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US082-ZSSC3123EVZ

Pmod™ Board

Description

The US082-ZSSC3123EVZ Pmod board
demonstrates the functionality and performance of
the ZSSC3123. The ZSSC3123 is a CMOS
integrated circuit for accurate capacitance-to-digital
conversion and sensor-specific correction of
capacitive sensor signals. Digital compensation of
sensor offset, sensitivity, and temperature drift is
accomplished using an internal digital signal
processor running a correction algorithm with
calibration coefficients stored in a non-volatile
EEPROM.

The ZSSC3123 is configurable for capacitive sensors

with capacitances up to 260pF and a sensitivity of
125aF/LSB to 1pF/LSB depending on resolution,
speed, and range settings. It is compatible with both
single-capacitive sensors (both terminals must be
accessible) and differential-capacitive sensors.

Measured and corrected sensor values can be output

as I1°C, SPI, pulse density modulation (PDM), or
alarms.

Kit Contents

= US082-ZSSC3123EVZ Pmod Board
= Die or 4.4 x 5.0 mm 14-TSSOP package

Features

= Maximum target input capacitance: 260pF

= Sampling rates as fast as 0.7ms at 8-bit resolution;
1.6ms at 10-bit; 5.0ms at 12-bit; 18.5ms at 14-bit

= Digital compensation of sensor: piece-wise 1st and
2nd order sensor compensation or up to 3rd order
single-region sensor compensation

= Digital compensation of 1st and 2nd order
temperature gain and offset drift

= Internal temperature compensation reference (no
external components)

= Programmable capacitance span and offset

= Layout customized for die-die bonding with sensor
for low cost, high-density chip-on-board assembly

= Accuracy as high as £0.25% FSO at -40°C to
125°C, 3V, 5V, VsuprLy £10% (for restrictions, see
section 5 of the ZSSC3123 Datasheet)

= Wide capacitance range to support a broad
portfolio of different sensor elements

= Excellent for low-power battery applications

= |2C or SPI interface — easy connection to a
microcontroller

= PDM outputs (Filtered Analog Ratiometric) for both
capacitance and temperature

= Up to two alarms that can act as full push-pull or
open-drain switches

= Supply voltage: 2.3V to 5.5V

= Typical current consumption 750uA down to 60pA
depending on configuration

= Typical Sleep Mode current: < 1pA at 85°C
= QOperation temperature: -40°C to +125°C

Figure 1. US082-ZSSC3123EVZ Pmod Board
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1.

Functional Description

The US082-ZSSC3123EVZ Pmod board is intended as a quick connect prototyping solution for ZSSC3123.
Figure 2 highlights the main parts of the system.
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Figure 2. US082-ZSSC3123EVZ (Wide Capacitance) Pmod Board Block Diagram

1.1

Setup and Configuration

Required or recommended user equipment:

= Renesas Evaluation Board: EK-RA2E1
= USB micro-B cable (provided with EK board)
= PC running Windows® 10/11 with at least two USB ports

= USO082-INTERPEVZ board

= Capacitive sensor and 130pF to 260pF through hole capacitor for quick evaluation

Required or recommended software:

= Renesas Flexible Software Package v5.4.0 platform installation:

* Renesas €2 studio 2024-04 or later

e FSP 5.4.0 or later

* GCC Arm Embedded 13.2.1 (13.2.1.arm-13-7) or later
= Sample code files (available on the ZSSC3123 product page)

The US082-ZSSC3123EVZ Pmod Board should be calibrated before running this demonstration. The calibration
software and documentation are available on the ZSSC3123 product page.

1.1.1 Software Installation

For the latest version of the installer software, visit the e2 studio product page.
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1.1.2 Kit Hardware Connections

To set up the kit, complete the following procedures (see also Figure 3).

1. Ensure that the MCU development kit supports a Type 6A Pmod connector.
a. Forthe EK-RA2EL board, a Pmod1 connector is available.

2. Onthe US082-ZSSC3123EVZ board, populate J5, J6, and J7 with jumpers and leave the other jumpers
open.

3. Plug in the US082-INTERPEVZ board to Pmod1 connector of the EK-RA2E1 board. Be careful to align Pin 1
on the Pmod board and MCU Kit.

Plug in the US082-ZSSC3123EVZ board to the US082-INTERPEVZ board.

