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QCIOT-ISL76682P0OCZ
ISL76682 Light-to-Digital Sensor

The QCIOT-ISL76682POCZ (QCIOT-021) board
enables quick prototyping of the ISL76682 auto light-
to-digital sensor for automotive as well as industrial
light sensing applications.

The board provides a standard PMOD™ Type 6A
(Extended I°C) connection for the on-board sensor to
plug into any MCU evaluation kit with a matching
interface/connector.

The QCIOT-021 features PMOD connectors on both
sides of the board allowing additional Type 6/6A
boards to be connected in a daisy-chained solution
with multiple sensors on the same MCU PMOD
connector. With its standard connector and software
support, the QCIOT-021 board is ideal for Renesas’
QuickConnect Platform to rapidly create an loT
system.

Features
= Light-to-digital sensor
= 1.7V to 3.6V supply

* Low power: 65uA maximum operating current,
0.5pA maximum shutdown current. Configurable
PNP-, NPN- and push-pull mode

= lIdeal, close to human eye, spectral response

= Simple output code directly proportional to lux

= |°C (SMBus-compatible) output

= Sensor packaged in a small 2.0 x 2.1 mm 6-DFN

Board Contents
» |SL76682 Light-to-Digital Sensor
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Figure 1. QCIOT-021 Light-to-Digital Sensor Board
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1. Functional Description

The QCIOT-021 board is used as a QuickConnect prototyping solution for a light-to-digital value converting
interface, enabling fast, simple and cost-effective applications evaluation for a Renesas ISL76682 device. This
board can be used with any Renesas evaluation or fast prototyping MCU board. For evaluation kits, an
interposer US082-INTERPEVZ board might be needed.

Figure 2 highlights the main parts of the system.

PMOD I/F
3V3 ©—» 3v3 »| ISL76682
SDA ©¢—> PMOD Automotive | 12C [ o
SCLK @< Type 6A Light Sensor
GPIOs/IRQ@<-- 2¢ ’ 2
GNDE@—] A

Figure 2. QCIOT-021 Board Block Diagram

The building block of the QCIOT-021 light sensor board consists of only one ISL76682 component and is very
well suited for fast and cost-effective sensor evaluation.

1.1 Operational Characteristics

The QCIOT-021 board can be used as a starting point for light-to-digital sensor testing/development in industrial
and automotive applications.

The board is designed with following characteristics:
= Input voltage: 2.25V to 3V
= Operating current up to 65pA

= Maximum shutdown current 0.5uA
= Selectable range using I°C: 0.015 lux to 64000 lux

1.2 Setup and Configuration

The following hardware and software are required for setup and configuration:
Hardware:

= Renesas evaluation kit EK-RA2E1 or other EK or FPB board

= Renesas ISL76682 light-to-digital sensor PMOD™ board QCIOT-ISL76682POCZ
= Renesas interposer board US082-INTERPEVZ

= USB micro-B cable (provided with evaluation kit board)

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

Software:

= Renesas Flexible Software Package v4.5.0 platform
e e2 studio 2024-01.1 (24.1.1) or later
* FSP 4.5.0 or later
* GCC Arm Embedded 10.3.1 (10 2021.10) or later
= Sample code files (available on the webpage for this device)

R30ANO0459EDO0100 Rev.1.00 RENESAS Page 3
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1.2.1 Software Installation
Install the FSP v4.5.0 version (supporting the QCIOT-021 board) and the latest version of the e2 studio installer.

1.2.2 Hardware Connections

Refer to Figure 3 and use the following procedures to setup the kit.

1. Connect the QCIOT-021 PMOD board to PMOD1 through an interposer board.

a. For kits other than the EK-RA2E1, an I°C sensor board can be connected directly to the dedicated Type
6A PMOD connector (if a Type 6A PMOD is available). Otherwise, ensure that the kit can use the
US082-INTERPEVZ interposer board. Insert the interposer board into the MCU connector before adding
any sensor boards.

2. Ensure that pin 12 of the PMOD is 3.3V (this is requested by the QCIOT-021 board).

a. For some evaluation boards, the pin 12 of the PMOD is 3.3V by default, thus, no change is required.
Check the user manual before prior to usage.

b. Only one set of I2C pull-up resistors should be used on the bus. If multiple PMOD connected boards are
used, only one board should have the jumpers present.

