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About this document

Scope and purpose

This user guide provides an overview of the Smart Induction Cooktop Reference Design
(REF-SHA3K3IHWR5SYS) along with its usage, key features, and architecture.

Intended audience

This user guide is intended for all users of the REF-SHA3K3IHWR5SYS.
Note: The reference design kit is to be used by trained specialists under laboratory conditions only.

Reference Board/Kit

Product(s) embedded on a PCB with a focus on specific applications and defined use cases that may include
software. PCB and auxiliary circuits are optimized for the requirements of the target application.

Boards do not necessarily meet safety, EMI, quality standards (for example: UL, CE) requirements.

Document conventions

Reference design coded name User friendly name

REF-SHA3K3IHWR5SYS Smart Induction Cooktop Reference Design
REF-SHA3K3IHWR5SYS-INV Inverter Control Board

REF-SHA3K3IHWR5SYS-HMI HMI & System Control Board
REF-SHA3K3IHWR5SYS-CON Connectivity Board
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Important notice

“Evaluation Boards and Reference Boards” shall mean products embedded on a printed circuit board
(PCB) for demonstration and/or evaluation purposes, which include, without limitation, demonstration,
reference and evaluation boards, kits and design (collectively referred to as “Reference Board”).

Environmental conditions have been considered in the design of the Evaluation Boards and Reference
Boards provided by Infineon Technologies AG. The design of the Evaluation Boards and Reference Boards
has been tested by Infineon Technologies only as described in this document. The design is not qualified
in terms of safety requirements, manufacturing, and operation over the entire operating temperature
range or lifetime.

The Evaluation Boards and Reference Boards provided by Infineon Technologies are subject to functional
testing only under typical load conditions. Evaluation Boards and Reference Boards are not subject to the
same procedures as regular products regarding returned material analysis (RMA), process change
notification (PCN) and product discontinuation (PD).

Evaluation Boards and Reference Boards are not commercialized products, and are solely intended for
evaluation and testing purposes. In particular, they shall not be used for reliability testing or production.
The Evaluation Boards and Reference Boards may therefore not comply with CE or similar standards
(including but not limited to the EMC Directive 2004/EC/108 and the EMC Act) and may not fulfill other
requirements of the country in which they are operated by the customer. The customer shall ensure that
all Evaluation Boards and Reference Boards will be handled in a way, which is compliant with the
relevant requirements and standards of the country in which they are operated.

The Evaluation Boards and Reference Boards as well as the information provided in this document are
addressed only to qualified and skilled technical staff, for laboratory usage, and shall be used and
managed according to the terms and conditions set forth in this document and in other related
documentation supplied with the respective Evaluation Board or Reference Board.

Itis the responsibility of the customer’s technical departments to evaluate the suitability of the
Evaluation Boards and Reference Boards for the intended application, and to evaluate the completeness
and correctness of the information provided in this document with respect to such application.

The customer is obliged to ensure that the use of the Evaluation Boards and Reference Boards does not
cause any harm to persons or third-party property.

The Evaluation Boards and Reference Boards and any information in this document is provided "as is"
and Infineon Technologies disclaims any warranties, express or implied, including but not limited to
warranties of noninfringement of third-party rights and implied warranties of fitness for any purpose, or
for merchantability.

Infineon Technologies shall not be responsible for any damages resulting from the use of the Evaluation
Boards and Reference Boards and/or from any information provided in this document. The customer is
obliged to defend, indemnify, and hold Infineon Technologies harmless from and against any claims or
damages arising out of or resulting from any use thereof.

Infineon Technologies reserves the right to modify this document and/or any information provided
herein at any time without further notice.
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Safety precautions
Note: Please note the following warnings regarding the hazards associated with development systems.

Table 1 Safety precautions

Warning: The DC link potential of this board is up to 1000 VDC. When measuring
voltage waveforms by oscilloscope, high-voltage differential probes must be used.
Failure to do so may result in personal injury or death.

Warning: The evaluation or reference board contains DC bus capacitors, which take
time to discharge after removal of the main supply. Before working on the drive
system, wait 5 minutes for capacitors to discharge to safe voltage levels. Failure to do
so may result in personal injury or death. Darkened display LEDs are not an indication
that capacitors have discharged to safe voltage levels.

Warning: The evaluation or reference board is connected to the grid input during
testing. Hence, high-voltage differential probes must be used when measuring voltage
waveforms by an oscilloscope. Failure to do so may result in personal injury or death.
Darkened display LEDs are not an indication that capacitors have discharged to safe
voltage levels.

Warning: Remove or disconnect power from the drive before you disconnect or
reconnect wires, or perform maintenance work. Wait five minutes after removing
power to discharge the bus capacitors. Do not attempt to service the drive until the bus
capacitors have discharged to zero. Failure to do so may result in personal injury or
death.

Caution: The heat sink and device surfaces of the evaluation or reference board may
become hot during testing. Hence, necessary precautions are required while handling
the board. Failure to comply may cause injury.

Caution: Only personnel familiar with the drive, power electronics and associated
machinery should plan, install, commission and subsequently service the system.
Failure to comply may result in personal injury and/or equipment damage.

Caution: The evaluation or reference board contains parts and assemblies sensitive to
electrostatic discharge (ESD). Electrostatic control precautions are required when
installing, testing, servicing or repairing the assembly. Component damage may result
if ESD control procedures are not followed. If you are not familiar with electrostatic
control procedures, refer to the applicable ESD protection handbooks and guidelines.

Caution: A drive that is incorrectly applied or installed can lead to component damage
or reduction in product lifetime. Wiring or application errors such as undersizing the
motor, supplying an incorrect or inadequate AC supply, or excessive ambient
temperatures may result in system malfunction.

Caution: The evaluation or reference board is shipped with packing materials that
need to be removed prior to installation. Failure to remove all packing materials that
are unnecessary for system installation may result in overheating or abnormal
operating conditions.
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1 Getting started

The REF-SHA3K3IHWR5SYS is a complete-Infineon solution for smart cooktop system starter kit. It is a
three-board system constituting Inverter Control Board, HMI & System Control Board and Connectivity Board.
The Inverter Control Board features the Infineon Technologies PSoC™ 6 MCU with a resonant switching control
and resonant circuit based on the reverse conducting R6 IGBTs in combination with the level-shift EiceDRIVER™
ICs based on the SOI technology gate driver. The HMI & System Control Board features the PSoC™ 4100S Max
MCU with 5" Generation CAPSENSE™ technology providing an easy human machine interface design solution
for home appliance designer. The Connectivity Board features PSoC™ 6 with AIROC™ 4347E Wi-Fi Bluetooth®
combo module from Laird to provide designers a good reference for loT features.

The Smart Induction Cooktop Reference Design Kit solution provides a system solution that is modular with all
induction cooktop building blocks as independent boards (as shown in Figure 1):

e Inverter Control Board

e HMI & System Control Board

e Connectivity Board

Figurel  SmartInduction Cooktop Reference Design Kit Boards
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1.1 Kit contents

Figure 2 shows the Smart Induction Cooktop Reference Design (REF-SHA3K3IHWR5SYS) Kit contents.

Figure2  Smart Induction Cooktop Reference Design Kit contents

e Induction Cooktop Inverter Control Board based on the PSoC™ 6 MCU with screws for hob coil cable
mounting

e Induction Cooktop Human Machine Interface (HMI) and System Control Board based on the
PSoC™4100S Max MCU

e Induction Cooktop Connectivity Board based on the PSoC™ 6 MCU and the AIROC™ CYW4373E Wi-Fi 5 and
Bluetooth®5.2 combo chip

e Bighob coil (11 inch) with protective mica sheet and cookware temperature sensor

e Small hob coil (6.8 inch) with protective mica sheet and cookware temperature sensor

e Cable to connect the Inverter Control Board to the HMI and System Control Board (14 inch)
e Cable to connect the HMI and System Control Board to the Connectivity Board (8 inch)

e Antenna for the Connectivity Board

e MiniProg4 program and debug kit (CYSCKIT-005-A)

e Quick start guide

User guide 8 V1.0
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1.2 Kit features
The REF-SHA3K3IHWR5SYS Kit features the following key functionalities:

e Powerand size

a) Two induction hob configurations with one big and one small hob coils

b) Simultaneous operation of two induction hobs with total system maximum power of 3600 W

- Biginduction hob with maximum power for 2200 W with boost mode support for 3000 W
- Smallinduction hob with maximum power of 1400 W with boost mode support for 2000 W

e Features

a) Full system level power ON/OFF

b) Individual hob power control using a radial slider and +/- button

c) Independent hob timer with alarm

d) 7-segment display to display the hob timer status and the system error state

e) Pause and resume functionality at the system level to perform urgent tasks during cooking.

f) Child lock to avoid any hazards

g) Local voice control with speaker for handsfree operation

h) Companion mobile application to remotely control and monitor over Bluetooth®.

i) Integrated active cooling control system to maintain the optimal IGBT temperature for switching
o Safety features

a) Auto-shutdown on prolonged usage (over 2 hours)

b) Auto-shutdown on overheating of the coil overlay surface or the internal electronics (IGBT)

c) Intelligent resonant switching control based on pan detection status

d) Hardware and software safety control for overcurrent and overvoltage conditions of the resonant circuit

User guide 9 V1.0
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1.3 Setting up the system

Connect the Smart Induction Cooktop contents as shown in the following figure.

— 3
| Live - Neutral - Earth

Figure3  SmartInduction Cooktop setup

1. Connect the Inverter Control Board (X72) to the HMI and System Control Board at the inverter interface
using the 14-inch cable provided with the kit

2. Connect the Connectivity Board (X1) to the HMI and System Control Board at the connectivity interface
using the 8-inch cable provided along with the kit.

3. Connect the AC power supply to the Inverter Control Board with a power cord rated for 30 A to an AC socket
rated for 220~240 VAC/ 30 A.

4. Connect the big coil cookware temperature sensor to the Inverter Control Board using the 2-pin connector
(X35).

5. Connect the big coil to the Inverter Control Board using the screws at X6 (red) and X7 (white).

6. Connect the small coil cookware temperature sensor to the Inverter Control Board using the 2-pin
connector (X34).

7. Connect the small coil to the Inverter Control Board using screws at X9 (white) and X8 (red).

8. Connect the antenna to the Connectivity Board at ANTO (Refer to this tutorial video to learn how to connect
the antenna to the MHF4L connector).

User guide 10 V1.0
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Align antenna to the MHF4L
connector and ensure it holds
tight to the connector. Now, press
to hear a “Click” sound for proper
connection.

Verify by rotating antenna and it
shouldn’t come out

Figure4  Attaching antenna to Connectivity Board
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1.4 Powering the kit

Connect the Inverter Control Board AC input to a 220 V~240 V AC, 30 A socket.

Live — Neutral — Earth

Figure5 Power connections
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1.5 Usage
Pre-requisites to use the system:

e Aninduction cooktop compliant cookware with some water

e Setup the system as described in the Setting up the system section and connect to the power socket as
described in Powering the kit

o Get familiarized with the touch controls as shown in Figure 6 (Refer to the HMI & system control touch
interface usage for detailed usage).

HMI and system control board touch interface

15

1 Four-digit 7-segment display for auto shutdown time 9 Bighob selection button with LED

and status 10 Bighob radial interface for power control with LED
2 PAUSE/RESUME button with LED 11 LOCK/UNLOCK button with LED
3 Small hob selection button with LED 12 Bighob increase button (+) to increase the power
4 Small hob radial interface for power control with LED level or timer value for auto shutdown
5 System POWER on/off button with LED 13 Bighob Qecrease button (-) to decrease the power
6  Small hob decrease button (-) to decrease the power level level or timer value for auto shutdown

ortimer valueforautoshutdown 14 VOICE enable/disable button with LED
7 Small hob increase button (+) to increase the power level 15 Connectivity enable/disable button with LED
or timer value for auto shutdown

8  TIMER LED button to configure auto shutdown time
forahob

Figure6  HMI and system control board touch interface

e Install the Infineon’s Induction Cooktop mobile application from the Apple Appstore or Google Playstore
and get familiar with the mobile application. See Mobile application usage section.

Step 1:

Place the induction cooktop compliant cookware with some water on the small hob and power on the AC
supply to the system. Upon successfully passing the Class B compliant power-on self-test (POST), the HMI &
System Control Board will blink all the LEDs once and the “POWER” LED starts breathing green color indicating
that the systemis in standby mode.

Step 2:

Power ON the system by long pressing (1 second) the “POWER” button. The POWER LED will stop breathing and
becomes solid green color indicating that the system is ON.

User guide 13 V1.0
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) e
Infineon
TIMER PAUSE CONNECT VOICE g

Figure7  Smartinduction cooktop powered ON state (Idle state)

Step 3:

By default, connectivity and voice command features are disabled. Enable the connectivity and voice
command control features by performing a short press of the CONNECT and VOICE buttons. Once these
features are enabled, a solid red color LED will glow.

TIMER PAUSE CONNECT VOICE

Figure8 Smartinduction cooktop in idle state with voice and connectivity enabled

Once the Connectivity Board is ON, the Connectivity Board will boot blinking the green and red LEDs for 5 times
indicating that the Cyberon offline voice command processing license is available. Post that, the red LED stays
ON and the green LED continues blinking while indicating that the Bluetooth® feature is ON and the system is
discoverable.
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Figure9 Connectivity Board with red and green LED glowing

Step 4:

Turn the small hob ON by short pressing the small hob selection button. The small hob will turn ON at the
power level 0 indicated by the red LED.

TIMER PAUSE CONNECT VOICE

Figure 10 HMI & System Control Board with small induction hob powered ON (active mode)
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Step 5:

Launch the Induction Cooktop mobile application and connect to the Smart Induction Cooktop Connectivity
Board. Figure 11 illustrates detailed steps to launch and add a device in the mobile application. For details,
refer to the Mobile Application Control section.

o a1 wia
ull Airtel T 3:58AM L < U

Home < Device List
1. Stay close to the cooktop

Enable bluetooth of the mobile
" device

No device provisioned yet.
Click on the "+" icon to
add a new device.

1

\
\

e
(infineon
Scanning for devices....

—E— . — |
< Device List
= -0 <« IFX-IH &
1P IH " .
= i oFTAR REERE > ome ®

Pair with [FX-IH?

[ & access w0 vour conmcts and call =story

Cancel

T ——
Figure 11 Infineon Induction Cooktop mobile application launch to adding a device
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Step 6:

Increase the power level of the small hob using the slider interface to power level 3. Observe the radial power
level LED to glow till the power level 3. The same will be reflected on the mobile application.

< IFX-IH %

W @ @

7
=)

()
AL

TIMER PAUSE CONNECT VOICE

Figure 12 Small hob power level set to power level 3.

Step 7:

Decrease the power level of the small hob from the mobile application to 2 and observe the HMI LED getting
updated.

< IFX-IH e

A Set small hob power level

0

1

2

= P

o @ ® @ W

caneet

Figure 13 Small hob power level changing to level 2 in Induction Cooktop application
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TIMER

e '
PAUSE CONNECT VOICE mflneOn

Figure 14 Small hob power level set to power level 2

Step 8:

Increase the power level of the small hob using the following voice commands:

Voice commands

Induction Cooktop voice output

“Hello Cooktop”

“I'am listening”

“Set power level to three”

“Small hob active”

“Set power level to three”

“Power level set to three”

As aresult, the HMI & System Control Board and the mobile application gets updated to power level 3. For
detailed voice commands, refer to the Voice Commands section.
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e " .
(nfineon
TIMER PAUSE CONNECT VOICE

< IFX-IH

&

Figure15 Small hob power level updated to level 3

1.6 Programming the firmware

To experience the latest updated features, update the system with the latest firmware by downloading the
firmware package from Infineon website REF-SHA3K3IHWR5SYS.

1.6.1 Inverter Control Board

1.6.1.1 Hardware requirements

e Miniprog4 (shipped as part of the kit)

e UART to USB converter that supports 3.3V 10 logic (for example, C232HD-DDHSP-0)
1.6.1.2 Software requirements

Download and install the following programs:

e Cypress Programmer v4.2
e Serial terminal like TeraTerm or different software to view the UART debug logs.

User guide 19 V1.0
2024-03-26


http://www.infineon.com/REF-SHA3K3IHWR5SYS
https://www.infineon.com/cms/en/product/evaluation-boards/cy8ckit-005/
https://www.digikey.com/en/products/detail/ftdi-future-technology-devices-international-ltd/C232HD-DDHSP-0/2767783
https://softwaretools.infineon.com/tools/com.ifx.tb.tool.cypressprogrammer
https://teratermproject.github.io/index-en.html

o _.
Smart Induction Cooktop Reference Design (REF-SHA3K3IHWR5SYS) |n f| neon
user guide
Getting started

1.6.1.3 Firmware programming

Please follow the following steps:
Note: Firmware update does not require a complete system with AC supply and can be done with the
power supply from the Cypress programmer. Powering with an AC supply will require raw power

device debugging precautions.

1. Setup the hardware as shown in the following figure.

820 to) e C49 21
b R0 I -,
€52 Iwqwmi ch-gla‘ . i
o1 W R7s gy

R76 77 rem.Ca6

]
[

=

ARAEARARRRIRINY
wnnin

X68 - MiniProg4
10pin Debugger
Interface

-
-
b=
-
-
bt
-
-
=
=
-
—
=
=

T e

|

X71 - Non-Isolated UART Debug (3.3V)
Pin6: GND
Pin5:
Pin4: UART_TX
Pin3: UART_RX
Pin2:
Pinl:

Figure 16 Inverter control board debug interfaces - MiniProg4 and TTL UART to USB

2. Open the Cypress Programmer application.
3. Select PSoC™ 6: Select PSoC™ 61/62/63 from the platform list.

File View Options Help

Power  Connext | Erese Program Resd Verlly

- SN
brbefit: 4pa itk czsocsEnzzrann - o] ey | @ O A @D B @)
Open

P50C 64

Settings e
Program Setgs ot

o Seting i

file ¢ b isar 10 Dex

Reset Chip. [u} PAG2S

Verify Recins Cri2cezs

Extemal Memory B AMCoar

Procrarn Secuit. || [azi
Srobe Sattings

Interface Swo

Clack {KH7) 2000

Voltage (V) 13

Resel Type St

Sflash Restrictions. Crese/Prowem Sllash prohitiled

+ psoce.cpu.cno halted due to debug-request, current mode: Thread

: xPSR! 0x41000090 pc: OXGOPADI3A MSp: GXOUOITERA

i ** Pevice acquired successtully

: *% psack,cpu.cna: Ran after reset and before halt...

