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QCIOT-013 Digital Power Monitor Board

The QCIOT-013 Digital Power Monitor (DPM) Board
demonstrates the functionality and performance of
the 1ISL28022 Digital Power Monitor. The ISL28022 is
used to measure the current and voltage through the
shunt resistor to determine the power on the line. The
design of the DPM board is generic so that the
customer can embed the monitor into their specific
application.

The board provides a standard Pmod™ Type 6A
(extended I12C) connection for the onboard sensor to
plug into any required MCU evaluation kit with a
matching connector. The QCIOT-013 board features
Pmod connectors on both sides of the board to allow
additional Type 6/6A boards to connect in a
daisy-chained solution with multiple devices on the
same MCU Pmod connector.

The software support included with the Renesas IDE
(e2 studio) allows for code generation to connect the
device and the MCU so that development time is
significantly reduced. With its standard connector and
software support, the QCIOT-013 board is ideal for
the Renesas Quick-Connect IoT to rapidly create an
loT system.

Features

= 0V to 60V bus voltage sense range

= Variable current sense range with on-board shunt
resistor or external shunt resistor

= 16-bit ZAADC monitors current and voltage

= System voltage/current monitoring with efficiency
reporting

= Overvoltage/undervoltage and current fault
monitoring

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

= Dual connectors allow pass-through signals for
daisy-chained solution

= Software support in €2 studio minimizes
development time with one-click code generation

Board Contents
= QCIOT-013 Digital Power Monitor Board

QCIOTH1)

Figure 1. QCIOT-013 Digital Power Monitor Board Image

R15UZ0008EU0100 Rev.1.01
Mar 25, 2024

RENESAS Page 1

© 2024 Renesas Electronics


https://www.renesas.com/e2studio

QCIOT-013-28022POCZ Evaluation Board Manual

Contents
1. Functional Description . ... ... ... it et e 3
1.1 Operational Characteristics . ... ........ . . . . . e 3
1.2 Setup and Configuration . .. ... ... .. . 5
2, Board Design ... ...o i i e 7
2.1 Schematic Diagrams ... ... .. i e e 8
2.2 Billof Materials .. ..... .. . .. 10
2.3 Board Layout . ... ... 11
3. Software Design ... ...t e a e a et 12
3.1 Project Code StruCture . .. .. ... e 12
3.2  Software Module OVEIVIEW . . .. ... . 15
3.3 User Setlings . . ..o 19
3.4 Board Test . ... 20
4, Ordering Information . ....... ... ..t i e i e e s 27
5. Revision History ... ... ... i i i it it sttt e e e e e 27
R15UZ0008EU0100 Rev.1.01 RENESAS Page 2

Mar 25, 2024



QCIOT-013-28022POCZ Evaluation Board Manual

1.  Functional Description

The QCIOT-013 DPM Board is intended as a quick-connect prototyping solution for a digital power monitoring.
This board can enable the designer to quickly evaluate applications where higher voltage and current require
monitoring. The QCIOT-013 board can measure voltages in the presence of common-mode voltages ranging 0V
to 60V, and it can measure the variable input current and power consumption. The board can also report
diagnostics by configuring the fault thresholds of the bus voltage and shunt voltage.

Figure 2 highlights the main parts of the system:

PMOD Type 6A

__ 33vV@3mA
% % VCC
* @ | Source Voltage
5 INT T_“_
VINP —# >—o @ | RsHunT
/2 12C 1SL28022 L“—o R. "% LCSH"
VINM ° P'S T
o @ | RsHuNT2
Address A0 L“_“
Select Logic* A1 @ | GND (LOAD)
GND
DPM PMOD

* Design Detail, usually 0Q resistors

** Rsy and Csy are footprints for optionally mounting on the PMOD. Since these can
be Ia{)gﬁ_and disipate considerable power, on-board RC will be limited in it
capabilities.

Figure 2. QCIOT-013 Digital Power Monitor Board Block Diagram

The following details the building block of the QCIOT-013 DPM Board and its functionality:

= ISL28022 — Bidirectional high-side and low-side digital current sense and voltage monitor with a serial interface.
The device monitors shunt and bus voltage, and provide calculated current and power as a digital number. The
ISL28022 provides an accuracy of less than 0.3% for both voltage and current monitoring.

1.1  Operational Characteristics

The QCIOT-013 Board can be used as a starting point for DC power distribution, whether in high voltage industrial
or battery powered applications.

The board has been designed to the following specifications:

= Input voltage range = 0V - 60V
= Voltage measuring error < 0.3%
= Current measuring error < 0.3%

1.1.1 Input Bus Voltage Measurement

The ISL28022 measures bus voltage and current sequentially. It consists of a two-channel analog front end
multiplexer, a 16-bit sigma delta ADC and digital signal processing/serial communication circuitry. The selection to
the input of the ADC is either a single-ended VBUS measurement or a fully differential measurement across a
shunt resistor.

The 1SL28022 can monitor supplies from 0V to 60V while operating on a chip supply ranging from 3V to 5.5V. The
measurable bus voltage range, 16V, 32V, or 60V, can be set by the Configuration register.
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The bus voltage can be calculated by the Equation 1.

15
(EQ. 1) Vius = z (Bit,, - Bit_Weight ) |- Vbus gg
n=2

Equation 1 is the mathematical equation for converting the binary VBUS value to a decimal value. N is the bit
number. The LSB value Vbus| g5 of the bus voltage measurement equals 4mV across all settings.

1.1.2 Current Measurement

The 1SL28022 is capable of measuring bidirectional currents while monitoring the bus voltage. The ISL28022
requires an external shunt resistor to enable current measurements. The shunt resistor translates the bus current
to a voltage. The ISL28022 measures the voltage across the shunt resistors and reports the measured value out
digitally through an 12C interface. The stored current sense resistor value allows the 1SL28022 to output the
current value to an external digital device.

Either the onboard shunt resistor or external shunt resistor can be used for current measurement on the
QCIOT-013 board. The onboard shunt resistor is not populated by default.

11.21 Shunt Resistor Selection

In choosing a sense resistor, the following resistor parameters must be considered: the resistor value, resistor
temperature coefficient, and the resistor power rating.

Refer to the Shunt Resistor Selection section in the ISL28022 Datasheet for more detail.

The max measured current is limited by the shunt voltage range selection, shunt resistor value, and resistor power
rating. Warning: With the QCIOT-013 board, if you choose to use the onboard resistor, the maximum measured
current is 3A, so a current above 3A might damage the board.

