00bar
— 0.200ar

—— 0.40bar
0.60bar
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0.80bar
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— 1.60bar
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-
o
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o
Min = -2mv/V ----{--

-50 =25 0 25 50 75 100 125 150
Temperature in °C

Figure 38. Sensor Characteristic

Since the min/max values have the unit mV/V already, they can be directly put into the Sensor Output windows.
Figure 39 illustrates the calculation for this sensor example, the resulting configuration on the right side, and the
effective usage of the ADC dynamic range below the calculated voltages in the processing chain.

Sensor Characteristic Recommended AFE Config

Sensor Qutput  PGA Input PGA Quput  AD Con- ADC Qutput  SSC Qutput
[mVpV, [mv] [mv] version[mv] [counts] [counts]
ADC Resolution |16 Bit

Vmin ‘ -2 || 3.5 || -75.6 | | -1369 | | -32415 H 90368 |

vmax | 33 |[ s7a |[ 12276 | [ 1237 | [ 29280 |[ 1ssscs4s | sar
Palarity |I|

vange | 310 || 543 |[ 11946 | [ 2608 |

ADC Offset [%)
ADC d [%] 94.2
i ADC Reference

10FFSC [mV]
ADC Gain/Offset

Required user input for calculation

Copy to SM_Configl

Figure 39. Example AFE Configurator Usage

The user could decide which other sensor characteristic range is relevant for the application and enter the
appropriate values into the configurator. See Figure 41 for detailed explanation on sensor signal processing that
shows how the interim results of the AFE configurator are assigned to the signal chain block diagram.

Before utilizing the AFE configurator tools, it is advised to properly configure the sensor application using the
Sensor Application Choice section. The following measurement options are available in the drop-down list:

. Bridge Sensor Setup (ratiometric): ratiometric measurement of a differential sensor output (for example,
resistive pressure sensors)

. Absolute-Voltage Sensor Setup: sensor output (for example, thermopile sensors)

By selecting an option, the relevant parameter specifications are shown (see Figure 40) with an overview of all
parameters calculated in the Sensor Characteristic section (see Figure 39).
Depending on the sensor type there are the following differences in the parameter descriptions:

. The Sensor Output for bridge sensors with the ratiometric supply is specified in mV/V, while it is given in mV
for absolute-voltage sensors. Since absolute-voltage sensors do not have any supply voltage, their output is
also not depending on it.

. The PGA Input for ratiometric measurements is the sensor output adapted to the bridge supply of VDDB =
1.75V (for example, if the sensor output is specified with L0mV/V, the differential PGA input is 10mV/V x 1.75V
= 17.5mV).

In case of absolute voltage sensors, the PGA Input is equal to the Sensor Output. The single ended sensor
signal is referenced in the ZSSC3241 to the internal voltage of VDDB/2 = 0.875mV.

May.22.23 RENESAS Page 32



ZS5SC3241

Evaluation Kit User Guide

Sensor Application Choice

Bridge Sensor Setup (ratiometric)

Ratiometric bridge supply via VDDE with differential sensor output

Sensor Output

PGA Input

PGA Qutput

AD Conversion

ADC Output

55C Cutput

Bridge sensor characteristic with customer defined limits:
Vmin: minimal expected differential voltage [mv/V]
Vmax: maximal expected differential voltage [mv V]
Vrange: resulting differential voltage range [mv V]

Differential voltage input (V_INP-V_INM) from resistive
bridge sensor, supplied with VDDB = 1,75V

Differential voltage after PGA gain and IOFFSC shifting

Analog voltage converted to counts, after ADC offset
and ADC gain

Raw AD conversion result
Qutput range: -2rADC..2-*rADC-1 counts

Digital output using full cyde measurement commands,
e.q.0xAMA, with factor 1 coefficents
Output range: 0..2"24-1 counts

Sensor Application Choice

Absolute-Voltage Sensor Setup

-

Absolute voltage source (e.g. thermopile), INM connected to AGMD=0.875V
as reference to sensor provided voltage to INP

Sensor Output

PGA Input

PGA Output
AD Conwversion

ADC Qutput

S5C Output

Abs, sensor characteristic with customer defined limits:
Vmir: minimal expected absolute voltage [mV]

Vmax: maximal expected absolute voltage [mv]
Vrange: resulting absolute voltage range [mV]

Same voltage as sensor output, since no VDDB applied.
IMM set to 0,875V IC-nternal, for INP reference

Differential voltage after PGA gain and IOFFSC shifting

Analog voltage converted to counts, after ADC offset
and ADC gain

Raw AD conversion result
Output range: -2rADC..2*rADC-1 counts

Digital output using full cyde measurement commands,
e.0.0xAA, with factor 1 coeffidents
Qutput range: 0..2"24-1 counts

Figure 40. Parameter Description Depending on Sensor Type

The sensor type choice implies a different IC-internal processing. Since the ZSSC3241 analog frontend is
designed and optimized to process differential voltages, the input of the absolute voltage measurement must be
referenced versus an internal voltage. This happens before the PGA (see Figure 41).

Sensor
Output

2.7.5.2.