: psocé.cpu.cnd halted due to debug-request, current mode: Thread

: XPSRI DXP100B0P0 PCi OXGGPAROCC Mspi GX98R1TEES

: Initializing emsis_flash bank psoce_smifl_cmd (CYACEXIA SHIF)

: emsis algorithm: Init operstion failed (1)

ed to initizlize bank psocs_saif1_cme

: Reading flash banks ...

: flash 'psacé In' found at 6x13080800

: flash 'psocs 2n’ found at exiseeeecs

: flash psace 2n efuse’ found at 0x96730008

: flash 'cnsis Mlash” found =t £x13069698

: u @ psack main cna (psocs am) at x1apecece, size axaeadaede, buswidth 4, chipwidth 4
W1t PROck SUPER ¢8@ (SO JW) AT GXIGAPORDA, SiTe AXOADARARA, husuidTh &, chipwidth &
W2 : psock efuse cad (psocs 2w efuse) at @x3G760000, size BXOOAGRME0, buswidth 1, chipwidth 1
w3 @ psock main cma (vietual) at Gx16aeacen, size axeaedenea, husuidth e, chipwidth o

snif1_cap (emsis_flash) at Ax13000008, 3ire AxAAOROROR, buswidth A, chipwidth a

a7 Smifl cad (Uirtual) at BxIBAAROAE, sie EXRAADACHR, buswidth &, chipwidth @
Flasi detected

: eyp status: oK
cyp_get_mpn

"
% Beterted device PH: CVAC6240A7T SA082 SiliconTh: FACI Rewision: 13 FamilyTn: 19F DTF: PSOCGA2SEX

Press 1L for helps POUNGISIEY Mot Conedted
Figure 17 Select microcontroller of Inverter control board
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4. Select the kit as shown in the following figure:

[& Cypross Programmer

infineon

File View Opfions Help
~

(=] X
L Probe/Kilf NP4 BULK 16230CEB02237400 - [latiorm: PRt 61/62/63 - ®© O 3] ] @
Qpen Power Conned  Esase Program Read
Sattings
Program Sattings

. : Fef Ih-inw freertos_isar_1_0_0.hex

Praaram Securt.,

psoct.cpu.omp halted due Lo debug-request, current mode: Thread
XPSR: OxA10BEG00 pe: PXADAAG1IA msp: OxEALIAGH
i+ Device acqulred successfully

** psoce.cpu.cnd: Ran after reset and before halt...
psocG.cpu.ona halted due ta debug-request, current mode: Thread
XPSR: GXP10QEEGE po: BXGOAOOBCC mSp: GXPEALIAGO
: Initializing cmsis_f1ash bank psocc_swifl_cme (CYBCONXA_SMIF)

cmsis algarithn: Init operation failed (1]

Failed to initialize bank psece_swifi_cne

neading flash banks ...
F12sh "pSeCE_2N° Found at @x10090000
flash “psace 2’ found st ox16ep0000
Flash "psocs_am_efuse’ found at 0x09760808
flash “cmsis flash® found at ex1soesees
49 5 psoch_main_cmh (psoch_dm) at Ax1PAGOADA, size AXBABAAODE, buswidth 4, chipwidth 4

psoch supsr cmd (psoch 2m) at Ox1609000%, siie O¥0EERRY, buswidth a, chipaidth 2

psoch_efuse_cud (psoce_dm_efuse) at AX9ATA000, size OXAGGEANNS, huswidth 1, chipwidth 1
: psoch main ma (virlual) 3L 9x10000000, size Exde000UID, buswidth @, chipuidth o
: 4n ¢ psocs_super_cea (vietual) at ex16a00800, size xPAEPAARR, buswidth o, chipwidth o
45 : psech efuse cnd (virlusl) al 0x9700000, size €x0000040%, busnidih 1, chipwidlh 1
46 ¢ psoce_smif1_cws (cmsis_flash) at 6x1R0@AGER, size Oxa4EAAEoa, buswidth 4, chipwidth 4
#7 & psoch_salfl cnd (virtual) al @x18000000, size Ox04009008, buswidth 0, chipwldih @
Flash banks detected
Cyp slatusi oK

yp,

get_mpn I
=* Detected device PH: CYBCG244A71 34D82 SiliconID: EACE Rewislon: 13 FamilyID: 10 DIE: PSGCGA25GK
Press 1 for help

PoWeieds FIMY. Mot Connected

Probe Selings
Interface £ -
Clack {<Hz) 2000 5
Voltage (V) 23 -
Reset Type St -
Sflash Restictions Frase/Program Sflash prohibited ~

Log

nfo

Figure 18 Select MiniProg4 Kit

5. Power on the PSoC™ 6 using the Cypress programmer GUl at 3.3 V.

] cypress Programmer a x
File View Qptions Help
= =
e ) 2
Seltings. X
Program Settings
File [= i i {fméh ref I Irn freertos lsar 10 0hex =
Resel Chigs =]
Verity Recions
Futernal Wemory @
Proqram Securit.
Probe Settings
Clock (KHz) 2000 v
Valtage (V] 3 ~
Raset Type olt e
Sflash Restrictions Crase/Program Sflash prohibited ~
Log
Info : psocs.cpu.cm@ halted due to debug-request, current mode: Thread
Info : ** Device acquired successfully
Info : ** psoc.cpu.cnd: Ran afler resel and before halt...
info psoce.cpu.cméd halted due to debug-request, current mode: Thread
cmsis algerithm: Tnit aperation failed (1)
Failed to initialize bank pseco_snifl_cwe
Reading flash banks ...
flash 'psocé 2m' found at Bx1lEe606ed
ash 'psack 2m efuse’ Tound at x98780808
psoct_main_ema (psoce_2w) at @x10800008, size 8x80e40000, buswidth 4, chipwidth 4
puoch_super_cm® (psoch_2n) ol Gx16000000, size 6x08008600, buswidth 4, chipwidth 4
proce_efuse_cme (psoce_2m_efuse) 2t oxoereeeee, size oxeo0esdse, buswidth 1, chipwidth 1
i psoch_si cmd (virtuzl) at x16080808, size GxPAPAREEA, buswidth @, chipwidth &
psoch_efuse_cma (virtual) at @xoa700008, size BXRARARMAA, buskidth 1, chipwidth 1
peoc6_smifl ol (cmsis flash) at ©x18000009, sizc ex@1606060, Luswidth 4, chipwidth 4
psoc6_smifi_cmd (virtusl) sl ex18600008, size @xB4000008, buswidth @, chipaldth @
cyp status: ok
Press F for help Pouiered: 3327mY| Mot Connerted
. .
Figure 19 Option to power ON PSoC™ 6

6. Inthe Program Setting section, select the mtb-ref-ih-inv-freertos_<latest_version>.hex binary file that is

downloaded.
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infineon

[E Cypress Pragrammer

o x
File Wiew Options Help
g .
L frobe/it: M BULK-16200CHB02237400 ~ Platform: PSoC 61/62/63 o O ] B 3
Open Power  Connect Frase Progam  Read Verify
SRR
[
| ¢ efiny-freeetos_iser_1_0_0hex =}
Verify Regions.
External Memory B
Program Securil., |
Probe Settings.
Interface Swo v
Clock (KH7) 2000 v
Voltage (v) 13 >
Reset Type -
Sflash Restrictions ErasefProgram Stiash prohibited
psocG.cpu. cmd halted due to debug request, current sode: Thread
XPSR: DXA1EOBBOR PCi OXODEOR1IA Msp: OxeEe11EEa
** Device acquired successfully
5 psoce.cpu.cmd: Ran after reset and before halt...
KPSR: OXO1BO0BOB pC: OXOEOBALC msp: Oxesolfspa
Tnitializing cmsis_flash hank psoch_smif1_cm@ {CYACRxE_SHTF)
cmsis algorlthn: Init operation failed (1)
railed to initialize bank psocé_smifl_cng
nfo : Reading flash banks ...
info : tlash 'psoce 2m* found at exiceseese
Tnfo ¢ Flash 'psocs_am’ found at @¥16B00BOS
info : flash 'psoce_2m_efuse' found at exseieeveo
Info : %8 : psoce_main_cmd (psock_2m) al 9x16000009, size 8x0804800@, buswidth 4, chipwidth 4
Info : #2 : psoc_efuse_cmd (psoct_2m_efuse) al Ox90700008, size 0x00000400, buswidth 1, chipwldth 1
Info : psoes_super_cma (virtual) at ox1660008, size 8x0e0eeeed, buswidth @, chipwidth o
nfo : psocé_smifl_cmd (emsis_flash) at exiseaoeoe, size ex84000000, buswidth 4, chipwidth 4
info : t/ : psoch smifl cmd (virtual) st ©x15000009, size £x@40000d, buswidih @, chipwidth @
Tnfo : Flash banks detected
Info : cyp stalus: OK
Tnfo : cyp_get_mpn
Info : ** Detected device PHN: CYBC6244A21-54082 SiliconID: EAC3 Revision: 13 FamilyID: 108 DIE: PSOCGA256K
Press 1 for help PORRENEEN, ot conneced
Figure 20 Browsing the binary to flash
[5) Cypress Fragrammer - 8 x
File View Opfions Help
, o
Probelit: M UL 16730CHB02237400 - Difonm: PSol 1, N D |8
Open Poner Disconned.  Erase |Progrom | Read  Verify
Settings x
Program Seftings
File C:fUsers/\Shrinidhi/ Downlcads/Firmware(1)/Firmuare/ jsar_1.0_ Ohex =1
Reset Chip 1
> Verify Regions
Extarnal Mem:

Proqram Securit
probe Setting

Inlerface

Program Sflash prohibited

Info @ cyp_get_mpn
Info : *% Detected device PNi CYBCE234AZ1-54D82 Siliconll: EACI Revision: 13 FamilylD: 106 ULE: PSOCEASEK
Info @ program_device "C:/Users/vshrinidni/Downloads/Fireuare(1)/Firauare/Toverter board/ath-ref-ih-iny-freertas_isar_1_6_a.hex”™ "
Info : *% Program image C:/Users/Vshrinidhi/Downloads/Firmiare(L}/Firmiare/ Inverter boardfulb-ref-ih-inv-freerios lsar 1 6 0.hex offsetio ™
Thfo & SkD DPIDR ox6haazd7?
kilprog3: acaulring the device (mode: resel)...
PSOCE.CPU.CMB halted due to debUE-Fequest, current made: Thread
Info 5 xPsAs pes nsps
Info @ *= Device acquired successfully
Info : *% psocG.cpu.cndi Ran after reset and before hallt...
psoch.cpu.cmd halted due to dsbug-requast, current mode: Thread
XPSR: OXO10G0BA0 pc: BXDRRABOCE Msp: BXOBO1FE0D
*= Programming Started **
auto erase enabled
Info : Flash writs discontinued at 8x19091858, next section st Ox10002080
Info @ Padding image section @ at ox108a185e with 132 bytes (bank write end alignment)
Info : [100K] [METHERAEETISTS AT ] [ Erasing
[100K] [nusabspnsnusasssssnssussptanasas] [ Programming
Padding image section 1 ol @x108233¢0 wilh 64 byles (bank wrile end sligneent)
[100K] [4usabseusnusasssssnssnsspnsussas] [ Frasing
[re0x] [resrusmusmenssatenvmsmsmems] [ Programing ]
Ctfusersushrinidhi/Downl oads/Firmeare(1)/Firmiare/ Tnverter board/mth-ref-ih-iny-freartos_isar 16 o.hex in 2.8683505 (67.707 KiB/s)

Info : cyp_get_mon

Info : = Detected device

CYBCGH4ATT 54D83

Figure21 Erase/Program the MCU
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Dp the following to verify the flashing with the latest version of the firmware:

1. Disconnect the target on the Cypress programmer.

2. Open aserial terminal with the USB to UART communication port with baud rate 115200, 1 stop bit, no
parity, and no HW handshake.

Gl

File Edit Setup Contral Window Help

Tera Term: Serial port setup and connection

Port: COMA4 - ;
New setting

Speed: 115200 w

Data: 8 bit ~

Cancel

Parity: none ~

Stop bits: 1 bit ~ Help

Flow control: none w

Transmit delay

El msec/char El msecfline

Device Friendly Name: Prolific USB-to-Serial Comm Port [COM
Device Instance ID: USBYYID_067B&PID_2303\5&B1C4887 204
Device Manufacturer: Prolific

Provider Name: Prolific

Driver Date: 11-27-2020

Driver Yersion: 3.8.38.2

Figure 22 Inverter Control Board debug UART console settings

3. Perform power ON and OFF in the Cypress programmer to see the serial terminal displaying the latest
version of the software.

Infineon's Smart induction cooktop REF-SHA3K3IHWR5SYS-INV
-—-—--SW Major-<Major>, SW Minor-<MINOR>-----
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1.6.2 HMI & System Control Board
1.6.2.1 Hardware requirements
e Miniprog4

e UART to USB cable

1.6.2.2 Software requirement
Download and install the following programs:

e Cypress Programmer v4.2
e Serial terminals like TeraTerm or different software for viewing the UART debug logs.

1.6.2.3 Firmware programming

Do the following:

Note: Firmware update does not require a complete system and an independent HMI & system control
unit can be upgraded.

1. Setup the hardware as shown in the following figure with MiniProg4 and an external USB debug connected
to power the HMI & System Control Board.

ssaum@. _. -

_....,
vboidiuin

aay worsny
#880qs0 ¢

e 90 ®®

TIMER PAUSE CONNECT VOICE

Figure 23 HMI & System Control Board debug interfaces - MiniProg4 and USB (power & debug console)

2. Open the Cypress Programmer application.
3. Select PSoC™ 4: Select PSoC™ 4 from the Platform list and set the supply voltage to 5 V.
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infineon

[ Cypress Programmer

: [CyBridge] start the API initialization

[cyridge] The hardware initislization has complated in 555 ms

Connected - MiniProga CNSIS-DAP BULK-16230C8BE2237468 Fi Version 2.50.1383
: selected Device: MP& BULK-16230C8802237400

: selected Device: MP4 BULK-16230CHEA2237400

a x
File View Options Help
~
rabe/{ Wpa BLLI-10230C 8602237400 - Iwmru.ml Psac 4 - I o N D 8@
Power Erse Program Read Verfty
Settings x
Program Seftings
File Cofusers i {1fFi and system control baardjimtb-ref-h-hm|_isar_i_0_0.hex =
Res Ll
Probe Settings
Interface Swo
Clock (KH7) 2000 S
Voltage (V) 50 =
Fesat Type B
log

Press F1 for help

Biwered 9833MY Mol Connected

Figure 24 HMI & system control Cypress Programmer configuration

4. Browse and select the latest HMI firmware: mtb-ref-ih-hmi_<latest_version>.hex.

6 cypress Programmer

[- B
File View Optians Help
I~ a
FrobeKIt: MP4 BULK- 16230CHERDZ37400 - Platform: Pio 4 .0 0 H B 3B
Cpen Pome  Conned | Cicse Proaram Read Verily
Settings x
Progrem Settings
o Users VORI DR IoaaS Fare| PR/ AL B SyStem Gl oar et ef it (5 1.0 01 |

Probe Settings

Tnfo ¢ [CyBridge] STart the APT initialization

Tnfo : [¢yBridge] The hardware initialization has completed in 5
Tnfo : Connectéd  MIniProgd CHSTS DAP BULK 1623C3882237480 Fil
Info ; selected Do
info : Selected De

slon 2.50.1383
HPA BULK - 16230C880233 7400
HPa BULK- 162300880223 /400

Interface swD

Clock (kHz) 2000 v

Voltage V) 50 -

Raset Type: Soft B
Log

Press F1 fur el

PORGRIIHBIIMY, Mol Comected

Figure 25 HMI & system controller firmware selection

5. Click Erase and then click Program.
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[E] Cypress Programmer = o x

File View Options Help
o
Probe/Kit: MP4 BULK-16230C8B02237400 — Platform: PSoC 4 G . s @
Oper cwer Disconnedt | ErsseffProgram | Read verify

Settings x

Program Settings
File :JUsers/VShrinidhi/Davnlads/Firmware{ 1){Firmware/HMI and system control baard/mth-ref-h-hmi_isar__0_0.hes =)
Reset Chip [
Verify Regions

log
Info : aran e
Tnfo : " Silicon: GX2E2D, Family: @xBE, Rev.: ox11 (AB)
Info : ** petected Family: PSOC 41005 Max

Info : ** Detected Device: CYBC4149AZI-S598

Info : % Detected Main Flash size, kb: 384

Info : ** chip protection: OPEN

Info : * “nsnunan

info : gdb port disabled

Info : gdb port disabled

Info : accepting 'telnet’ connection on tep/444s

Info : open on-chip Debugger

Info : init_target

Info : SWD DPIDR @xobcl1477

Tnfo : kitprog3: acquiring the device (mode: reset)...

