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1  Introduction

This demo application runs on Reference Design RDK-641 (Figure 1) and Arduino UNO
Rev3 SMD Board (Figure 2) and DFROBOT LCD Keypad shield v2.0 (Figure 3). The SDA,
SCL and GND wires coming from the Arduino board needs to be connected to the
RDK641 SDA, SCL and GND test points. Arduino board needs to be powered using
external adapter.
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Figure 1 — RDK-641 Board
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Figure 2 — Arduino UNO Rev3 SMD Board
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Figure 3 — DFROBOT LCD Keypad Shield V2.0

Figure 4 — DFROBOT LCD Keypad Shield V2.0 Connected to Arduino Uno
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Figure 5— Completely assembled unit inside an enclosure

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 =
Page 5 of 27 WWW.power.com i



AN-85 InnoSwitch3-Pro Master Debugger 6-June-19

2 Hardware Overview

2.1 LCD Keypad Shield Overview

The LCD Keypad Shield V2.0 is a 2 line, 16 characters Arduino LCD display expansion
shield. The shield consist of 6 input buttons: 1 menu select button, 4 control buttons and

1 small reset Button. This shield is perfect for stand-alone project with its own user
interface.
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The following documents are available as reference

https://www.dfrobot.com/wiki/index.php/LCD Keypad Shield V2.0 SKU: DFR0374
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2.2  Buttons Mapping

For this application, the buttons have different functions in different display menus.
The mapping function descriptions are described on the table below:

BUTTON Function
UP Menu Scroll Up , Increment Numbers
DOWN Menu Scroll Down, Decrement Numbers
LEFT Not Used
RIGHT/ EXIT Exit Menu or Return
SELECT/ENTER Select Menu, Enter
RESET Reset Arduino and LCD

3 LCD Menu Operation

This section explains each control and the information displays on the LCD.

3.1  Start Up Operation

Welcome messages appear as initial display. Each message will be displayed
At a duration of 2.5 seconds.

1% welcome message

InnoSwitch3-Pro
Master Debugger

2"l welcome message

Beta Version
COPYRIGHT 2018

It is expected that before powering up the tool, that I2C communication is
working and RDK-641 provides the pull up voltage to the 12C bus. If RDK-641 is
not active a failure of the 12C communication is expected and this will result a
failure message as shown below. If the below message does not show up then
there is possibility for the SDA or SCL line to be shorted to GND.

Power Integrations
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I2C Comms Error!
Check Connection

When 12C communication becomes active, main menu will be activated.
After welcome messages, the main menu will be displayed.

>1 On/Off CMDS
2 Thresholds

3.2  Main menu
InnoSwitch3-Pro registers are grouped together according to functionality.
The following options under Main Menu are available:
Item Menu | Function Description

1 On/Off CMDS On and Off Commands Registers that can be

Enabled or disabled
2 Thresholds Thresholds Contains Threshold and
Set point adjustments
3 Fault Respons | Fault Response Contains Response and
Timing related registers

4 Telemetry Telemetry Read back Registers
5 Eeprom Config | EEPROM Configurations | Saving of user inputs to

EEPROM
6 FW Version Firmware Version Current Code Revision

® How to browse the MAIN menu

o Press [UP] or [DOWN] , Arrow Indicator [>] shows the selection
o Press [SELECT], The selected option will be activated

Page 8 of 27
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3.3  On/Off Commands

The following options under “On/Off Commands Menu” are available

ltem Menu | Function Range Default
1 VBEN Series Bus Switch ON/OFF OFF
2 BLEEDER Activate Bleeder Function ON/OFF OFF
3 VDIS Load Discharge ON/OFF OFF
4 PSU-OFF Latch-off Device ON/OFF OFF
5 FAST VI Speed of CV/CC Update ON/OFF ON
6 CVO Constant-Voltage Only ON/OFF OFF

® How to turn on VBEN (Series Bus Switch )

o After entering On/Off CMDS menu
Press [UP] or [DOWN] until Arrow Indicator [>] is placed on VBEN

(©]

>1 VBEN OFF

o Press [SELECT], Colon Indicator [:] shows that VBEN can now be
adjusted

>1 VBEN :OFF

o Press [UP] or [DOWN] to change the parameter configuration. The
command value gets executed right away

o Press [EXIT] or [SELECT] to stop allowing any more changes to the
value

o Press [EXIT] to come back to the main menu

Notes: Enabling the VBEN register automatically disables the VDIS register
Enabling the VDIS register will automatically disable the VBEN

