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Datasheet

MOTIX™ TLE92102 multi MOSFET gate driver IC for BDC motors with current sense amplifier

Features

+ H-bridge driver for switching four N-channel FETs with a Qgot of up to 150 nC at a 20 kHz PWM
+ 8V to 29V functional supply voltage range for 12 V battery supply systems

+ Extended functional supply voltage down to 4.5V

« Programmable current controlled output stages

+ 0...100% duty cycle supported without restrictions N
+ High robustness of motor connection pins of -6 Vto 40 V Aﬁﬁi“.;

+ Current sense amplifier for low side shunt current measurement with high accuracy of 0.8% and
fast settle time 1 us 0 RoHS

+ Serial peripheral interface (SPI) providing extended monitoring and diagnostic functions
ISO 26262

+ SPI configurable failure reaction compliant

+ SPlwindow watchdog for microcontroller supervision

+ Passive clamping of external FETs

+ Low quiescent current mode

+ Small VQFN 32 pin 5x5 mm supporting automated optical inspection capability (AOI)
« Green product (RoHS-compliant)

« AEC-Q100, Grade 0 qualified

+ Developed according to 1ISO 26262 ed. 2018 ASIL-B

Potential applications

+ 12V seat control and extended functions (steering column adjustment, gas pedal adjustment)
+ 12V power lift gate

+ 12V central door lock

+ 12V body control module (cargo cover, washer pump, window lift, rear wiper ...)

Product validation
Product validation according to AEC-Q100, Grade 0. Qualified for automotive applications

Description
The TLE92102 is an advanced gate driver IC dedicated to control up to four N-channel MOSFETs. It includes two half-bridges for
DC motor control applications such as automotive power seat control or other applications.

An integrated SPI interface is used to configure the TLE92102 for the application after power-up. After successful power-up,
parameters can be adjusted by SPI, monitoring data, configuration and error registers can be read out. Cyclic redundancy check
over data and address bits ensures safe communication and data integrity. GND related inverter bridge current can be measured
with an integrated current sense amplifier.

The complete register map is provided in the TLE92102 User Manual. Refer to the user manual for detailed register descriptions,
bit definitions, default values, and access permissions.

The TLE92102 offers a wide range of diagnostic features, like monitoring of power supply voltages as well as system parameter
monitoring. Failure behavior, threshold voltages and filter times of the supervisions of the device are adjustable via SPI. The
TLE92102 is especially designed for safety relevant motor drive applications and was developed according to ISO 26262 ed. 2018
ASIL-B. Safety documentation, such as safety manual is provided. An optimized monitoring and diagnostic concept, including
self-test functions ensures high flexibility on fault reactions and low FIT rates for the relevant failure modes. The VQFN32 package
with an exposed pad for an optimized thermal performance and provides special leads allowing an automated optical inspection.

Datasheet Please read the sections "Important notice" and "Warnings" at the end of this document 1.10
www.infineon.com/motix 2026-05-26


https://www.infineon.com/motix

o ..
TLE92102QVW Infineon
Datasheet
Description
Battery Supply o
System Basis Chip
(e.g. TLE956x) VSCP VDH
> VIO 9
GH1 GH2
# GH2
» INH N SH1 Motor SH2
- SH2 >
> IHx_N TLE92102
Microcontroller > ILx GL1 GL2
(e.g. Traveo II) » SPI GL2 >
ERR_N f
SL
CSIP=
CSO [] Shunt
CSINj=
Py
; GND Power GND
Product type Package Marking
TLE92102 VQFN-32 TLE92102QVW
Datasheet 2 1.10