If multiple modules use the IRQ# line on the PMOD, only one pull-up jumper should be present.

MCU kits typically do not have pull-up resistors present on the bus lines. Ensure to check if any are
present.

3. Connect the evaluation kit with a computer using a USB micro-B cable. This is required for programming the
board, debugging or for power.

4. The setup is now ready to be used in the system. For board testing, see section Quick Start Guide — Board
Testing.
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Figure 3. QCIOT-021 10-Link Device CCE4503 Test Setup
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2. Board Design
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Figure 5. QCIOT-021 10-Link Device Transceiver Board (Bottom)
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2.1 Schematic Diagrams
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Figure 6. QCIOT-021 10-Link Device Transceiver Schematics
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2.2 Bill of Materials

Quantity | Designator Description Manufacturer Manufacturer Part Number
3 C1, C2,C3 | Chip Capacitor, 100nF +20%, 10V, 0402 Yageo CC0402KRX7R6BB104
1 J1 CONN HEADER R/A 12POS 2.54MM Sullins PRPC006DBAN-M71RC
1 J2 CONN HDR 12P0OS 0.1 GOLD PCB R/A Sullins PPPCO062LJBN-RC
2 J3, J4 CONN HEADER VERT 2POS 1.27MM Sullins GRPB021VWVN-RC
1 J5 CONN HEADER VERT 3POS 1.27MM Sullins GRPB031VWVN-RC
3 JMT,\’/I;ZAPZ’ CONN JUMPER SHORTING 1.27MM Sullins NPB02SVFN-RC
Chip Resistor, 4,7kQ, £1 %, 63mW,

1 R1 55 t0 155 °C, 0402 Yageo RC0402FR-074K7L
Chip Resistor, 200kQ, £1 %, 63mW,

2 R2, R3 .55 to 155 °C, 0402 Yageo RC0402FR-07200KL
Automotive Low Power, High Sensitivity, Light-

! U1 to Digital Sensor With I12C Interface Renesas ISL76682AROZ-T7A

R30ANO0459EDO0100 Rev.1.00
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2.3 Board Layout
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Figure 7. Top Silkscreen Figure 8. Bottom Silkscreen

Figure 9. Top Layer Figure 10. Bottom Layer
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3. Software Design

This section provides a brief overview of the software implementation for the QCIOT-021 board which is based
on the Renesas RA Family's Flexible Software Package (FSP). The following sub-sections describe the project's
code structure, the system's software modules, and the main system flow. The application-level code is based
on bare metal concept that does not use any RTOS and periodically serves all processes in a main loop.

3.1 Project Code Structure

The QuickConnect ISL76682 project is designed to be highly modular in terms of sensors and simple realization.
Solutions can be easily configured independently of other modules (if required) or ported to different end-
applications.

Figure 11 shows the e2 studio folder project structure.

File Edit Scurce Refactor Mavigate Search Proj
B {% * |md \:-'::' @ |

Q
&
[}

=
L]~

Fa P roject Explorer < =
v == QCIOT_ISL76682_EKRA2E1 [Debug] ~
q{f’ Binaries
[mp Includes
[EC
2 ra_gen
w2 src
~ (= isl76682
ra_isl76682_profile.h
rm_isI76682_api.h
lg] rm_isl78682.c
rrn_isl76682.h
L] hal_entry.c
\c] isI76682_demno.c
= Debug
= Release
[= ra_cfg
[= script
{I.E:: configuration.xml

JL

= JlinkLog.log

= QCIOT_021_ALS_EKRAZET Debug,jlink
=| ra_cfg.bet

{(7) Developer Assistance

Figure 11. QCIOT-ISL76682-EKRA2E1 e2Studio Project Folder Structure

e2 studio folder structure:

= ra — automatically generated files for FSP drivers source code and header files
= ra_gen — generated files by FSP configuration
= src — application code that consists of:
* isl76682 — folder containing low level drivers and control procedures for the is|76682 sensor

Click on configuration.xml in the project and open the Stack Tab to see the FSP packages configuration (see
Figure 12).