Power Integrations ™
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3.4

Thresholds
The following options under “Thresholds Menu” are available

ltem Menu Function Default Default Fine
Tuning Tuning

1 Rs | Current Sense | 1~20 mOhm | 5.25 mOhm | 1 mOhm | 0.01 mOhm
Resitor

2 CV | Output Voltage 3~24V 5V 1V 20 mV

3 OVA | Overvoltage 6.2~25V 6.2V 1V 100 mV
Threshold

4 UVA | Undervoltage 3~24V 3.6V 1V 100 mV
Threshold

5 CDC | Cable Drop 0 ~ 600 mV oV 50 mV 50 mV
Compensation

6 CC | Constant 25~ 128 LSB 128 V 5LSB 1LSB
Current
Regulation

7 VKP | Constant 53~24V 24V 1V 100 mV
Output Power
Knee Voltage

B How to Adjust Output Voltage (CV) by default tuning

After entering Thresholds menu

Press [UP] or [DOWN] until Arrow Indicator [»] is placed on CV
Press [SELECT], Colon Indicator [:] shows that CV can now be
adjusted with Default Tuning of 1V

>2 CV

:5.00 Vv

Press [UP] or [DOWN] to adjust CV by 1V

= User can HOLD [UP] or [DOWN] keys to make faster adjustments

Press [EXIT] to save the settings and stop allowing anymore changes

Press [EXIT] to come back to the main menu

Page 10 of 27
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B How to Adjust Output Voltage (CV) by fine tuning

@)
©)
@)

o

(@]

After entering Thresholds menu
Press [UP] or [DOWN] until Arrow Indicator [»] is placed on CV
Press [SELECT], Colon Indicator [:] will appear

>2 Cv  :5.00 V

Again, Press [SELECT]
= Arrow Indicator [>] beside the number, indicates Fine Tuning
of 20mV

>2 CVv >5.02 V

Press [UP] or [DOWN] to adjust CV by 20mV
= User can HOLD [UP] or [DOWN] keys to make faster adjustments

Press [EXIT] or [SELECT] to save the settings and stop allowing
anymore changes
Press [EXIT] to come back to the main menu

Note: On Adjusting Output voltage, make sure Overvoltage and Under voltage
are already adjusted so it will not trigger a fault

B How to Adjust Current Sense Resistor value (Rs)

@)
©)
@)

After entering Thresholds menu

Press [UP] or [DOWN] until Arrow Indicator [»] is placed on Rs
Press [SELECT], Colon Indicator [:] shows that CV can now be
adjusted with Default Tuning of ImOhm

>1 Rs :5.26 mOhm

Press [UP] or [DOWN] to adjust Rs by 1 mOhm

= User can HOLD [UP] or [DOWN] keys to make faster adjustments
Press [EXIT] to save the settings and stop allowing anymore changes
Press [EXIT] to come back to the main menu

Note: Failure to update the correct Current Sense resistor value the same with
what is connected on the InnoSwitch3-Pro will result to inaccuracy of Average
Current (AVG A) and Measured Current Readings (CURR) on telemetry menu

Page 11 of 27
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® How to Adjust Current Sense Resistor value (Rs) by fine tuning

@)
©)
@)

After entering Thresholds menu
Press [UP] or [DOWN] until Arrow Indicator [»] is placed on Rs
Press [SELECT], Colon Indicator [:] will appear

>1 Rs :5.00 mOhm

Again, Press [SELECT]
= Arrow Indicator [>] beside the number, indicates Fine Tuning
of 10mOhm

>1 Rs >5.01 mOhm
Press [UP] or [DOWN] to adjust Rs by 10mOhm

= User can HOLD [UP] or [DOWN] keys to make faster adjustments
Press [EXIT] or [SELECT] to save the settings and stop allowing
anymore change
Press [EXIT] to come back to the main menu
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3.5