2026-05-26



TLE92102QVW iﬁn eon

Datasheet

Table of contents

Table of contents

Table of cONtents . ... ... e 3
1 Functionalblock diagram ... i e e 6
2 Pin configuration . ... ... . e e 7
3 General product characteristics . ........ ... ... i 11
3.1 Absolute MaximuUM ratings . .. ...ttt e e et e e e 11
3.2 FUNCEIONAl FaN g . . oot e e e e e 13
33 Thermal reSISTaNCE . . ..ttt et e e e e e e 14
34 CUITENt CONSUM PO L o ot ittt et ettt ittt ettt ittt 14
4 State machine . ... ... e 16
4.1 Functional description (state maching) ...t e e 16
4.1.1 S P MO . .t e e 16
4.1.1.1 INH N pin fUNCHion . ..o e e e e 17
4.1.2 PO -UP MO . . e e et e ettt e e et e 17
4.1.3 Normal operation MoOde . . ... .o et ettt et e 17
4.1.4 Power-up and powWer-dOWN SEOUENCE . ... vttt ettt ettt ettt ettt eiiiiaeen, 18
4.2 Electrical characteristics (state maching) . ... i e e e 19
5 SUPPLY . .o o e 20
5.1 Functional description (POWer SUPPLY) . ..ottt e et e e 20
5.1.1 Charge PUMD SUPPLY . ettt e e et e e e e e 20
5.1.1.1 Charge PUMP MOAES . . oottt ettt e e e et e ettt e 21
5.1.1.2 Charge pump frequency configuration . ....... ..o e e 21
5.1.2 Microcontrollerinterface SUPPlY: VIO ... .ttt e e e e e 22
5.2 Electrical characteristics (POWer SUPPLY) . ... oi i e e 22
6 Gate driVer . ... e 25
6.1 e Y 7 o =T = 1o o PP 26
6.2 Gate CUITENT CONTIOL . ..ottt et e e e et e e 26
6.2.1 Global CoNtrol. . ..o e 26
6.2.2 Active MOSFET deteCtion . ... coi ettt e et et et aaeee s 26
6.2.3 (O Yt ol =] o AR =To = o= 27
6.2.3.1 Description and example diagrams . . ....ovtn i e 27
6.2.3.1.1 Time programable referenced gate sequencer function.............coooiiiiiiiiii i, 28
6.2.3.1.2 Fast comparator referenced gate sequencer function....... ..., 31
6.2.3.2 Configurable current settings OVErvVIEW . .. ...t e e e 35
6.2.3.2.1 Configurable time settings OVerview ... ...ttt e e e 35
6.2.3.2.2 Configurable current settings OVEIrVIEW . ... ..ottt e e i 36
6.3 SHX EIMINg MeEasSUrEmMENt . . ..o i et ettt ettt 39
6.4 PasSSIVE diSCNargE . . oottt e e 40
6.5 PaSSIVE ClamM PN g . o ettt e e 41
Datasheet 3 1.10