R30ANO0459EDO0100 Rev.1.00 RENESAS Page 9
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4| New Stack >

Generate Project Content

Stacks Configuration
Threads = HAL/Common Stacks
v i HAL/Common
& g ioport |/0 Port (r_ioport) 7 g_iopert I/0 Port 4 sensor_delay Timer,
E sensor_delay Timer, General PWM (r_gpt) (ioport) General PWM (r_gpt)
E g_comms_i2c_device2 12C Communication Device (rm_comms_i2c) @ @

4 g_comms_iZc_device2 12C Communication Device

(rm_commes_idc)

@

Iy

Objects

42 g_comms_iZc_bus0 12C Shared Bus (rm_comms_i2c)

@

ry

4 g_i2c0 12C Master (r_sci_iZc)

@

Iy

%] Add DTC Driver for %] Add DTC Driver for

Transmission
[Optional]

Reception [Optional]

Figure 12. Stacks Configuration — Hal/Common

3.2 Application Structure

The application is running bare metal and starts in the hal_entry() function. FSP configuration is already setup
and shown in Figure 12. The user application starts with initialization and then jumps straight forward to the
start_demo() function containing demo code. The application flow diagram is shown in Figure 13.

Hardware
initialization

[ CCEAS@3_EXT Tnitialize J

[ DA_Init ]

[ HW_HS4eel UpdateData ]

A J

[ DA _MainCycle }

Figure 13. Application Flow Diagram
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3.3 Initialization

Initialization consists of four steps:

Hardware from FSP configuration setup is initialized.
Delay timer setup.

MCU hardware dedicated for ISL76682 initialization.

ISL76682 sensor initialization.

Ao DN

3.4 Main Loop

In the sample application, the ISL76682 sensor is periodically read every 500ms in the main loop. After every
readout, sensor values are printed to the Renesas Debug Virtual Console.

3.5 Data Exchange

Measurements data is exchanged by printing results to the Renesas Debug Virtual Console.

4. Quick Start Guide — Board Testing

See section 1.2 for the list of required hardware.

4.1 Setting Up the Boards and Cables

Connect the boards and cables as described below and in Figure 14.
1. QCIOT-021 to PMOD1 on EK-RA2E1 through interposer board.
2. Micro USB cable to J10 Debug port on EK-RA2E1 board.

R Bl a0yl
., g = g

GROVE1 awlic GROVEZ

IOREF

mikro

¢AIdYIUNI-E605N

mevs - EKBRAZE1

IGE-M1 E365781

RAZEL MCU
P/N RTFAZE1A92DFM

Figure 14. QCIOT-021 Light-to-Digital Sensor Test Setup

Note: Ensure that the interposer board is placed in between the sensor and EK board, and the silkscreen MCU
Side is facing the EK board.
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4.2 Programming the EK Board and Running the Example Code

Download the sample project from the QCIOT-ISL76682POCZ webpage and import it into e2 Studio. The
procedure is shown below and in Figure 15:

Click on File menu in e2 Studi
Click Import.

Click Next.

N o gk~ w0 D=

Click on the Finish button.

o.

Choose Existing Projects into Workspace.

Click on the radio button for Select archive file.

Click on Browse to locate the sample project.

{5} RA_Test_workspace - ¢ studio

File JEdit Source Refactor Mavigate Search Project Renesas View:

< Run _ Window Helo

New Alt+Shift+N >

1 Open File... =g
() Open Projects from File System...

Recent Files >

Close Editor Ctrl+ W

Ctrl+Shift+W

existing
Close All Editors

Save Ctrl+S
Save As...
Save All Ctrl+Shift+5

Revert

Move...

Rename.. F2
&7 Refresh Fs

Convert Line Delimiters To >

Print... 2
N

iy Export..

Ctrl+P

Properties Alt+Enter

Switch Warkspace >
Restart
Exit

& Import m]

Select

Create new projects from an archive file or directory.

Select an import wizard:

p i

« (= General
& Archive File
CNSIS B3
e
[ Preferences
(=1 Projects from Folder or Archive
2 Rename & Import Existing C/C++ Project into Workspace
Ta# Renesas C5+ Project for CATEKOR/CATEKD
e Renesas C5+ Praject for CC-RX, CC-RLand CC-RH
@ Sample Projects on Renesas Website
= C/C++
= Install
(= Oomph
= RuniNehun

4

@ < Back " Finish

Cancel

Figure 15. Import the Sample Project

Q Import

Import Projects

Select & directory to search for existing Eclipse projects.