Fault Response

The following options under “Fault Response Menu” are available

ltem Menu  Function  Range Default
1 OVL Overvoltage NR — No Response | AR
Fault LO — Latch Off
Response AR — Auto-Restart
2 UVL Undervoltage NR — No Response AR
Fault LO — Latch Off
Response AR — Auto-Restart
3 ISSC IS-pin Short NR — No Response NR
Fault Response | LO — Latch Off
AR — Auto-Restart
4 ISSCfrqg | IS-pin Short 50Khz/30Khz/ 50Khz
Detection 40Khz/60Khz
Frequency
5 UVL TMR | UVL Fault 8ms/16ms/ 64ms
Timer 32ms/64ms
6 | WATCHDOG | Communication OFF/0.5s/1s/2s OFF
Rate Monitor
7 CVOL Constant NR — No Response NR
Voltage Mode LO — Latch Off
Fault Response | AR — Auto-Restart
8 | CVOL TMR | Constant 8ms/16ms/ 8ms
Voltage 32ms/64ms
Fault Timer
9 OTP Secondary 40 deg/ 40 deg
Over- 60 deg
Temperature
Fault
Hysteresis

® How to Adjust UVL (Under Voltage Fault Response) to NR (No Response)

o

After entering Fault Response menu
Press [UP] or [DOWN] until Arrow Indicator [»] is placed on UVL
Press [SELECT], Colon Indicator [:] shows that UVL can now be

adjusted

>2 UVL

:AR

Press [UP] or [DOWN] to set the parameter to NR
Press [EXIT] or [SELECT] to save the settings and stop allowing
anymore change
Press [EXIT] to come back to the main menu

Page 13 of 27
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3.6 Telemetry

The following options under “Telemetry” are available. These are updated live.

Iltem Menu Function

1 AVG V | Average Output Voltage
2 AVG A Average Output Current
3 VOLT Measured Output Voltage
4 CURR Measured Output Current
5 Cv SP | Output Voltage Set-Point
6

7

8

9

CC SP Constant Current Set-Point

VKP SP | Constant Power Threshold

OV THR | Overvoltage Threshold

UV THR | Undervoltage Threshold

10 CDC Sp | Cable Drop Compensation Set-Point

o Press [EXIT] to come back to the main menu

3.7 EEPROM Configuration

The following options under “Eeprom Config Menu” are available

ltem Menu ~ Functon
1 Save Config 1 | Save the current configuration
settings to EEPROM
2 Load Config 1 | Load the previously saved
configuration Settings
3 Load Default Load the default EEPROM
configuration Settings

Eeprom Configurations when activated automatically replaces the values on the
threshold settings.

® How to Save to EEPROM (Save Config 1)

o After entering Eeprom Config menu

o Press [UP] or [DOWN] until Arrow Indicator [>] is placed
on Save Config 1

o Press [SELECT], message confirmation will show.

Eeprom Saving
Successful!

o Press [EXIT] to come back to the main menu
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u How to Load to previously saved EEPROM values(L.oad Config 1)

o After entering Eeprom Config menu

o Press [UP] or [DOWN] until Arrow Indicator [>] is placed
on Load Config 1

o Press [SELECT], message confirmation will show.

New Config
Loaded!

o Press [EXIT] to come back to the main menu

u How to Load to Default EEPROM values(Load Default)

o After entering Eeprom Config menu

o Press [UP] or [DOWN] until Arrow Indicator [>] is placed
on Load Default

o Press [SELECT], message confirmation will show.

Loaded Default
Configurations!

o

Press [EXIT] to come back to the main menu

3.8 FW Version

The following display will show when FW Version menu is activated

v00.01.00 - Beta
WWW . power .com

The current Firmware is still on beta, firmware update maybe implemented
on the next firmware revision.

® How to Exit FW Version

o After entering FW Version menu
o Press [EXIT] or [SELECT] to come back to the main menu
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4 Demonstration of Operation

4.1  Running the Program

This section demonstrates the actual operation of the tool. Upon power up, the main
menu is displayed and then 5V setting is applied on the LCD menu.

100VAC was applied to the AC input terminals and output terminals were connected
to a Chroma DC electronic load. Arduino Uno board power is coming from an
external adapter. Make sure the power supply under test doesn’t have any external
controller giving commands to the InnoSwitch3-Pro IC.

Image below shows the measured voltage and current.

3 AR

G TShod
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J

LIOLT
CUREE
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5 Building your own master debugger unit

5.1 System Requirements

The following are required to run this InnoSwitch3-Pro Arduino demo application

Arduino Software version 1.8.2 or later

Arduino UNO Rev3 SMD

RDK — 641 Board rev C

InnoSwitch3-Pro Arduino Library version 1.1.0 or Later
DFROBOT LCD Keypad Shield V2.0

5.2  Hardware modification

A newly bought LCD shield has the display contrast set to minimum thus the actual
display is hard to read, and since there is no potentiometer on the shield it is not possible
to adjust the contrast.