Info : psocd.cpu halted due to debug-request, current mode: Thread

Info : xPSR: 8xal00000@ pc: Ox10000840 msp: ©x20087fes

Tnfo : " Device acquired successfully

Info : cyp status: OK

Info : detect_banks

Info : Reading flash banks ...

info : flash ‘psoca’ found at exoeeesese

Info : flash "psocd’ found at @xafffedos

Info : flash "psoca’ found at ©x99400000

Tnfo : flash "psoca’ feund at @x9960E000

Info : #0 : psocd.mflash (psocd) at @xpeE0E008, size 0x00060000, buswidth 4, chipwidth 4
Info : #1 : psocd.sflash (psocd) at oxofffedes, size 9xe000040@, buswidth 4, chipwidth 4
Tnfo : #2 : psocd.flash_prot (psocd) at @x96460608, size Ox0BOAOACH, buswidth 4, chipwidth 4
Info : %3 : psoca.chip prot (psoca) at Gx90608000, size x@@BEEE1, buswidth 4, chipwidth a
Info : Flash banks detected

Connected to the target device Powered: 4880 mV  CYBC4149A21-5598

Figure26 HMI & system control Cypress Programmer firmware programming

6. After successful programming, remove MiniProg4 and open the serial terminal with the USB to UART
communication port with baud rate 115200, 1 stop bit, no parity, and no HW handshake.

e

File Edit Setup Control Window Help

Tera Term: Serial port setup and connection X
Port: COmM4 w i
New setting

Speed: 115200 v

Data: 8 hit ~ Cancel

Parity: none ~

Stop bits: 1 bit v Help

Flow control: none W

Transmit delay

EI msecichar EI msec/ling

Device Friendly Name: Prolific USB-to-Serial Comm Port [COM
Device Instance |D: USBAVID_067B&PID_2303\52B81C48878048
Device Manufacturer: Prolific

Provider Name: Prolific

Driver Date: 11-27-2020

Driver Yersion: 3.0.38.2

Figure 27 HMI & System Control Board debug UART console settings

7. Perform power ON and OFF to see the serial terminal displaying the latest version of the software.

Infineon's Smart induction cooktop REF-SHA3K3IHWR5SYS-HMI
-—-—-SW Major-<Major>, SW Minor-<MINOR>-----
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1.6.3 Connectivity Board

1.6.3.1 Hardware requirements

e MiniProg4 (shipped as part of the kit)
e USBType-Ccable
e TTL UART to USB converter

1.6.3.2 Software requirement
Download and install the following programs:

e Cypress Programmer v4.2 or newer
e Serial terminal software like TeraTerm for viewing the serial debug logs.

1.6.3.3 Firmware programming

Note: The firmware update does not require a complete system with AC supply and can be done with the
power supply from the MiniProg4 cable.

1. Connect the MiniProg4 to the SWD_PROG connector on the Connectivity Board.

X7-USB

X3 - Debug (3.3V)
Pin1:5V

Pin2: UART_RX
Pin3: UART_TX
Pin4: GND

= 1
SDA VTARG A
VT

S Sl ARG[] TMs >

™ SSEL £=

RX mosi ;
RTS MISO ToI swek %
GND cTs RST swpio ' 3

Figure 28 Connectivity Board debug interfaces - MiniProg4, Debug, and USB (Power & debug console)

2. Open the Cypress Programmer application.
3. Select PSoC™ 6: Select “PSoC™ 61/62/63” from the platform.
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{5} Cypress Programmer

infineon

File View Options Help
-

ProbefKit: MP4 N1 K-16730CRABZZ7400 = | Plafars
Open

Seltings
Prorern Sellings

o
File 5 Users i Dosnlossather -y £
Resel Chip O

Fae a1
Pracram Seourit_. [

wir  Comed Do

0 {13hox

Frobe Setings
Interface D
Clock (k+17) 2000
Vollags iV} 33
Resat Typs Soft
Gtlash, Restrctions EresefPracran Silash prah bited

Tafo : [€yRridge] Start the APT initialization

Tafo : Selected Deuice: MPA ALK 16230CRRA22 37400

Press FL for help

info : [cyaridge] The hardware initislization has conpleted in 555 ns
Infu 3 Conmecled - RIniProga (MSLS-UAP BULK- 16230CHS0223 /400

Fuversion 2,58, 1383

Powerad: 3340 ¥,

Hot Connacted

Figure29 Select microcontroller

4. Select the kit.

[ Cypress Programmer
File View Options Help

="
L Prose/it| MP4 BULK 16230CAB02237400  [Piatiorm: PSaC 61/62/63
apen

Settings

Hrogram Settings

Chin
cions
Memory q
Proatenn Securit

Power  Connact

0]

File sl Dourlosdstb o coneatos o100 (1X1)hex
J

Probe Setfings

Interface SWD

Clock {KHz) 2000

Voltage (¥) 33

Resel Type Sait

Sfash Restrictions Erase/Program entire Silash allowed
Lag
nfo : [cybridge] start the API initialization
Info :

Info @ Connected
1nfo : selected Device: MP4 BULK-18230CEBE2237000

(CyBridge] The hardware initialization has completed in 543 ms
MiniProgd CHSTS DAP BULK 16230€8B02237000 F Version 2.48.1241

Press F1 for help

Not Connested

Figure30 Select the MiniProg4

5. Power on the PSoC™ 6 using Cypress programmer GUI at 3.3 V (If USB is connected, this is not required).
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a X
Fie View Options Help
et sermaciorscmzsrm Jatom: viconiorss - | @ O D se
Open Power | Connect Erase Program Read Verify
Settings

Ciftsers Shrinichi/Downloadsimibrrel-econ-frees os_jsar_1.0.0 (1}(1).hex #
2

ian has completed in 543 ms
4 CNSTS DAP BULK-16730C8R2237408  FW Version 2.40.1241
4 BULK 16230CE002237400

Press 11 for help

Figure31 Option to power ON PSoC™ 6 using MiniProg4

Nt Conneted

6. Inthe Program Setting section, select the mtb-ref-ih-con-freertos_<latest_version>.hex binary file that is
downloaded and then select the External Memory option.

7. Under the Probe Settings, select Erase/Program entire Sflash allowed for the Sflash Restrictions
parameter.

[5) Cypress Pragrammer

e [=] X
File_Wiew Options Help
~ p p N
sralmeme o o] @ O D @ 8 @
Open Power  Connedt ase Program Read Verify
Settings *
Program Seltings
[Fie C:Users/ VS tsar_1.0.0 (1)(1phex || [
FESET O -
[ Fxternal Memary 69|
Proaram Securt..
Probe Settings
Interface ) =
Clock (KHz) 2000
Voltage (V) 33

Resel Type Soft
| 5flash Restrictions Erase/Program entire Sflash allowed |

Log

Info : [CyBridge] Start the APT initialization

Info : [cyBridge] The hardware initialization has completed in 543 ms

Info : Connected - MiniProgd CMSIS-DAP BULK-16236C8BA2237408 Fi Version 2.48.1241
Info : Selected Device: MP4 BULK-16230C8BA2237400

Press F1 for help

Figure 32 Browsing the binary to flash

ot Comnected

8. Click Program.

Note: Erase option should never be performed. Connectivity Board has Cyberon offline voice
command demo license file and erasing the board will erase the license file.
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{8} Cypress Programmer = a X
File View Options Help
S b
Probe/Kit: MP4 BULK-16230C8B02237400 ~ Platform: PSoC 61/62/63 QS MHadled
Ope Power Disconnect  Erase | Program [Read Verify
Settings x
Program Settings
File C:{Users/VShrinidhi/Downloads/mtb-ref-ih-con-freertos_isar_1.0.0 (1)(1).hex o)

Reset Chip (
> Verify Reaions
External Memory

Info : psoce.cpu.cmd halted due to debug-request, current mode: Thread
Info : xPSR: 0x91000000 pc: Ox@000912a msp: Ox080ff800
** programming Started **
: auto erase enabled
Info : Flash write discontinued at 0x100018a8, next section at ©x10002000
Info : Padding image section @ at 9x100018a8 with 344 bytes (bank write end alignment)

Info : [100%] [: 1 [ Erasing 1
Info : [100%] [ 1 [ programming ]
Info : Padding image section 1 at 0x100930dc with 292 bytes (bank write end alignment)
Info : [100%] [ 1 [ Erasing ]
Info : [160%] [ ] [ Programming ]

Info : Flash write discontinued at ox160008e8, next section at ex160e7cee
Info : Padding image section 2 at 9x16000808 with 5ea bytes (bank write end alignment)

Info : [100%] [ 1 [ Erasing ]
Info : [100%] [ 1 [ Programming ]
Info : [100%] [: 1 [ Erasing 1

Info : [100%] [ 1 [ Programming ]
Info : Padding image section 4 at ©x1888bdc8 with 568 bytes (bank write end alignment)
Adding extra erase range, ©x1888c@00 .. 0x188bffff

Info : [100%] [ 1 [ Erasing ]

Info : [100%] [ [ programming

rmﬁ_mm;mmm_ﬁ.i- ile C:/Users/vshrinidhi/Downloads/mtb-ref-ih-con-freertos_isar_1.0.@ (1)(1).hex in 94.258675s (99.089 KiB/s)

Info : ** programming Finished **

TRTS T Cyp Statisr OF

nfo + cyp_get_upn |

Info : ** Detected device PN: CYBC624AAZ1-52D44 SiliconID: Ed54 Revision: 12 FamilyID: 102 DIE: PSoC6A2!
Device programmed successfully Ibuwemd: 3304mV CYBCO24AAZI-S52D44 ‘

Figure 33 Program the MCU

Verify the flashing by doing the following:

1. Disconnect the target on the Cypress Programmer.

2. Open aserial terminal with the UART to USB communication port with baud rate 115200, 1 stop bit, no
parity, and no HW handshake.

Note: After the firmware upgrade, UART debug is upgraded to USB as the debug port and UART is no
more required.

Gl

File Edit Setup Control Window Help
Tera Term: Serial port setup and connection X
Speed: 115200 ~
Data: 8 bit ~ Cancel
Parity: none ~
Stop bits: 1 bit ~ Help
Flow control: none ~

Transmit delay

El msecichar El msecfline

Device Friendly Name: Prolific USB-to-Serial Comm Port [COM
Device Instance ID: USBYWID_067B&FID_2303\62B1CA88720¢
Device Manufacturer: Prolific

Provider Name: Prolific

Driver Date: 11-27-2020

Driver Version: 3.8.38.2

Figure 34 Connectivity Board debug UART console settings

3. Perform power ON and OFF to see the serial terminal displaying the latest version of the software.

Infineon's Smart induction cooktop REF-SHA3K3IHWR5SYS-CON
-——-SW Major-<Major>, SW Minor-<MINOR>-----
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2 System overview

Figure 35 shows the high-level system block diagram of the Smart Induction Cooktop Reference Design Kit.

Mains
220V~240V AC, 20A

Bridge rectifier and filter Inverter Board

Resonant tank
and vessel

N—
pliist
— T

T

Auxiliary power
supply

Inverter
Controller
. J
e —
HMI & System
Control Board
System
Controller
CAPSENSE™
based Ul
\ J
- *
Smart Connectivity Board
Connectivity Connectivity
Controller
Machine
Learning
4 r
Figure 35 SmartInduction Cooktop high-level block diagram
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2.1 Inverter Control Board

2.1.1 Block diagram

° EMI _
Filter ]

I+
—

L0 ——

-
D0 —»

+3.3V

19V

} 650VRC IGBT

|\|—-

DC BUS SENSE

ocp
oW ——
oTp ——
Deteclion Pot ————*

IFX_CY8C6244A71-54D82

PSOCe™

=

ISOFACE™
Digital Isolator

<Jt|'> HMI-System
Control Board

Figure 36 Block diagram of REF-SHA3K3IHWR5SYS-INV

The following are the key components of the Inverter Control Board:

e 4 xreverse conducting R6 650V, 40 AIGBTs - IHW40N65R6 (2 per Coil)

e 2xSOIlEiceDRIVER™ 650V, 2.5 A, half-bridge - 2ED21824S06J (1 per Coil)
e 2 xXENSIV™ current sensor TLI4971-A120T5-U-E0001 current sensor (1 per Coil)

e 1xPSoC™6 CY8C6244AZI-S4D82 (for inverter control)

e 2xCoolSET™ICE5QR1680BG fly back auxiliary power supply controller

e 1xTLF1963TELDO for5VDC
e 1xIFX25001ME LDO for3.3VDC
e 1xISOFACE digital isolator 4DIR2401H
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2.1.2 Interface details

The following figure shows the functional groups on the top side of the REF-SHA3K3IHWR5SYS-INV Board.

Figure 37 Functional groups of REF-SHA3K3IHWR5SYS-INV

ACinput

EMI filter

Auxiliary power supply for Inverter Control Board

Isolated auxiliary power supply for HMI & System Control Board and Connectivity Board

Dual half bridge inverter IGBTs

Current sensor

Dual Induction coil sockets

Inverter Control Board controller

Interface for Isolated power supply and UART interface to HMI & System Control Board control.
10. Induction hob coil surface temperature sensor connectors
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2.1.3 Features

The REF-SHA3K3IHWRS5SYS-INV Board is a dual induction hob, half bridge inverter, resonant switching
reference design for induction cooking application. It board contains the PSoC™ 6 CY8C6244AZI-S4D82 for
resonant switching control and IHW40N65R6, a 650 V/40 A reverse conducting IGBT combined with the
2ED21824S06J gate driver IC for half bridge inverter application.

The following are the major characteristics of REF-SHA3K3IHWR5SYS-INV:

e Inputvoltage 220 V~240 Vac

e Maximum 3600 W at 220 Vac input power for system

e Maximum 2200 W for bigger coil and 1400 W at 220 Vac

e Cooling fan with speed control

e Relay for standby mode and sleep mode

e Standby mode control and UART communication interface to HMI & System Control Board
e Overcurrent and overtemperature protection, fault LED output

e Auxiliary power supply with 24V, 19V, 5V, 3.3V, and isolated 5V

e Inverter PCB size is 315 mm x 206 mm, 2 layers, 2 oz. copper

2.1.4 Board parameters and technical data

Table 2 Ratings of major components

Parameter Value Unit
Power supply ratings 220-240 Vv
Big coil inductance value 51 uH
Small coil inductance value 71 uH
Big coil power rating 2200/(3000 in boost mode) w
Small coil power rating 1400/(2000 in boost mode) W
Total Inverter Control Board power rating 3600 W

For more details on Inverter Control Board design, refer to Inverter Control Board Architecture and Design.
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2.2 HMI & System Control Board

2.2.1 Block diagram

Connectivity
Board

PSoC™ 4100S Max

GPIO
(Buzzer/
Radial LED/

Right Half HMI
CapSense GPIO

7-Segment
(GPIO)

Left half
CapSense GPIO

—
(infineon

Figure 38 Block diagram of REF-SHA3K3IHWR5SYS-HMI

HMI & System Control Board is realized with a single PSoC™ 4100S MAX, a 128-Pin TQFP chip, which meets all
the requirements of the touch interface controls for the two hob induction cooktop. The chip is integrated with
the patented 5 generation CAPSENSE™ technology, and a high GPIO count to drive all the LEDs and a
7-segment display.

2,2.2 Interface details

The following figure show the functional groups on the top and bottom sides of the
REF-SHA3K3IHWR5SYS-HMI board.
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Figure 39 Functional groups of HMI & System Control Board with REF-SHA3K3IHWR5SYS-HMI PCBA
Board (top and bottom)

System ON/OFF button with LED

Smallinduction hob control interface

7-segment display for timer and status update

Features control button with LEDs - Timer, Pause, Connectivity, and Voice
Big induction hob control interface

Child safety lock

Buzzer

Input power from the Inverter Control Board with the UART interface
. Output power for Connectivity Board with the UART interface

10. MiniProg4 debugger connection

11. User & reset buttons
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12. USB to UART debug port with option to power unit
13. Main controller CPU - PSoC™ 4100S Max

2.2.3 Features

The REF-SHA3K3IHWR5SYS-HMI board is a full-fledged HMI control interface board based on PSoC™ 4100S MAX
and 5™ generation CAPSENSE™ to control a two-hob induction cooktop. The HMI Board integrates the PSoC™ 4,
IEC 60730 Class B, and IEC 61508 SIL safety software library to make the system robust. HMI CAPSENSE™
interface is liquid tolerant, providing ease of use in a kitchen environment.

Major REF-SHA3K3IHWR5SYS-HMI characteristics include:

e Liquid tolerant CAPSENSE™ touch interface

e System level power ON/OFF control button enabling the complete system to be powered OFF when not in
use.

- This power ON/OFF button is realized using two CAPSENSE™ MSC blocks of PSoC™ 4100S Max to provide
failsafe operation.

e Eachinduction hob has the following dedicated interface:
- Touch the button to turn ON/OFF or select an induction hob
- Horseshoe radial slide interface to select 10 levels of power
- Multi-function +/- buttons to increment and decrement power level or auto-shutdown timer
e Touch the button to enable/disable features
- Connectivity - Wi-Fi/BT
- Local voice control via the Connectivity Board
e Touch button for child safety lock
e Buzzer to provide haptic feedback for touch operation and for alarm (timer expiry or error status)
o T7-segmentdisplay to display induction hob timer and status of induction hob.

For more details, refer to HMI & System control touch interface detailed usage.

2.2.4 Board parameters and technical data

Table 3 Ratings of major components

Parameter Value Unit
Power supply 5 v
Standby power 0.2 W
Parasitic capacitance of buttons/slider 9.7t021.8 pF
Buzzer volume 80 dB
Total number of CAPSENSE™ Sensors 27 Count

For more details on the HMI board design, refer to HMI Board architecture and design.
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2.3 Connectivity Board

2.3.1 Block diagram

(infineon

SEMPER™ Flash

Speaker

!

Codec

USB connector

HMI connector

AIROC™
CYW4373E

-

PSoC™ 6

XENSIV™MEMS
LED1 LED2

MiniProga
BTN1BTN2 *+—>*  Connector

Figure 40 REF-SHA3K3IHWR5SYS-CON block diagram

Following are the key Infineon components of the Connectivity Board:

e 1xPSoC™6 MCU - CY8C624AAZI-S2D44

e 1x OPTIGA™ Trust M high-end security controller with 12C Interface - SLS 32AIA
e 1x512 Mb SEMPER™ flash with Quad SPI - S25HL512TDPNHI010

e 2x High-performance digital XENSIV™ MEMS microphone - IM69D130V01

e 1xLaird LWB5+ M.2 module Wi-Fi/Bluetooth® combo with AIROC™ CYW4373E
e 1x OptiMOS™ small-signal-transistor

e 1xHEXFET™ power MOSFET

e 3xTVSdiodes for bidirectional ESD protection

e 2x Silicon Schottky diodes
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2.3.2 Interface details

infineon

The following figure shows the functional groups on the top side of the REF-SHA3K3IHWR5SYS-CON board.