(O Select root directory:

BI.C.‘\:E‘G

(®) Select archive file: ‘ C:\Users\am3383D\DDWH|D3(\1 Browse... >

Projects:

QCIOT_ISL76682_EKRAZET (QCIOT_ISL76682_EKRAZET/)

< >

Options

Search for nested projects

Copy projects into workspace
[ Clese newly imported projects upon completion
[ Hide projects that already exist in the workspace
Warking sets

[ Add project to working sets

7

@ < Back

Select All

Deselect All

Refresh

New...

Select...

R30ANO0459EDO0100 Rev.1.00
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8. After successfully importing the project, build it by clicking on the Hammer icon button (see Figure 16).

File Edit

| ®

Source Refactor Mavigate

Search  Project

wits v Q-

ﬁ RA_Test_workspace - QCIOT_ISL76682_EKRAZE1/src/hal_entry.c - & studio

Renesas Views Run  Window Help

=N

5 Project Exp| Build 'Debug’ for project 'QCIOT_I5L76682_EKRAZET' i 8 || [g hal_entry.c

v 125 QCIOT_ISL76682_EKRA2E1 [Debug]
;j-? Binaries
[l Includes
2 ra
= ra_gen
[ sre
(= isI76682
[ hal_entry.c
Ag] isl76682_demo.c
= Debug
== Release
(= ra_cfg
script
cenfiguration.aoml
ILinkLog.log
CQCIOT_021_ALS_EKRAZET Debug.jlink
CQCIOT_ISL76682_EKRA2ZET Debug,jlink
ra_cfg.txt
(7) Developer Assistance

kinclude "hal data.h”

2

3

4 F5P_CPP_HEADER

5 void R_BSP_WarmStart(bsp warm_start_event_t event);
5 FSP_CPP_FOOTER

3 void g_comms_i2c_bus@ quick_setup(void);

9

16 void Led_On(void);

void Led_OFf(wvoid);

extern void demo_err(void);
extern void start_demo(void);

[ T

extern bsp_leds_t g_bsp_leds;

o

@
—wvoid hal_entry(void)
1

,

W R

/ LED type structure
bsp_leds_t leds =
- #ifdef _DEBUG

W oon -

1
¥

R
g 1

Figure 16. Build the Sample Project

*

g_bsp_leds;

=]
-
=]
-
+
8
1
=
n
m

|
2
=}
3
-
+
=}
=

|
o
o
3
o
=
m
W

extern void initialise monitor_handles(void);

main{) is generated by the RA Configuration editor and is used i

‘*If not in debug mode, don't call initialise_monitor_handles.
//if ((CoreDebug->DHCSR & CoreDebug DHCSR_C_DEBUGEN

Msk)==CoreD:

The project should be built without any errors. Ignore any warnings that might appear. The build result appears

at the bottom of the window.

9. Debug the project by clicking on the Bug icon (see Figure 17).

File Edit Source Refactor Ma

text
45860

Building file:
Building file:
Building file:
Building file:
Building target: QCIOT ISL76682 EKRAZEL.elf

arm-none-eabi-objcopy -0 srec "QCIOT_ISL76682_EKRA2EL.elf"
arm-none-eabi-size --format=berkeley "QCIOT ISL76682 EKRA2EL.elf”

8 RA_Test_workspace - QCIOT_ISL76682_EKRAZE1/src/hal_entry.c - & studio

< Search Project RenesasViews Run Window Help

1#] Problems B Console X | [T Properties| @ Smart Browser| (5} Smart Manual
CDT Build Console [QCIOT ISL76682_EKRAZET]
i e

e
../ra/fsp/src/bsp/ensis/Device/RENESAS/Source/startup. c
../ra/fsp/src/bsp/ensis/Device/RENESAS/Source/systen.c
../ra/board/ra2el_ek/board_leds.c
../rafboard/ra2el_ek/board init.c