Connect the capacitive sensor or 130pF to 260pf through hole capacitor to connector pins 1 and 2 of J1 on
the US082-ZSSC3123EVZ board.

Connect the EK-RA2E1 board with a computer using a USB micro-B cable.
The device is now ready to be used in the system.

Interpose

Sra oy ¥ g

il

Micro-USB Serial

ZSSC3123 Pmod Connector

AR 94V-0
[0E-MI1 E365781 Version 1

P/N RTK7EKAZE1S00001BE
rencsas.com/ro/ek-ro2el .~ |,

i i Eame
RA2E1 MCU
P/N RTFA2E1AQ20FM
C . 16KB SRAM, LOFP64

Figure 3. US082-ZSSC3123EVZ Pmod Board with EK-RA2E1 MCU Kit
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2. Board Design
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Figure 5. US082-ZSSC3123EVZ Pmod Board Image (Bottom)
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Schematic Diagrams

2.1
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Figure 6. US082-ZSSC3123EVZ Pmod Board Schematic
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2.2 Bill of Materials (BOM)
Reference - Manufacturer Part
Qty Designator Description Manufacturer Number
C1,C2,C3, .
7 C4. C5, C6, C7 Capacitor, 0.1pF, 50V, SM Yageo CCO0603KRX7R9BB104
1 FOOT1 Foot, Rubber, Self-adhesive, Black, 6.4mm dia, Bumper Specialties BS25BLO7X30RP
2.1mm tall
1 J1 Connector, 1x4, 2.54mm, RA, Terminal Block, TH Phoenix Contact 1725672
3 J2,J8, J9 Jumper, 1x2, 0.1" Pitch Sullins PBCO0O2SAAN
1 13 Connector, 2x6, 0.1", Pmod, Header, Right Angle, Harwin M20-9950645
Unshrouded
1 J4 Connector, 2x6, 0.1", Pmod, Socket, Right Angle Samtec 613012243121
3 J5, J6, J7 Jumper, 1x2, 0.05" Pitch Sullins GRPB021VWVN-RC
JMP5, JMP6, | 2 C, Closed Top, .050" CC; No Mounting, 105 C, .
3 JMP7 Nylon 66; Phos Bronze, Gold Flash Sullins NPBO2SVFN-RC
3 R2, R3, R4 Resistor, 4.7K ohms, 1/8W, 1%, SM KOA Speer RK73H1JTTD4701F
2 R5, R6 Resistor, 0 ohms, 1/8W, 1%, SM KOA Speer RK73Z1JTTD
1 UL g:,\’AD'g'ta" Buffer, Triple, Inverting, Open Drain, Texas Instruments |  SN74LVC1GO6DCKT
1 u2 Sensor Signal Conditioner, Capacitive Sensor, SM Renesas ZSSC3123AA2R
1 u3 IC, Digital, Buffer, Non-Inverting, Open Drain, SM Texas Instruments SN74LVC1GO07DCKT
1 U4 IC, Digital, Gate, 2 Input OR, SM Texas Instruments SN74LVC1G32DCKR
R36UHO0013EU0100 Rev.1.00 RENESAS Page 7
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2.3 Board Layout
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3. Software Design

This section provides an overview of the software implementation for the US-082 ZSSC3123EVZ Pmod board,
which is based on the Renesas RA Family's Flexible Software Package (FSP). It explains the project's code
structure, the system's software modules, and the main system flow.

The provided demo sets the ZSSC3123 to command mode upon start-up and uses the
RM_SSC3123_MeasurementStartComplete and RM_SSC3123 Read commands to periodically take
temperature and capacitance measurements every 250ms. The capacitance is converted to a percentage and
the temperature is converted to degrees Fahrenheit. The results from each measurement are stored in output
array cap_temp_vals.

The ZSSC3123 supports single-ended, single-ended with external reference, and differential-ended mode
measurement using the four pins on connector J1. To configure the desired connection of the capacitive sensor,
see section 9.2.1.1, 9.2.1.2, and 9.2.1.3 of the device datasheet. This section shows the specification of the
ZSSC3123 middleware.

For this demo, the ZSSC3123 is set to operate using pins CC and CCO for capacitance measurements. For
more information, see section 9.2 of the ZSSC3123 Datasheet.