2026-05-26



TLE92102QVW iﬁn eon

Datasheet

Table of contents

6.6 Electrical characteristics (gate driver) . ... e e 41
7 Currentsense amplifier. .......... i 46
7.1 Functional description (current sense amplifier) ... e 46
7.1.1 CSAreference Voltage: VIO . . . ..ottt e e e e e 47
7.2 Electrical characteristics (current sense amplifier) ... i 47
8 Serial peripherialinterface (SPI) .. ... e e e 50
8.1 Functional description (SPI) . ...ttt et e ettt e e 50
8.1.1 R0 S Ia L=~y ol T o ) o 50
8.1.1.1 P PrOtOCOl . o ettt e 51
8.1.1.1.1 DI rameE fOrmMat . ..ottt e 51
8.1.1.1.2 SDO frame format (in-frame reSpoNSe) . . ..ottt e e e 51
8.1.1.1.3 SDO frame format (next frame reSpoNSe) . ..ottt e e e 52
8.1.1.2 CRC8 SPIframe calculation . ...t e e e e 52
8.1.2 Global error flag (GEF) . ... v ettt e e e e e e e e 54
8.1.3 Global StatUs DYEE . . i i e e e e 54
8.14 R0 =T o oY [ =Y e o I 55
8.2 Electrical characteristics (SPI) .. ..ottt e e 56
9 A0S TS . ...t 58
9.1 SUPEIVISION OVEIVIEW L 4\ttt ettt ettt ettt et ettt ettt ettt et e e e e e et eeeeeeeenns 58
9.2 Failure reaction definition . ... ..o i i e e 58
9.2.1 Failure reaction: Warning (W) . . ..ottt e e e ettt e e e 58
9.2.2 Failure reaction: €rror (B) . ..ot e 58
9.2.3 Failure reaction: latched error (LEL & LE2) . ...t 58
9.2.4 ERR_N Pin fUNCHiON . ..o et et ettt et e 59
9.3 Reset of failure detection . ... ... e e e e e 59
9.4 Functional description (diagnostiCs) . . .....uoiniin e e 59
9.4.1 Overtemperature deteCtion . ... e ettt e e 59
9.4.1.1 OVt EMPErAtUIrE WaIMING . . .ottt ettt ettt et ettt e et e e e et e e e e aiee e 60
9.4.1.2 Overtemperature ShUtdOWN . . ... i ittt et e e e 60
9.4.2 Drain-source overvoltage MONItOriNG . . . ..ottt e et et aaa 61
9.4.2.1 Drain-source blank time . . ... i e e e 62
9.4.2.2 Drain-source threshold andfiltertime . ... ... . i e 62
9.4.2.3 Drain-source failure reaction .. ... oo e 63
9.4.3 Phase feedback monitoring (PFB) . ... ..ottt e e e 63
9.4.4 OFF-State diagnostiC . . .. c vttt ettt e et e et e e e 65
9.45 Current sense amplifier monitoring (CSA) . ... .vin it e e et eeiiee s 65
9.4.5.1 CSAinternal supply MONItOrING . . ..ottt e e et e 65
9.45.2 CSA overcurrent deteCtion .. ..o i i e e e e e e e 65
9.4.5.3 CSA accuracy check fUNCtioON . .. ..ottt e e e 66
9.4.6 SUPPLY PIN MONIEOIING . .ttt et et e ettt e 66
9.4.6.1 VSCP MONIEO NG . . oottt ettt e et e e e e e e 67
Datasheet 4 1.10

2026-05-26



TLE92102QVW iﬁn eon

Datasheet

Table of contents
9.4.6.2 VIO sUPPlYy MONItONING . . ettt e e e e 67
9.4.6.3 VCPH charge pump MoONitOring . . ..ottt et ettt e e aaeeens 68
9.4.6.4 VDH undervoltage detection ... ...t e e 68
9.4.7 Internal IC supervision fUNCLION . . ... i et et 68
9.4.7.1 Internal clock MONITOrING . . ..ot e 68
9.4.7.2 Internal digital core supply monitoring . ... ..ot e e 68
9.4.8 Window WatChdog . . ..o e e 69
9.4.8.1 Window watchdog configuration . ...t e e e 69
9.4.9 PWM input pin MONITOMING . . . oottt ettt et e e ettt aaeens 70
9.49.1 Shoot-through protection .. ... ... e et e 71
9.4.9.2 CroSS CUITENT ProteCtION . ..ot et ettt ittt e e 71
9.4.9.3 INpuUt pattern Violation .. ... e e e 72
9.4.9.4 PWM alternation MoONitOring . .. ...ttt ettt aaeee 72
9.4.10 ERR_N pin stuck "high" detection . ....... ..o e e e 72
9.5 Electrical characteristics (diagnostiCs) . ... .ottt e e e e e 73
10 Safe state . ... . e e 78
11 Applicationinformation . ... ... . . . . e 79
12 [ Vel € V- 80
ReVISION MiStOrY .. ... it e e e 81
DISClaiMEr . . e e 82
Datasheet 5 1.10

2026-05-26



TLE92102QVW iﬁn eon

Datasheet

1 Functional block diagram

1 Functional block diagram
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2 Pin configuration
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Figure 2 Pin assighment VQFN-32
Table 1 Pin definitions and function
Pin Symbol | Function 1/0
number
1 IL1 Input low-side 1 Digital input
Digital active-high input pin to turn on/off low-side FET 1 referred to VIO
supply voltage
2 IL2 Input low-side 2 Digital input
Digital active-high input pin to turn on/off low-side FET 2 referred to VIO
supply voltage
3 NU Not used No function
Leave open all NU pins - do not connect to any potential
4 GND Ground pin Ground
Connect this pin directly (low ohmic and low inductive) to GND

(table continues...)