"QCIOT_ISL76682_EKRA2E1.srec”

data
500

hex filename
d788 QCIOT_ISL76682_EKRAZEL.elf

dec
55176

bss
8816

13:41:01 Build Finis@s, @ warnings. (took 25.691m5)>

| ® &~ o Q- Sf= 0
[ Project Explorer S 7 § = al_entry.c isl _demo.c =
P Expl ® BES Y § 5 || 4 hal ® | 2 isIT6682_d, (=]
v [% QCIOT_ISL76682_EKRAZE1 [Debug] extern bsp_leds t g bsp_leds; Py
4, Binaries . . . . . . . .
Includes ® * main() is generated by the RA Configuration editor and is used to generate threads if an RTOS is
% S void hal_entry(void)
2
{
(2 ra_gen 24 /* *=*%LED type structure */
v (@ sic 25 bsp_leds_t leds = g_bsp_leds;
= isl76682 26 = #ifdef _DEBUG
27 /*IT not in debug mode, don't call initialise_monitor_handles. Otherwise, the code will hang*/
(€] hal_entry.c e ! - g
- //if ((CereDebug->DHCSR & CoreDebug DHCSR_C_DEBUGEN_Msk)==CoreDebug_DHCSR_C_DEBUGEN_Msk
[ |7553sz
isI76682_demo.c
(= Debug initialise_moniter_handles();
(= Release
& racig 32 #endif
& scrint 33 /*Turn on LED on board*/
= Scrip En //led_on();
15 configuration.xml 35 R_IOPORT_PinWrite(8g_ioport_ctrl, (bsp_io_port_pin_t)leds.p_leds[@], BSP_IO LEVEL_HIGH);
|2 LinkLog.log 36 R_TOPORT_Pinwrite(&g_ioport_ctrl, (bsp_io_port_pin_t)leds.p_leds[1], BSP_T0_LEVEL_HIGH);
= QCIOT_021_ALS_EKRAZE1 Debugjlink 37 /¥ Open the Bus */
QCIOT_ISL76682_EKRAZE1 Debug.jlink 8 g_comms_i2c_busB_quick_setup();
rechgict p 5 while(1)
(7) Developer Assistance
start_demo();
a3
A ™
< >

Writable

- a X

Q| R c/ces 5 FSP Configuration

5= Outline X = B8
Bl & o % §

= hal_datah

++ R_BSP_WarmStart(bsp_warm_start_event_t) -

++ g_comms_i2c_bus0_quick_setup{void) : void

++ Led_Onfvoid) : void

++  Led_Off(void) : void

++  demo_en(void) : void

+  start_demo(void) : void

+ initialise_monitor_handles(void) : void

@ g bsp_leds: bep_leds t

@ hal_entry(void)

® R_BSP_WarmStart(bsp_warm_start_event_t) :

£ template_nonsec d

A template_nonsecure_callable() : void

@ g_comms_i2c_bus0_quick_setup(void) : voic|

© Led On(void) : void

©  Led_Off(void) : void

S8 re-n--0o

Smart Insert 1:1:0

Figure 17. Flash and Debug the Sample Project
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10. After the code has been flashed, click on the Run icon (see Figure 18).

8 RA_Test_workspace - QCIOT_ISL76682_EKRAZE1/raffsp/src/bsp/cmsis/Device/RENESAS/Source/startup.c - €€ studic
File Edit Source Refactor .

Search Project RenesasViews Run Window  Help
| ®-4 - B2 o iR e Grit s e [aid
45 Debug % § = O || [d halentry.c [€] isI76682_demo.c [¢] startup.c X main.c [€] r_ioport.c
v [ QCIOT_ISL76682_EKRAZE1.elf [Renesas GDB Hardware Debuge| B 08003318 k
v 2 OCIOT ISL76682_EKRAZET.elf [1] [cores: 0]
v o Thread #11 (single core) [core: 0] (Suspended : Signal
= Reset Handler() at startup.c:62 0x3318
5 arm-none-eabi-gdb (12.1)

/* Initialize system using BSP. */
SystemInit();

/* call user application. */
main();

1] Renesas GDB server (Host)
S while (1)

/* Infinite Loop. */

J

* Default exception handler.[]
= void Default_Handler (void)
20003326  {

y

BSP_CFG_HANDLE_UNRECOVERABLE_ERROR(8);