1.1.2.2 Current Measurement
The full-scale current range can be calculated using Equation 2. Rgpnt is the value of the shunt resistor. Vshuntgg

is the full-scale setting that is required. In most cases, the DPM is programmed to the PGA full-scale range
(320mV, 160mV, 80mV, and 40mV).

VshuntFS

(EQ. 2) Currentpg = =

shunt

From the current full-scale range, the current LSB is calculated using Equation 3. Current full-scale is the outcome
from Equation 2. ADC, is the resolution of shunt voltage reading. The value is determined by the SADC setting

in Configuration register.

CurrentFS
ADC

res

(EQ. 3) Current, gg =

From Equation 3, the calibration register value is calculated using Equation 4. The resolution of the math that is
processed internally in the DPM is 4096 or 12 bits of resolution. The Vshunt LSB is set to 10uV. Equation 4 yields
a 16-bit binary number that can be written to the calibration register.

Math___-Vshunt
(EQ. 4) CalReg, , = Intege{C res = LSB:|
urren(tLSB. shunt)

When the calibration register (05h) is programmed, the output current is calculated using Equation 5:
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15
(EQ. 5) Current = [ Z (Bit,, - Bit_Weightn)] -Current, g
n=0

1.1.3 Power measurement

The Power register only has meaning if the calibration register (05h) is programmed. The units for the power
register are in watts. The power is calculated using Equation 6:

15
(EQ. 6) Power = [ z (Bit, - Bit_Weightn)] -Power| gg - 5000
n=0

Bit is the returned value of each bit from the power register either 1 or a 0. The weight of each bit is represented
with 1,2,4... n is the bit number. The power LSB is calculated from Equation 7:

(EQ.7) Power gg = Current gg-Vbus oo

If VBUS range, BRNG, is set to 60V, the power equation in Equation 6 is multiplied by 2.

1.1.4 Fault Monitoring
The 1SL28022 can set thresholds for overvoltage and undervoltage of the bus voltage. With the known shunt
resistor, the current threshold can be set by programming the overvoltage and undervoltage threshold register.

Measurement readings exceeding the respective VSHUNT or VBUS threshold, either above or below, set a
register flag and perhaps an external interrupt depending on the configuration of the Interrupt Enable bit (INTREN)
in register 09h.

1.2 Setup and Configuration

Required or Recommended User Equipment — The following additional lab equipment is required for using the
board (and is sold separately):

» Renesas Fast Prototyping Board: FPB-RA4E1

= USB micro-B cable (provided with FPB board)

= USB port isolator (Optional, sold by third party supplier)

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

= DC Power supply (0 to 60V output)

= Shunt resistor and load resistor

Required or Recommended software

= Renesas Flexible Software Package v4.5.0 platform installation:
» e2 studio 2023-01 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 web page for this device on the Renesas Website)

1.2.1 Software Installation and Usage

Visit the Renesas website for the latest version of the e2 studio installer. The minimum FSP version supporting the
QCIOT-013 board is FSP 4.5.0.
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1.2.2 Kit Hardware Connections
Follow these procedures to set up the kit (see Figure 3).

1.

Ensure that the MCU development kit in use has two Type 6A Pmods.
a. For FPB-RA4E1, two Pmods are available, PMOD1 and PMOD2.

b. For the kit other than FPB-RA4E1, if no Type 6A Pmod is available, ensure that the kit can use the
US082-INTERPEVZ interposer board. Insert the board into the MCU connector before adding any sensor
boards.

2. Ensure that the pin12 of Pmod is 3.3V, which is requested by QCIOT-013.

a. For FPB-RA4E1 and FPB-RAGE1, the Pin 12 of Pmod is 5V by default. The trace jumper E1 should be
short and E2 should be open to get 3.3V on Pmod1.

b. For some evaluation boards, the Pin 12 of Pmod is 3.3V by default. No change is required. Check the user
manual before using it.

3. Mount the J4, J5, and J6 jumpers on QCIOT-013.

a. Only one set of 12C pull-up resistors should be used on the bus. If multiple Pmod connected boards are
used, only one board should have the jumpers present.

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

c. MCU Kkits typically do not have pull-up resistors present on the bus lines, but ensure to check for them.

4. Connect the current shunt resistor (see the section Shunt Resistor Selection).

a. If you choose to use the onboard resistor Rs, which is not populated, be aware that the max input current
is 3A.

b. If you choose to use the external shunt resistor, connect the terminal of shunt resistor to VINP and VINM
of J1 using wires or terminal pins. If using wires, ensure the wire gauge is a sufficient thickness to carry the
operating current load.

5. Turn off your power source to be measured. Next, connect the measured power source to VBUS and GND of
screw terminal connector J1. VBUS should be between 0V to 60V.

Max current load:

a. If you choose to use the onboard resistor Rs, the max input current should be less than 3A.

b. If you choose to use the external shunt resistor, the max input current is decided by the shunt resistor.

6. Short VBUS pin and VINP pin using wires. Ensure the wire gauge is a sufficient thickness to carry the operating
current load.

7. Plug in the QCIOT-013 Board to PMOD1 connector of FPB4AE1. Be careful to align Pin 1 on the power board
and MCU kit.

8. Connect FPB board with computer with USB micro-B cable. The USB isolator is recommended to protect your
computer’s USB port.

9. The device is now ready to be used in the system. (See User Settings for board test.)
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1.2.3 12C Address Select

The QCIOT-013 board has a default 12C address of 1000 000 for binary, 0x40 for the 7-bit address. If this is in
conflict with another device on the I2C line, the user can change the I2C address by changing E1 and E2 on the
board. To change the address, bridge or cut E1 and E2.

Figure 3. QCIOT-013 Power Monitor Board with FPB-RA4E1 MCU Kit

7 Bits
E1 E2 A1 A0
Slave Address
Short Short 0 0 0x40(default)
Short Open 0 1 0x41
Open Short 1 0 0x44
Open Open 1 1 0x45

For details on 12C addresses, refer to the 12C Slave Addresses table in the ISL28022 Datasheet.

