(infineon

TLES2104 APPKIT

4
]
=2

&
Y
o
=
o
o
Ll
an
=

i

About thisdocument
Scope and purpose

This user manual isintended to help users using the TLE92104 APPKIT. This APPKIT is designed to evaluate
hardware and software functionalities of the TLES2104.

This manual provides additional information about the board's layout, jumper settings, interface and how to
use the GULI.

Intended audience
Thisdocument isfor everyone who works with the TLE92104 APPKIT.
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TLE92104 APPKIT

Abbreviations

Abbreviations

afineon

CSN Chip select

CSIx Current Sense Input x

CSOx Current Sense Qutput

DC Direct Current or Duty Cycle

EN TLE92104 enable pin

GH1-4 Gate high-side MOSFET for half-bridge 1-4
G1-4 Gate low-side MOSFET for half-bridge 1-4
GND Ground

caul Graphic User Interface

MOSFET Metal-Oxide-Semiconductor Field-Effect Transistor
N.C. Not connected

oC Overcurrent

ov Overvoltage

PWM1-3 Pulse Width Modulation channel 1-3
SCLK Serial Gock

SDI Serial Data In

SDO Serial Data Qut

SPI Serial Periphery Interface

TJ Junction temperature

uv Undervoltage

VBAT Battery supply voltage

\VCP Charge pump voltage

VDD Logic supply voltage

\VDH Voltage drain of high-side MOSFET

VS Battery supply voltage

VSP Half-bridge supply voltage
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1 Concept
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Figure 1 Block diagram

The TLE92104 APPKIT board provides a simple, easy-to-use tool to get familiar with Infineon's Multi MOSFET
Driver TLES2104-232QX (TLE92104).

It containsthe TLE92104 and a typical application circuit including 4 MOSFET half-bridges to drive up to
4 DCmotors. The board isready to be connected to a vehicle level power supply and is controlled over SPI.

All pinsrelevant to control the device can be accessed via the dedicated 8 x 2 header using the ulO-stick by
hitex EMBEDDED TOOLS & SOLUTIONS (http://www.hitex.com/ulO).

The board is powered by the power connector and provides an active on-board reverse-polarity protection for
fastest response time in case of reverse polarity with minimal power-loss during normal operation.

The board allows control of Phase 1-4 which can be used to control up to 4 motorsindependently that can be
connected to OUT1-4 with the 2 screw terminal block motor connectors.

2 high-side shunts provide load current measurement and monitoring.
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2 PCB layout

2 PCB layout

Infineon's TLE92104 is a Multi-MOSFET driver ICproviding control of up to 8 n-channel MOSFETs. It supports up
to 4 half-bridges for DCmotor control applications such as automotive power seat control or other multi-motor
applications (Datasheet of TLE92104-232QX).
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Figure 2 PCB layout

HS1-4, LS1-4

Infineon's new OptiMOS™5 40 Vproduct family in S308 package combines leading power MOSFET technology
with 3.3 x 3.3 mm? |eadless power package for very compact and robust automotive system solutions
(Datasheet of IPZ40N04S5-3R1).

Reverse polarity protection

The active reverse polarity protection isbased on the design documented in the " Reverse Polarity Protection
for Embedded Power ICs" Application Note (Z864338247).
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3 Connections

3 Connections
Several external connections are available on the TLES2104 APPKIT.
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Figure 3 Connections

ulO-stick interface

The ulO-stick interface can be used to establish communication with the TLE92104 for programming of the SFRs
and motor control. Setting up the interface can be found in APPKIT setup. The pinout is shown in Figure 4.

SDI SDO SCLK CSN N.C  NC NC NC
15 13 11 9 7 5 3 1

16 14 12 10 8 6 4 2
CSOx EN PWM3 PWM2 PWM1 N.C. VDD GND

Figure4 Pin configuration of ulO-stick
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3 Connections

Motor connectors

The screw terminal blocks can be used to connect DC motorsin multiple topologies, some examples are shown

in Figure5.
aoats
Qut 2

Vs

sl

Cut 4

Figure 5 Motor connectors and topologies

Power connector

The screw terminal blocks are used to connect the supply voltage to VBAT and ground to GND.

GND

VBAT

Figure 6 Power connector

SPI header
The 3 x 2 header can be used for SPI debugging. The pinout isshown in Figure 7.

Figure7 SPI header pinout
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4 Current Sense Output (CSO) jumper setting

4 Current Sense Output (CSO) jumper setting

The Current Sense Qutput jumper selects which ICcurrent sense output is connected to the ulOinterface. The
signal isrouted to the ulO-stick interface pin 16. The pinout is shown in Figure 9.
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Figure 8 Current Sense Output selection jumper

Figure9 CSOselection jumper pinout

User Manual 8 v1.0
2020-12-28



TLE92104 APPKIT
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5

The TLE92104 APPKIT provides 9 SMD test points for evaluation and testing.