10

11

Figure 41 Functional groups of the REF-SHA3K3IHWR5SYS-CON

U9 - Digital mic to receive voice command

S2 - User button 1

S3 - User button 2

SPK1 - Speaker for voice command integration

D16 - Green LED to indicate Bluetooth® status

D17 - Red LED to indicate voice command processing
U10 - Digital mic for voice command reception

S1 - System reset button

X7 - USB port to debug UART or powering the board
10. X6 - PSoC™ 6 MiniProg4 header interface

11. X1 - HMl interface connector

12.U3 - PSoC™ 6 - CY8C624AAZI-S2D44

13. Laird LWB5+ M.2

w N Wwh P
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2.3.3 Features

The REF-SHA3K3IHWR5SYS-CON board is the connectivity control board based on PSoC™ 6 with AIROC™ 4347E
WiFi Bluetooth® combo module from Laird to provide reference for the 10T features. The Connectivity Board
offers voice control by using Cyberon’s offline edge voice processing on PSoC™ 6.

Major REF-SHA3K3IHWR5SYS-CON characteristics include:

e Wired protocol for robust communication with HMI & System Control Board and acts as a gateway between
HMI & System Control Board to wireless interfaces - WiFi or Bluetooth® Low Energy

e Voice control using local machine learning from Cyberon on the MCU

e Works with the Infineon Induction Cooktop mobile application over Bluetooth® Low Energy interface over
custom GATT characteristic table.

e The mobile application can control and monitor the induction cooktop with the following features:

- Instant notifications for critical events of induction cooktop status - power level updates from touch or
voice command, auto-shutdown timer, pan detection, IGBT temperature and surface temperature

- Induction cooktop control:

o Enable/disable voice connectivity

o Induction cooktop individual hob control - power, auto-shutdown timer, boost mode.

o Safety features like child lock/unlock, pause/resume, favourite configuration with choice of induction
hob, power level, and auto-shutdown timer.

2.3.4 Board parameters and technical data

Board details:

Table 4 Ratings of major components

Parameter Value Unit
Power supply 5 v
Current 0.16 A
Bluetooth® Low Energy Range 20 m

For more details, refer to Connectivity Board architecture.
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3 Inverter Control Board architecture and design

Induction cooktops usually have two board architecture for the power stage where one board performs the
required EMI/EMC filtering for compliance and another board is dedicated for inverter functionality. Smart
Induction Cooktop Reference Design Inverter Control Board integrates the EMI filter and tries to optimize the
build cost.

3.1 Hardware architecture

EMI/EMC Bridge
filter recitifier

I2C,GPIO$¢

Figure 42 Detailed block diagram of the REF-SHA3K3IHWR5SYS-INV

3.1.1 AC supply

The inverter supports the input voltage ranging from 220 V to 240 V AC. And it generates the following auxiliary
DC voltages:

e 24V forcooling fan
e Isolated 5V for HMI & System Control Board and Connectivity Board

e 3.3Vforinverter controller circuit
e 19Vfor gatedriver
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3.1.2 Current sensor

The current sensor is used for pan detection, measuring coil current, and overcurrent detection.

Note: TLI4971-A075T5-E0001 current sensor is used in the Inverter Control Board.

3.1.3 Bridge rectifier

A bridge rectifier is used to convert the AC signal into a DC signal, which will be used to drive the board.

3.14 PSoC™ 62 family MCU

The CY8C6244AZ1-S4D82 MCU is used in the Inverter Control Board to drive the firmware.

3.15 IGBT and gate driver

e IGBTis used as a switching device in the Inverter Control Board half bridge resonant circuit for high
efficiency and
high-voltage switching.

e Inthis half bridge circuit, the upper and the lower IGBTSs are alternately connected generating an AC voltage
with a peak voltage of the bus voltage (Vpeak approximate 310 V ~340 V), which is loaded into the resonant
circuit composed of an induction coil(L) and a resonant capacitor.

e TheAC currentin the coil generates an alternating magnetic field, which is coupled with the cookware to
induce eddy current inside the cookware and heat up the cookware.

e The switching frequency is used to excite the series LC resonant tank should be higher than its resonant
frequency to keep the load in the inductive region to avoid hard commutation. The further away from the
resonant frequency, the smaller the induced current. The heating power can be changed in this way.

e Todrive the IGBT, PWM pulses are needed. So, the gate driver will give the PWM pulses to the IGBT.

e TheInfineon 2ED21824S06J gate driver is used in the Inverter Control Board.

e Infineon IHW40NG65R6 (IGBTs) are used in the Inverter Control Board.
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Figure 43 IGBT & Gate driver of REF-SHA3K3IHWR5SYS-INV small hob

3.1.6 Temperature sensor

100k ohms NTCs for pan/IH surface temperature measurement and 2k ohms for IGBTs are used.

3.1.7 DC bus voltage measurement

DC bus voltage is used to measure the voltage utilized for the energy consumption calculation process and for
overvoltage detection.

3.1.8 Fan controller

The cooling fan is used to reduce the temperature of the IGBT to avoid any undesired fault conditions.

3.2 Firmware architecture

The Inverter Control Board firmware is intended for end customer usage; therefore it has been designed
considering the following parameters:
e Compliant with ModusToolbox™ version 3.1 for delivering as reference example.
o Utilize all the tools provided by ModusToolbox™ for configuring the firmware and performance tuning
- Device Configurator for GPIO allocation and configuration
- Library Manager for dependency management
- QSPI configurator for flash interface configuration
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e Thefirmware uses a layered architecture style. This comprises an application layer, application middleware,
a board support package (BSP) containing Hardware Abstraction Layer (HAL)/ Peripheral Driver Library
(PDL), and peripheral drivers enabling reuse of the software
- The BSP layer includes all the underlying libraries that are used by the Middleware. The PDL integrates

device header files, startup code, and peripheral drivers into a single package. The HAL in combination
with PDL leverages a more generic interface for the application.

- The Middleware defines attributes related to the defined peripherals.

Application layers implement the features (i.e., application logic) and access the lower-level drivers/hardware
via the application middleware API.

Application

Application middleware

ModusToolbox ™
HAL Kv-store Retarget10 Class B-STL
Free RTOS POL
HAL Structure Configurator Structures Register Read/Write
Tools

Library Manager Device Configurator QSPI Configurator

Figure 44 REF-SHA3K3IHWR5SYS-INV firmware layered architecture
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3.2.1 Firmware flow diagram
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Figure 45 Inverter controller board firmware flow
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3.3 Design highlights

3.3.1 Functional safety

Inverter firmware integrates a preliminary Class B library for PSoC™ 6 and realizes power-on self-test (POST) for
CPU. Inverter firmware also has a safety auto-shutdown timer for continuous operations that go beyond 2
hours.

Current sensor monitors the resonant coil current and provides a hardware output signal for over current
condition (OCD1_P1 - Coil 1, 0CD1_P2 - Coil2), that can be used for turning off the DC supply of the resonant
circuit at hardware level without any software latency.

Cntical Over Current Protection
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DCBUS Enable S |+3.3v :
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Figure 46 Hardware safety control circuit for overcurrent protection

3.3.2 Current sensor

Figure 47 shows the current sensor circuit for one of the coils with hardware overcurrent protection driving
signal (OCD1_PX).

CURRENT SENSING FOR INVERTER_1
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Figure 47 Current sensor circuit for small induction hob
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Both the coils have a common current sensor configuration.

The following table provides details for each of the

current sensor EEPROM configuration.

Parameter Value

Mode Single-Ended
Sensitivity 48 mV/A (LSB: 24)
Full Scale Current Range +25A

OCD1 Enable Yes (1)

OCD2 Enable Yes (1)

OCD1 Threshold 1.25* 25 A (0x07)
OCD1 Deglitch Filter 500 ns (0x01)
0OCD2 Threshold 0.61 * 25 A (0x06)
OCD2 Deglitch Filter 0 ns (0x00)
Comp Hysteresis 0x03

The output waveform of TLI4971 in a single ended configuration is in the form of raw voltage sine wave in

millivolts with an offset equivalent of Vref/2.

Sensor Input (current to measure)

Sensor Output Voltage

N IANYNIVA
v 6 VOV \/\‘

ADUT[V]

VREF[V]

Ext WREF -

Figure 48 Current sensor Aout signal

The following table provides the PSoC™ 6 ADC configurations for each of the current sensor.

Table 5 ADC configuration used for Induction Hob Current Sensors
Parameter Value

ADC Channel SARADC 1 Channel 0, 1 (P10.0, P10.1)
Resolution +2047 /-2048 (2'%-1)

Vief Internal 3.3V (Vda)

Vet Bypass True

Target Scan Rate 2000000 sps

Achieved Scan Rate 925926 sps

Achieved Scan Duration 1.08 us

Clock

Peripheral Clock Divider (8-bit Divider-1)

Clock Frequency

33.33 MHz (+2.4%)

Vieg for Single-Ended Channels Vssa
Differential Result Format Signed
User guide 47 V1.0
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Parameter Value

Single Ended Result Format Signed

Samples Averaged 2

Scans per Trigger Single Scan
Averaging Mode Sequential, Fixed
Minimum Acquisition Time 83 ns

Achieved Acquisition Time 90 ns

Achieved Sample Time 540 ns

3.3.2.1 Current sensor programming

On receiving the new current sensor programming files or if the customer would like to experiment with current
sensor limits, do the following to program the configuration files.

Hardware requirements:

e XENSIV™-TLI4971, TLE4972 current sensor programmer utility board
e Jumper wires - 10 female to female jumper wires

Software requirements:

e XENSIV™TLx4971 - TLE4972 Current Sensor Programmer app
Do the following:
1. Setswitch S1 to enter the current sensor programming mode.

0CD2_u39

AOUT_U9

DCD2_U1(

AQUT_U0| = | g /=
9 B
Default

Figure 49 Inverter Control Board switch settings for current sensor programming

2. Without powering the Inverter Control Board, perform the connections of the Inverter Control Board with
the Current Sensor Programmer Kit Board.
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AOUT_1

GND

V33

Figure 50 Inverter Control Board current sensor programmer connection diagram

Sl. no. Inverter Control Board header pin Current Sensor Programmer DUT pin connection
connection (X83)

1 AOUT_U9(Pin3) AOUT1(Pin1)

2 0CD2_U9 (Pin2) OCD2_1(Pin4)

3 AOUT_U10(Pin5) AOUT?2 (Pin5)

4 0CD2_U10 (Pin4) 0CD2_2(Pin8)

5 +3.3VDD(Pin1) VSENS(Pin14)

6 GND(Piné) GND (Pin 20)

3. Launch the XENSIV™ TLx4971 - TLE4972 Current Sensor Programmer application and click Connect to the

selected programmer and select the TLI4971 sensor.

Evalkit Software

Programmer

Cument Toolbox

AR

Sens| Connect to the selected programmer |

Evalkit Software for Current Sensor

Figure 51 Current Sensor Evaluation Kit GUI

The sensitivity settings window will open.

4. Click Set.
5. Open EEPROM Map from Memory tab.
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Sensortype
Sensor
TLIAI71 ~

Figure 52 EEPROM Map selection

6. Click Load on the EEPROM Mapping window.
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Figure 53 Load EEPROM.XML file

7. Browse to the location where the XML file “Current_Sensor_xxx.xml “ is stored. Select the XML file to start
programming the EEPROM.
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Figure 54 File selection for programming the current sensor

8. Select Sensor 1 and then click Burn EEPROM.
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Figure 55 Current sensor programming for Current Sensor 1
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On successful programming, you will get the Finished Burning EEPROM message.

— O
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Figure 56 Current sensor successful programming

9. Follow the same procedure with Sensor 2.
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Figure 57 Current sensor 2 program selection

10. After finishing the programming, remove the connections and toggle the programming switch to the default
position.
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Figure 58 Inverter Control Board current sensor default mode switch setting

3.3.3 Pan detection

The pan detection feature checks for the presence or absence of a pan periodically and automatically shuts
down the induction cooktop hob if the pan is not detected within 10 seconds. If a pan is not properly aligned or
of the wrong size or material, it indicates as pan absent.

3.3.3.1 Pan detection algorithm

Phase shift of the coil current with respect to the coil voltage is used as a method to distinguish between the
pan absence and presence. The period between the rising edge interrupt of high side IGBT PWM pulse and
comparator interrupt upon detection of zero crossing is used to detect whether the pan is present or absent.
Here, an opamp works in the comparator configuration with V+ as AOUT and V- as 1.65 V. The typical count
range for pan detection is less than pan absence as the power factor becomes close to 0 and phase shift close
to 90 degrees.

3.3.3.2 Threshold values for pan detection

In the Inverter Control Board firmware, pan detection is performed every 500 ms for each induction hob when
both induction hobs are powered on and every 250 ms if only one induction hob is powered on. Pan detection
is performed by calculating the timer counts of time elapsed between the high side IGBT PWM rising edge
interrupt and the comparator zero crossing interrupt. A zero-crossing count limit is defined for each power level
of anindividual induction hob for determining the threshold for pan detection.
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3.3.4 Boost mode

Boost mode is a mode where each induction hob will deliver more than the rated default maximum power.
Induction hob Rated max power Boost mode power
Small 1400 W 2000 W
Big 2200 W 3000 W

The Inverter Control Board supports boost mode for one induction hob at a time with simultaneously allowing
other induction hob to be operational without exceeding a total induction cooktop power of 3600 W.

Increasing power increases the current through the IGBT and increase in thermal dissipation. R6 IGBT’s
superior-reliable thermal performance allows it to be operated at higher temperatures for fixed time based on
the system thermal design. The Inverter Control Board thermal design allows the small induction hob to runiin
boost mode for 3 mins and the big induction hob to run in boost mode for 2 mins.

3.3.5 HMI & system control UART communication

The HMI UART communication uses the UART HDLC protocol that ensures data integrity for exchanging over
UART physical interface.

3.3.5.1 Command payload

HMI & System Control Board provides commands to the Inverter Control Board via the following data structure:

Byte 0 1 2 3t029 30-31
Data Ox5A 0x01 0x1B Payload CRC16
Bytes Feature Description

Byte 3 Big hob Turn ON/OFF big hob

Byte 4 Small hob Turn ON/OFF small hob

Byte 5 Big hob power level Set power level for big hob

Byte 6 Small hob power level Set power level for small hob

3.3.5.2 Status payload

Byte 0 1 2 3-29 30,31
Data Ox5A 0x02 0x1B Payload CRC16
Bytes Feature Description
Byte 3 Non recoverable error part Bit field Description

1(bit field) 0 Temperature sensor error

Current sensor error

1

2 Over Current Hob 1
3 Over Current Hob 2
4

Over Voltage
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Bytes Feature Description
Byte 4 Non recoverable error part Bit field Description
2(bit field) 0 Over Temperature IGBT Hob 1
1 Over Temperature IGBT Hob 2
2 Over Temperature Coil Hob 1
3 Over Temperature Coil Hob 2
Byte 5 Device status (bit field) Bit field Description
0 HMI & System Control Board & Inverter
Control Board communication status
1 HMI & System Control Board &
Connectivity Board communication
status
2 Class B POST status
3 Class B period status test
4 Cooling fan status
5 Inverter Control Board standby power
relay status
6 Inverter Control Board half bridge DC bus
relay status
Byte 6 Warning (bit field) Bit field Description
0 Auto-shutdown due to big hob surface
over-temperature
1 Auto-shutdown due to small hob surface
over-temperature
2 Auto-shutdown due to big hob IGBT over-
temperature
3 Auto-shutdown due to small hob IGBT
over-temperature
4 Auto-shutdown due to safety (2 hrs
continuous operation)
Byte 7 Reserved field
Byte 8 Residual heat indicator- Hob | Residual heat indicator:0/1
1
Byte 9 Residual heat indicator- Hob | Residual heat indicator:0/1
2
Byte 10 Pan detected- Hob1l Pan detect: 0/1
Byte 11 Pan detected- Hob2 Pan detect: 0/1
Byte 12 Hob active- Hob1l Hob 1 ON/OFF
Byte 13 Hob active- Hob2 Hob 2 ON/OFF
Byte 14 Power level- Hob1l Power level (0-10)
Byte 15 Power level- Hob2 Power level (0-10)
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Bytes Feature Description

Byte 16 IGBT temperature - Hob1l IGBT temperature Hob 1 (x°- y°)
Byte 17 IGBT temperature - Hob2 IGBT temperature Hob 2 (x°- y°)
Byte 18 Surface temperature - Hobl Surface temperature Hob 1 (x°- y°)
Byte 19 Surface temperature -Hob2 Surface temperature Hob 2 (x°- y°)
Byte 20 Supply current -Hob1 Supply current Hob 1

Byte 21 Supply current -Hob2 Supply current Hob 2

Byte 22 Power watt LSB- Hob1l Hob 1 power (x W)

Byte 23 Power watt MSB- Hob1

Byte 24 Power watt LSB- Hob2 Hob 2 power (x W)

Byte 25 Power watt MSB- Hob2

Note: Hob 1 is referred as the small hob and Hob 2 is referred as the big hob
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4 HMI & System Control Board architecture and design

4.1 Hardware architecture

Figure 59 shows the block diagram of the HMI & System Control Board with the PSoC™ 4 peripheral usage and
HMI touch overlay design.
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Figure 59 Detailed block diagram of the REF-SHA3K3IHWR5SYS-HMI
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Figure 60 REF-SHA3K3IHWR5SYS-HMI PCBA with induction cooktop complaint glass overlay

PSoC™ 4100S Max powers the HMI & System Control Board. Its large GPIO count (TQFP-100 package), can
realize all the required input interfaces, drive 7-segment display, buzzer, and button LEDs. CAPSENSE™ is
supported in PSoC™ 4100S Max via the MSC CAPSENSE™ block. There are two independent MSC blocks in it,
which can be used to realize a functional safety-compliant HMI input interface without requiring an additional
controller. Each MSC CAPSENSE™ block can support up to 16 sensors enabling full-fledged HMI to be realized
for a dual induction hob configuration induction cooktop HMI touch interface.
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Figure61 PSoC™4 S Max dual CAPSENSE™ MSC

4.1.1 Power supply

The HMI & System Control Board runs on a single 5V rail and can be powered using an isolated 5V supply from
the Inverter Control Board interface connector or through the Type-C USB interface.
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Figure 62 HMI & System Control Board input power

PSoC™ 4100S Max has a wide operating range with no need of an additional regulator. PSoC™ 4100S Max has an
internal reference voltage generator and the CAPSENSE™ analog block uses the same to process the
CAPSENSE™ buttons and sliders. HMI & System Control Board also provides power supply to the Connectivity
Board and can control the supply based on the induction cooktop state.
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Figure 63 Connectivity Board power control

4.1,2 Input interface

CAPSENSE™ touch buttons and sliders are provided as HMI input touch interfaces. It is realized using the
low-cost conductive foams to project the CAPSENSE™ pads of printed circuit board assembly (PCBA) to
induction cooktop compliant glass overlay (4 mm).