2. Board Design

QCITH1)

it e Seem

Figure 4. QCIOT-013 Power Monitor Board Image (Top)
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Figure 5. QCIOT-013 Power Monitor Board Image (Bottom)
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Schematic Diagrams

JMP4 JMPS JMP6
3p3
NPBO2SVFN-RC NPBO2SVFN-RC  NPBO2SVEN-RC VORI
R2 R} £ R4
4K7 4K77 4K7
Ss Si6 o1 PMOD Interface Type 6A (Expanded 12C)
8 B Bt
2 o o o B
GPIOI 7 1 INTn 17 GPIOI
GPIOZ & 3 RESETn 5 g GPIOZ
3PI03 3 SCL 3 GPIO3
1 SDA 110 GF IlMﬂ’ _
5 RN e T - —--~(DNetClass
6 12 - |
[ 1 Power
CON-2X6RA
PMOD IN
C3
0.1uF
50V
= Net Class
GND Power
U_ISL28022-Module
a ISL28022-Module.SchDoc
1 > VBUS
2 > VINP scL <C—
3 > VINM
4 SDA O——— E3
- E_JmpTraceCut
1725672 1 GND EXT_CLK/INTn
3 E4flx\p§|d1B11dgc
= Qs GPIO!
OND {133 [ —y
PMOD Interface Type 6A (expanded 12C)
Pin # | Signal | Direction Alternate Signal | Direction
(relative to host) (relative to host)
1 NC In INT In
2 |NC out RESET out
3 [sCL |imout
4 [sDA |imout
5 |GND
6 |vcc
7 |GPIO  |InOut
8 |GPIO |IvOut
9 [GPIO |Imout
10 |GPIO  [In/Out
11 |GND
12 vce

Figure 6. QCIOT-013 Power Monitor Board Schematic

B
Jumper 4 and 16 for 12C pull ups
and Jumper J5 for INT pull up on

[DIGITAL POWER
MONITOR

‘ Rubber Foot, Black, 6.4mm dia, 2.1mm high ‘
FOOT-000003-01

FDI FD2 FD3

FID, IR27 FID, IR27 FID, IR27
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QCIOT-013-28022POCZ REVB[2C] [ 3P3

QCIOT-013-28022POCZ REVB([2B] [_VBUS
QCIOT-013-28022POCZ REVB([2B] [ VINP
22POCZ REVB[2B][_VINM

QCIOT-013-2;

=2
0.1uF.
50V

Sense
ul
@ R7 499 .
l VBUS 8.1 vBus vee -6
. cs VIND 10 SCL/SMBCLK
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@ R9 499
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—<

\f
Sg?w —Lcs
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IV r1 w9

5

VINP 4
SDA/SMBDAT

1

VINM 9

S
K
T 1 EL ’i_ E Tl

<___SCL_]QCIOT-013-28022POCZ REVB[3B]

SDA > QCIOT-013-28022POCZ REVB[3B]

RS, 10

RIG, ~ 10
E2 E_JmpTraceCu

A0 X
3 7

EXT_CLK/INT GND
[SL2R022FUZ

EXT_CLK/INTn > QCIOT-013-28022POCZ REVB3B]

QCIOT-013-28022POCZ REVB{2B][_GND

Rs Selection:

Select and install Rs based on the load
current range.

Max Load Current:

The load current can not exceed 3A

if Rs is placed or ES/E6 is bridged.

0 =

0 -

- Slave Address
0x40(default)
0x41

0x44

0x45

12C Slave Address Configuration:
El E2 - Al A0
Bridge Bridge - 0

Bridge Cut - 0 1

Cut  Bridge -- 1

Cut  Cut — 1 1

Figure 7. 1SL28022 Digital Power Monitor Schematic
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2.2 Bill of Materials

Reference I Manufacturer
Qty Designator Description Manufacturer Part Number
3 C2,C3,C4 Capacitor, 0.1uF, 50V, SM Yageo CCO0603KRX7R9BB104
Ceramic Capacitor, Multilayer, Ceramic, 100V,
3 C5, C6, C7 10% +Tol, 10% -Tol, X7S, 22% TC, 1uF, Surface TDK CGA4J3X7S2A105K125AE
Mount, 0805
1 FOOTA 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
1 J2 Connector, 2x6, 0.1", PMOD, Socket, Right Angle | Samtec SSW-106-02-F-D-RA
1 3 Connector, 2x6, 0.1", PMOD, Header, Right Angle, Harwin M20-9950645
Unshrouded
3 J4, J5, J6 Jumper, 1x2, 0.05" Pitch Sullins GRPB021VWVN-RC
JMP4, JMP5, | 2 C, Closed Top, 050" CC; No Mounting, 105 C, .
3 JMP6 Nylon 66; Phos Bronze, Gold Flash Sullins NPBO2SVFN-RC
Fixed Resistor, Metal Glaze/thick Film, 0.1W,
3 R1, R7,R9 49.9Q, 75V, 1% +/-Tol, 100ppm/Cel, Surface Vishay Dale CRCWO060349R9FKEC
Mount, 0603
3 R2, R3, R4 Resistor, 4.7KQ, 1/8W, 1%, SM KOA Speer RK73H1JTTD4701F
2 R5, R6 Resistor, 0Q, 1/8W, 1%, SM KOA Speer RK73Z1JTTD
2 R8, R10 Resistor, 10KQ, 1/8W, 1%, SM KOA Speer RK73H1JTTD1002F
Power Monitor, 16-bit Sigma-Delta ADC,
1 U1 12C/SMBUS Interface, SM Renesas ISL28022FUZ
R15UZ0008EU0100 Rev.1.01 RENESAS Page 10
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2.3 Board Layout

Figure 8. Top Overlay Figure 9. Top Layer

o0 0000
- 90

0"

@0 -
0 -

o0
]

00 0000
©o

@0

00 °

0 .

oD
°

Figure 10. Layer 2 (GND)

Figure 12. Bottom Layer Figure 13. Bottom Overlay
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3. Software Design

The following sections give an overview of the software implementation for the QCIOT-013 Digital Power Monitor
Board, which is based on the Renesas RA Family's Flexible Software Package (FSP). These sections detail the
project's code structure, the system's software modules, and the main system flow. The application-level code is
based on FreeRTOS, which allows two threads to be implemented, the ISL28022 and BLE threads. The Bluetooth
connection is available so that users can use the Renesas mobile application to connect, read, and control the
DPM device.

3.1  Project Code Structure

The Quick Connect DPM 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.

The project is split into two main parts:

= 1SL28022 driver — Device driver code for power monitoring that includes the 12C communications 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 configurations is included in the
application code. Refer to the User Settings section for details regarding user configurations.

Figure 14 shows the structure of the project in 2 studio.

(3 Project Explorer p-=R
v 1% > 15128022 RA4E1 [Debug] [qeiot 013_isI28022_e2sudio_project main] Lo}

I . . .