Datasheet 7 1.10
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Table 1

(continued) Pin definitions and function

Pin
number

Symbol

Function

1/0

SCK

Serial clock peripheral interface

Digital SPI signaling input port referred to VIO supply voltage. Connect to
SPI port “clock” of microcontroller

Digital input

SDI

Serial datain

Digital SPI signaling input port referred to VIO supply voltage. Connect to
SPI port “data output” of microcontroller

Digital input

CSN

Chip select not

Digital active-low SPI signaling input port referred to VIO supply voltage.
Connect to SPI port “chip select” of microcontroller

Digital input

SDO

Serial data out

Digital SPI signaling output port referred to VIO supply voltage. Connect to
SPI port “data input” of microcontroller

Digital output

VIO

Supply for digital core, digital I/0 pins and current sense amplifier
Connect the input capacitor as close as possible to pin

Local supply

10

CSO

Current sense output

Analog output of current sense amplifier for shunt signal amplification
referred to VIO

Analog output

11

CSIN

Current sense input negative
Input for motor current measurement

Analog input

12

CSIP

Current sense input positive
Input for motor current measurement

Analog input

13

SL

Source low-side

Analog I/0O pin to turn on/off low-side FET 1 and 2. Connect to the source of
low-side FETs 1 and 2. If transients violate maximum rating or functional
range external protection circuit is required

Power 1/O

14

GL1

Gate low-side 1

Analog I/0 pin to turn on/off low-side FET 1. Connect to the gate of low-side
FET1

Analog output

15

GL2

Gate low-side 2

Analog I/0 pin to turn on/off low-side FET 2. Connect to the gate of low-side
FET 2.

Analog output

16

NU

Not used
Leave open all NU pins - do not connect to any potential

No function

17

ERR_N

Digital active-low open drain error output pin
Indication for detected errors. If not used keep pin open

Digital output

18

CP1IN

Charge pump stage 1 driver output
Connect the pump capacitor as close as possible to pin

Supply

(table continues...)
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Table1 (continued) Pin definitions and function

Pin Symbol | Function 1/0

number

19 CP2N Charge pump stage 2 driver output Supply
Connect the pump capacitor as close as possible to pin

20 VSCP Voltage supply Local supply
Supply input for high voltage charge pump. Connect low ohmic and low
inductive to recommended common star point of the high-side FETs drains
and buffer capacitors

21 VCPH Charge pump output voltage Supply
Buffer capacitor connection for charge pump output. Connect the capacitor
as close as possible to pin

22 VDH Voltage drain high-side Analog input
Sense input for short circuit detection (SCD) of all high-side FETs. Connect
this pin to recommended common star point of the drains of the high-side
FETs and buffer capacitor. External filter recommended

23 NU Not used No function
Leave open all NU pins - do not connect to any potential

24 NU Not used No function
Leave open all NU pins - do not connect to any potential

25 GH2 Gate high-side 2 Analog output
Analog I/0 pin to turn on/off high-side FET 2. Connect to the gate of high-
side FET 2

26 SH2 Source high-side 2 Power I/O
Analog output pin to turn on/off high-side FET 2. If transients violate
maximum rating or functional range, external protection circuit is required

27 INH_N Inhibit not Digital input
Analog active-low inhibit pin. Sets device into sleep mode for low quiescent
current consumption. External FETs are turned off actively before the
charge pumps are turned off. Reset via inhibit requires a new configuration
via SPI