Sensor
Element

Gain

ADC
Reference

Ratiometric

PGA

Polarity ~ Sensor Type 10ffsC.
INP
.
2
=)
o a \
£= |
= | >
= ]
INN (}5 i
|
AGND = 875mV | i ->
PGA Input

ADC Gain/ ADC ADC
Offset Offset  Resolution
A

mmmmmmmNomg

i * 1 Math
| 2x — —
! ' ! Core !
: . D : :
- | | |
| | | |

PGA Output ADC ADC Output
Conversion
Legend:

processing path with GUI parameters

voltages in the processing chain depending on the Sensor Output

Figure 41. Sensor Signal Processing

Raw Measurement Calculator

The Raw Measurement Calculator consists of the following sections:

AD Conversion Calculator: converts a single sensor voltage to the raw digital output, depending on the
adjustable configuration on the left side of it.

DA Conversion Calculator: realises the inverse function, where the raw digital input is transferred into the
equivalent analog sensor output voltage. Both calculators can be enabled/disabled by the ‘Apply PGA/ADC
Config’ checkboxes.
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PGA Config ADC Config AD Conversion Calculator
Gain 36 - ADC Resolution Apply PGA/ADC Sensor Qut, PGA Output ADC Conversion ADC Output S5C Qutput
Config differential [mv] [mv] [mv] [counts] [counts]
Polarity | Positve ADC Offset 0% -
[ =5 | [ -126.0 | [ 125 | [ 5437 | | 7400840 |
ADC Reference Bandgap -
ADC Gain/Offeet Off b4
Apply measured VDDB O
DA Conversion Calculator
VDDB (defauit) V]
Apply PGA/ADC Sensor Qut, PGA Output ADC Conversion ADC Output S5C Qutput
ADC Input Range [v] Config differential [mv] [mv] [mv] [counts] [counts]
[ 0z | [ 82 | [ s | [ oo | | s4s2c08 |

Figure 42. Raw Measurement Calculator

2.8 Information Bar

The bar provides additional information for users, such as certain application status and warning messages. An
example is shown in Figure 43, applying the 12C interface scan by the Scan 12C-Bus button.

File Interface

Current IF Setup Measurement Control Display Control
Interface  12C [400kHz] Raw Measurement Sensor and Temp. Meas v  Meas. Timer[ms] ADC Resolution Ext. Sensor [J %Fs
12C-Address 0x0 -
[ corr. Measurement Full Measurement - 0 16 Bit v [4] Temp. Sensor O=x
Scan I2C-Bus i
I\«'ahd 12C-address found:0x0! [

Figure 43. Information Bar

2.9 Main Buttons
The most frequently used functions such as power on/off, reset, measuring, and raw data collection are grouped
under the main buttons, in the bottom left corner of the GUI (see Figure 8):

. Power On/Off: Applies the supply voltage to the chip in the socket on the EB. The button label toggles
according to the relevant status.

. Reset: Triggers a HIGH-LOW-HIGH-transition (active-low reset) at the RES pin. Clicking this button resets
the ZSSC3241.

Start/Stop: Trigger the start and stop of measurements acquisition. Its label toggles according to the relevant
status.

. Get Measurements Value for Calibration: It Is used in combination with the Calibration tab (see section
2.7.3).

May.22.23 RENESAS Page 34



ZS5SC3241

Evaluation Kit User Guide

3. Glossary

Term Description
AD Analog-to-Digital
ADC Analog-to-Digital Converter
AFE Analog Front End
ALU Arithmetic Logic Unit
CB Communication Board
CL Current Loop
CMD Command (received and processing)
COM Communication Port
CRC Cyclic Redundancy Check
DA Digital-(to)-Analog
DC Direct Current
DC/DC DC-to-DC converter
DUT Device Under Test
EB Evaluation Board
EOC End of Conversion
FET Field-Effect Transistor
FS Full-Scale
FSO Full Scale Output (value in percent relative to the ADC maximum output code; resolution dependent)
FTDI Future Technology Devices International
GND Ground
GPIO General-Purpose Input/Output
GUI Graphical User Interface
HW Hardware
12C Inter-Integrated Circuit bus
IC Integrated Circuit
LSB Least Significant Bit
MCB Mass Calibration Board
MISO Master In Slave Out (data output from slave)
MOSI Master Out Slave In (data output from master)
NVM Nonvolatile Memory
Op amp Operating Amplifier
OSR Oversampling Rate
oWl One-Wire Interface
PC Personal Computer
PGA Programmable Gain Amplifier
POR Power-On Reset
PQFN Power Quad Flat No-lead
RC Resistor-Capacitor
S SSC-corrected Sensor Readout / Result
SCK Serial Clock (output from master)
SCL Serial Clock Line
SDA Serial Data Line
SM Sensor Measurement
SOT Second Order Term
SPI Serial Peripheral Interface
SRB Sensor Replacement Board
SSC Sensor Signal Conditioner
SSF Smart-Sensor Function (specific NVM registers)
T SSC-corrected (extra) Temperature Readout / Result
TC Temperature Coefficient
usB Universal Serial Bus
VDD Supply Voltage (voltage supply for a drain terminal)
ZIF Zero Insertion Force
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4. Ordering Information

Orderable Part Number

Description and Package

ZSSC3241EVB ZSSC3241 Evaluation Board
SSCCOMMBOARDV4P1C SSC Communication Board V 4.1
SSCSENSORREPBDV2P0 SRB (Sensor Replacement Board) V2.0

5. Revision History

Revision Date

Description of Change

May.22.23 Initial release
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(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.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

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

(Disclaimer Rev.5.0-1)
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