» IB‘”IE’E"“ ra — Automatically generated files for FSP drivers,

n) Includes . .

v ISL28022 driver source code, and header file.
5 Z’m . = rm_isl28022.h — ISL28022 driver header file
)oar
v Gy fp = rm_isl28022.c — 1ISL28022 driver source file
i '"Cap‘ = rm_isl28022_api.h — ISL28022 API header file
K| bsp_apih = rm_isl28022_ra_driver.c — Software delay
k| fsp_common_api.h .
S e function
B r_i2c_master_apih ra_gen — Generated files by FSP configuration
b r_ioport_api.h . . . .
R 1 fimer_apih src — Application code that use is28022 driver.
By r_transfer_apih = ra_isl28022.c - Digital power monitor source file
b r_uart_api.h
R} rm_comms_apih = hal_entry.c - Start of code execution, which calls
b rm_isl28022_api.h System main
hd instances

b r_gpth
by r_lic_master.h
B r_ioporth
b r_sci_uarth
B rm_comms_i2ch
K rm_isl28022.h

r fsp_featuresh
b fsp_version.h
v g src
wh bsp
rgpt
r_iic_master
r_ioport
r_sci_uart
rm_comms_i2¢
v rm_isl28022
6, rm_isl28022 _ra_driver.c
6 rm_isl28022.c
3 ra_gen
v & = src
£} hal_entry.c
¥k ra_isl28022_profileh
ra_isl28022.c
Debug

&y racfg v

Figure 14. 1SL28022 Project Structure
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= qge_gen/ble — Automatically generated files from QE for BLE tool.

ra/fsp — Automatically generated files for FSP drivers and isl28022 driver source code and header file.

inc/api/r_ble_api.h — Automatically generated file, Bluetooth API header file
inc/api/r_ble_abs_api.h — Automatically generated file, Bluetooth API header file
inc/ instances /r_ble_abs.h — Automatically generated file, Bluetooth header file
inc/api/rm_isl28022_api.h — ISL28022 API header file
inc/instances/rm_isl28022.h — 1ISL28022 driver header file
src/rm_ble_abs_gtl — BLE lower layer drivers
src/rm_isl28022/rm_isl28022.c — 1SL28022 driver source file
src/rm_isl28022/rm_isl28022_ra_driver.c — Software delay function
ra/renesas/wireless/da14xxx — Automatically generated files for BLE drivers
ra_gen — Generated files by FSP configuration
src — Application code that uses 1ISL28022 driver
is128022_thread_entry.c — ISL28022 application file
ra_isl28022_profile.h — User setting file
ble_thread_entry.c — Bluetooth application code
gui_config.jason — Jason file that defines the GUI layout of the mobile application

When you click configuration.xml in the project and select the Stack tab, a stack configuration appears

(Figure 15).
Threads & | New Thread HAL/Common Stacks €| New Stack >
~ m' HAL/Common - - -
o ey ¥ g_ioport I/O Port ¥ FreeRTOS Port 4 FreeRTOS Heap 4
% g_ioport I/O Port (r_ioport) {r_ioport) (rm_freertos_port)
£ FreeRTOS Port (rm_freertos_port)
# FreeRTOS Heap 4 ® @ @
i Lo weed e |

$ g_comms_i2c_deviced 12C Communication Device (rm_comms_i2c
$ 15128022_delay Timer, General PWM (r_gpt)

~ @ BLE Thread
# GTL BLE Abstraction (rm_ble_abs_gtl)

< >

Objects ¢ | New Object > »_ Remove

® g.isl28022_queue0 Queue

ammary BSP Clocks Pins Interrupts Event Links Stacks Components

Figure 15. Stack Configuration — Hal/Common
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Threads % | New Thread %) Remove (-] I15L28022 Thread Stacks

v g HAL/Common
4 g_ioport IO Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
= )
47 FreeRTOS Heap 4 o

@ g_comms_i2c_device0 12C Communication Device
(rm_comms_i2c)

4 is128022_delay Timer,
General PWM (r_gpt)

[

~ & 15128022 Thread ry

4 g_comms_i2c_device0 12C Communication Device (rm_comms_i2d
@ is128022_delay Timer, General PWM (r_gpt)

v @ BLE Thread
4 GTL BLE Abstraction (rm_ble_abs_gti) ®

E g_comms_i2c_bus0 12C Shared Bus (rm_comms_i2c)

i

& g_i2c_master0 12C Master (r_iic_master)

< >

@
. I
%3 Add DTC Driver for %9 Add DTC Driver for
Transmission [Optional] Reception [Optional]

‘Objects 4 | New Object > u_| Remove

@ g_isI28022_gueueD Queue

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

Figure 16. Stack Configuration — ISL28022 Thread Stacks

Threads % | New Thread ] Remove = BLE Thread Stacks

v i HAL/Common » o e : 2
0 (rm_ble_ _gtl)
# g_ioport I/O Port (r_ioport) @ GTL BLE Abstraction (rm_ble_abs_gt
4 FreeRTOS Port (rm_freertos_port)
4 FreeRTOS Heap 4 O]
~ @ 15128022 Thread a
4 g_comms_i2c_device0 12C Communication Device (rm_comms_i2q 3 ! _
. @& DA14531 GTL Driver @ BLE GTL Transport on UART (rm_ble_abs_gtl_transport)
@ 5128022 _delay Timer, General PWM (r_gpt) Layer
v & BLE Thread
4 GTL BLE Abstraction (rm_ble_abs_gtl) ® @
@ g_uartd UART (r_sci_uart)
@
I I
%7 Add DTC Driver for & Add DTC Driver for
Transmission Reception [Not
[Recommended but recommended]
< > optional]
Objects & ] New Object > % | Remove

® g_i5128022_queuel Queue

ummary BSP Clocks Pins |Interrupts Event Links |Stacks Components

Figure 17. Stack Configuration — BLE Thread Stacks

Figure 18 shows the general code structure in terms of its dependencies. Execution begins in the main function
(main.c) initiating an application flow that creates and starts two threads. The ISL28022 DPM driver module is
called in isl28022_thread, and the Bluetooth communication is handled in ble_thread. All associated header files
reference the lower-level Flexible Software Package (FSP) drivers.

| New Stack >

% New Stack >
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is128022_thread.c ble_thread.c
i5128022_thread_ ble_thread_entry.c
entry.c
rm_isl28022c |— r_ble_gtl_api.c
Y Y
da14xxx Driver
rm_isl28022.h rm_isl28022_api.h
r_ble_gtl.c
, v
FSP Driver

rm_common_i2c rm_ioport rm_gpt rm_ble_abs

v

rm_i2c_master

Figure 18. Code Dependency Graph

3.2 Software Module Overview

With a focus on the 1SL28088 thread that contains the main system algorithm and is described in the main system
flow, this module is responsible for initializing and setting up the driver that is used in the main algorithm. Also, this
module makes calls to the other modules to initialize and setup. After initialization, this module is responsible for

monitoring the system, displaying faults (if any), and shutting down the system in the event of faults. This module

also keeps a continuous check of the 12C connection. The algorithm is responsible for initializing and setting up
DPM module.