4.1.2.1 Power touch button

The power touch button has four-quarter circles, where two-quarter circles are connected independently to
each of the MSC CAPSENSE™ blocks of PSoC™ 4100S Max to realize redundant fail-safe power button detection
and enable functional safety-compliant induction cooktop HMI design.

( CS0PWR 0 —2< .
> CS1 PWR. 1 »

Figure 64 Redundant fail-safe power touch button implementation

4,1.2.2 Horseshoe radial slider touch interface

The horseshoe radial slider touch interface is constructed using seven CAPSENSE™ segments of each MSC
CAPSENSE™ block to provide 10 power levels (0 to 9).
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Figure 65 HMI & System Control Board horseshoe radial slider touch interface
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4,1,.2.3 Standard functional touch buttons

Various round touch buttons of the induction hob are constructed using a simple CAPSENSE™ sensor interface.

HOB1 & HOB2 CAPSENSE Buttons System Control & Funection Capsense Buttons
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Figure 66 HMI & system control feature control touch buttons

4,1.3 Serial RGB

RGB LED is used for all the standard functional touch buttons to provide advance user experience possibilities.
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Figure 67 RGB LED interface for standard functional touch buttons
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4.1.4 7-Segment display

HMI & System Control Board supports a four-digit 7-segment display using 12 GPIO lines.

infineon
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Figure 68 HMI & system control 7-segment interface

4.1.5 Radial LED

HMI & System Control Board provides 10 levels of power configuration for each of the induction hob and the
same is represented using 10 red LEDs arranged in a horse shoe shape. Using latches to drive the LEDs,
optimize BOM, and provide multiplexing capability to support both induction hobs with just 11 GPIOs.
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Figure 69 HMI & system control radial touch interface LED
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4,2 Firmware architecture

Developed software is intended for end customer customization and hence it has been designed considering
following parameters:

e Compliant with ModusToolbox™ 3.1 for delivering as reference example.

o Utilize all the ModusToolbox™ provided tools for configuring the firmware and performance tuning.
Device Configurator for GPIO allocation and configuration

CAPSENSE™ Configurator for HMI button design

CAPSENSE™ Tuner to tune the CAPSENSE™ touch buttons

Library Manager for dependency management

e The firmware uses a layered architecture style comprising application layer, application middleware, and

BSP containing HAL/PDL, and peripheral drivers enabling the customer to reuse as needed

- The BSP layer includes all the underlying libraries that are used by the middleware. The PDL integrates
device header files, startup code, and peripheral drivers into a single package. The HAL in combination
with the PDL leverages a more generic interface for the application.

- The middleware defines attributes related to the defined peripherals. For example, CAPSENSE™ slider
and Icon widgets will define which widget is initialized to a CAPSENSE™ block (MSC0 and MSC1), scan
these blocks to get the status of each widget.

- Application layers implement the features (i.e., application logic) and access the lower-level
drivers/hardware via the application middleware API.

Application

Connectivity comm HMI Input

Application middleware

Radial LED Debug logging

ModusToolbox™

HAL CAPSENSE™ Middleware Retarget IO Class B-STL
PDL
HAL Structure Configurator Structures Register Read/Write
Tools

CAPSENSE™ CAPSENSE™ Library Device
Configurator Tuner Manager Configurator

Figure 70 REF-SHA3K3IHWRS5SYS-HMI firmware layered architecture
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4,2,1 Finite state machine

HMI & System Control Board firmware implements a finite state machine as shown in the following figure.

Non-Recoverable
Errors

Power Cycle
Error Event
Error Event
User starts "
Stand-by IDLE one of the hob via Active
® Long press HMI/
AC power ON "Power" button Mobile
application/

— Voice command -

All HOBS are OFF:

Short press of “Power” button:

Short press of “Power” button

Figure 71 HMI & system control finite state machine

e Stand-by: With the AC power ON, the HMI & System Control Board starts and performs the following:
- HMI performs Class B POST and enables power to the Inverter Control Board.
- Onsuccessful POST, the HMI system will enter the standby mode to provide the lowest power
consumption:
o Power LED to provide a fading effect to reduce continuous peak LED current and meet low standby
power.
o CAPSENSE™ MSC block is configured to only scan “Power” button sensors.

e IDLE: Upon long pressing the POWER button, the system will enter idle mode. Depending on the user
preference, the Connectivity Board will be enabled. CAPSENSE™ MSC block is configured for limited sensor
scanning to just enable/disable induction hob functionality and power control of the system.

e Active: With at least one induction hob powered ON, the system will enter the active mode. Active mode
enables all the sensors of the CAPSENSE™ MSC block and has multiple sub-states to support various
features of the induction hobs.

- Lock: Safety lock to avoid any unintended button operation by a child.

- Pause: Pauses the ongoing cooking by configuring the system to be at its lowest power level and
stopping all the active auto-shutdown timers of the induction hob. It allows the user to step away safely
from the induction hobs.

Non-recoverable error: When any kind of error event occurs, the HMI & system control will enter a
non-recoverable error state with an error code. Refer to the error codes section for more details.
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4.3 Design highlights

4,3.1 Functional safety and Class B

HMI system control firmware integrates the pre-certified PSoC™ 4 CPU Class B safety test library(STL).
AN236847 provides further details on STL. The following features of the STL are enabled in the HMI system
control firmware:

e Flash

¢ RAM

e Clock

e Watchdog

e Communication
e Stack

e CAPSENSE™

4.3.2 Inverter control UART communication

Refer to the HMI & System control UART communication section of Inverter Control Board architecture &
design.
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5 Connectivity Board architecture and design
5.1 Hardware architecture
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Figure 72 Detailed block diagram of the REF-SHA3K3IHWR5SYS-CON

5.2 Firmware architecture

The software developed is intended for the end customer to realize 10T features and hence it has been designed
considering the following parameters:

e Compliant with ModusToolbox™ version 3.1 for delivering as an example for easy customization.
e Utilize all the ModusToolbox™ provided tools for configuring the firmware and performance tuning.
- Device Configurator for GPIO allocation and configuration
- Library Manager for dependency management
- QSPI Configurator for flash interface configuration
- Bluetooth® Configurator for creating and customizing GATT characteristic table

e Thefirmware uses a layered architecture style. This comprises an application layer, application middleware,
a board support package (BSP) containing Infineon Hardware Abstraction Layer (HAL)/ Peripheral Driver
Library (PDL), and peripheral drivers enabling the user to reuse this software as needed.

- The BSP layerincludes all the underlying libraries that are used by the middleware. The PDL integrates
device header files, startup code, and peripheral drivers into a single package. The HAL in combination
with PDL leverages a more generic interface for the application.

- The middleware defines attributes related to the defined peripherals.

Application layers implement the features (i.e., application logic) and access the lower-level drivers/hardware
via the application middleware API.
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Figure 73 REF-SHA3K3IHWR5SYS-CON firmware layered architecture
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5.2.1 Firmware flow diagram
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Figure 74 Connectivity Board firmware flow

Main task:

e Maintains an updated central device shadow based on UART, Bluetooth®, and voice commands
e Forwards Bluetooth® Low Energy commands to HMI & system control UART task
e Forwards UART commands to Bluetooth® task

UART task:

e Receives UART packets from HMI & System Control Board and updates the induction cooktop device by
sending the data to the main task

e Sends data to HMI & System Control Board on UART upon receiving data from the main task
Bluetooth® task:

e Receives commands from the user over Bluetooth® Low Energy
e Sends data to the main task for each received Bluetooth® Low Energy command

e Sends data to the user over Bluetooth® Low Energy upon receiving a command from the HMI & system
control through the main task
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Voice task:

e Receives commands from the user over voice through PDM-PCM

e Infers the received command by running the Cyberon ML model

o Afterinference, sends the appropriate command to HMI through super task.

Speaker task:

e Receives a voice command index number from a voice task

e Drives codec to run speaker output indicating voice command

afineon

5.3 Design highlights
5.3.1 Bluetooth® Low Energy characteristics table
The following table details the Bluetooth® control interface details for the mobile application to interact with
the Connectivity Board.
Services Characteristics UUID(Hex) Permission
Device Manufacturer Name 2A29 RO, N
Information Model_number_string | 2A24 RO, N
Serial_number 2A25 RO, N
Induction child_lock_enabled 40D0D0C0-9894-4938-8BA9-93E0C140B5FF RW, N
Cooktop connect_enabled EB7D3410-2EF2-43C5-B39B-74412123AA61 RW, N
voice_cmd_enabled 084FBDBA-CBDA-4796-8B67-370378D31AC2 RW, N
paused 2896F203-7TEEA-4E09-80B8-12073118CDB0 RW, N
dev_conn_state 5DCB541E-70A4-4AD4-BD03-E622C83126B2 RO, N
dev_state 159312BE-5653-4413-8B26-FABODTAB4E30 RO, N
inv_comm_good F5AF70EE-5766-480B-BA3B-190A89B5DFA2 RO, N
conn_comm_good 5A531E67-C673-427A-8D37-BC271F402CAC RO, N
post_success C6209923-0FBF-496B-8277-403499DA4FES5 RO, N
classb_success 69D9745F-4B8D-4B39-944C-87A7TAD16D148 RO, N
cool_fan_active 7B278B77-02E9-4AB3-8ADB-12F242765778 RO, N
dev_inv_stb_aux 062BD80E-C54E-4E88-9070-73E95372F3ES5 RO, N
dev_inv_stb_dcbus A88729EB-FCA9-4E1D-AF11-AF7DE88C4CD3 RO, N
Hob 1 (Small IH_op_mode F4268526-6B8D-4E74-A836-2633CCFCFO6D RW, N
induction hob) | iy joht temp 8545298C-85A3-4440-85EB-7167CIDESDFO RO, N
IH_pwr_lvl 07FF3212-BFB5-4811-980C-14D900412456 RW, N
IH_timer_mins TTAAF114-3003-486F-ACTA-EE31ES6EED26 RW, N
IH_surf_temp_stat 91CBB2AD-FEC6-42B9-A739-8EQEB8B716BA RO, N
IH_surf_temp 3D15E2E0-C64F-4C2C-8D33-0B300A336ADA RO, N
pan_status 26F10F6C-4C44-4FD0-9DAT-ATC206DEAGF4 RO, N
Hob2 (Big IH_op_mode ECF4884A-BEC1-4ECC-AEOE-2881ABF049ED RW, N
inductionhob) | |y jght_temp 91A3DB38-9669-4232-BD84-93573F9E4D15 RO, N
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Services Characteristics UUID(Hex) Permission
IH_pwr_lvl 6DB6CBCF-A84B-4968-8E6F-794EE9693457 RW, N
IH_timer_mins DEOE362A-D60E-45A7-803F-17EA9B7F2A5D RW, N
IH_surf_temp_stat 482045F5-FDDB-4E73-9460-27B87E9253C4 RO, N
IH_surf_temp TT799AB4F-B6F9-493B-9D7D-6AAA135A987E RO, N
pan_status 5D2CBCF0-CE03-484B-A6AF-82145BBA3DBA RO, N
5.3.2 HMI control UART communication

HMI UART communication uses UART HDLC protocol that ensures data integrity for exchanging data over UART

physical interface.

5.3.2.1

Command packet format from HMI

HMI & System Control Board provides feature enabling and disabling on the Connectivity Board- Connectivity
(Enabling/Disabling/Reset) & Voice control (Enabling/Disabling).

Byte 0

1 2 3to29

30-31

Data 0x4A

0x01 0x1B

Payload

CRC16

A detailed description of the packet payload is as following:

Sr No Bytes Feature Description
1 Byte 0 Device ID Fixed value: 4 A
2 Byte 1 Command type 0x01
3 Byte 2 Length
4 Byte 3 Dev_connect
5 Byte 4 Dev_voice_cmd
6 Byte 5 Reset Reset credentials/configuration
connectivity interfaces on
Connectivity Board.
Byte 30 CRC 16 (LSB) CRC16
Byte 31 CRC 16 (MSB)
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5.3.2.2 Status update packet format from HMI
Byte 0 1 2 3-29 30,31
Data Ox4A 0x06 0x1B Payload CRC16
Bytes Feature Description
Byte 0 Device ID Fixed value: 4 A
Byte 1 Command type 0x06
Byte 2 Length
Byte 3 System_State Byte value |Description
1 HMI & system control in standby
2 HMI & system controlin idle
3 HMI & system control in active
4 HMI & system control in child lock
5 HMI & system control in non-recoverable error
Byte 4 Warning_state(BitField) Bit field Description
0 Auto-shutdown due to big hob surface over
temperature
1 Auto-shutdown due to small hob surface over
temperature
2 Auto-shutdown due to big hob IGBT over
temperature
3 Auto-shutdown due to small hob IGBT over
temperature
4 Auto-shutdown due to safety 2 hrs continuous
operation
Byte 5 Non-recoverable error Part1 | Bit field Description
(bit field) 0 Temperature sensor error
1 Current sensor error
2 Over Current Hob 1
3 Over Current Hob 2
4 Over Voltage
Byte 6 Non-recoverable error part2 | |Bit field Description
(bit field) 0 Over Temperature IGBT Hob 1
1 Over Temperature IGBT Hob 2
2 Over Temperature Coil Hob 1
3 Over Temperature Coil Hob 2
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Bytes Feature Description
Byte 7 Dev_status (bitfield) Bit field Description
0 HMI & System Control Board & Inverter Control
Board communication status
1 HMI & System Control Board & Connectivity
Board communication status
2 Class B POST status
3 Class B period status test
4 Cooling fan status
5 Inverter Control Board standby power relay
status
6 Inverter Control Board half bridge DC bus relay
status
Byte 8 Dev_child_lock
Byte 9 Dev_pause
Byte 10 IH_1_op_mode
Byte 11 IH_1_ight_temp
Byte 12 IH_1_pwr_lvl
Byte 13 IH_1_timer_mins
Byte 14 IH_1_surf_temp
Byte 15 IH_1_surf_temp_stat
Byte 16 IH_1_pan_status
Byte 17 IH_2_op_mode
Byte 18 IH_2_igbt_temp
Byte 19 IH_2_pwr_lvl
Byte 20 IH_2_timer_mins
Byte 21 Hob_2_surf_temP
Byte 22 Hob_2_surf_temp_stat
Byte 23 Hob_2_pan_status
Byte 24 Power watt LSB- Hob1
Byte 25 Power watt MSB - hob 1
Byte 26 Power watt LSB - hob2
Byte 27 Power watt MSB - Hob2
Byte 28 Reserved
Byte 29 Reserved
Byte 30 CRC 16 (LSB)
Byte 31 CRC16 (MSB)
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Note: Hob 1/IH_1 are referred to small hob and Hob 2/IH_2 are referred to big hob

5.3.2.3 Ready to receive packet format from HMI

Byte 0 1 2
Data 0x4A 0x05 0x00
5.3.2.4 Status response packet format from connectivity to HMI & system
control
Byte 0 1 2 3-29 30,31
Data Ox4A 0x06 0x1B Payload CRC16
Detail description of the packet payload is as below:
Bytes Feature Description
Byte 0 Device ID Fixed value: 4 A
Byte 1 Command type 0x06
Byte 2 Length
Byte 3 Dev_connect_state Status Code  |Description
0 Inactive
1 Active- BLE connected
2 Bluetooth® advertisement status
3 CONN_ACTIVE_BT_WIFI_CONNECTED
4 CONN_ACTIVE_BT_WIFI_NO_CONNECT
5 CONN_ACTIVE_BT_WIFI_NO_NET
6 CONN_ACTIVE_WIFI_CONNECTED
7 CONN_ACTIVE_WIFI_NO_CONNECT
8 CONN_ACTIVE_WIFI_NO_NET
9 CONN_DEV_ERROR
Byte 4 Dev_voice_cmd
Byte 5 Reset
Byte 6 Post success
Byte 7 Class B success
Byte 30 CRC 16 (LSB) CRC 16
Byte 31 CRC 16 (MSB)
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5.3.2.1 Command packet format from connectivity

(infineon

Byte 0 1 2 3-29 30,31
Data Ox4A 0x01 0x1B Payload CRC16
Bytes Feature Description

Byte 0 Device ID Fixed value: 4 A

Byte 1 Command type 0x01

Byte 2 Length

Byte 3 CONN_command_active

Byte 4 IH_control_command

Byte 5 Dev_pause

Byte 6 Dev_connect

Byte 7 Dev_voice_cmd

Byte 8 IH_1 op_mode

Byte 9 IH_1_pwr_1vl

Byte 10 IH_1_timer_mins

Byte 11 IH 2 op_mode

Byte 12 IH 2_pwr_1vl

Byte 13 IH_2_timer_mins

Byte 14 Dev_child_lock

Byte 30 CRC 16 (LSB) CRC 16

Byte 31 CRC 16 (MSB)
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5.3.3 USER buttons and LEDs

The Connectivity Board has two user buttons and two LED’s to receive input from the user and to communicate
the status of the device. Refer to Connectivity Board interface details for more details.

USR BTN1: Used to enable/disable independent board evaluation of the Connectivity Board. Pressing it for 2 s
will move the Connectivity Board to independent board evaluation mode.

USR BTN2: Used to verify whether the Cyberon offline voice command demo license is available. If a valid
license is available, the speaker output will be: “Yes, it is correct voice model license”. If no valid license file is
available, the speaker output will be: “No, it is wrong voice model license”.

