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Sensor Signal Conditioner Pmod

Description

The US082-SSC3224EVZ evaluation board
demonstrates the functionality and performance of
the high-end 24-Bit ZSSC3224 sensor. The
ZSSC3224 is a sensor signal conditioner IC for high-
accuracy amplification and analog-to-digital
conversion of a differential or pseudo-differential
input signal. The US082-SSC3224EVZ evaluation
board is a generic design enabling the customer to
embed the sensor into their specific application

The board provides a standard Pmod™ Type 6A
(extended I°C) connection for the onboard sensor to
plug into any required MCU evaluation kit with a
matching connector. The US082-SSC3224EVZ
evaluation board can be added to the end of a daisy-
chained solution with multiple Type 6/6A devices on
the same MCU Pmod connector.

The measured and corrected sensor values are
provided at the digital output pins, which can be
configured as I1°C (<3.4MHz) or SPI (20MHz). Digital
compensation of signal offset, sensitivity,
temperature, and non-linearity is accomplished via a
26-bit internal digital signal processor (DSP) running
a correction algorithm. Calibration coefficients are
stored on-chip in a highly reliable, non-volatile,
multiple-time programmable (MTP) memory.
Programming the ZSSC3224 is accomplished via the
serial interface.

Board Contents
= US082-SSC3224EVZ Sensor

Features

= Flexible, programmable analog front-end design;
up to 24-bit analog-to-digital converter (ADC)

= Fully programmable gain amplifier for optimizing
sensor signals: gain range 6.6 to 216 (linear)

= Internal auto-compensated 18-bit temperature
sensor

= Digital compensation of individual sensor offset;
1st and 2nd order digital compensation of sensor
gain as well as 1st and 2nd order temperature gain
and offset drift

= Programmable interrupt operation

= High-speed sensing: for example, 18-bit
conditioned sensor signal measurement rate
>200s-1

= Typical sensor elements can achieve an accuracy
of better than £0.10% full scale output (FSO) at
-40 to 85°C

= |Integrated 26-bit calibration math digital signal
processor (DSP)

= Standardized type 6A Pmod connector supports
= |2C/SMBUS extended interface

Figure 1. US082-SSC3224EVZ Pmod Board
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1.  Functional Description

The ZSSC3224 Pmod is intended as a quick connect prototyping solution for the ZSSC3224. Figure 2 highlights
the main parts of the system.

Pmod Type 6A

3.3Vat 1.1mA
vee
GPIO
—,—h INTR
C @ VDDB roc e
) O
s %) NP 12C IS
2 [ Reser
RES
> INN
@ GND
- @ VSSB
255C3224

Figure 2. US082-SSC3224EVZ Functional Block Diagram

1.1 Setup and Configuration

The setup and configuration for the US082-SSC3224EVZ Pmod is comprised of the following required or
recommended hardware:

= EK-RA6M4 Eval Kit

= USB micro-B cable (provided with EK-RA6M4 board)

= PC running Windows® 10/11 with at least one USB port

= US082-INTERPEVZ

The following software is required or recommended:

= Renesas Flexible Software Package (FSP) v5.2.0 platform installation:
* e2 studio 2024-01 or later
* FSP 5.2.0 or later
* GCC Arm Embedded 13.2.1

= Sample code files (see the US082-SSC3224EVZ product page)

1.1.1 Software Installation and Usage

= |nstall the latest version of e2 studio.
= [nstall the latest version of J-Link RTT Viewer.
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1.2 Kit Hardware Connections

Use the following procedures and refer to Figure 3 to set up the kit.

1.

Ensure that the MCU development kit has at least one Type 6A Pmod.
a. For the EK-RA6M4 board, a PMOD1 connector is available.
On the US082-SSC3224EVZ board, populate the J7, J6, and J5 jumpers and leave the other jumpers open.

Plug the US082-INTERPEVZ board into PMOD1 of the EK-RA6M4. Care must be taken to align Pin 1 on the
Pmod board and MCU Kkit.

Plug in the US082-SSC3224EVZ board to the US082-INTERPEVZ board.
Connect the EK-RA6M4 board with a computer using a USB micro-B cable.
The device is now ready to be used in the system.