3.2.1 ISL28022 Thread

The 1ISL28022 driver is a device driver that can monitor the current and voltage in the system for added protection.
This module is responsible for initializing the FSP 12C driver and setting up the DPM device with the
user-configured settings.

After setup, the module provides the following features:

= Performing various device commands (software reset and others)
= Reading the bus voltage and shunt voltage

= Reading the current and power and auxiliary side voltage

= Detect device faults (overvoltage, undervoltage, and others)

= Reading from and writing to all device registers

= Calibrate the module.

= Enable and disable the interrupt pin.
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3.2.2  Algorithm Flowchart
Figure 19 describes the algorithm at a high level.

i1s128022_thread_entry() start_is|28022_demo()
1s128022_read_all_
Start Sstart reg()
N v
>, is128022_print_all
Debug Mode? is128022_int_user_ RM_ISL28022_ Debug Mode? reg()
setting() SetConfigReg() -

N |a
h 4

A 4

initialise_monitor 15128022 _check_

=2
=<
A

_handles() Debug Mode? RM_ISL28022_ faults()
SetAuxReg()
pRi_anipiotReT(_) 15128022 print_ RM_ISL28022_ v
setting() SetVbus Threshold() N 15128022 _print_
(Turn on LED) Debug Mode? faults()
g_comms_i2c_bus@_ ; A 4 <
quick_setup() ¢
RM_ISL28022_ RM_ISL28022_
+ SoftReset() SetVshuntThreshold 16128022 update
0] * readi_nugp() - —> xQueueSend()
g_1s128022_quick_
setup()
Y A4 Send reading
44 1s128022_delay, RM TSL28022 15128022 check_ to BLE thread
t - 1s L= reading () o
ot 128000 start() SetCalibration() (BLink LED if out |
start_1s
d;mo() - of range)
v Y
1s128022_print_
vTaskDelay(1) Debug Mode? reading()
N
demo_error()
(Turn off LED)
Y
End <

End

Figure 19. Algorithm Flowchart

The 12C bus is opened by g_comms_i2c_bus0_quick_setup(). Then, the ISL28022 instance is opened by
g_isl28022_quick_setup(). If the device is opened successfully, LED1 and LED2 turn on.

The user setting should be initialized by user first. ISL28022 is configured by RM_ISL28022_SetConfigReg(),
RM_ISL28022_SetAuxReg(), RM_ISL28022_SetVbusThreshold() and RM_ISL28022_SetVshuntThreshold().

The main program loops continuously to get the DPM readings by isl28022_update_reading() function calls. The
Vbus, Vshunt, Current, and power are displayed in the Renesas Debug Virtual Console if in debug mode.

The loop checks the fault status by using isl28022_check_faults(). If any faults such as bus voltage overvoltage,
bus voltage undervoltage (or other) occur, the faults are displayed in the Renesas Debug Virtual Console if in
debug mode causing LED2 to turn off.

The loop checks the reading by using isl28022_check_reading(). LED2 will be blinking if the Vbus voltage and
Current are out of the range of the user setting (see User Settings).

The functions outlined in Figure 19 are described as follows:
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is128022_thread_entry ()

Call initialise_monitor_handles() function

Call g_comms_i2c_bus0_quick_setup()

Call g_isl28022_quick_setup()

initialise_monitor_handles ()

» This function must be called at the beginning of the code to enable the debug console.
+ Call this function if only in debug mode.

g_comms_i2c_bus0_quick setup()

» Open 12C driver, this must be done before calling any COMMS API.
g_isl28022_quick_setup()

» Open ISL28022 dpm instance, this must be done before calling any ISL28022 API.
* Open timer instance.

start_isl28022_demo ()

Call isl28022_init_user_setting()

Call isl28022_print_setting()

Call isl28022_read_all_reg()

Call isl28022_print_all_reg()

Call isl28022_check_faults()

Call isl28022_print_faults()

Call isl28022_update_reading()

Call isl28022_check_reading()

Call isl28022_print_reading()

Call RM_ISL28022_SoftReset()

Call isl28022_delay_start()

Call RM_ISL28022_SetConfigReg()

Call RM_ISL28022_SetAuxReg()

Call RM_ISL28022_SetVbusThreshold()
Call RM_ISL28022_ SetVshuntThreshold()
Call RM_ISL28022_SetCalibration()

Call demo_err()
is128022_init_user_setting()

+ Initialize the global user setting with the default value

» The user settings are mode, shunt resistor value, bus voltage full scale, shunt volage full scale, bus ADC
resolution, shunt ADC resolution, bus volage max threshold, bus volage min threshold, shunt voltage max
threshold, shunt volage min threshold, interrupt pint configuration, external clock configuration.

is128022_print_setting()

» Continuously check for IIC connection Print the setting to Renesas Debug Virtual Console.
is128022_read_all_reg()

* Read all register of ISL28022.

is128022_print_all_reg ()

* Print the value of all register of ISL28022 to Renesas Debug Virtual Console.
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= isl28022_check_faults()
» Check the faults status of ISL28022.
= is128022_print_faults()
* Print the faults status of ISL28022 to Renesas Debug Virtual Console.
= isl28022_update_reading()
* Read Vbus, Vshunt, Current and Power etc.
= isl28022_check_reading ()

» Check if the reading of Vbus, Vshunt, Current and Power is within the range that user set up. If not, blink the
LED2.

= isl28022_print_reading ()

* Print the Vbus, Vshunt, Current and Power of ISL28022 to Renesas Debug Virtual Console.
= isl28022_delay_start()

+ Start the software delay.
= RM_ISL28022_ SoftReset ()

» Soft reset the ISL28022 by configuring the Bit15 of Configuration register.
= RM_ISL28022_SetConfigReg()

» Write CONFIGURATION register of ISL28022 with the user setting.
= RM_ISL28022_SetAuxReg()

+ Write AUX register of ISL28022 with the user setting.
= RM_ISL28022_SetVbusThreshold()

» Set the threshold of Vbus of ISL28022 by writing the BUS VOLTAGE THRESHOLD register
= RM_ISL28022_SetVshuntThreshold()

» Set the threshold of the shunt voltage of ISL28022 by writing the SHUNT VOLTAGE THRESHOLD register
= RM_ISL28022_SetCalibration()

+ Calibrate 1ISL28022.

» Must be done before reading Current and Power.
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3.2.3 Hierarchy Chart
Figure 20 outlines the hierarchy of function calls.

start_is128022_
demo()

! ) } ) } } l !