28 SH1 Source high-side 1 Power I/O
Analog I/0 pin to turn on/off high-side FET 1. If transients violate maximum
rating or functional range, external protection circuit is required

29 GH1 Gate high-side 1 Analog output
Analog output pin to turn on/off high-side FET 1. Connect to the gate of
high-side FET 1

30 NU Not used No function
Leave open all NU pins - do not connect to any potential

31 [H2_N Input high-side 2 NOT Digital input

Digital active-low input pin to turn on/off high-side FET 2 referred to VIO
supply voltage

(table continues...)
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Table1 (continued) Pin definitions and function

Pin Symbol | Function 1/0

number

32 [H1_N Input high-side 1 NOT Digital input

Digital active-low input pin to turn on/off high-side FET 1 referred to VIO
supply voltage

Exposed |E-pad Cooling tab Floating
pad Connect to GND
Datasheet 10 1.10
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3 General product characteristics

3.1

Absolute maximum ratings

infineon

T,=-40°C to +175°C, all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Table 2 Electrical characteristics - absolute maximum ratings
Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Supply
Voltage range VSCP | Wscp_mr -0.3 - 40 v Load dump condition |P_GEN_01_01
maximum 400 ms at
40V
Negative current lscp_oL_MR -700 mA | t<8ms P_GEN_01_02
capability range _ -
VSCP
Voltage range VSCP | Wyscp_sp MR -0.3 - 48 Vv t<500ns P_GEN_01_03
transients
Slew rate VSCP SRyscp -10 - 10 V/us |Applied before Ryscp P_GEN_01_04
Voltagerange VIO | W0 MR -0.3 - 5.75 v - P_GEN_01_05
Voltage range CPxN | Vcpyn MR -0.3 - Wscpt+ |V P_GEN_01_06
0.3 _
Voltage range VCPH | Wcpn MR VSCP- |- 51 v - P_GEN_01_07
0.3
Voltage range VCPH | Wcpn MR VSCP- |- 40 v VSCP pin open P_GEN_01_08
0.3
Digital input and output pins
Voltage range Vbi_mRr -0.3 - 5.75 v Digital input pins: P_GEN_02_01
digital input pins IHx_N, ILx, SDI, SCK,
CSN
Voltage range VERR_MR -0.3 - 40 v Digital output P_GEN_02_03
ERR_N pin pins: ERR_N
Voltage range VINH_MR -6.5 - 40 v - P_GEN_02_04
INH_N pin
Voltage range Vspo_mr -0.3 - 5.75 v Digital output pin SDO |P_GEN_02_05
digital output pin:
SDO
Current sense amplifier
Voltage range CSIN | Vesin MR -6.5 - 6.5 - P_GEN_03_01
Voltage range CSIP | Vesip wr -6.5 - 6.5 - P_GEN_03_02
Voltage range CSIP - | Vcsip_csin_MR_diff | 6.5 - 6.5 - P_GEN_03_03

CSIN

(table continues...)
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Table 2 (continued) Electrical characteristics - absolute maximum ratings
Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Voltage range CSO | Veso MR -0.3 - 5.75 v - P_GEN_03_04
Inverter stage
Voltage range SHx | Vspx mr -6.5 - 40 - P_GEN_04_01
Voltage range GHx | Vguyx MR Vshy - - MIN(48, |V - P_GEN_04_02
0.3 Vshy +
14)
Voltage range GHx | Vgux MR Vshx - - MIN(40; |V VSCP pin open OR P_GEN_04_12
0.3 Vopx + device in sleep mode or
14) safe state
Voltage range SL VsL_mRr -6.5 - 40 - P_GEN_04_05
Voltage range GLx | Vg1 MR Vg -0.3 |- MIN(40, |V - P_GEN_04_06
Vg + 14)
Slew rate Sxx SRsxx MR -1 - 1 V/ns | Amplitude 18V P_GEN_04_09
Voltage range VDH | Wpy_ mr -0.3 - 51 v 100Q>Rypy>35Q P_GEN_04_10
t <400ms for Vypy > 40V
Voltage range VDH | Wypy_mr -0.3 - 40 v VSCP pin open P_GEN_04_13
Negative current lDH_oL_ MR -100 - - mA | t<8ms P_GEN_04_14
capability range
VDH
Temperatures
Storage Tstg -55 - 175 °C - P_GEN_05_01
temperature
Junction T) MR -40 - 175 °C - P_GEN_05_02
temperature
ESD susceptibility
ESD resistivity HBM | Vesp_Hem -2 - 2 kv |2 P_GEN_06_01
all pins
ESD resistivity CDM | Vesp com -500 - 500 Vv 2 P_GEN_06_02
all pins
ESD resistivity CDM | Vesp_com_cr -750 - 750 Vv 2) P_GEN_06_03
corner pins