3.1 Project Code Structure

The Quick Connect project is designed to be a highly modular solution that can be easily configured
independently of other modules (if required), or ported to other end applications.

Figure 13 shows the structure of the project in e2 studio.

v I-% zss¢3123_DEMO [Debug]

1;,.“’ Binaries

mil Includes

S ra

* ra_gen

v 2 src

lc] blinky_thread_entry.c
|| hal_entry.c
|| rm_ssc3123_apih
|| rm_ssc3123_cfg.h
L rm_ssc3123_ra_driver.c
€ rm_ssc3123.c
|h] rm_ssc3123.h
|h| ssc_data.h
|.g] ssc3123_thread_entry.c

. Debug

(= build

. ra_cfg

= script

fr configuration.xml

= JLinkLog.log
ra_cfg.txt
= z55c3123 Debug_Flatjlink
X zs5c3123 Debug_Flatlaunch

(?) Developer Assistance

Figure 13. Project Structure
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95¢ [z85€3123_DEMO] FSP Configuration =0

Stacks Configuration Generate Project Content

Threads 4 | New Thread = HAL/Common Stacks %] New Stack >
v ;_ HAL/Common
& o 1 1/0 Port (r i ) ¥ g_ioport I/0 Port 4 FreeRTOS Port = g_comms_i2c_device0 |2C Communication Device
. g_iopo! ort (_iopo (r_ioport) (rm_freertos_port) (rm_comms_i2c)
4° FreeRTOS Port (rm_freertos_port)
@ g_comms_i2c_device0 12C Communication Device (rm_comms_| @ @ @
& Blinky Thread a

4 5503123 Thread o
% g_comms_i2c_bus0 12C Shared Bus (rm_comms_i2c)

@

A
I

4 g_i2c0 12C Master (r_sci_i2c)

< > ®
. . ry
Objects % | New Object > I I

% Add DIC Driver for % Add DTC Driver for
Transmission [Optional] Reception [Optional]

@ s5c3123_callback_wait_semaphore Binary Semaphore

Summary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks| Components

Figure 14. FSP Stacks

3.2 ZSSC3123 API
The ZSSC3123 middleware supports the following API calls:

API Call Function
RM_SSC3123_Open Opens connection between RA2E1 and ZSSC3123.
RM_SSC3123 Close Closes connection between RA2E1 and ZSSC3123.

Ends command mode and transitions to Normal Operation mode for initiating

RM_SSC3123_MeasurementStartComplete measurement. See ZSSC3123 Datasheet (Table 25 and 29) for more info.

Takes desired capacitance range as input and sets the proper register bits, along
RM_SSC3123_SetCapRange with the resolution in the ZSSC3123 EEPROM Word. For more information, see
Table 31 of the ZSSC3123 Datasheet.

Takes desired capacitance offset/shift as input and sets the proper register bits in the

RM_SSC3123_SetCapOffset ZSSC3123. For more information, see Table 31 of the ZSSC3123 Datasheet.

Changes operating mode of ZSSC3123 to Command mode. For more information,

RM_SSC3123_ModeSelect see Table 32 of the ZSSC3123 Datasheet.

RM_SSC3123 Read Used after any of the measurement API calls to receive data from the ZSSC3123.
RM_SSC3123_Write Writes commands to the ZSSC3123.
RM_SSC3123 SensorldGet Returns the ZSSC3123 Sensor Id.

Note: The first two bits in the first byte returned by RM_SSC3123 Read are the status bits. For more
information, see Figure 19 in the ZSSC3123 Datasheet.

R36UHO013EU0100 Rev.1.00 RENESAS Page 10
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4. Board Test

4.1 Run Code in Debug Mode

1. Open the sample project code in Renesas e2 studio IDE.

2. From the menu bar, click on Run and choose Debug Configurations.

@ QCI0T-Z55C3123P0CZ - zs5c3123_DEMO/src/ssc3123_thread_entry.c - * studio

file Edit Source Refactor Navigate Search Project RenesasViews Run RenesasAl Window Help

A~ o H-Q<-id@y
) Project Explorer X | 5 § = 0|/ (zssc3123 0EMO] F @
@ qiors f&
125 255¢3123 DEMO [Debug|

& Binaries A o

&) Includes

3 ra 6

B EG

3 src y
[&) blinky_thread_entry.c o
£ hal_entry.c 11
(B rm_ssc3123_apin
(B rm_ssc3123_cfgh '

ra_gen 4 S

Renesas Debug Tools

Run
Debug

Run History
Run As

Run Configurations..