15128022 _check_ . .
i5128022_init_ RM_ISL28022_ RM_ISL28022_ 15128022 _read_all_ i5128022_check_ is128022_update_ reading() 15128022 print_all
user_setting() SoftReset() SetVbusThre shold() reg() faults() reading() (Blink LED if out _reg()

of range)
¥ ¥ i l—+ ¥

demo_error() RM_ISL28022_ RM_ISL28022_ RM_ISL28022_ RM_ISL28022_ RM_ISL28022_ 15128022 print
(Turn off LED) SetConfigReg() SetVshuntThreshold() ReadReg () ReadFaultStatus() ClearFaults() fault}’a() -

RM_ISL28022_ RM_ISL28022_ RM_ISL28022_ RM_ISL28022_ RM_ISL28022_ RM_ISL28022_

SetAuxReg() SetCalibration() ReadVbus() Readvshunt() ReadCurrent () ReadPower () 15128022_print

reading()
Figure 20. Function Call Hierarchy
A
3.3 User Settings

3.3.1 Configure DPM

This section outlines all the configurable user settings in the demo project. Configurable settings are mainly
included in the profile header for the DPM. These configurations are defined macros with the _USER suffix. The
list of user configurable settings for the DPM device is not exhaustive; the most used settings are included in the
Profile headers, but all register settings in the DPM setup functions can also be adjusted directly. Refer to the
datasheet for guidance on register settings and values.

Note: The user will require an E2 emulator to make changes to the project.

£| mainc X | [h| ra_isl28022_profi.. X | lg ra_isl28022.c g rm_isl28022.¢ e rm_isl28022_apih

el rm_isl28022_ra_d...

t| hal_entry.c €| rm_isl28022.h

#include "rm_is5128022 api.h"

+ Macro definitions
#define ISL28022 RSHUNT_OHM_USER (25.08f)
#define ISL28822 RSHUNT OHM USER (@.85f%)
#define ISL28022 VSHUNT_MAX_THRESHOLD_V_USER (0.32f)
#define ISL28022 VSHUNT_MIN_THRESHOLD_V_USER (-9.32f)
#define ISL280822 VBUS_MAX_THRESHOLD_V_USER (60.8f)
#define ISL28022_VBUS_MIN_THRESHOLD_V_USER (0.af)

#define ISL28022 CONFIG_MODE_USER
#define ISL28022 VBUS_FULL_SCALE_USER
#define ISL28022 VSHUNT_FULL_SCALE_USER
#define ISL28022 AUX_INT_PIN_EN_USER
#define ISL28022_ AUX_INT_PIN_FORCE_USER
#define ISL28022 AUX_EXTCLK_EN_USER
#define ISL28022_ AUX_EXTCLK_DIV_USER

#define BOARDTEST_WBUS_TARGET_V_USER

#define BOARDTEST_VBUS_TOLERANCE_PERCENT_USER
#define BOARDTEST_LOAD_RESISTOR_OHM_USER

#define BOARDTEST_CURRENT_TOLERAMCE_PERCENT_USER

RM_I5128622_MODE_SHUNTANDBUS_CONTINUOUS

RM_I5L28022 VBUS_FULLSCALE_6ev

RM_I5128022 VSHUNT_FULLSCALE_32eMv

RM_I5L28022 AUXCONTROL_INTERRUPT_PIN_DISABLE
RM_I5128022_ AUXCONTROL_INTERRUPT_PIN_FORCE_NOACTIVE
RM_I5L28022 AUXCONTROL_EXTCLK_DISABLE
RM_I5128022_ AUXCONTROL_EXTCLK_DIVe

(3.3F)
(@.85f)
(5000)
(0.1f)

Figure 21. Profile Header Files

R15UZ0008EU0100 Rev.1.01
Mar 25, 2024

RENESAS

Page 19



QCIOT-013-28022POCZ Evaluation Board Manual

The user settings and their usage are outlined in the Table 1. The user can adjust these values to fit the end
application. Note: Some register settings adhere to multiple settings, and those settings are not fully listed. Refer

to the datasheet for more information.

Table 1. User Settings

Name Usage Default Value
ISL28022_RSHUNT_OHM_USERI' Shunt resistance value in Qs 25
ISL28022_VSHUNT_MAX_THRESHOLD_ V_USER Overvoltage threshold of shunt voltage in volt 0.32
ISL28022_VSHUNT_MIN_THRESHOLD_V_USER Undervoltage threshold of shunt voltage in volt -0.32
ISL28022_VBUS_MAX_THRESHOLD_V_USER Overvoltage threshold of bus voltage in volt 60
ISL28022_VBUS_MIN_THRESHOLD_V_USER Undervoltage threshold of bus voltage in volt 0

Select Shunt voltage and/or bus voltage for ADC; set

Shunt and bus

ISL28022_CONFIG_MODE_USER Ub the power mode and ADC mode voltage,
continuous
ISL28022_VBUS_FULL_SCALE_USER Bus voltage full scale 320mV
ISL28022_VSHUNT_FULL_SCALE_USER Shunt voltage full-scale range 60V
ISL28022_AUX_INT_PIN_EN_USER Enable or disable interrupt pin Enable
ISL28022_AUX_INT_PIN_FORCE_USER Force interrupt pin active or not Non active
ISL28022_AUX_EXTCLK_EN_USER Enable or disable external clock Disable
ISL28022_AUX_EXTCLK_DIV_USER External clock divider No divider

1. The ISL28022_RSHUNT_OHM_USER value should match your chosen shunt resistor.

3.4
3.4.1

Board Test

Set Up the Boards and Cable

Verify that you have followed the procedure in Setup and Configuration.

3.4.2
1. Open the sample project in e2studio.

Program the Development Board and Run Example Code in Debug Mode

R15UZ0008EU0100 Rev.1.01
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2. From the menu bar, select Run > Debug Configuration.