The connectivity has two LEDs:

e Red
e Green

The following table provides the status information for both LEDs:

STATE Green LED Red LED

Continuous blinking Bluetooth® Low Energy Device is in Independent mode
advertisement

Blink For every Bluetooth®
communication

Stable Bluetooth® Low Energy connection | Device powered ON
is established
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6 ModusToolbox™ Smart Induction Cooktop Pack

Smart Induction Cooktop comes with complete reusable modular software for each of the boards as a single
ModusToolbox™ Smart Induction Cooktop Pack via the Infineon Development Center Launcher. Reach out to
your respective sales and marketing team to get access to the ModusToolbox™ Smart Induction Cooktop
Technology Pack.

®
a Jeveloper Center Launche ilter results Q 30
MyTools  ManageTools  88Scan QR Code ShridathaMohan.Hegde@infineon.com  Logout
«l = &
= l o° ] >\
ModusToolbox Machine ModusToolbox ModusToolBox Smart ModusToolbox™ Tools PSoC Programmer 3.29.5

Learning Pack Programming Tools Induction Cooktop Pack Package 3.1
2.0.0.444 1.0.0.714 1.0.0.34 3.1.0.12257 3.29.5.4730

Details Details Details. Details Details

Figure 75 Infineon Development Center for ModusToolbox™ Smart Induction Cooktop pack (NOTE:
Version number is for illustration)

1. Install the ModusToolbox™ Smart Induction Cooktop Pack by following the default installation instructions
provided at Infineon Development Center Launcher and use the default settings of the installation pack for
the current user.

2. Open Eclipse IDE for ModusToolbox™ 3.1 in a new workspace.

E Eclipse IDE for ModusToolbox™ 3.1 Launcher X

Select a directory as workspace

Eclipse IDE for ModusToolbox™ 3.1 uses the workspace directory to store its preferences and development artifacts.

Workspace: q C:\Users\hegdeshridat\th ~ Browse...

[_] Use this as the default and do not ask again

» Recent Workspaces

Figure 76 Creating new workspace “mtw”
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[ mitw - Eclipse IDE for ModusToolbax™ 3.1

=] x
file Edit MNavigate Search Project Run Window Help
- FrO~Qid i~ eGP arD Q =]
| Quick Panel - Variables ©{ Expressions “e Breakpoints GE Outline I
There is no active editor that provides an
Eclipse IDE for outline,
ModusToolbox™

- Start

+ BSP Configuraters

B Console & (2] Problems &g Progress () Memory & Terminal ] | 2@ v
CDT Build Console [mtb_shared]

Figure 77 Creating a New Application

Smart Induction Cooktop has three boards and each board BSP is listed under “Reference Design BSPs” as
three separate BSPs “INDUCTION-COOKTOP-CONNECTIVITY”, “INDUCTION-COOKTOP-HMI” and
“INDUCTION-COOKTOP-INVERTER”.

=

Source Template

|EI'|tEI"\HEI'tEx‘m /7 || |Create from MPMN... |Browse for BSP... o [+

Kit Mame MCU/SOC/SIP Cennectivity
AIRQOC™ Bluetooth® BSPs
AIROC™ Connectivity BSPs
PMG BSPs
PSoC™ 4 BSPs
PSoC™ 6 BSPs
* Reference Design BSPs
INDUCTION-COOKTOP-CONNECTIVITY CY8CE24AAZI-52D44 CYW43TIE
INDUCTIOM-COOKTOP-HM| CYBC4149A71-5598  <none>
INDUCTION-COOKTOP-INVERTER CYBCH244A7|-54DE2 <none>
TRAVEU BaFs
Wireless Charging BSPs
AMC™ BSPs

Figure 78 Options for different board BSP of Smart Induction Cooktop

3. Select the required BSP.

Based on selected BSP, respective applications are available to create projects for the respective boards.
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: Select Application - Project Creater 2,10
Settings  Help

Application(s) Root Path: | C:/Work/Projects/IH/workspaces/IDC_Test

Target IDE: Eclipse IDE for ModusToolbox™

|EntE| filter text...

Template Application Mew Application Name  Mew BSP Name

v Application

[ Induction Cooktop Connectivity  Induction_Cooktop_C... APP_INDUCTION-COOKTOP-COMMECTIVITY

Q Select Application - Project Creater 2,10
Settings Help

Application(s) Root Path: | C:/Work/Projects/IH/workspaces/IDC_Test

Target IDE: Eclipse IDE for ModusToolbox™

‘Entel'hltel'te-t.”

Terplate Application New Application Mame  New BSP Mame

v Application

Q Select Application - Project Creator 2,10
Settings  Help

“HInduction_Cooktop_H... APP_INDUCTION-COOKTOP-HMI

Application(s) Root Path: |C:/Work/Projects/IH/workspaces/IDC_Test

Target IDE: Eclipse IDE for ModusToelbox™

‘EI](EI filter text...

Ternplate Application New Application Name  New BSP Name

¥ Application

induction Cooktop lnverter ! Induction_Cooktop_In... APP_INDUCTION-COOKTOP-INVERTER

Figure 79 Reference application firmware options for different board BSP of Smart Induction Cooktop

Each board firmware is compliant to the Class B implementation and whenever the communication failure
happens between the boards. Each board enters to error mode. The following table provides the inter-board
communication dependency and error entering scenarios.

Board

Dependency

Precautions/care

Inverter Control
Board

1. HMI & System Control Board controls the
power and turns the Inverter Control Board
ON only when one of the induction hobs of
induction cooktop is active.

2. During active state, HMI & System Control
Board polls Inverter Control Board status for
every 3 seconds and if Inverter Control Board
fails to respond 3 consecutive requests, HMI &
System Control Board will shutdown the
Inverter Control Board for communication
failure.

1. Inverter Control Board is powered by
the AC supply and hence the required
isolations need to be taken to connect
the debugger and debug console port to
the PC

2. On entering a break point, within 6
seconds need to exit from break-point
state so that HMI & system control do
not enter communication failure error
state.
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Board Dependency Precautions/care

HMI & System 1. HMI & System Control Board is master and 1. During HMI & System Control Board

Control Board controls both the Inverter and Connectivity debugging, do not perform any mobile
Boards. operations or voice control commands
2. Connectivity Board on receiving a voice [Note: Connectivity and voice can be
command or mobile application control disabled]

command, an interrupt is generated to HMI &
System Control Board. If HMI & System
Control Board fails to service, Connectivity
Board enters communication failure error
state, and further HMI & System Control
Board enter communication failure state.

Connectivity 1. Dependent on HMI & System Control Board
Board for getting the status
6.1 Inverter Control Board

Upon successful creation of an Inverter Control Board project, the readme file will be displayed in
ModusToolbox™ IDE on selecting the “Induction_Cooktop_Inverter” project. Go through the readme file for
more details on the features and configurations.

mitw - Induction_Cooktop_Inverter/README.md - Eclipse IDE for ModusToolbox™ 3.1 = =] X
Eile Edit Navigate Search Project Run Window Help
= lo~&~a@ # bvO-Qvime viBE 0~ S v o v | e lh Q im(e
£ WPro.. ©# % Deb.. "VReg.. % Peri.. 7 ®READMEmd = 0 & Outline ¢ i)
BE TV i . = = N A h1.PSoC&#8482: 62 MCU: Induc
+[& induction Cooktop nverter PSoC™ 62 MCU: Induction cooktop inverter application v h2. Requirements
5 Includes h3. Software
& app ) R " " o h2. Supported toolchains (mak
> app_mw This application is the firmware for Induction cooktop inverter controller board (REF-SHA3K3IHWR5SYS-INV) h2. Supported kits (make varia
i bsps of Smart Induction Cooktop reference design REF-SHA3K3IHWRSSYS. This firmware demonstrates h2. Hardware Setup
& build realization of dual hob induction induction cooktop using PSoC™ 62 MCU. It provides reusable modules of h2. Software setup
class b firmware for: h2. Using the application exarr
i common y . < piey " h2. Operation
@ deps 1. Intelligent pan detection and resonant switching circuit control using PSoC™ 62 MCU integrated op- 2. Debugaing
: amp o : .
@ images . . h2. D d it tati
& libs 2. HMI interface supporting 10 power levels for each of the hob i h;xi“'::g::::::? 1“’
0 3. Intelligent power control for low power realization by turning off the power supply to inverter control e RN
(& ma il h2. Related resources
LICENSE circuit
h2. Other resources

4. Safety features like: a. Autoshutdown on continous usage of induction hobs for more than 2hours

& Makefi
5 RE‘JA';'I;E.md b. Autoshutdown on over voltage 12z DocumenthEson
e Jolebraaptoe s vl o e decvies IAEIAL c. Autoshutdown on current/temperature of onboard switching elements (IGBT) or induction coil hob
— surface.
k& Quick Panel =i
Eclipse IDE for H
ModusToolbox™ ReqUIrements 9
~ Start ( )
Markdown Source | Preview _
B Console i (% Problems = Progress 0 Memory & Terminal 3 Disassembly + Search AL ChY =0
ModusToolbox™ Console
Log file(s) for this session are stored at: C:\Users\VSHRIN~1\AppData\Local\Temp\Logs12566111811632166623
- Induction_Cooktop_Inverter (APP_INC
Writable Insert 1:1:0
. . o o . . .
Figure 80 Inverter Control Board application project browsing and build option
Build the application by selecting Build Application from the Quick Panel.
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.C49 R1 06 "%
L _\',,.Cﬂ [
mtcu.cso:f‘:’,\“':‘ \ s
To 40l R?27 ¢ fonl

Tw (w1 RO c:'g‘

o] 1) R79 1y

R76 =:

-
-3

X68 - MiniProg4
10pin Debugger
Interface

X71 - Non-Isolated UART Debug (3.3V)
Pin6: GND
Pin5:
Pin4: UART_TX
Pin3: UART_RX
Pin2:
Pinl:

Infineon

Figure 81 Inverter Control Board debug interfaces - MiniProg4 and TTL UART to USB

To debug the application, before powering on the AC supply:

1. Program the built firmware, using the Cypress Programmer as described in Programming the firmware for
the Inverter Control Board.

2. Setuptheinduction cooktop system.
Note: Please use the laptop with an isolation transformer or without the AC supply.

3. Power ON the induction cooktop and power ON one of the induction hobs of the cooktop.

4. After successfully building the application, flash the binary to the Inverter Control Board by following the
procedure described in the Programming the firmware subsection of the Inverter Control Board section.

Firmware debugging requires powering one of the induction hobs ON to enable the power supply to the
Inverter Control Board and perform attach to the target. It will take around a couple of mins to attach to the
target.
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mtw - Induction_Cooktop_Inverter/main.c - Eclipse IDE for ModusToclbox™ 3.1 = [u] *
Eile Edit Source Refactor MNavigate Search Project] indow  Help
- |g~& ~v@a@iro® & AL R R a ig|EE
# I Project Explorer % Debug = Registers : Peripherals S E outline e
; B % - . CELRY o %
~ o eterminated>Induction_Cooklop_Inverter Debug (KitPr e return value of functions */ U cyhalh
X p g . - ¥
&l eterminated, exit value: -1>openocd exe o FreeRTOSH
il i - - -pabi- . . s “ taskl
ol <terminated, exit value: -1>arm-none-cabi-gdb.exe ice and board peripherals */ task.h
~ [E <terminated>Induction_Coektop_Inverter Attach [KitPr. : U timer_chjh
& <terminated, exit value: 1> openocd exe o gpic objh
&l <terminated, exit value: 0=arm-none-eabi-gdb.exe I r Stop program execution */ U gate_driver_objh
= Use Step Filters ShiftsFs  ~SUCCESS) 4 senser_objh
U application_task.h
% Run Last Launched Ctril+F11 ppication.t
o n - 2 memaory_ohjh
% Debug Last Launche: F11 4 poweron selftesth
Run History , rrupts ¥/ o class_b_testh
D P N o communication_objh
fum Configuati ; o communication task.h
tn Lonhgurtions— o cument_sensor_objh
Debug History > # TASK_APP_STACK SIZE
4 Debug As 5 # TASK_APP_PRIQRITY
| Debug configurat | # DEBUG PRINT ENABLE
2 Al ug Configurations..
kel Quuick: Panel 9 g ® app_task_handle : Taskl
- Induction Cooktop Inverter (APP INDUCTION-COOK™ g oo R & class_b tack_handle T
& Build Application ey . ) ® comm task_handle : Ta
253 * @brief Freertos idle hook function i .
“ Clean Application 268 */ ¢ vhpplicationDaemonle
261-vnid vAnnlicationTdleHook( void © mainfvoid) : int
- Launches 4 > —
# Induction Cooktop Inverte {ILink) D Console i 2 Problems = Progress B Memory & Terminal = Disassembly + Search Xk GE=FE D2y =0
* Induction_Cooktop_In {KitProg3_MiniProg4) <terminated> Induction_Cooktep_Inverter Debug (KitProg3_MiniProg4) [GDE QpenCCD Debugaing) openocd.exe (lerminated 27-Feb-2024, 11:04:47 AM)
O Induction Cooklor Invertar Brogram (Link) {53) di11 (/64): éxebdb7f5ededef7bé
nduction_Cooklop_Inverter Progr ink) (32) d12 (/6): exddefifsabddsdzie
o Induction_Cooktop_Inverter Program [KitProg3_MiniProgd) (55) d13 (/64): @xeabBb5Tfl56fe5Fd
& Generate Launches for Induction_Cooktop _lnverter (56) di4 (/64): exfrelas7fbasffees
(57) di5 (/64): 8x376172ac7ddedbbe
= Tools (58) fpscr (/32): exeeeepeee
@ e . Cortex-M DWT registers
BSP Assistant 1.10 Info : dropped 'gdb’ connection |
& Device Firmware Update Host Tool 2.0
L] >
b
. . . . . . .
Figure 82 Selecting Inverter Control Board application debugging configuration
DE for | 31
ebug Configurations =} X Q igl@n
“ [ Project Explorer % Debu¢ Create, manage, and run configurations g\. £ Outline : =
2 vEERY o %k i
= v [ cterminated> Inductiof o cyhalh
ol <terminated, exit va- ® FreeRIOSh
& <terminated, exitva| = 2 0 & X| B Y ~ Name: Induction Cooktop_Inverter Attach (KitProg3 MiniProgd) u taskh
v E <-lemmmf9d>lnd\u:lml typ 2 Main P Debugge|® Startap| ¥ Source] E Commen] 5 SVD Path 4 !lmvsv’ul)‘).h
i <terminated, exit v ¢’ Induction_Cooktop._Inverter Attach (KitProg2_MiniProgd) .  gpio_objh
& <terminated, exit vé O e VT T T o T R R ST E AT Project: u gate_driver_objh
[ Induction_Cooktop._Inverter Erase (itProg3_MiniProg4) Induction_Cooktop_Inverter Browse... u sensor_objh
[ Induction_Cooktop_lnverter Program (KitProg3_MiniProgd) C/Ci + Application: = application task.h
B 5 e : - u j
& induction-cooktop-connectivity-psoc6_2 Attach (KitProg3. MiniProgd) ${cy.pri_path:34b52a44-0855-4832-831b-ca3ecs 2b5480)/build/APP_INDUCTION-CC memory_objh
[© induction-cooktop-connectivity-psoct_2 Debug (KitProg3_MiniProg4) . . U poweron_selftesth
I induction-cooktop-connectivity-psoc6_2 Erase (KitProg3_MiniProgd) Vatiablest. | SearciiProject.s BiowsE o class b testh
& induction-cooktop-connectivity-psoc6_2 Program (KitProg3_MiniProgd) Build (if required) before launching ¥ communication_obj.h
[ induction-cooktop-connectivity-psocé Attach (KitProg3_MiniProgd) Build Confi Silodt icall . U communication_taskh
[€ induction-cooktop-connectivity-psocé Debug (KitProg3_MiniProg4) I % 3 % = 2 current_sensor_objh
£ induction-cooktop-connectivity-psocé Erase (KitProg3_MiniProgd) 2 Eneblaalito ik © Disable auto build # TASK APP_STACK SIZE
——— [ induction-cooktop-connectivity-psocé Program (KitProg3_MiniProgd) (L Use workspace settings Configure Workspace Settings. # TASK_APP_PRIORITY
, [ MyApp Attach (KitProg3_MiniProg4) # DEBUG_PRINT ENABLE
:Qu:k e & MyApp Debug (KitProg3_MiniProgd) ) app.task handle : Task]
~ Induction Cooktop 1MWl -\ aop Erase (KitProg3 MiniProgd) ¢ dassb task handie
A Buik ation ® comm_task_handle : T.
Buid Appliation Filter matched 165 of 169 items Reveut Apply ki g
¥ Clean Aoplication o vApplicationDaemonTe
 mainfvoid) ; int
- Launches 2 Close | —
# Induction_Cooktop_In . fBlg@E e~y =n
S S =
¥ Induction_Cooktop_Inverter Debug (KitProg3_MiniProg4) I <terminated> Induction Cooktop Inverter Debug (KitProg3 MiniProgd) [GDB OpenOCD Debugging] openocd.exe (Terminated 27-Feb-2024, 11:04:47 AM)
B e e (53) d11 (/64): @xebdb7f5eBedef7b6
induction_Cooktop_Inverter Program (JLink) (54) d12 (/64): @xddef3f8abddodsle
© Induction_Cooktop_lnverter Program (KitProg3 MiniProgd)  (55) d13 (/64): @xeab6bSff156feSfd
& Generate Launches for Induction_Cooktop_Inverter (56) diA.(/e4)- oxf7e2ad77baerrecs
(57) di5 (/64): Bx976172ac7dded66e
- Tools (58) fpscr (/32): exeeeeeees
& ne a Cortex-M DWT registers
BSP Assistant 1.1€ : dropped 'gdb' connection 1
& Device Firmware Update Host Tool 2.0
« »

Figure 83 Attaching debugger to a running inverter application PSoC™ 6

5. After attaching, to perform debugging, select the ELF file.
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EJ mtw  Induction_Cocktop_Inverter/main.c - Eclipse IDE for MadusToalbax™ 3.1
Fil=  Fdit Source  Refactor  Mavigate Search  Projert Run Window  Help
i v fow 500 - AP R LA LY e - flw v v
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Figure 84 Entering debugging mode after debugging attaching to PSoC™ 6

6. For debugconsole logs, open the USB to TTL UART with the following configurations to receive the logs.

e

File Edit Setup Control Window Help

Tera Term: Serial port setup and connection X
Port: COmM4 W i
New setting

Speed: 115200 w

Data: 8 hit ~ Cancel

Parity: none ~

Stop bits: 1 bit ~ Help

Flow control: none W

Transmit delay

El msecichar D msec/line

Device Friendly Name: Prolific USB-to-Serial Comm Port [COM
Device Instance |D: USBYVID_067B&PID_2303\52B1C48878048
Device Manufacturer: Prolific

Provider Name: Prolific

Driver Date: 11-27-2020

Driver Yersion: 3.8.38.2

Figure 85 TeraTerm UART configuration

For more details on debugging application, see the Eclipse IDE for ModusToolbox™ software user guide (locally

available at {ModusToolbox™ software install directory}/docs_{version}/mt_ide_user_guide.pdf).
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6.2 HMI & System Control Board

After the successful creation of an HMI & System Control Board project, the readme file will be displayed in
ModusToolbox™ IDE when the “Induction_Cooktop_HMI” project is selected. Go through the readme file for

more details on the features and configurations that the software offers.

i mtw - Induction_Cooktop_HMI/README.md - Eclipse IDE for ModusToolbox™ 3.1 - a8 x
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bsps cooktop HMI built with Infineon’s latest-generation, low-power CAPSENSE™ solution using the PSeC™ 41008 Max device. h2. Using the application example
build It provides reusable modules of firmware for: h2. Operation
& common ‘ ) ) h2. Debugging
& deps 1. CapSense key input driver for multi-level touch inpiut processing v h2. Design and implementation
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Figure 86 ModusToolbox™ after creating/importing Induction Cooktop HMI & System Control Board
application

Build the application by selecting Build Application from the Quick Panel.