Debug History

Debug As

Debug Configurations...
Breakpoint Types

Ctri+F11
11

eters);
[8 rm_ssc3123_ra_driver.c
{8 rm_ssc3123.c 1€ Jale Meth
B rm_ssc3123h x ®  Skip All Breal
(8 ssc_datah 19 Remove All E
ke:seca123 thieed evinyic 20 Q. Extemal Tools 5
> Debug e - -
s build rm_ssc3123_container_status_t container_status;
» ra_cfg

} configurationxmi

@1

JLinkLoglog
ra_cfatxt o ®
2s5¢3123 Debug_Flatjlink 4

X) zss¢3123 Debug_Flatlaunch {

®

Developer Assistance

© Console X | (] Properties| @ Smart Browser| &} Smart Manual

void sys_init(void)
i2c_bus_init();

ssc3123_init();

COT Build Console [zssc3123_DEMO]
Building file: ../ra/aws/FreeRTOS/FreeRTOS/Source/queue.c

<

BaseType_t xssc3123_callback_Semaphore_given;
» script 2 rm_ssc3123_raw_data_t g_ssc3123_raw_data;
rm_ssc3123_data_t g_ssc3123_data;

3 Search (©) Visual Expression

ra/aws/FreeRTOS/FreeRTOS/Source/stream_buffer.c
ra/aws/FreeRTOS/FreeRTOS/Source/tasks.c
./ra/aws/FreeRTOS/FreeRTOS/Source/timers.c

= o X

Q 9| Ehc/ces ) FsP Configuration #F Debug
= 0| x| = 0O

2 2R <,

% E
2 (o]
u sazl
o ssc data] ™

stdioh

4 cempn
# EMPTY
+5 553123
i2¢_bus_init(v

sys_init(void)

sys_setup(voi
4 s5c3123 thre|
% cap_temp_va
S cap_percent

S temp_c:f

temp_f

container_stz
xssc3123_cal
g.ssc3123ra
g_ssc3123
sys_init(void)
9 s5c3123_init()
i2¢_bus_init(y
sys_setup(voi
ssc3123_thre,

-
.
.
-
.
-
.
.
°
°
°
°
°

Writable Smart Insert 1:1:0

Figure 15. Debug Configuration

3. Select ZSSC3123_DEMO Debug under Renesas GDB Hardware Debugging, then click on the Debug

button.

a Debug Configurations

O X
Create, and run i
CEeREXBY- Name: | zssc3123_DEMO Debug
‘tyue filter text ‘ [} Main| % Debugger | b Startup| 2] common | % Source
[€] C/C++ Application o M
[€] C/C++ Remote Application
-] EASE Script [ 2ssc3123 DEMO Browse,
E] GDB Hardware Debugging C/C++ Application:
[£7] GDB Simulator Debugging (RH850) ‘ Debug/|zssc3123,DEMO‘elf
8 Launch Group
v E] Renesas GDB Hardware Debugging Variables. Search Project... Browse...
T * zs5¢3123_DEMO Debug [local] Build (if required) before launching
[£7] Renesas Simulator Debugging (RX, RL78)
Build Configuration: |Select Automatically ~
O Enable auto build O Disable auto build
(@) Use workspace settings Configure Workspace Settings...
- - Revert Apply
Filter matched 9 of 13 items

oy
@
@

Figure 16. Start Debug Mode
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4. The code will enter debug mode as shown below.

a QCIOT-ZSSC3123POC7Z - z5sc3123_DEMO/ra/fsp/src/bsp/cmsis/Device/RENESAS/Source/startup.c - e? studio

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

|® - & - L R T N L S Lt L T
% Debug X = 8 1w [zss€3123_DEMO] FSP Configuration |c| ssc3123_thread_entry.c |g| startup.c X
= \i='v 8 24 #endif
25

v [£7] z55¢3123_DEMO Debug [Renesa

- P R
v 5B 755¢3123_ DEMO.elf [1] [cores i; ® * Typedef definition)
v i Thread #11 (single core) | 30 /* Defines function pointers to be used with vector table. */
= Reset Handler() at star 31 typedef void (* exc_ptr_t)(void);
s arm-none-eabi-gdb (12.1) 32
1 Renesas GDB server (Host) 34 #® * Exported global variables (to be accessed by other files)[]
36
38 #® * Private global variables and functions[]
49 void Reset_Handler(void);
41 void Default_Handler(void);
42 int32_t main(veid);
a3
45 ® * MCU starts executing here out of reset. Main stack pointer is set up already.[]