*d T

Ty

US082-SSC3224EVZ

US082-INTERPEVZ

USB-micro-B
Cable
EK-RA6M4
Figure 3. US082-SSC3224EVZ Pmod with EK-RA6M4 MCU Kit
R36UHO016EU0100 Rev.1.00 RENESAS Page 4
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2. Board Design

2235-REVAD
US082-SSC3224EVZ
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Figure 5. US082-SSC3224EVZ (Bottom)
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Schematic Diagrams
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Figure 6. US082-SSC3224EVZ Schematic
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2.2 Bill of Materials
Qty Description Designator Manufacturer Manufacturer Part Number
1 Connector, 1x4, 2.54mm, RA, Terminal Block, TH J1 Waurth Electronics 691210910004
1 Jumper, 1x3, 0.05" Pitch J2 Sullins GRPBO031VWVN-RC
1 Resistor, 10KQ, 1/8W, 1%, SM R1 KOA Speer RK73H1JTTD1002F
3 Resistor, 4.7KQ, 1/8W, 1%, SM R2, R3, R4 |KOA Speer RK73H1JTTD4701F
2 Resistor, 0 ohms, 1/8W, 1%, SM R5, R6 KOA Speer RK73Z1JTTD
1 Sensor Signal Conditioner, Resistive Sensors,
Differential and Pseudo-Differential Input signals, u2 Renesas ZSSC3224BI3R
SM
3 Jumper, 1x2, 0.05" Pitch J5,J6,J7  [Sullins GRPB021VWVN-RC
4 2 position Shunt Jumper, 0.05" jl:\ﬂﬁiz j’:\/lﬂii Sullins NPB02SVFN-RC
4 Capacitor, 0.1uF, 50V, SM C1, C2, C3, C4 |Wurth Electronics 885012206095
1 Zi(;cr)rt]’elt?eurf)g(.:r‘rnsr:ltf:laldheswe‘ Black, 6.4mm FOOT1 Bumper Specialties BS25BL0O7X30RP
1 Male Header 0.1" pitch PMOD 2x6 Right Angle J3 Wurth Electronics 61301221021
1 PMOD_6X2_RA_TH_SOCKET J4 Wurth Electronics 613012243121
1 IC, Digital, Buffer, Triple, Inverting, Open Drain, SM U1 Nexperia 74LVC3G07DC,125
R36UHO016EU0100 Rev.1.00 RENESAS Page 7
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2.3

Board Layout
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3. Software Design

The following sections present an overview of the software implementation for the US082-ZSSC3224EVZ Pmod
and detail the project's code structure, the system's software modules, and the main system flow.

3.1 Project Code Structure

The US082-ZSSC3224EVZ project is designed as a highly modular solution that can be easily configured
independently of other modules (if required) or ported to other end applications.

The project is split into two main parts:
= ZSSC3224 driver — Device driver code for ZSSC3224 that includes the 1°C communication driver.
= Application code — Main system code that enables the driver code and implements system flow.

The driver module contains the C-source files and header files. The specific user configuration is included in the
application code.

t;.r' Binaries
it Includes
B ra
= ra_gen
v 2 src
= SEGGER_RTT
W (= zssci2éd
h| rm_zssc3224_apih
h| rm_zssc3224 _cfgh
£ rm_zssc3224.c
h rm_zssc3224.h
h common_utils.h
€| hal_entry.c
€| zssc3224.c
h| zs5c3224.h
» Debug
build
ra_cfg
script
2 configuration.ml
lLinkLog.log
ra_cfg.tet
25503224 Demo Debug_Flat.jlink
X| Z755C3224_Demo Debug_Flatlaunch

?) Daveloper Assistance

Figure 13. ZSSC3224 Project Structure

= SEGGER_RTT — RTT Viewer support files
= Zssc3224 — ZSSC3224 driver source code and header files:
* rm_zssc3224 api.h — Driver function declarations
* rm_zssc3224 cfg.h — Sensor configuration file
* rm_zssc3224.c — Driver source file
* rm_zssc3224.h — Driver header file
= Common_utils.h — Header file for application code in hal_entry.c — Start of code execution
= zs5c3224.c — Device setup source file
= zscc3224.h — Device setup header file

R36UH0016EU0100 Rev.1.00 RENESAS Page 9
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main.c

hal_entry.c

zs5c3224 h

zs5C3224.c

rm_zssc3224. h

rm_zssc3224.¢

rm_zssc3224 apih

rm_zssc3224 cfgh

rm_common_i2c

L

rmn_i2c_master

FSP Driver

rm_ioport

Figure 14. Code Dependency Graph
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3.2 Software Module Overview
The ZSSC3224 demo shows the basic use of firmware API to setup and read sensor data from the ZSSC3224.