A hardware modification is suggested to set the contrast to an acceptable setting.
This is done by adding a 10K SMD resistor (1210) in place of the potentiometer as shown
below.

=00 ‘Fﬂ - e 0

Q
MIN Q |

Add 4.7K Ohm pull up resistors on the 12C bus, each connected to SDA and SCL as
shown on image below.
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5.3  Open Source Arduino Libraries

This demo application uses various open source materials available as Arduino
libraries. Download and Install the following libraries.

e InnoSwitch3-Pro Arduino Library
Author: Power Integrations

https://ac-dc.power.com/design-support/articles/innoswitch3-pro-code-library-api-

arduino/

®  New “InnoSwitch3-Pro_Arduino_v01.01.00_r1427.zip"
» This was updated in order to combine InnoSwitch3-Pro
Arduino library with other existing Arduino Libraries

®  Note: To avoid conflict, Make sure to delete the old one If already installed

e Arduino Menu 4 Library
Author: Rui Azevedo
Email: ruihfazevedo(@rrob@)gmail.com

https://qithub.com/neu-rah/ArduinoMenu

e LCD Keypad Shield Library - LCD count down timer
Author: Cohesive Computing

http://www.cohesivecomputing.co.uk/hackatronics/arduino-lcd-menu-library/

Power Integrations
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5.4  Library Installation

Full installation guide can be found on the link below
https://www.arduino.cc/en/Guide/Libraries

The RDK641 doesn’t need to be connected to Arduino at this stage. The Arduino needs
to be only connected to the laptop.

In the Arduino IDE, navigate to Sketch > Include Library > Add .ZIP Library. At the top
of the drop down list, select the option to "Add .ZIP Library".

@ sketch jul2ec | Arduino 182 - —— @_ﬂlﬂ

File EditISketch I ools Help

Verify/Compile Ctrl+R
Upload Ctrl+U
Uplead Using Programmer  Ctrl+ Shift+U
Export compiled Binary Ctrl+Alt+5

sketch
Manage Libraries...

wold

=i=

Add ZIP Library... |

Show Sketch Folder Ctrl+K
Include Library I, Arduino libraries
Add File... Eridge
EEPROM
Esplora
Ethernet
- Firmata —

Navigate to the .zip file's location and open it.

Select a zip file or a folder containing_the Iibgr}r yau'_d_likita add : - = ﬁ
Lookin: | || Release - T m-
= . old
..iy E InnoSwitch3-Pro_Arduino_v01.01.00_r1414.zip

Recentltems | | InnoSwitch3-Pro_PIC16F18325_v01.01.00_r1415.zip

Desktop

. File name: InnoSwitch3-Pro_Arduino_vw01.01.00_r 1414.zip
|

- Files of type: | ZIP files or folders =)

M D imisnie

.

Repeat the process to install all the other libraries.
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5.5 Library Installation Complete

Images below shows the InnoSwitch3-Pro library was added to the Arduino Library

-

@l sketch_jul26b | Arduino 1.8.2

File Edit Sketch Tools Help

sketch_jul2éh

void setup() {
J/ put your setup cocde here, to run cnce:

1

void loop() {
/f put your main code here, to run repeatedly:

el

-

@ sketch_jul26b | Arduino 1.8.2

File Edit [Sketch| Tools Help

Verify/Compile Ctrl+R
Upload Ctrl+U
Upload Using Programmer  Ctrl+Shift+U
Export compiled Binary Ctrl+Alt+5
/ pu

Show Sketch Folder Ctrl+K

1 I Include Library I )

void 1a Add File...

// put wvour main code here, to run repeate

rY

Servo
Software5erial
SpacebrewYun
Temboo

Wire

Recommended libraries
Adafruit Circuit Playground
Adafruit GFX Library
Adafruit INAZ19

Adafruit 5501306

Contributed libraries
Adafruit_FeatherOLED-master
Downloads

GSM

12Cdevlib-Core

InnoSwitch3-Pro

LCD_MewHaven

For windows users, the library can be viewed on this directory:

> C:\Users\username\Documents\Arduino\libraries\

Page 21 of 27
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5.6 Library Examples