1) Human body model (HBM) robustness according to AEC - Q100-002
2) Charged device model (CDM) robustness according to AEC - Q100-011; voltage level refers to test condition (TC) mentioned in the standard

Note:

Datasheet
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Notes:

1, Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

2. Integrated protection functions are designed to prevent IC destruction under fault conditions described in the

data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions are not
designed for continuous repetitive operation.

3.2

Functional range

The following functional range shall not be exceeded in order to ensure correct operation of the device. All
parameters specified in the following sections refer to these operating conditions unless otherwise indicated.

T,=-40°C to +175°C, all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Table 3 Electrical characteristics - functional range
Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.

Supply
Functional voltage | Wscp rr DC 8.0 - 29 v - P_GEN_07_01
range VSCP
Extended voltage | Wscp ext 29 - 35 v Allowed for t < P_GEN_07_02
range VSCP 400 ms

Parameter deviations

may apply
Extended voltage Wscp ext 7 - 8 v Two-Stage Charge P_GEN_07_03
range VSCP Pump configuration.

Parameter deviations

may apply
Extended voltage Wscp Ext 4.5 - 8 v Three-Stage Charge P_GEN_07_04
range VSCP Pump configuration.

Parameter deviations

may apply
Voltage range VIO | W0 rr 3.0 - 5.5 v - P_GEN_07_05
Digital input and output pins
Voltage range input | Vp g -0.3 - 55 v Pins SDI, CSN, SCK, P_GEN_08_01
pins INH_N, ILx, IHX_N
Voltage range Vbo_rr -0.3 - 5.5 v Pins ERR_N, SDO P_GEN_08_02
output pins
Temperatures
Nominal operating | T; rr nom -40 - 175 °C Specified temperature |P_GEN_10_01
junction range
temperature range
Limited extended | T, R |im 175 - 195 °c Y P_GEN_10_02

operating junction
temperature range

Datasheet
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1) t <1 h over life time. Overtemperature detection works as specified; all other blocks might violate the specified electrical
characteristics parameter, the functionality of all other blocks is still available until overtemperature detection.

Note: Within the functional or operating range, the IC operates as described in the circuit description, all blocks
are functional without a fault detection (for example, PWM pattern is applied at FETs). The electrical
characteristics are specified within the conditions given in Chapter 3.1,

3.3 Thermal resistance

Table 4 Electrical characteristics - thermal resistance

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.

VQFN-32 package

Junction to case Rthic1 - 5 10 K/W |- P_GEN_11_01

Junction to top I - 5 10 K/W |- P_GEN_11_02

Junction to RTHJAL - 25 35 K/W | P_GEN_11_03

ambient

1) Specified Ry, ja value is according to Jedec JESD51-2,-5,-7 at natural convection on FR4 2s2p board; The product (chip + package) was
simulated on a 76.2 x 114.3 x 1.5 mm board with two inner copper layers (2 x 70 um Cu, 2 x 35 um Cu). Where applicable a thermal via
array under the exposed pad contacted the first inner copper layer

3.4

Current consumption

T;=-40°C to +175°C, all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Table 5

Electrical characteristics - current consumption

The electrical characteristics are specified within the conditions given in Chapter 3.4.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.