3.21 Hal_entry

This module is responsible for initializing the FSP 12C driver and setting up the ZSSC3224 device with the user-
configured settings. After setup, the module provides the following features:

= Performs device setup commands
= Reads sensor data
= Prints sensor data to RTT Viewer

3.2.2 Algorithm Flowchart

Start

Y

g_comms_i2¢c_bus0_qui
ck_setup()

h 4

g_comms_i2c_device_s
etup()

h 4

g_zs5¢3224_qguick_setu
p()

g_7s5c3224 sensorQ_re
ad()

Y

print_zssc3224 sensor_
data()

Figure 15. Algorithm Flowchart

R36UH0016EU0100 Rev.1.00 RENESAS Page 11
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3.23 Algorithm Overview

The I?C bus is opened by g_comms_i2c_bus0_quick_setup() and g_comms_device0_quick_setup(). Next,
the ZSSC3224 instance is opened by g_zssc3224 _quick_setup().

The main program loops continuously to get the sensor readings by calling g_zssc3224_sensor0_read(). The
sensor readings can be seen in the Expression window or through RTT Viewer.

The functions outlined in Figure 15 are described as follows:

hal_entry ()
= Call g_comms_i2c_bus0_quick_setup()

* Opens the I°C driver. This must be performed before calling device setup.
= Call g_comms_i2c_device0_quick_setup()

* Opens the I2C Communications device instance. This must be performed before calling any
COMMS_I12C_API.

= Call g_zssc3224_quick_setup()

* Opens the ZSSC3224 instance. This must be performed before calling any ZSSC3224 API.
= Continuously call g_zssc3224_sensor0_read()

* Sends the read data command to the ZSSC3224.

* Waits for Measurement to finish.

* Converts raw sensor data to calculated data.
= Continuously call print_zssc3224_sensor_data()

* Prints sensor data to the RTT Viewer terminal.

4. Importing Project to e2 Studio

This section outlines how to import the ZSSC3224 Demo into e2 studio.
1. Open e2 studio and click File > Import.

File Edit Source Refactor Navigate Search Project Renesas Views Run Renesas Al Window Help

New Alt+Shift+N > -+ S0 L P
Open File... - g 5= | startup.c £ main.c
4 Open Projects from File System... | gendif
Recent Files > ;
Close Editor Ctrl+W 1 #it ‘””V:
Close All Editors Ctrl+Shift+W #else
1 A
#endif
A
A
- ] }
™ Rename... F2 | + i
Refresh FS \:oia hal_
1
Convert Line Delimiters To > N7
float
rint t float
Pm_25
Export.. ! g_co
Properties Alt+Enter g_con
Switch Workspace > g_zss
Restart while
{
Exit {
o o2 I g

Figure 16. File Window

R36UH0016EU0100 Rev.1.00 RENESAS Page 12
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2. Select “Archive File”, then click Next.
a Impert

Select

Import resources from an archive file into an existing project.

Select an import wizard:
type filter text
w [ (Geners
T CMSIS Pack
l=* Dialog SDK Project
[ Existing Projects into Workspace
4 File System
[T} Preferences
4 Projects from Folder or Archive
I=* Rename & Import Existing C/C+ + Project into Workspace
«" Sample Projects on Renesas Website
= C/C++
= Git
» Install
» Oomph

Figure 17. Import Window

3. Click Browse.

Q Import

Archive file

3 Source file is not a valid Zip file.

From archive file:

Filter Type: Select Al
iiter Iy |

K

Cancel

Browse...

Into folder: ,|

] Overwrite existing resources without warning

< Back
Figure 18. Import Selection Window

4. Select “ZSSC3224 Demo.zip” from your file system.
5. Click Finish.

Browse...

Cancel

R36UH0016EU0100 Rev.1.00 RENESAS
Mar 24, 2025
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5. Board Test

5.1 Setting Up the Boards and Cable

Verify that you have followed the procedure in Kit Hardware Connections.