SMDtest points

afineon

R_SHUNTL

°
CoDCRINKE

Figure 10 SMDtest points

The TLE92104 APPKIT includes test pointsfor:

2x GND
1x VDH
2x GL1
2x GH1
1x PWM1
1x PWM3
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6 Bill of material

6 Bill of material

Table 1 Bill of material

Designator Value

Cl,x 100 pF
C3,(4,C8 100 nF

C5,C7 220 nF

6 470nF

9, C10,C13,C14 22nF

C _DCLINK1, G_DCLINK2 560 uF
CDM_VSt1, CDM_V&2 1.50nF
CMN_VS1, CMN_Vs2, CMP_VS1, CMP_V2 22nF

D1 BZX84C16LT1G
D2 BAS21

J1,J43,J5 20020316-G021B01LF
Q1, 2, A3, (4, Q5, 06, Q7,Q8 IPZ40N04S5-3R1
Q17 BCR141

Q18 IPZ40N04S5L-2R8
R1, R2, R3, R4, R5, R7, R8, R9, R10, Ri11 1kR

R6 47 kR

R12 2R

R13, R14 10R

R15 220R

R16 100kR

R17 4.7kR

R18 47 kR

R _SHUNT1, R_SHUNT2 5mR

RDIS1, RDIS2 15kR

RFN_VS1, RFN_VS2, RFP_VS1, RFP_V&2 470R

U1 TLE92104-233QX
Xi Header 3

X2, X4, X6, X7, X8, X9, X10, X11, X12 connector_1_f
x3 Header 8X2

X5 Header 3X2A
User Manual 10 vi.0
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7 TLE92104-232 pinout

7 TLE92104-232 pinout

The TLE92104 comes in a space saving 7 x 7 mm?2 VQFN 48 pin package and is AEQ-Q100 qualified up to a
junction temperature T of 150°C.
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Figure 11
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8 APPKIT setup

8 APPKIT setup

The APPKIT can be controlled with the ulO-stick which provides an interface between the PCGUI and the
APPKIT'sulOconnector is able to translate message between the APPKIT and the GUI available for PC.

8.1 Installing the GUI

The GUl isinstalled the Infineon Toolbox following the steps below:

1. Go to: www.infineon.com/toolbox.

2. Follow the instructions provided on the toolbox installation webpage. Also see the “Download Getting

Started Infineon Toolbox Guide” link for additional user information.
Launch the Infineon Toolbox on your PC:

Select Manage Tools.

Search and install the tool: Config Wizard for Multi MOSFET Driver.
Sart the Config Wizard for Multi MOSFET Driver.

Click on TLE92104 APPKIT.

N Ok

8.2 Establishing communication

To establish communication between the GUI and the TLE92104 APPKIT you must:
*  Connect the TLE92104 Appkit to a power-supply.

»  Connect the ulO-stick to the TLES2104 APPKIT.

»  Connect the ulO-stick to a USB port of your PC.

« Turnonthepower supply.

+  Sart the GUL.

Note: The GUI requires the ulO-sticks'-firmware to be of version 2.21 or above.

The GUI can be used to update the ulO-stick firmware to the latest version:
Open the GUI.

Qlick Extras.

Qlick Update ulO.....

Awindow will pop up, click Yes.

Select ulO v221.hex or above.

Click Open.

ok~ wp~

Note: It isrecommended to remove and reinsert the ulO-stick to reboot the ulO hardware.

User Manual 12 v1.0
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8 APPKIT setup

8.3

Using the GUI

The GUI consists of three panels/tabs:

Motor Control
Detailed Settings
PWMand Diagnostic

infineon

n Infineon
% Toolbox

Config Wizard
File Extras

RECE R Clear Diagnoshc! $tatus Registers

Maotor Control  Detajled Settings  PWM and Diaghostic

Motor 1

Regrunr

CSII‘\I@:EE
| T.—L:I . I—S;i”i!

SH M1 8H2
|: L&t ..-.-"I.‘]? |%|

Ext. P\WM Generation via ulD-Stck  PWM Signal Mapping

CIPWM 1 DuyC. [E0% 5]
TIPwWM2 DuyC. [EB0% =]

LIPWM3 Dy G [f0% 3]

Erequency [monc vz ]

CIPWM 1 mapgedto HB1 =

CIPWM2  mappedto HEZ =

LIPWM3  mappad tnHEI  *

HESET

Motor 1

® High Impai.