}
/* Main stack */

BSP_PLACE_IN_SECTION(BSP_SECTION_STACK);

oo oo oo

PetndankEddaa

/* Heap =/
< #if (BSP_CFG_HEAP_BYTES > @)

95 BSP_PLACE_IN_SECTION(BSP_SECTION_HEAP);
9 #endif

Figure 18. Run Sample Project

Q| B c/ce+ {8 FSP Configuration %5 Debug
V.. X | % B..|@ P..|6TE..|#®E..| T P..| D1 = O

= 0

Name Type

* /** A errer has occurred. The user will need to investigate the cause. Comn

static uint8 t g main_stack[BSP_CFG_STACK MAIN BYTES + BSP_TZ STACK SEAL SIZE]

T 94 BSP_DONT_REMOVE static uint8 t g heap[BSP_CFG_HEAP_BYTES] BSP_ALIGN VARIABLE(BS

- [m] X

Ho|cset g

Value

11. To view the measurements results, open the Renesas Debug Virtual Console as shown in Figure 19.

a RA_Test_workspace - QCIOT_ISL76682_EKRAZET/sre/isI76682_demo.c - & studio
File Edit Socurce Refactor MNavigate Search aujec
|®v%v<“j \@\|,|]|:|@_____ C/C++ > |

45 Debug X =) |i=:>2‘=' _|©

~ [ QCIOT_I5L76682_EKRA2E1.elf [Renesas GDB Hardware D Partner 05 »
~ (B QCIOT_ISL76682_EKRAET.elf [1] [cores: 0] Pin Cenfigurator 3
& Thread #1 1 (single core) [core: 0] (Running) Renesas OF >

» arm-none-eabi-gdb (12.1)

un  Window Help

Selution Toolkit ¥
p| Renesas GDB server (Host) R s
& RA_Test_works racing
File Edit Sourc #  Renesas Software Installer
ErES -
45 Debug X
~ &7 QCIoTISLT
v & QCIoT K
1@ Threa
48 arm-nor

of
A

gl b dal

6ea08abs o

SO EO%

3

o

1
[
@
@
@
&
ol
o
4]

[ragyt)

1 Renesas

[F - )

o]
]
]
5]
&
ol
o
&

B Q&

h it ]
Fault Status

Renesas Coverage

Eventpoints
10 Registers
MMU
Performance Analysis
Profile

Real-time Chart
Trace

Visual Expression

Live Trace Console

ENS & Debug

o
=1
[

-]

demo_err();

wait = false;

return wait;

<
&) Console | !} Registers | /£ Problems | G} Debugger Console | @ Smart Brows
TigT TuR- 7o

ISL76682 Light Result
Light Lux: 396.7

ISL76682 Light Resul:
Light Lux: 396.7
ArenesessananttaIS 76662 Light Measurement Resultrerrsssssssases
Light Lux: 396.7

TISL76682 Light Resul’
Light Lux: 396.1
wErneressansat IS 76662 Light Measurement Resultrerrsssssssases
Light Lux: 396.7

TISL76682 Light Result’
Light Lux: 395.5
eesesseense i IS 76682 Light Measurement Resultresressesssases
Light Lux: 396.7

TISL76682 Light Result’
Light Lux: 395.5
wkhasasmsnnsusnsS 76662 Light Heasurement Resultssssesassssasss
Light Lux: 396.1

TISL76682 Light Result’
Light Lux: 396.1

ISL76682 Light Resul:
Light Lux: 395.5
FrnesessenantiaTS 76662 Light Measurement Result*ersssssssasss
Light Lux: 396.1

ISL76682 Light Resul:
Light Lux: 395.5
FreneressansnttrISL76662 Light Measurement Resultrerssssesssasss

Figure 19. Renesas Virtual Debug Console
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5. Ordering Information

Part Number

Description

QCIOT-ISL76682POCZ

ISL76682 Light-to-Digital Sensor PMOD™ Board

US082-INTERPEVZ

Renesas Interposer Board

RTK7EKA2E1S00001BE

EK-RA2E1 Evaluation Kit

6. Revision History

Revision Date Description
1.00 Aug 29, 2024 | Initial release.
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RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
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(Disclaimer Rev.1.01 Jan 2024)

Corporate Headquarters Contact Information
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