5.2 Programming the Development Board and Running Example Code in

Debug Mode

1. Open the sample project in e2 Studio.
2. Click the “Build” icon (see Figure 19).

File Edit Source Refactor Navigate Search Project Renesas Views Run Rene

oy d& A ] | H-Q
i Project Explorer X =R " § = 0| g startup.c L€ main
c
ISI_DPM Test ~
1= 15LDPM_Tes Summary

= sensorzssc3224.zip_expanded
= sensorzssc3240.zip_expanded
v =5 Z55€3224 Demo [Debug]

Project Summan

-*«‘:sb Binaries
[n! Includes Board:
@ ra Device:
% ra gen Toolchain: )
v (& Sr; Toolchain Version:

Figure 19. Project Build

3. From the menu bar, select Run > Debug Configurations.

& 5_2_workspace - Z55C3240_Demo/configuration.xml - e® studio

File Edit Source Refactor Navigate Search Project Renesas Views Run Renesas Al Window Help

®-4| -

| \

Renesas Debug Tools

{5 Project Explorer X =h=9 g = O/ g startup.c Resume
=5 I1S|_DPM _Test ~ Suspend
e Summary .
l=* sensorzssc3224.zip_expanded erminate
l=* sensorzssc3240.zip_expanded Disconnect
v 15 Z55C3224 Demo [Debug] Project S . stepinto
¥ Binaries Step Over
il Includes Boa_rd- Step Return
(2 ra Device: Run to Line
@8 ra gen Toolchain: e step, Filters Shift+F5
B Toolchain - S
src . un rl+
N FSP Versic -
(= SEGGER RTT . & Debug F11
Project Ty|
¥ & 32z . Location: Run History >
|| rm_zssc3224_apih O RunAs 5
th] rm zssc3224 cfgh Run Configurations...
L€l rm_zssc3224.c
Debug Hist >
|l rm_zssc3224.h ebug story
k- >
[ common_utils.h ¥ Debug As
Debug Configurations...
kel hal entry.c Summary | BSP -
l€] zssc3224.c = Breakpoint Types >
L]
|| zssc3224.h (21 Problems || Toggle Breakpoint Ctrl+Shift+B

(= Debug

= build

> ra_cfg

> script

‘1-,?‘ configuration.xml|

JlinkLog.log

ra rfoheb

RA FSP

9,

Q

Toggle Line Breakpoint
Toggle Watchpoint

Toggle Method Breakpoint
Skip All Breakpoints

Remove All Breakpoints

External Tools

Figure 20. Debug Configurations
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4. Select Renesas GDB Hardware Debugging > ZSSC3224 Demo Debug_Flat (see Figure 21).

5. Click the Debug button.

Q Debug Configurations

Create, manage, and run configurations

MNamne: | ZS5C3224_Demo Debug_Flat

type filter text

[ ] Main % Debugger| B Startup| (] Common| & Source

[€] ¢/C++ Application

[€] ¢/C++ Remote Application
EASE Script 755C3224 Demo

[€] GDB Hardware Debugging

[£”] GDB Simulator Debugging (F

8 Launch Group

Project:

C/C++ Application:
Debug/Z55C3224_Demo.elf

w [£] Renesas GDB Hardware Debt Variables... Search Project...

£ 7] ek_rabmd_sensorzssc322: Build (if required) before launching

[£7 ek_rabmd_sensorzssc324(

¥ 15| DPM Test Debug Flat Build Configuration: Use Active

| ien(siies Donobotioy | (") Enable auto build (") Disable auto build

i 7 Z55C3240_Demo Debug_
[£7] Renesas Simulator Debuggin

< >

Filter matched 13 of 17 items

Figure 21. Start Debug Mode

6. Click the “Play” button to run the code (see Figure 22).

File Edit Source Refactor Navigate Search Project Renesas Views Run Renes:

R N I e e

g

*} Debug X = |jﬁ’ § = 0|9 startup.c X Lc| main.c

v [£7] Z55C3224_Demo Debug_Flat [Renesas GDB b4 Begalalc | syst
v T2 75503224 Demo.elf [1] [cores: 0] ;é /% C
v o Thread #1 1 (single core) [core: 0] (Susp 67 000ela22 mair
— 68
' = Reset_Handler() at startup.c:64 Ox1a1l 69 @o0elazs  © whil
p arm-none-eabi-gdb (12.1) 70 {
» | Renesas GDB server (Host) ;i }
; 73 }
74
76 + ¥ Defar
78 -~ BSP_SECT
79 {
20 @ ik
84 00001a18 BSP_
85 }

Figure 22. Running the Code

(®) Use workspace settings Configure Workspace Settings...