O HIWS2 on

) LS4HSE on

O Hreak Low

3 Treak High

FWM Mapping Emor

HE1

HEZ

HE3

HEL

HdgR Drwer actve

Off. State Hagnose

Enable PO curienl

HExVOLIT status bit

Motor 2

® High Imped

O HEI 54 an

(1 LE3MHEL on

1 Break Low

1 Braak High

General Status

PUWM3

PUME

PN
HE<.

TORCG]

TOREG2

TOREGY

TS50

IRAGNOISTIE HEAL

Current Sense Amp. [CS4)

CEA Seleclion ® 1 O 2

Current Vesox = 0V

REHUNT [4.70 mOhen |5

Cale, Cument, -21.28 A

EE csatun sz an

Global Status

Fail Sate
Thesial Eirur
@ heg POR

Supgty Eree

Figure 12

TLE92104 APPKIT GUI

Additionally the status of the USB connection, bridge driver and diagnostic read is shown on the top of the
display:

=
(=

Everything is up and running.

There seemsto be a problem.

The GUI provides buttonsto Clear Diagnosis, to Cear Status Registers and to RESET the device.

Motor Control

In thispanel it is possible to:
Configure the PWM channels 1-3 with 0-100% DCand up to 25 kHz which are generated by the ulO-stick.

Set the HB state in either cascade or Hbridge configuration.

Select and disable the CSAs and see the current VCSOx output.

*  Map the PWMto half-bridges 1-4.

+  Seethe General Satusregister and Global Status byte.
»  Perform off-state diagnosis.

User Manual
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8 APPKIT setup

Detailed Settings

In this panel it ispossible to:

+ Enable and configure the charge pump and set OVand UVthresholds.

»  Configure passive mode settings.

+  Configure the CSAs and enable OCshutdown.

»  Configure gate driver timings (cross-current-protection and blank time), hold and static currents.
+  Configure DSovervoltage.

* Map gatedrive timings and static currentsto half-bridge.

PWM and Diagnostic

In this panel it ispossible to:
+ Enable adaptive MOSFET control, set filter, enable generator mode detection or deep adaption.

+  Set dis/charge currents for active and free-wheeling MOSFET, configure adaptive currents, set target turn-
on delay and pre dis/charge time for PAM channel 1-3.

*  Read PWMswitching characteristics.
+  Check Global Satus Byte, General Status register, PWWM mapping error and drain-source overvoltage.

User Manual 14 v1.0
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9 How to usethe GUI (examples)

9 How to use the GUI (examples)

9.1 Example - PWM DCmotor control using half-bridge 1 and 2

In this example a DC motor will be controlled by half-bridge 1 and 2. The half-bridge 1 output will be configured
for 20 kHz PWMwith 50% DCand the load current can be monitored using CSA1.

Setup

Before you configure the GUI you will need to:
+  Connect a DCmotor to OUT1 and OUT2.
+  Establish communication between the Appkit and the GUI as described in Establishing communication.

Configurethe GUI

Config Wizard
Files Exlias
Lt shaius 60 Clear Diagraste/Status Registers HESED Hrige Drver achve [~ UAGROSTIC HEAD (=
Motor Contrel  Detailed Settings  PWM and Diagnestic
Matad 3 Meaeor 1 Weie Motor 3 Currant Sansa Amp. {C5A)
o . = C5A4 Selection ® 1 (02
3‘ 1 High imped #) Hagh Imped.
<Taad Risrunrt v
CSINT <I‘_,_“—; ok ® HR1E? on (71 HAEL on Currert Vesox = 1.4V
— Hsi 32 6 : o
|H HS — H32 |l O LSS an O LsaHEs o RSINT 200 monm 2
sH1 ._—,lM1 ]— sH2
| — ) Bireak Low £ Braak Low. Cale Comant a0 A&
y LE1 Ls2
Il |
) Break High () Break High
E ca3fton (£ L3427 on
Ext, PWM Ganeration via ul0 Stk PWM Signal Mapping FWM Mapping Error Off Seate Dlagnose General Status. Global Status
P mw Fail Sats
ErMA Duy f0% E M1 mapped e HEE ¥
He1 -
Ptz ocz Thesmal Emar
L pamz ouyc. fam 3 Llsamz  |mapesdioHER - e @ P et @ Heg POR
: [ 1 HR: 7]
WSOV s
= TORER] Supply St
Enabiz PO carant m} ] m] (m]
CPWM3 iy e, Fo% & CPUM3  |mappedic HED = HES HRWOLIT status bit TOREG? s VDS Fror
TOREGT CRUY Creerzurrers
HE4
Frequercy 0000 H: % e =P Errar

To start the motor you will need to:

1. Set PWM 1 to 20 kHz and 50% DC (default values).

2. Map PWM 1 to HBH1.

3. CSA1/2 areon and CSA 1 is selected by default. The PCB on-board jumper should connect CSO1 and
CS01/2 asdescribed in Current Sense Cutput (CSO) jumper setting. For correct current sensing the
value of RSHUNT should be set to 5 mQ to match the PCB hardware.