47 ~ BSP_SECTION FLASH GAP void Reset_Handler (void)
48 1

49 /* Initialize system using BSP. */

50 00001abs | SystemInit();

52 /* Call user application. */

{53 0o0dlabe main();
| 55 0000lac2 = while (1)
= 57 /* Infinite Loop. */

® * Default exrention handler M
<

B Console X Registers | < Search t_ Problems EDebuggerCDnsDIe @ Smart Browser B Renesas Debug Virtual Console | "} Visual Expression U Memory
2s5¢3123_DEMO Debug [Renesas GDB Hardware Debugging] [pid: 28]

Tal BEL LUMmISL LU Stalus - Un

Target connection status - 0K

Starting download

Option Function Select, writing to address @x@0000400 with data ffffffffdfceffff

SECMPUxxx, writing to address 0x@0000408 with data fcffefeeffffefeefcffefeeffffefeo...

Finished download

Hardware breakpoint set at address @xb6@

Figure 17. Code Debug Mode

5. Press F8 or click on the resume | = icon to run the demo code.

R36UHO013EU0100 Rev.1.00 RENESAS
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4.2 Check Sensor Output

From the menu bar, click on Renesas Views/Debug/Visual Expression. Then, click on Windows/Show
Views/Expressions (see Figure 18).

You should see the variables in the Expression window and Gauge icons in the Visual Expression windows. If

not, you can add those variables manually. The capacitor reading and temperature reading will be available in
real time.

8 QCIOT-ZSSC3123POCZ - 255¢3123_DEMO/ra_gen/main.c - € studio o x|
File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al Window Help
R - * % Q- - % - A Q B&C/C++ @ FSP Configuration | Debug
1 Debug X i =8 [zs5¢3123_DEMO] FSP Configuration €] 55¢3123 _thread_entry.c ¢ startup.c € mainc X =n Variables % Breakp.. | Disasse. Project Express.. X Periphe.. = O
v [ 255¢3123_DEMO Debug [Renesas G } A t v Rexrir
v @ 255¢3123_DEMOel (1] [cores: 0] i } Expression Type Value
@ Thread #1 1 (single core) [con ’ & cap_percent float 91.9794922
» arm-none-eabi-gdb (12.1) int main(void) § container_status  rm_ssc3123 _container_status_t RM_SSC3123_CONTAINER_EMPTY
»] Renesas GDB server (Host ( & temp_f fioat 73421257
g_fsp_common_thread_count = 0; § Add new expression
g_fsp_common_initialized = false;
g_fsp_common_initialized_semaphore =
#if configSUPPORT_STATIC_ALLOCATION
xSemaphoreCreateCountingStatic(
Selse
xSemaphoreCreateCounting (
#endif
256,
1
#if configSUPPORT_STATIC_ALLOCATION
, &¢_fsp_common_initialized_semaphore_memory
#endif
)
if (WLL == g_fsp_common_initialized_semaphore)
rtos_startup_err_callback (g_fsp_common_initialized_semaphore, 0);
blinky_thread_create ();
$5c3123_thread_create ();
vTaskStartScheduler ();
return 0;
}
#if configSUPPORT_STATIC_ALLOCATION
void vApplicationGetIdleTaskMemory(StaticTask_t **ppxIdleTaskTCBBuffer, StackType t **p
int12 + *nn1TAdlaTackStarkSize) RSP WEAY REEERENCE i
< > < >
© Console Registers Search (% Problems | @ Debugger Console @ Smart Browser B Renesas Debug Virtual Console () Visual Expression X  [J Memory =~ & =0
\a METER
M
cap_percent Py’
< > | THERMOMETER v

[ T

Figure 18. Sensor Reading

5. Ordering Information

Orderable Part Number Description

US082-ZSSC3123EVZ SSC3123 Pmod Board

USO082-INTERPEVZ Interposer Board

6. Revision History

Revision Date Description

1.00 Oct 18, 2024 | Initial release.
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