Quiescent current | /qyscp - - 2 MA T,=85°C; P_GEN_12_01
VSCP Wscp=14.0V;

Device in sleep mode;

Vinn_n = GND
Quiescent current | /qyscp - - 8 pA | T;=150°C; P_GEN_12_02
VsCp Wscp < 14.0V;

Device in sleep mode;

Vinn_n = GND
Quiescent current | IqypH - - 1 MA | Device in sleep mode P_GEN_12_03
VDH
(table continues...)
Datasheet 14 1.10
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Table 5 (continued) Electrical characteristics - current consumption

The electrical characteristics are specified within the conditions given in Chapter 3.4.
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Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Quiescent current | /g0 - - 4 MA Device in sleep mode P_GEN_12_04
VIO Vyio<5.5V
T,<85°C
CSA current Icsa - 4 7 mA | Static condition; P_GEN_12_05
Icsa current
consumption
applicable to VIO pin
Mean supply /VIO_NOM - 8 14 mA V|o within VIO_FR; P_GEN_12_06
current VIO INH_N ="high";
Normal operation
mode, power-up mode;
Static condition
Mean supply NpH_NOM - 120 180 MA | Current applicableon |P_GEN_12_07
current VDH VDH pin per enabled
half-bridge
Mean supply lvscp_NOM_DIS - 3 5 mA | INH_N ="high"; P_GEN_12_08
current VS;P -no Normal operation
FET operation mode, power-up mode;
CSA disabled, charge
pump enabled, all half-
bridges disabled
Mean supply /VSCP_NOM_EN - 30 40 mA V< VVSCP <16 V, P_GEN_12_09
current VSCP - no INH_N ="high";
FET operation, .
. . Normal operation
active half-bridges .
mode, power-up mode;
CSA disabled, charge
pump enabled, all half-
bridges enabled
Mean supply scp(on) - - 60 mA | Bridge driver fully P_GEN_12_10
current VSCP - FET operating
operation Ncpr=-9 mA
VVSCP =135V
Mean supply Iyscp(on) - - 80 mA | Bridge driver fully P_GEN_12_11
current VSCP - FET operating
operation lcpr=-4.8 mA
VVSCP =45V
Datasheet 15 1.10
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4 State machine
4.1 Functional description (state machine)
Normal
operation mode
Ry
NI ‘ S %
Q§ S P e} 8 ‘9/}‘ O’(9
24 6“)0 O"’ /)70) O’) %
S G/;(/ S /))O -
0, 0
1, S ®
0., %
VINH > VINH_H
Sleep mode Power-up mode
ViNH < VINH_L
Figure 3 State diagram

Figure 3is valid for Wyscp and Vo within functional range.

triggered
The digital logic of the device is supplied by W0

ERR_N pinis set to "low"

4.1.1 Sleep mode

In Sleep mode the device has following characteristics:
Allinternal functions are deactivated

ERR_N pin not actively driven

In case W0 drops below W0 < W0 g the digital input and output pins are deactivated and power-on reset is

The output stages Gxx are supplied by pin VSCP. If Vyscp < Wscp_uv sp, then the output stages are deactivated.

Safe state entered: floating FET driver OFF (passive clamping active, Gxx-GND passive discharge enabled)

A mode change from normal-operation mode OR power-up mode to sleep mode is triggered by a INH_N low level
detection Viyy < Viny_L for t> tinn_fiter AND without SPI communication during tiyy | warr- After ting L wair €xpiration,

sleep mode is entered after tgya.

In case INH_N pinis set low for t > t|yy_fiiter @s long as tyy_L_warr has not expired:

SPI communication is available
ERR_N pin actively pulled "low"
Gxx output stages are kept OFF

Datasheet 16
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4.1.1.1 INH_N pin function
The INH_N pin function is supplied by VIO supply pin and is functional in case W0 > Wo_por. The INH_N pin function
sets the device into safe state from any operation mode.