4. Set Motor 1to HS1/LS2 on.
The motor should start running with 20 kHz HSPWM at 50%.
The output of CSO1 can be seen in the CSAwindow (3).

v1.0
2020-12-28
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Theload current can be calculated accordingly:

Vesox — VREFR

ILoad - RSHUNT x GAIN

Table 2 CSAVRere
Unidirectional mode Bidirectional mode
VREF VDD/5 VDD/2
Table 3 CSAGAIN
GENCTRL1.CSAGx GAIN

b00 10

b01 20

b10 40

b11 80

The VICSO output depends on the CSA configuration (Uni- or Bidirectional) and the Gain setting. The CSA can
be configured asfollows:
1. Go to Detailed Settings.

2. Set CSA Level, Gain, Unidirectional Threshold, Bidirectional Threshold and Overcurrent Filter
(overcurrent detection filter time). (See datasheet for overcurrent monitoring and protection details).

UsE Stans: @

Structurs

Bidirecticnal Tresheld
Crarcurert Fitter

Mator Control | Detailed Settings

Clear Dingnue* =~ =lalus Registers

Diagnostic

Valug

Tawe+ Ui 100pF

High sice Shurt
1A
)

Wieso ® 12 VDU
o
§us

RESET Bridge Driver actve

ca OV Thresheld Calcalatian

-sounce Chvenvoltage Thresold
CLCP and Blank Time Setection

CCP = Cross-Current Protaction
taf Sradge 2
Haif Brdge 3
Haif Brdge &

(™) DIAGNOSTIC READ @

Walua

Wb = VESINT - VEH1

ooV

f‘:CF' Tima 1/Blank Tima * =
Currers 1

Figure 14 Configure CSAand overcurrent detection
User Manual 16 vi.0
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9 How to usethe GUI (examples)

9.2 Example - Enabling Adaptive MOSFET Control

One of the main features of the TLES2104 is Adaptive MOSFET Control. It can easily be configured as shown

below. See the datasheet for a detailed description of operation and configuration options.

1. Go to PWM and Diagnostic.

2. Configure Adaptive Gate Control settings. Here features like deep adaption or generator mode
detection can be enabled.

3. Set the desired turn-on/off delay and MOSFET gate drive characteristics.

UsBSts Clear Diugnosatic Staus Registers RESET Bridge Driver active [~ DIAGNOSTIC READ @
Motor Control  Detailed Settings = PWM and Diagnostic
Structura Value PWM Switching Characteristics
Adaptian af Pre ChargeiDischargs Current 1 Step o
Sak-adaptive Pre-ChargaDischans Curert pre dscharge actharted ik
Adaptre Cale Conlrol Filler Seiestion nena - Config. [DON  Conlig IDOFE EMIDON  EIIDOI ERIRISE  ERIFALL
Genaror mida enabied m]
Deep Adagtalion snsbled ] PWMChi  f26ns &5 ns Ons 0ns Ons 0ns
b dlal Tanne 7
: 875 ng s 3
Aclive MOSEET PWMCh?  BPAns BFE nm nns ins e nns
e schags Cunent 60 m = FWMCh]  EZ5ns F25 e ns ins s 0ns
Turm-on Delay Value and Time 10 | E2a s
Tum-off Dalay Valie and Tme 10 2 625 s
Pt Channet 2 Global Status General Stats PWM Mapping Error Drain-Source Cvervoltage
FTA Clianne 3
Fail Safe = HB4 L54
Therrmal Eror R HES B
2 L33
N PR
@ Heg FOR M HE2
Ha3
Supply B TOREGET
Supply Ence B
DS Frror TOREGZ L2
a Hs2
Overcuient TOREGT
Ls1
51 Froar s
. Hz1
™"
oc?
o
VSOV
VSLY
CRUY

Figure 15 Enable Adaptive MOSFET Control
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9 How to usethe GUI (examples)

9.3 Example - Setting blanking, cross-current protection and drain-
source monitoring

The TLE92014 has several active protection features cross-current protection and VDS overvoltage protection.
1. Go to Detailed Settings.