After successfully building the program, you can debug the same by connecting the MiniProg4 and debug
consoles over a USB interface.
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Figure 87 HMI & System Control Board debug interfaces - MiniProg4 and USB(power & debug console)
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It provides reusable modules of firmware for:

1. CapSense key input driver for multi-level touch inpiut processing

2. 7 segment display driver for displaying cooking timer and error codes

3. Inverter and Connectivity communication based on UART

4. System Control based on the Digital Twin structure

5. Class-B compliant safety features like:
a. Robust power button implementation using dual CapSense™ channel for improved safety
b. Power On Self Tests for Flash, RAM, Stack, Clock
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Figure 88 Successful induction cooktop HMI application building

For debug console logs, open the USB to UART with the following configurations to receive the logs.
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e

File Edit Setup Control Window Help

Tera Term: Serial port setup and connection X
Port: COmM4 w i
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Speed: 115200 -

Data: 8 hit ~ Cancel

Parity: none ~

Stop bits: 1 bit v Help

Flow control: none w

Transmit delay

EI msecichar EI msec/line

Device Friendly Name: Prolific USB-to-Serial Comm Port [COM
Device Instance |D: USBYVID_067B&PID_2303\52B81C488780¢
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Driver Date: 11-27-2020

Driver Yersion: 3.0.38.2

Figure 89 TeraTerm UART configuration

For more details on debugging the application, see the Eclipse IDE for ModusToolbox™ software user guide
(locally available at {ModusToolbox™ software install directory}/docs_{version}/mt_ide_user_guide.pdf).

6.3 Connectivity Board

After creating a Connectivity Board project successfully, the readme file will be displayed in ModusToolbox™
IDE when the “Induction_Cooktop_Connectivity” project is selected. Go through the readme file for more
details on the features and configurations that the software offers.

[ configpins - Induction_Cooktop_Connectivity/README.md - Eclipse IDE for ModusToolbox™ 3.1 - =} X
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& import Existing Application In-Place Markdown Source| Preview

# Search Online for ¢ Examples B Console [ Problems =iProgress # [ Memory & Terminal + Search % § =]
¢ Search Online for Libraries and B5Ps No aperations to display at this time

&£

g Material
A Refresh Quick Pane

- Induction_Cooktop_Connectivity (APP_INI

' Induction_Cooktop_Connectivity

Figure 90 ModusToolbox™ after creating/importing Induction Cooktop Connectivity Board application
with build option
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Build the application by selecting Build Application from the Quick Panel.

After successfully building the program, you can debug it by connecting the MiniProg4 and debug consoles over
USB interface or TTL UART.

X7-USB

X3 - Debug (3.3V)
Pin1:5V

Pin2: UART_RX
Pin3: UART_TX
Pin4: GND

VTARG VTARG.

Bl SCLK
1216046201 & SSEL
Rey 08 4

2139CN00300 : Mosi

Mmiso
CcTs

Figure 91 Connectivity Board debug interfaces - MiniProg4, Debug, and USB (Power & debug console)
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Figure 92 Programming Connectivity Board from ModusToolbox™

For debug console logs, open the USB to UART with the following configurations to receive the logs.
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e

File Edit Setup Control Window Help
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Flow control: none v

Transmit delay
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Device Friendly Name: Prolific USB-to-Serial Comm Port [COM
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Figure 93 TeraTerm UART configuration

For more details on debugging the application, see the Eclipse IDE for ModusToolbox™ software user guide
(locally available at {ModusToolbox™ software install directory}/docs_{version}/mt_ide_user_guide.pdf).
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7 System performance

System provides a low stand-by power of less than 0.5 W when the AC power supply is applied to the complete
induction cooktop (Standby mode).

Figure 94 Standby power consumption of Smart Induction Cooktop Reference Design

7.1 Inverter Control Board

This section shows examples of switching waveforms using an Inverter Control Board PCBA. The waveforms in
the following figure represent the low-side IGBT VCE, VGE (gate to emitter voltage) and IC (coil current)
waveforms, where the system operates at an input power of 1.8 kW with the coil and cooking vessel suitable for
induction cooking.

The specification of the coil and vessel assembly is provided in section 1.3. With an input voltage of 240V, the
switching frequency to achieve 1.8 kW is shown in the following figure.

Tek Fretu M 4.00ms

Zo_om F_ac_tor:_400_X . _Z_oqm_Pc_)si_tio_n:_S._lE?“m_s_
VCE(LS) VGE(LS) - :

& 0oy

. R W S
& .04 & cos o LM paints 12.6 Y : ;
@ 26.4 & L
@ Frequency 30.97kH: 13 Jun 2023
@ +\vidth 14.54 s 16: 21: 22
@ +luty 45.03 %

Figure 95 Typical waveforms of the Inverter Control Board PCBA as a low-side switch
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7.2 HMI & System Control Board

PSoC™ 4100S Max can support wide parasitic capacitance for touch input processing and HMI & System Control
Board touch interfaces demonstrates the same and associated SNR values for each of the sense element:

Cp(pF): 9.08 pF to 21.82 pF

SNR: 20 to 58

Sl. no. | Sensor C,(pF) SNR
1 CSO_PWR_O 20.26 22:1
2 CS1_PWR_1 20.72 20:1
3 CSO_Timer 9.7 58:1
4 CS0_HOB_1_MINUS 13.6 27:1
5 CSO0_HOB_1_PLUS 12.84 31:1
6 CSO_HOB_1_CTL 14.96 20:1
7 CS1_PAUSE 13.68 38:1
8 CS1_LOCK 20.94 40:1
9 CS1_HOB_2_PLUS 21 25:1
10 CS1_HOB_2_MINUS 13.28 25:1
11 CS1_HOB_2_CTL 16.56 20:1
12 CS1_VOICE 11.76 32:1
13 CS1_CONNECT 9.08 35:1
14 CS0_SLD_0 21.82 43:1
15 CS0_SLD_1 19.52 53:1
16 CS0_SLD_2 18.22 43:1
17 CS0_SLD_3 16.54 40:1
18 CS0_SLD_4 14.96 58:1
19 CS0_SLD_5 14.24 57:1
20 CS0_SLD_6 12.64 54:1
21 CS1_SLD_0 14.32 37:1
22 CS1_SLD_1 14.32 42:1
23 CS1_SLD_2 14.22 32:1
24 CS1_SLD_3 16.18 44:1
25 CS1_SLD_4 15.96 43:1
26 CS1_SLD_5 19.58 31:1
27 CS1_SLD_6 21.22 48:1
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8 Appendices
8.1 HMI & System Control Board detailed usage
8.1.1 Touch interface
Sl.no. [Touch type Duration (ms) Description

1 Short 50

2 Long 1000

3 Continuous 1700

4 Error 30000 Any press beyond 30 s is considered as error in

touch interface

TIMER PAUSE CONNECT VOICE

© W m ® G

Figure 96 Smart Induction cooktop top view

Sl. no. | Sensor Sensor name Function
1 @ Power button Turn ON/OFF the entire system
POWER

2 Induction hob select Select the cooking zone/induction hob.
Filled dot represent size of the induction hob.

3 VT, Horseshoe radial slider | Set power level for the induction hob/cooking zone

4 Plus /minus button Set power/timer for the induction hob/cooking
zone

5 Timer Enable/disable Timer functionality

6 Pause Enable/disable Pause functionality
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7 Connect Enable/disable Bluetooth® connection with the
i0OS/ Android mobile app

8 Voice Enable/disable microphone functionality

9 Lock Enable/disable Child lock functionality

8.1.2 7-segment display

Sl. no. Display Function

1 _495 Auto-shutdown timer value for big induction hob

2 89 Auto-shutdown timer value for small induction hob

3 N Boost mode with auto-shutdown timer. Radial LED to be blinking.

4 L Chile lock enabled

5 - 1= Induction cooktop in pause mode

6 = Child lock enabled in boost mode

7 L _959 Child lock enabled auto-shutdown timer value for big induction hob

8 I -85 Child lock enabled auto-shutdown timer value for small induction hob

9 E-O0 Non-recoverable. Only AC power on-off may recover the system.

10 H Independent Mode evaluation for experiencing and validating HMI
interface.

8.1.3 Error codes

Error code Description

E-00 Over-temperature of big IH IGBT

E-O Over-temperature of small IH IGBT

E-OC2 Over-temperature of big IH surface

E-Od Over-temperature of small IH surface

E-O4 Errorin processing input CAPSENSE™ sensors

E-O5 Error in timer peripheral

E-OE Error in seven segment interface

E-ON Error in buzzer interface

ErD Error due to failure of Class B test

Erl Error due to failure of communication with the Inverter Controllrer Board

Er- {0 Error due to temperature sensor failure

Er i Error due to current sensor failure

Er i2 Error due to overcurrent in small IH inverter circuit

Er id Error due to overcurrent in big IH inverter circuit

Er 4 Error due to over input voltage
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8.1.4 Buzzer
Sl.no. | Buzzer beep type | Duration (ms) Feedback
1 Short 100 Short press of button widgets, cooking
timer expiry
Long 500 Long press of button widgets
Wrong 300 Wrong usage of button widgets
8.1.5 Induction Cooktop Control

8.1.5.1 Switching the system ON/OFF

The HMI is the master controller unit and it enables/ disables power supply to the Inverter and Connectivity
MCU. When Power button is pressed for a long duration (1s), it turns ON

the system and Connectivity, making the system to enter IDLE mode from standby.

In any mode of operation, if the Power button is pressed with short/long press, the system enters to standby
state.

System ON @ Long press
System OFF Short press
Long press

POWER

8.1.5.2 ON/OFF and power level

Once the system is in the idle state, the induction hobs can be enabled by performing a short press on the
induction hob Select button.

Widget Name Widget Short press Long press
Small IH Power ON Shutdown
Select
BigIH Power ON Shutdown
Select

e Ifone of the induction hob’s is powered ON, the power supply to the inverter is enabled.

e Usingthe respective induction hob’s horseshoe radial slider or +/- buttons power levels from 0-9 can be set.
Using the Plus button for a long press will enable the respective induction hobs to enter the boost mode

(power level 10).
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Widget name Widget Short press Long press

Smallinduction hob Increase/decrease power level | Only “+” supports.

If power level is 9, then boost
mode is entered for a fixed
duration of 3 minutes

Big IH Increase/decrease power level | Only “+” supports.
If power level is 9, then boost
mode is entered for a fixed
duration of 2 minutes
Note: To keep the overall power consumption of the system within the rated 3600 W, only one of the
induction hobs can be in boost mode. The power levels of the non-boost induction hob can be
increased till predefined power levels as per the following table.
Sl. no. | Boost enabled induction hob Maximum power level of non-boost hob
1 Small Big induction hob can go up to power level 3
2 Big (10) Big induction hob can go up to power level 4

The auto-shutdown cooking timer for the respective cooking zones can be set if the induction hob is active and
PAN detection is successful.

e Ashort press on the Timer button enables the timer input mode for the cooking induction hob. If only one of
the induction hobs is active, the timer input is enabled for the active induction hob. In case if both induction
hobs are active, the hob select LED will blink a green LED, waiting for the user to select the cooking zone.

Widget Widget Short press Long press Continuous press
name
Timer Initiate auto-shutdown Turn OFF
button @ timer setting for an All active auto shut
induction hob down timers of
induction hobs

Widget name Short press

Small hob Select auto-shutdown timer mode for small
induction hob for entering timer value.

Big hob Select auto-shutdown timer mode for big
induction hob for entering timer value.

e Oncetheintended induction hob is selected the user will be able to set the timer using the plus/minus
button. By default, the auto-shutdown timer starts with 5 min. If there is no user input for 7 seconds after
enabling the auto-shutdown input timer mode for an induction hob, the auto-shutdown timer for the
selected induction hob will be 5 mins.
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Widget name | Widget Short press Long press Continuous press

Plus /minus
buttonin
timer mode

Increment/decrement Increment/decrement
the timer value by 1 the timer value by 5

7-segment —95
for small hob
timer input

7-segment _88
for big hob
timer input

Note: The cooking timer for each induction hob has a maximum value of 99 minutes. To adjust the timer,
the user may press the plus or minus button for a short duration to increment or decrement the
timer in I-minute intervals. Alternatively, if the plus or minus button is continuously pressed, the
timer value will increment or decrement in 5 minute intervals.

e Switching OFF the timer can be done by long pressing the Timer button. This will reset the cooking timer to
default value of 5 mins.

4. Pause/resume

The HMl includes a pause and resume feature that allows the user to pause the cooking timer and set the power
level of the cooking zone to a minimum (power level 0) by performing a long press on the Pause button. To
resume cooking, the Pause button can be long pressed again, and the system will restore the previous power
levels and cooking timer settings.

Widget name Widget Long press

Pause ) Pause both hobs
PAUSE

Resume Resume both hobs
0
PAUSE

Note: During the pause state, the power level and cooking timer settings are disabled for cooking zones.

5. Lock/unlock

For safety reasons, the HMI includes a child lock feature that deactivates all widgets on the panel except for the
power button. This feature ensures that the device cannot be unintentionally operated. To activate the lock
feature, the user may perform a long press on the Lock button, and to unlock the device, the user can again
perform a long press on the same Lock button.
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Widget name Long press

Lock Enable child lock

Unlock Disable child lock

Note: Locking or unlocking the device will not impact the normal operation of the system, and all active

operations will continue to function normally.

6. Connect/disconnect Bluetooth®

To connect with the mobile application, the user needs to enable the Bluetooth® interface on the Connectivity
Board. Pressing the Connect button for a short duration will either start or stop the Bluetooth® interface. If the
Connect button is long pressed, the pairing & bonding information will be erased in the Connectivity Board.

Widget name Widget Short press Long press

Enable/disable Reset the Bluetooth®
Bluetooth® advertisement | credentials

Bluetooth®
connect/disconnect

~—
CONNECT B CONNECT

7. Microphone

The system can be controlled using voice commands, and to enable or disable the microphone, the user needs
to perform a short press on the Voice button.

Widget name Widget Short press

Voice Enable/disable Enable/disable Voice

8.2 Mobile application usage

Download and install Induction Cooktop by Infineon Technologies from the Apple or Google application stores.
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8.2.1 Adding Induction Cooktop to Mobile application

141 Wl 90

ul Airtel & 3:58AM L <

< Device List
Home

1. Stay close to the cooktop

Enable bluetooth of the mobile
" device

No device provisioned yet.
Click on the "+" icon to
add a new device.

(infineon
Induction Cooktop
Scanning for devices....
- —— [ —— ]
<« Device List
rl-g‘ "Fx:r‘:l'i T5:8ERE >
Pair with [FX-IH?
[ Allerw access w0 your comtasts and call Fstor
8.2.2 Dashboard/home screen
Connected and offline induction cooktop and addition controls.
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infineon

Home

12:38 T

IFX-H &

©)

W @ @ @

Figure 97 Connected Induction Cooktop and controlling.

Home [©)

IFX-IH

Indicate device is
offline

To remove the
device, press
long

Home

@

Induction Cooktop
Are you sure you want to remove

this device?

Figure 98 Offline Induction cooktop and removing the device if needed
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8.2.3 Device control

12:38 oD

< IFX-1H — Device
Settings

Small
Induction
Hob Control

Big
Induction
Hob Control

)]
@)@ (e (€

Pause/ Child Voice Favourites
Resume Lock Control

Figure 99 Induction Cooktop controls

8.2.4 Powering ON/OFF an Induction Hob

By default, the induction hob starts with power level 0 and timer value 0.

<« 7
< IFX-IH o) e i < IFX-IH &

®)

® @ ® ®
W @© @ ® ® © @ ®

Figure 100 Navigation sequence for powering (ON/OFF) small hob
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8.2.5 Induction hob power level

Each induction hob provides a power level from 0 to 9 and a boost mode.