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

|- o tp~-Q~- @4 Renesas Debug Tools >
{3 Project Explorer X =K § =@ R Ctri+F11 mainc (g porte (&) ble_thread_e... (g r_ble_gtic [£) is128022_thr... X
F 1% Debug F11  MEWI_FAIIERN  (WAURGM)
222 R oupflandle_t g_ble_event_group_handle;
~ [5% 15128022 Sandbox [Debug] Run History >
& Binaries O Runas >
) Includes Run Configurations.. gﬁn:“c‘tc:l by the RA Configuration editor and is used to generate threa
ead ent
(5 ge_gen Debug History > Fs contains TaskHandle_t *
i 15 Debug As > | thread_entry(void *pvParameters)
&5 ra_gen Confi o
P s Db Configira | secTon)|
i Breakpoint Types. > P type structure ¥/
e t leds = g bsp_leds;
i ® Toggle Breakpoint Cirl+Shift+B E_bsp_leds;
S seript @ Toggle Line Breakpaint fin debug mode, don't call initialise monitor_handles. Otherwise, the ¢
et Toggle Watchpoint ebug->DHCSR & CoreDebug_DHCSR_C_DEBUGEN_Msk ) ==CoreDebug_DHCSR_C_DEBUG
S 5
onfigurationxml Togals Method Sreakpount Blise_monitor_handles();
15L28022_Sandbox Debug_Flat link ®  Skip All Breakpoints
X 15.28022_Sandbox Debug_Flatlaunch % Remove All Breakpoints LED on board*/
JLinkLog.loc V:
alea Q. Extemal Tools > pinkrite(&g_ioport_ctrl, (bsp_io_port_pin_t)leds.p_leds[0], BSP_IO LEV
ro.clgbet ~PinMrite(&g_ioport_ctrl, (bsp_io_port_pin_t)leds.p_leds[1], BSP_I0 LEV

Bus */
2¢_bus®_guick_setup();
g_comms_i2c_device®_quick_setup();
/* Open ISL28022 */
g_is128022_quick_setup();

®@

Developer Assistance

#endif
= while(1)
{
< #if (1 <= LAB_SECTION)
start_is128022_demo();
/blink_led LED_1);
#endif
[2] = {ht_data.temperature part, ht_data.humidity.i
= {0x0001

6x0002} ;
0, (uint3

t*)dat
ent_group_handle,

end(g_is128022
GroupSetBits

VENT_PATTERN) ;

vTaskDelay (1);

Figure 22. Debug Configuration

3. In Renesas GDB Hardware Debugging, select isl28022_Sandbox_Debug.
4. Click the Debug button. The code enters debug mode (see Figure 24).

-] u] *
Create, . and run configurati .
EeEX BV - Name: | 15L28022_Sandbox Debug_Flat
type filter text || Main| % Debugger| B Startup| i Source’ =] Common
[T] ¢/C++ Application i
[€] C/C++ Remote Application
@ Chiome Debug 15L28022 Sandbox | Browse...
& Debug Adapter Launcher C/C++ Application:
& EASE Script Debug/ISL28022_Sandbox.elf
¢ | GDB Hardware Debugging
7] GDB Simulator Debugging (RH850 Variables. Search Project.. Browse...
. Launch Firefox Debugger Build (if required) before launching
3 Launch Group

Build Configuration: |Use Active

W Nodejs application

O Enable auto build O Disable auto build
@) Use workspace settings Configure Workspace Settings...

& Running Chrome Debug Instance
. Running Firefox Debugger
@ Running Node.js application

< >

Revert

Filter matched 16 of 18 items

@ Debug Close

Figure 23. Starting Debug Mode
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File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al Window Help

R - B e m R IF-A-L-w-mYRSS Q 18| Bc/C++ 45 Debug {} FSP Configuration
4 Debug X = O | 11528022 Sa.. {8 startup.c > | [€) mainc L&) 15128022 thr... [£) 5128022 thr... ¢ r_ble_gtl_apic ™12 = 0O|l#Ex|™ =0

- | i 8 int32_t main(void); ~ : w X%

 [E] 1528022 Sandbox Debug @ * MCU starts executing here out of reset. Main stack pointer is set up already. S, | PC: 1/8 OA: 078

~ i 15128022 _Sandbox.elf ~ void Reset_Handler (void)
~ i Thread #1 1 (single { Sl
B FesecHandier) /* Initialize system using BSP. */ Type

»i arm-none-eabi-gdb (1 SystemInit(); ] 8 Trace Start

w8 Renesas GDB server (- « Call user application. */ [] @ Trace Stop
main(); [0 Trace Record

[1©4 Event Break

e while (1) [ : Timer Start

. [ Timer Stop
/* Infinite Loop.

@ * Default exception handler.
~ void Default_Handler (void)

{
* /** A error has occurred. The user will need to investigate the cause. Common problei
BSP_CFG_HANDLE_UNRECOVERABLE_ERROR(@) ; v 1 ¥
< > Project SavedTe « | »
B Console | ¥4 Registers @1 Problems @ Smart Browser | G Debugger Console | 4 Search X  [I Memory & ¢ | R ¥ | B E| s @ P ~2 § = D
References 10 ‘ble_thread_create()" (1 match)
v 15 15128022 _Sandbox
~ (& ra_gen
v g mainc
© main, line 108
< >
S5D,Secure
Writable Smart Insert 63:39:4429 B s J

Figure 24. Entering Debug Mode

5. From the menu bar, select Renesas Views > Debug > Renesas Debug Virtual Console.

) harry_git_repos - 15L28022_Sandbox,/ra/fsp/src/bsp/cmsis/Device/RENESAS/Source/startup.c - € studio - o X

file Edit Source Refactor Navigate Search Project Run Renesas Al Window Help

B-{- B0 u|lw .3 i » r I Q&S Q | Ec/c++ 15 Debug 5} FSP Configuration
S— = ™ Code Gt it > . B = =
{ Debug X O | @ nsi2s0225a. || S rble_gti_apic | iz O fe"E x| ™ =]
= - Debug > & Fault Status N x %
- = i 57 Other > Renesas Coverage g = Kl
v [£9 15128022 Sangbox Debuc ) ® Partner 05 ,ﬁa 5 Detrug Virtual Console  is set up already. ) | PC: 1/8 OA: 074
v u 15L28022_Sandbox.elf & Pin Configurator ar- = =
v o® Thread #11 (single S b N =
- Renesas Al > ] 10Registers
5 B et HewwherG Renesas QF > MMU Type
- arm-none-eabi-gdb (1 Smart Configueator > | [ Trace Stant
». Renesas GDB server (- Solution Toolkit . :- Performance Analysis [] @ Trace Stop
Tracing , @ Profile [ Trace Record
*  Renesas Software Installer ¥ Real-time Chort [ 1 Event Break
= % Trace [w - Timer Start
{ J Infinite Lo, «, € Visual Expression - Timer Stop
} P&  Live Trace Console
}
7 # * Default exception handler.[
78 ~ void Default_Handler (void)
79 0000%9ed2  {
® /** A error has occurred. The user will need to investigate the cause. Common problei
d6 BSP_CFG_HANDLE_UNRECOVERABLE_ERROR(@) ; v s >
< > Project SavedTe 4 | »
B console Registers . Problems | @ Smart Browser G Debugger Console 4 Search X [ Memory SICIED L Ad<E Bal=|

References to 'ble_thread_create()’ (1 match)
~ 5 15128022_Sandbox
v (2 ra_gen

v |€ mainc

© main, line 108: ble_threac

SSD.Secure
Whritable Smart Insert 61:26:4388

Figure 25. Opening the Virtual Console

R15UZ0008EU0100 Rev.1.01 RENESAS
Mar 25, 2024

Page 22



QCIOT-013-28022POCZ Evaluation Board Manual

a. The Renesas Debug Virtual Console appears.