2. Configure Active OCP and FWQCP and make sure it is mapped to the correct half-bridge.

3. Configure Active Blank Time and FWBlank Time and make sure it ismapped to the correct half-bridge.
4

Configure Drain-source Monitoring Filter Time and set the Drain-source Overvoltage Threshold for
the addressed half-bridge.

U6 Status: &0 Clear Diagnos®~*xus Reglsters RESET Bridge Driver active W DIAGNOSTIC READ: =]
Motor Contral | Detailed Settings  F Dilagnoste
Stucivre Value Stucire Waiug
General | 2 Hall Bridg= 1
Bicige chiver passive setlings | Oiavr-source OV Thizsbald Caleustion Vih = YCSINT - WSH
Curert Sense Do e ey r =
———— rain zaurce Dverakage Tresh 02y
Sostcharge = 0P and Tilank Time Sataction CCP T 1/ Blark Time 1
v Act Curienl Proleclion Times 14 Static ChargaDischage Current Serection Currat 1 2
CCH T 1 3 us 3 G2 - Crasz Curent Prctectian
© OCP Time 2 2us . # Hall Bridg=
At 503 Tima 3 o = Orarvzamce OV Tiaskold Caleulzion Wih = VESIND - Wik 2
s (0 Time d o = Firain saurze (uanakags Tamshold 0.2y T
“ FW Cross Cament Pretection Times 14 CCP and Blank Tome Selaction CCP Tome 1/ Blark Tme T~
FIW COF Tine 1 tus = Static Lhamalischage Curent Seection Current 1 -
FIW COF Time 2 2us % bl = Cumant Protectian
- o = Half Firiiga
= Half Fridg= 4
~ Actin Blank Time 14
Active Slark Tiene 4 2us S
Acsivn Tlark Time 7 2us =3
Active Blark Time 3 2us >
Acihe Slank Dt
~ TW Flank Time 14
FIW Brank Time 1 1us =
FIN Brank Tima 2 2us *
FW Ecank Time 3 2us >
FIW Brank Time 4 2us =
Train Sinuree Manitaring Fitar Tima +ug >
Hal ChargaDischargs Currers 125 mi (142 i -
Slatic Changailischangs Carent 1 6.0 ma  THS ma -
Stalic ChargeDischargs Curert 2 Th B mA | 78S mA =

Figure 16 TCOCP, TBLANK and VDS monitoring
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9 How to usethe GUI (examples)

9.4 Example - Off-state diagnostics on half-bridge 1 and 2

Off-state diagnostics can be used to detect short to battery/ground or open wire without activating the motor.
Note: The Drain-Source Overvoltage threshold (as shown in Example - Setting blanking, cross-current

protection and drain-source monitoring.) for the addressed half-bridge must be set to 2.0 Vfor

proper detection.

1. Go to Motor Control.

2. Set Motor 1to High Imped.

3. Enable pull-down current sources for HB1 and HB2
Refer to the Off-state diagnostics Application Note for a detailed description of diagnosis operation.

Infineon -~ = A .
Teolbax CoONfig Wizard
File: Exlias
Lt staus ) Clear UiagmastieStatus Hegisters HESED Hruige Lrver acive DAGROSTIC HEAD (=
Motor Contral | Settings  PWM and Diagnostic
Matad 3 Meaeor 1 Weie Motor 3 Currant Sanse Amp. (CSA)
e, - C54 Selection ® 1 (02
£ @ High imped ®) Hah Imped.
TEA1 Rsrun
cgrfﬂ::ﬁ H C HEE2 an 1 HE3S4 o0 LU
..] =9 an = I =1
Iy H® o 32| O LS1HEZ an O LsaHsL o RSHUNT [5.00 mOhn 5
Hi .lM1 ]— sH2
— O Break Low O Break Low Cale. Cumant 20 &
y LE1 Ls2
Il |
) Break High () Break High
E s on [F 0SA7 on
Ext, PWM Ganeratlon via ul0 Stk PWM Signal Mapping FWM Mapping Error Off Seate Dlagnose General Status. Global Status
. - P mw Fail Sas
CPWMA Dy F0% = CIPM 1 |mappad o HE?
He1 .
Ptz ocz Thesmal Emar
L PWM2 Duyc  E0% % Lisamez | maposd s HE2 s Pt ar @ Heg. POR
: [ 12 HE3 1R
WSOV S
TOREG] Supply Siur
Enabiz PO carant =] E m] (m]
CPWMI My S f0% & CIPWM 3 | mappad s HED HES HPEVOILIT status kit (] L] TOREGZ s WIS Frmr
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Figure 24 Top layer

Figure 25 Layer 2
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Figure 26 Layer 3
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