O

Browse...

Browse...

Close

L
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5.3 Using RTT Viewer

1. Open the J-Link RTT Viewer.

2. Unplug the EK-RA6M4 from your PC and then plug it back in.
3. Press S3 on the EK-RA6M4.

J-Link RTT Viewer V7.96i -
File Terminals Input Logging Help
Connect F2

Exit Alt+F4
Stay on Top

Enter

RTT Viewer disconnected. 277.810 KB

Figure 23. RTT Viewer

4. Click File > Connect.

J-Link RTT Viewer V7.96i | Configuration X
Connection to J-Link
®) UsB [] serial No
TCP{IP
Existing Session
Specify Target Device
R7FABM4AF

Force go on connect

Script file (optional)

Target Interface & Speed
JTAG ~ 4000 kHz ~

JTAG scan chain information
®) Auto detection

Simple configuration

RTT Control Block
Auto Detection Address ®) Search Range

Enter one or more address range(s) the RTT Control block ¢
Syntax: <RangeStart [Hex]> <RangeSize>[, <RangeiStart
Example: 0x10000000 0x1000, 0x2000000 0x1000

N | 020000000 OxB000

[ 0K ] Cancel

Figure 24. RTT Viewer Options

5. Ensure your configuration matches the configuration shown in Figure 24.
a. Search Range: 0x20000000 0x8000.
6. Click OK.

R36UH0016EU0100 Rev.1.00 RENESAS
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7. The following output in the “All Terminals” tab is displayed (see Figure 25).

J-Link RTT Viewer V/7.96i — O X

File Terminals Input Logging Help

All Terminals Terminal 0

aa> s e ok ok o ok K ok e e ok sk ok ok ke sk e e ok sk i ok ok ok i e ok sk sk ok ok ok ok K Ok ok ok ke ok R ~

ee>

ee> ********W*Zsscszzq_ Sensor‘ Data**********
ee:>

ee> Temperature = 1e88.50 (F)

80>  Sensor Reading = 34089.21

DO KK K K K R KK K 3 3 3 3o S KK K K K 3 3 3 oK 3 3K
ee:>

80> ** *Z55C3224 Sensor Data**

ee>

80> Temperature = 108.50 (F)

80> Sensor Reading 3389.89
aa > 3 3k ok sk e ok ok ok sk sk ok ok sk sk ok sk sk sk ke ok sk ke ke ok 3k sk ke ok 3k ke ok ok 3k ok ok ok Kk ok ok

ee>
BO> FEKAKKKKRKTSSC3224 Sansor Datg™®#kkxs ki

ee>

ee> Temperature = 1e88.50 (F)

80>  Sensor Reading = 3367.45

ee> EEEEEEEEEEEEEEEEEEEEEEEEEEE R EE R E R R
ee>

aa> :‘:ﬂ:*:‘i:‘:ﬂ:*:‘i:‘:ﬂ:zsscszzq_ Sensor Data**********
ee>

80> Temperature = 108.50 (F)

80>  Sensor Reading = 3386.37

Ba> EE 2 EE TS EE LSS S EEEE RS SR E ST S S

80> v

O O«
NN

]

[

L

LOG
LOG
Melc
LOG

)]

(=

< >

DTT Wmsrne mammacbad 0 270 VD

Figure 25. Demo Output

6. References

Use the following links to learn about key elements of the RA family, download components, related
documentation, and obtain support.

ZSSC3224 Product Page

e2 Studio Website

RA Product Information

RA Product Support Forum

RA Flexible Software Package

Renesas Support
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7. Ordering Information

Part Number

Description

US082-SSC3224EVZ

Sensor Signal Conditioner Pmod Board

8. Revision History

Revision Date Description
1.00 Mar 24, 2025 | Initial release.
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