€« IFX-IH & <« IFX-IH &

A\ setsmall hob power level A\ setsmall hob power level

4 4

5 v 5 v

6
2 e |
Cancel Set Power

Figure 101 Navigation sequence for setting power level of small hob

@ © ® @

<« IFX-IH &

Set small hob power level
A P A setsmall hob power level

O

W @ 0 ®

W @ ® @

Figure 102 Navigation sequence for setting boost mode of small hob
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8.2.6 Induction hob auto shut down timer control
« IFX-IH ) < IFX-IH e

7

A setsmallhob timer A setsmallhob timer

g Minutes 10  (©) ] Minutes 10 (©) @
S —
- °
Cancel Set Timer
Cancel Set Timer _ _

Figure 103 Navigation sequence for setting auto-shutdown timer for small hob

8.2.7 Enabling/Disabling Child lock control

< IFX-IH 8|« IFX-IH @ | e IFX-IH || € IFX-IH ©

&
Le

I
®

@O

Figure 104 Navigation sequence for child lock of HMI & system control touch interface

i &
20 Min Level 4

® @ @ @
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8.2.8 Pause and resume

< < IFX-IH %

Induction cooktop is resumed

4 &
20 Mi. Level4

®
Figure 105 Navigation sequence for entering pause and resuming induction cooktop
8.2.9 Enable/disable voice control
< IFX-IH i < IFX-IH ke <« IFX-IH &
20 & FR) (& ) a0
(/ \> CJ \) k) C/
@ @ @ @ ® ® ®
Figure 106 Enabling and disabling of off-line voice control
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8.2.10 Adding favourites

10614 ] 10:15 o 10:16 Q
<« IFX-1H {8 <« Favourites €« Favourites
Tea
AT (]
77 Add Favourites
Favourite Name
R Tea
No Record Available
( .‘ [ &
20min. ) \ Levels
-y N e
b Qi e @
@ @ @
‘Add current canfiguration Add current configuration
< Qe ® TY v v o @

< IFX-IH € Settings €« Favourites
@) Cookiop connectivity - N )
¥ Favourites ]
0 Hotification - 7 Add Favourites 7 Add Favourites
Favourite Name Favourite Name
(8 Ntification History >

Tea

Power Level

Level -0 Level-3

Timer

Timer

00 Minutes 10Minutes

IFX Hob IFX Hob

Small Hob

[ s

| Cancel

w @ 0 @

Figure 108 Navigation sequence for creating favourites from settings
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8.2.11

Starting favourite configuration

infineon

<«

IFX-IH i) €

Favourites

< IFX-IH

Yo
W2 smatros

Level -3 | 10 Minut

)
@@o

O

® @ @

®

Figure 109 Navigation for starting induction cooktop with favourites option

8.2.12

Settings

« Settings

) Cooktop connectivity ‘ ]-
1y Favourites ]'
[} Notification ‘ ]'

m

Notification History

d|

Enable/Disable Connectivity

—— Add/Delete favourites

Enable/Disable notifications

— View notifications history

Figure 110 Induction cooktop device configuration settings
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8.2.13 Notifications

Notification history or notifications for the mobile phone.

<« Notification History

s

oktop is in active mode
@ 22/02/2024, 11:19:02 AM 3 Bluetooth

© Do Not Disturb

Pan Status IFX-IH Small hob pan absent!

ooktop is in idle mode
@ 22/02/2024, 11:18:28 AM Manage Clear all

Figure 111 View of Induction cooktop device notifications

8.3 Voice commands - Speaker output

A fixed local voice command set is supported by the induction cooktop. It has a “Wake word” to trigger the
system to enter to listening mode and support two level of intents for providing commands to induction
cooktop. After wake-word or after first intent, if the user does not provide any next level of command within 5
seconds (a tone is generated), the user need to wake up the induction cooktop again. Note that, though the
cooktop supports an auto-shutdown timer for 99 minutes but voice command support only till 30 minutes.
Setting timer without setting power level will start the induction hob with power level 0.

Wake word

Firstintent

Second intent

Speaker response

Hello cooktop

I am listening

Switch ON big hob

Big hob is active

Switch ON small hob

Small hob is active

Turn OFF big hob

Big hob is turned off

Turn OFF small hob

Small hob is turned off

Power OFF the cooktop

Cooktop is powered off

Pause cooking

Cooking is paused

Resume cooking

Cooking is resumed

Turn off voice control

Voice control is disabled

Enable child lock

Child lock is enabled

Disable child lock

Child lock is disabled
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Wake word First intent Second intent Speaker response
Control big hob Big hob is selected
Control small hob Small hob is selected
Enable Connectivity Enabling Connectivity
Disable Connectivity Disabling Connectivity
< Control big hob/ Control | Adjust power to level zero Power level is set to zero
small hob>
< Control big hob/ Control | Adjust power to level one Power level is set to one
small hob>
< Control big hob/ Control | Adjust power to level two Power level is set to two
small hob>
< Control big hob/ Control | Adjust power to level three Power level is set to three
small hob>
< Control big hob/ Control | Adjust power to level four Power level is set to four
small hob>
< Control big hob/ Control | Adjust power to level five Power level is set to five
small hob>
< Control big hob/ Control | Adjust power to level six Power level is set to six
small hob>
< Control big hob/ Control | Adjust power to level seven Power level is set to seven
small hob>
< Control big hob/ Control | Adjust power to level eight Power level is set to eight
small hob>
< Control big hob/ Control | Adjust power to level nine Power level is set to nine
small hob>
< Control big hob/ Control | Adjust power to level ten Power level is set to boost
small hob>
< Control big hob/ Control | Set timer zero minutes Timer is set to zero minutes
small hob>
< Control big hob/ Control | Set timer one minute Timer is set to one minute
small hob>
< Control big hob/ Control | Set timer two minutes Timer is set to two minutes
small hob>
< Control big hob/ Control Set timer three minutes Timer is set to three minutes
small hob>
< Control big hob/ Control | Set timer four minutes Timer is set to four minutes
small hob>
<Control big hob/ Control | Set timer five minutes Timer is set to five minutes
small hob>
< Control big hob/ Control | Set timer six minutes Timer is set to six minutes
small hob>
< Control big hob/ Control | Set timer seven minutes Timer is set to seven minutes
small hob>
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Wake word First intent Second intent Speaker response
< Control big hob/ Control | Set timer eight minutes Timer is set to eight minutes
small hob>
< Control big hob/ Control | Set timer nine minutes Timer is set to nine minutes
small hob>
<Control big hob/ Control | Set timer ten minutes Timer is set to ten minutes
small hob>
< Control big hob/ Control | Set timer eleven minutes Timer is set to eleven
small hob> minutes
< Control big hob/ Control | Set timer twelve minutes Timer is set to twelve
small hob> minutes
< Control big hob/ Control | Set timer thirteen minutes Timer is set to thirteen
small hob> minutes
< Control big hob/ Control | Set timer fourteen minutes Timer is set to fourteen
small hob> minutes
< Control big hob/ Control | Set timer fifteen minutes Timer is set to fifteen minutes
small hob>
< Control big hob/ Control | Set timer sixteen minutes Timer is set to sixteen
small hob> minutes
< Control big hob/ Control | Set timer seventeen minutes Timer is set to seventeen
small hob> minutes
< Control big hob/ Control | Set timer eighteen minutes Timer is set to eighteen
small hob> minutes
< Control big hob/ Control | Set timer nineteen minutes Timer is set to nineteen
small hob> minutes
< Control big hob/ Control | Set timer twenty minutes Timer is set to twenty
small hob> minutes
< Control big hob/ Control | Set timer twenty-one minutes | Timer is set to twenty-one
small hob> minutes
< Control big hob/ Control | Set timer twenty-two minutes | Timer is set to twenty-two
small hob> minutes
< Control big hob/ Control | Set timer twenty-three Timer is set to twenty-three
small hob> minutes minutes
<Control big hob/ Control | Set timer twenty-four minutes | Timer is set to twenty-four
small hob> minutes
<Control big hob/ Control | Set timer twenty-five minutes | Timer is set to twenty-five
small hob> minutes
< Control big hob/ Control | Set timer twenty-six minutes Timer is set to twenty-six
small hob> minutes
< Control big hob/ Control | Set timer twenty-seven Timer is set to twenty-seven
small hob> minutes minutes
< Control big hob/ Control | Set timer twenty-eight minutes | Timer is set to twenty-eight
small hob> minutes
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Wake word First intent Second intent Speaker response
< Control big hob/ Control | Set timer twenty-nine minutes | Timer is set to twenty-nine
small hob> minutes
< Control big hob/ Control | Set timer thirty minutes Timer is set to thirty minutes
small hob>

8.4 UART HDLC protocol

The custom UART HDLC protocol isimplemented with a fixed 32-bytes packet size. Packet structure for the
same is as shown in the following tables.

8.4.1 Command)/status packet format
Byte offset Feature Description
Byte 0 Device ID Source of packet
Inverter- Ox5A
Connectivity- Ox4A
Byte 1 Packet type 0x01- Send Command
0x02- Request Status
0x03- ACK
0x04- NACK
0x05- Request Command
0x06- Send Status
Byte 2 Length Payload length- 0x1B
Byte 3-29 Payload Command payload
Status payload
Byte 30 CRC 16 (LSB) CRC CCITT16 Compliant to Class B specifications.
Byte 31 CRC 16 (MSB)
8.4.2 ACK packet format
Byte 0 1 2
Data Ox4A 0x03 0x00
8.4.3 NACK packet format
Byte 0 1 2
Data Ox4A 0x04 0x00
Note: One time UART packet at boot up from Connectivity to HMI with BYTE 1 = 0X02, to get the latest
status from HMI.
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8.4.4 Successful communication

infineon

Inverter

Send Command

Update
Digital Twin | Send Status
Update
Send ACK Dl'gital Twin
Send Status Request
Update
Digital Twin Send Status
" Update
Digital Twi
Send ACK ~ Ettal fwin

Figure 112 Sequence diagram for successful command and status exchange between inverter and HMI &

System Control Board

8.4.5 Failed communication

8.4,5.1 Corrupt command from HMI

Inverter

Send Command (corrupted)

Send NACK

v

Send Command (corrupted)

Send NACK

Send Command (corrupted)

Send NACK

v

Retry count=1

Retry count=2

Retry count=3

Communication Failure

E-OY

Figure 113 Sequence diagram for command CRC failure and entering to communication error status
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8.4.5.2 Corrupt status from inverter

Send Command

Send Status (corrupted)

A 4

Send NACK Retry count=1

Send Status (corrupted)

A 4

Send NACK
-+ en Retry count=2

Send Status (corrupted)

v

Send NACK

Retry count=3

Communication Failure

E-C9

Figure 114 Sequence diagram for status CRC failure and entering to communication error status

8.4.5.3 Timeout

Send Command

Send Status (after 1.5s)

h 4

Send Command Retry count=1

Send Status (after 1.5s)

h 4

Send C d
-+ end -omman Retry count=2

Send Status (after 1.5s)

h 4

Send Command

Retry count=3
Send Status (after 1.5s)

h 4

Send NACK

Communication Failure

E-GS

Figure 115 Sequence diagram for status failure from Inverter Control Board and entering to
communication error status
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8.5 Independent evaluation

To enable evaluation of Smart Induction Cooktop without the complete setup, HMI & System Control Board
and Connectivity Board can be operated in independent mode.

8.5.1 HMI & System Control Board

The HMI has an independent evaluation mode that does not require an inverter or connectivity. To activate this
mode, the user should press and hold the user button for 3 seconds until a buzzer beep is heard, and the seven
segments on the panel displays 1X.

® ®" G
TIMER PAUSE  CONNECT  VOICE Infineon

N B ——

s

Figure 117 HMI & System Control Board in independent mode

All the touch HMI operations can be experienced in this mode. To return to integrated mode, the user needs to
power cycle the unit.

Note: Ifthe UART connection to the inverter is absent, and the user attempts to control the induction hob
without pressing the user button, the device will display the error code Er09. To resolve this issue,
the user should perform a power recycle and enter independent mode for experiencing the touch
interface of the HMI & System Control Board.
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8.5.2 Connectivity Board

To evaluate the capabilities of the Connectivity Board in independent mode without the complete Smart
Induction Cooktop Reference Kit set, do the following:

e Press user button 1 for more than 2 seconds, until both LEDs blink twice.

e ARedLED blinking indicates that the Connectivity Board is in standalone mode.

e Agreen LED blinking indicates that Bluetooth® Low Energy is in advertising mode and ready to connect with
mobile application.

e Now on-board the device on Induction Cooktop mobile application. The green LED would stop blinking and
would be ON, always indicating that the device is connected to the mobile application over Bluetooth® Low
Energy.

o Ifthe User Button 1 is pressed for less than 1 sec, then Connectivity Board simulates HMI communication
and sends notifications to the mobile application for every 5 seconds.

e To come out of independent mode, press on the reset button or power cycle the Connectivity Board.

User Button 1

Red and Green LED

; .Dﬂ .D'S .D12

Figure 118 Connectivity Board user button 1 and LED indication
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Table 6 Abbreviations

Abbreviation Meaning

CE Conformity European

EMI Electromagnetic Interference
POST Power-On Self-Test

IH Induction Hob

PCB Printed Circuit Board

EMI Electromagnetic Interference

A Ampere

v Voltage

uH Micro Henry

W Watt

UsB Universal Serial Bus

NTC Negative Temperature Coefficient
PC Personal Computer

LSB Least Significant Bit

LED Light-Emitting Diode

BOM Bill of Materials

DC Direct Current

IGBT Insulated-Gate Bipolar Transistor
HW Hardware

SW Software

UART Universal Asynchronous Receiver-Transmitter
HMI Human Machine Interface

PWM Pulse Width Modulation

MCU Micro Controller Unit

HAL Hardware Abstraction Layer

PDL Peripheral Driver Level

BSP Board Support Package

EEPROM Electrically Erasable Programmable Read Only Memory
ML Machine Learning

ELF Executable & Linkable Format
User guide 111 V1.0

2024-03-26



o _.
Smart Induction Cooktop Reference Design (REF-SHA3K3IHWR5SYS) < In f| neon

user guide

References

References
[1] SmartInduction Cooktop Reference Design
[2] AN2014-01: Reverse-conducting IGBTs for induction cooking and resonant applications

[3] AN2019-12: Advantages of Infineon's high-voltage gate driver ICs (HVICs) based on its silicon-on-insulator
(SOI) technology

[4] XENSIV™-TLI4971: Current sensor programming guide and user manual

[5] ICE5xSxG and ICE5QSxG on 60 W power supply: Comparison of quasi-resonant and fixed frequency flyback
[6] Reverse-conducting IGBTs and Gate Driver solutions for induction cooking applications

[7] AN215656: PSoC™ 6 MCU: Dual-CPU system design

[8] ANT79953: Getting started with PSoC™ 4

[9] AN85951: PSoC™ 4 and PSoC™ 6 MCU CAPSENSE™ design guide

[10] AN236847: PSoC™ 4 IEC 60730 Class B and IEC 61508 SIL safety software library for ModusToolbox™

[11] AN2021-07: The 650 V Reverse Conducting R6 family for induction heating and resonant applications

[12] PSoC™ 6: Dual-CPU audio wake word and command detection using Cyberon

User guide 112 V1.0
2024-03-26


http://www.infineon.com/REF-SHA3K3IHWR5SYS
https://www.infineon.com/dgdl/Infineon-AN2014_01_Reverse_Conducting_IGBT-ApplicationNotes-v03_01-EN.pdf?fileId=db3a30434441da19014445a1e7560135
https://www.infineon.com/dgdl/Infineon-Advantages_of_high-voltage_GD_ICs-ApplicationNotes-v02_00-EN.pdf?fileId=5546d4626e41e490016e5967d5894033
https://www.infineon.com/dgdl/Infineon-Advantages_of_high-voltage_GD_ICs-ApplicationNotes-v02_00-EN.pdf?fileId=5546d4626e41e490016e5967d5894033
https://www.infineon.com/cms/en/product/sensor/current-sensors/tli4971-a120t5-u-e0001/#!?fileId=5546d4626bfb5124016c1a294ad5286e
https://www.infineon.com/dgdl/Infineon-Infineon-ApplicationNote_Quasi_resonant_and_fixed_frequency_flyback_comparison-ApplicationNotes-v01_00-EN.pdf?fileId=5546d46267354aa001673e54d82e5e90
https://www.infineon.com/dgdl/Infineon-Reverse-conducting_IGBTs_and_Gate_Driver_solutions_for_induction_cooking_applications-ApplicationPresentation-v03_00-EN.pdf?fileId=8ac78c8c7f2a768a017f875ec9d83176
https://www.infineon.com/AN215656
https://www.infineon.com/AN79953
https://www.infineon.com/dgdl/infineon-AN85951_-_PSoC_4_and_PSoC_6_MCU_CapSense_Design_Guide-ApplicationNotes-v70_00-EN.pdf?fileId=8ac78c8c7cdc391c017d0723535d4661
https://www.infineon.com/dgdl/Infineon-AN236847_-_PSoC_4_IEC_60730_Class_B_and_IEC_61508_SIL_safety_software_library_for_ModusToolbox-ApplicationNotes-v02_00-EN.pdf?fileId=8ac78c8c8b6555fe018bb0c7af2d027f
https://www.infineon.com/dgdl/Infineon-AN2021-07_The_650V_Reverse_Conducing_R6_family_for_induction_heating_and_resonant_applications-ApplicationNotes-v01_00-EN.pdf?fileId=5546d4627a5b3d08017a75fbd23e3346
https://github.com/Infineon/mtb-example-psoc6-dual-cpu-cyberon-freertos

o _.
Smart Induction Cooktop Reference Design (REF-SHA3K3IHWR5SYS) < In f| neon

user guide

Glossary

Glossary

AA
active authentication (AA)

AAUI
application activation user interface (AAUI)

AC
alternating current (AC)

AC
access control (AC)

ACLB

advanced contactless bridge (ACLB)

The ACLB interface is used to connect the security controller acting in the role of contactless IC (CIC) to an
external analog contactless frontend (ACF), both together forming (part of) a “Boosted NFC” system. The data
exchange via the ACLB interface is based on symbol level.

BDT
buffered data transfer (BDT)
The controlleris in a low-power state while a communication peripheral transfers data to or from an 1/0 buffer.

BER
basic encoding rules (BER)

BIST
built-in self-test (BIST)
A mechanism that permits the chip to test itself.

Etc.
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