’ harry_git_repos - a/fsp up.c = ] X
e Edit Source Refactor Nav gate Search Project ews RKun esas Al vindc
M- R - D e B2 R -0 5 8 S Q| Byc/Cc++ 45 Debug &8 FSP Configuration
1§ Debug X = 0O | |48 15128022 Sa.. i€l startup.c X | €] mainc L] i5128022_thr... €] is128022_thr... L€ r_ble_gti_api.c ™12 “0Oll®EXxX|™ =0
- |4+ 8 z: int32_t main(vedd); ~ w X R
vE _rI‘S.LZBOZE_Sandbox Debu 59 # * MCU starts executing here out of reset. Main stack pointer is set up already.[] | PC: 178 OA: 0/4
™ il 15L28022_Sandbox.elf 51 - void Reset_Handler (void) A
~ o Thread #1 1 (single: { b 20 =]
= Reset_Handler() /* Initialize syst Type
w arm-none-eabi-gdb (1 SystemInit(); [ % Trace Start
o Renesas GDB server (- /* Call user application. */ ] @ Trace Stop
main(); i} " Trace Record
[T ©§ Event Break
& while (1) O : Timer Start
{ ’ [ - Timer Stop
/* Infinite Loop. */
}
)]

#® * Default exception handler.[
= void Default_Handler (void)

00009%ed2

L /** A error has o ~red. The user will need to investigate the cause. Common proble
BSP_CFG_HANDLE_UNRECOVERABLE_ERROR(®) ; v
< >

B console | !f ! Registers § | Problems @ Smart Browser Q Debugger Console Ehnesas Debug Virtual Console X Search| ] Memory

S5D,5ecure

Figure 26. Renesas Debug Virtual Console

6. When you click >

B console Registers 5_ Problems | & Smart Browser Q Debugger Console B Renesas Debug Virtual Console > | 4 Search [] Memory
*!llﬁw*!llﬁﬂﬂmlt**!settingamm-nwxmlnwxm-x

Rshunt is: 25.10000hms

Vshunt Full Scale is: @.320ev

Vshunt ADC Resolution is: 32768

Vshunt LSB is: ©.e60010V

Vshunt Max(user) is: @.320008V

Vshunt Min(user) is: -@.320000V

Vbus  Full Scale is: 60.0000V

Vbus  ADC Resolution is: 16384

Vbus  LSB is: 0.eedev

Vbus Max{user) is: 60.000000V

Vbus Min{user) is: ©.9e0eeav

Current Full Scale is: 8.9127A

Current LSB is: ©0.000000389069A
REEER R R R R -t**tall register‘s*" EERRRERRRRERE
Configuration Register(0@): @x591f
Shunt Voltage Register(0l): @x0694
Bus Voltage Register(02): @x@cfé
Power Register(@3): @x008e
Current Register(@4): @x86bf
Calibration Register(@5): @x1062

Shunt Voltage Threshold Register(06): @x7dfd
Bus Voltage Threshold Register(@7): @xea@®
DCS Interrupt Status Register(@8): 0x0000

Aux Control Register(@9): @x0000
00 R 00 o

EEERARERRRRERRRRRNEY READINGS*F = *kkknskkkns

Shunt and Bus Voltage Continuous Mode
Vshunt wval is: ©.016848V

Vbus val is: 3.32eev

Current val is: @.800671A

Power wval is: @.8022W

PRS2 2 b P St IK**!NE" REN)INGS**!I ERRE RN
Shunt and Bus Voltage Continuous Mode
Vshunt wval is: @.016840V

Vbus val is: 3.312ev

Current val is: ©.000671A

Power val is: ©.0022W

Figure 27. Debug Information

>
Project Saved Te « | »

i =l

i FARF T

, the debug information appears in the Renesas Debug Virtual Console window.
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3.4.3 Quick-Connect Sandbox Application
When you program the FPB board, you can read the Vg g voltage and current on a smart device with the BLE
connection.

The following hardware is required.

* Renesas Bluetooth Pmod Board, US159-DA14531EVZ (sold separately)
= iOS or Android smart device (such as a smartphone or tablet)
1. Plug in the Bluetooth Pmod Board, US159-DA14531EVZ, to the PMOD2 connector of FPB-RA4E1.

FPB-RA4E]
RTKTFPA4E1500001BE
renesas.com/ra/fpb-r

Figure 28. QCIOT-013 Power Monitor Board with FPB-RA4E1 MCU Kit

2. Install the Renesas Quick-Connect Mobile Sandbox Application (version 1.2.0 or later) on a smart device.

a. Download the app from either the Play Store (Android) or App Store (iOS). Search for QC Sandbox or use
the following barcodes:

Android i0OS

Figure 29. QR Codes for Android and iOS

3. Start the application. A scan automatically begins for Bluetooth LE devices.
4. Scroll the list to find and select your device.
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5. Click the Connect button.

US013-1SL28022-1
RSSI: -42

Figure 30. Quick-Connect Sandbox GUI

a. Measurements appear for BusVoltage and Current(A).

o/ Wi-Fi Calling = 12:01PM
RENESAS
ISL28022 LED Abou
2 Measurements < & I 1N =

3.06

2.29

153

0.77

0.00

1 17 33 49 65 81 97 M3 129 138

@ Current (A)
Measurements
BusVoltage 2.99 \%
Current 0.00062 A

Figure 31. Bus Voltage and Current Reading
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b. If Current(A) does not appear, go to the setting by pressing the listicon, and check BusVoltage and Current.

1ISL28022 LED Abou
2 Measurements < & T n Q

BusVoltage @
Current @

Figure 32. Enabling BusVoltage and Current Display
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4. Ordering Information

Part Number

Description

QCIOT-013-28022P0OCZ QCIOT Digital Power Monitor Pmod Board

5. Revision History

Revision Date Description

Updated Page 1.
1.01 Mar 25, 2024 | Updated section 1.2 Setup and Configuration.
Added section 3.4 Board Test.

1.00 Dec 15, 2023 | Initial release
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