The Library will be available to use in sketches, File > Examples

r@ sketch_dec18a | Arduino 1.8.2
Edit Sketch Tools Help
New Ctri+N
Open... Ctrl+0
Open Recent
Sketchbook
Examples
Close Ctrl+W
Save Ctrl+S
Save As... Ctrl+Shift+5
Page Setup  Ctrl+Shift+P
Print Ctrl+P
Preferences  Ctrl+Comma
L Quit Ctrl+Q

Select “Inno3Pro_Master_Debugger”

Robot Control
Robot Motor
sD

Servo
SpacebrewYun
Stepper
Temboo
RETIRED

Examples for Arduino/Genuino Uno
EEPROM

Softwareserial

SPI

Wire

Examples from Custom Libraries
Adafruit INA219

Adafruit 5501306
Adafruit_FeatherOLED- master
analogShield-master
ArduinocMenu library
DFRkeypad

Downloads

EEPROMEx

InnoSwitch3-Pro
LCD_MewHaven
LedCountDownTimer
LiquidMenu

LM1704

NewAnalogButtons
¥

Inno3Pro_Basic

Inno3Pro_Basic Volts Amps OV _UV

Inno3Pro_Master_Debugger

Inno3Pro_PD_5V_8V_15V_20V
Inno3Pro_Plotter
Inno3Pro_Ramp
Inno3Pro_Random_Voli_Time
Inno3Pro_Senal

Inno3Pro_SineWave

Example.
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5.7  Firmware Configuration Update

For the InnoSwitch3-Pro Master Debugger example, the Constant Current Regulation is
Adjusted in terms of LSB resolution (Range: 25 to 128). This adjustment needs an
update on the computations under configuration parameters on “Inno3ProConfig.h” file.

As shown below, Change CC Set Point to 1:

f*% CC Set Point Computation: */
#define INNO3PRO CC SET PT MULT (float) (1)

5.8  Building and Compiling the Project

581 Arduino board selection

» Under tools menu, Select Arduino UNO board
» Make sure your Arduino Uno is already connected to your computer
through the USB port

r Y
€ Inno3Pro_Basic | Arduino 1.82 T S (=B |t
File Edit Sketch|Tools|[Help

Auto Format Ctrl+T
Archive Sketch
Inno3Pro_Bas Fix Enceding & Reload
Serial Monitor Ctrl+Shift+M e
o Serial Plotter Ctrl+ Shift+ L

WiFi101 Firmware Updater

I Board: "Arduing/Genuino Ung" I Boards Manager...
. Port: "COMAL (Arduino/Genuine Unao)” Arduino AVR Boards =
' Get Board Info Arduino Yin
Date: Programmer: "USBasp" IO Arduing/Genuino Uno I
Burn Bootloader Arduing Duemilanove or Diecimila
Arduine Nane —
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5.8.2 Select the Active Communication Port

> Under tools menu, Select the correct port
* For Arduino UNO, the name will appear next to the serial port

' -
@ Inno3Pro_Basic | Arduino 1.8.2 WM S ==

File Edit Sketch Help
Auto Format Ctrl+T
Archive Sketch
Inno3Fro_Bas Fix Encoeding & Reload
Serial Monitor Ctrl+Shift+M il
Serial Plotter Ctrl+Shift+L

WiFil01 Firrnware Updater

Board: "Arduino/Genuino Uno" 4

I Port: "COM41 (Arduino/Genuino Una)” I ! Serial ports 2
Get Board Info | v | COMA1 (Arduino/Genuino Uno) |
Programmer: "USBasp” L4

Burn Bootloader

5.8.3 Verify / Compile

= Click the check icon to Verify
> After few seconds , “Done Compiling” should show up on the Notification Area
This means the sketch is ready for uploading to the Arduino board

' I |
€5 Inno3Pro_Basic | Arduino 1.8.2 [E=REE

File Edit Sketch Tools Help

Inna3Pro_Basic

Arduino/Genuino Uno on COM41
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5.84 Upload

> Click the Arrow icon to Upload

= After few seconds , “Done Uploading” should show up on the Notification Area
This means the upload was successful

&3 Inno3Pro_Basic | Arduine 1.8.2 =8| %

File Edit Sketch Tools Help

Inno3Pro_Basic

variables. Maximum is 2048 bytes.

Arduino/Genuing Uno on COM4
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6 Revision History

Date Author | Revision | Description & changes Reviewed
06-June-19 CS,AP 1.0 Beta Apps and Mkig
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