In case INH_N is set to "low" for t > t)\yy_siiter, then after tsopr app has expired, the driver output stages are turned off
and kept off with Gxx-Sxx passive clamping and Gxx-GND passive discharge enabled.

When the device is in normal-operation mode or power-up mode and INH_N pin is set to "low" for t > t;yy_fiiter then
the power down sequence is initiated after t;yy | wair €xpiration in case:

« no SPIcommand has been received during tiyy_ | warr
« ANDno INH_N high level detected during tixy | warr

In case INH_N pin is detected "high" during t\y4_._warT, the power down sequence is canceled. After the canceled
power down sequence the device stays in currently selected mode of operation.

In case a valid SPI communication is detected by the device during tiyy_ | wair, then two behavioral options are
available and configurable by protected SPI control bit:

«  Setting 1 (Default): the device remains in current mode of operation and safe state

«  Setting 2: the device remains in current mode of operation and safe state while t;yy | wa is restarted. If
during tiyy_L_wair ho SPI communication is detected, the device will go to sleep mode

Any INH_N pin "low" detection of t > t|yy_fiiter is indicated towards the microcontroller via a SPI status bit and latched
error 1 failure reaction is executed.

4.1.2 Power-up mode

The default device configuration at power-up is (after internal power on reset is released):

- Internal digital core active

- Watchdog function disabled

- Charge pump disabled

- Current sense amplifier disabled

- Monitoring and diagnostics functions active

- Gate drivers OFF (Gxx-Sxx passive clamping active and Gxx-GND passive discharge enabled)

- ERR_N active low

The device changes mode of operation from normal mode to power-up mode if one of the below actions is executed:
+  SPIwrite command for mode change is sent

«  SPIwrite command to trigger clear configuration (reset to default setting of non-protected registers)

The device changes mode of operation from sleep mode to power-up mode in case INH_N high level Viyy > Viny_p is
detected for t > t\ny_filter-

During power-up mode:
- During start-up of the device once the digital core is supplied the ERR_N pin is actively pulled low
- SPI communication is accepted by the device after t o yp has elapsed and VIO is within the functional range

4.1.3 Normal operation mode

In normal operation mode the following functions are available:
- Internal digital core active

- Charge pump active

- Gate drivers active

- Current sense amplifier active

- Watchdog function active

- Monitoring and diagnostics functions active

The device is set from power-up mode to normal operation mode in case a the mode change write SPI command is
sent, provided that:

Datasheet 17 1.10
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- teore-up €lapsed
- At least one correct SPI SDI frame command was received by the device.
- VIO within the functional range

Note: It is recommended to configure properly the protected registers prior to normal-operation mode entry. It is
required to configure VIO supply level before mode change request to normal operation mode.

4.1.4 Power-up and power-down sequence

Power Down Sequence Power Up Sequence

uC

Normal

setpin INH_N=0 < operation
mode

TLE92102

Configuration of device &
Normal operation mode
command via SPI
command

Enter Safe State ?

Switch OFF internal
supply generation

Any unacceptable
error detected?

SPI clear by
write command

~._Power-up
@ Mode
. Perform
Vet NO—»| CLEAR_STAT
communication? —
SPI command
Wait tCore_up
A
INH_N =1
» Sleep mode
Figure 4 Simplified power-up & power-down diagram
Datasheet 18 1.10
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4.2 Electrical characteristics (state machine)

Table 6 Electrical characteristics - state machine

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Digital core ready teore_up - 0.5 1.0 ms INH_N high level till SPI | P_STM_01_01
communication ready
Sleep mode tSMA 1 - 12 us After thH_L_WAlT eXpired P_STM_01_02
activation time and no SPI
communication
INH_N filter time tINH_filter 1.0 - 4.0 us - P_STM_01_03
|NH_N "low" wait tINH_L_WAIT 100 - 500 us - P_STM_01_04
time
Low input voltage | Viyy L - - 0.3x v - P_STM_01_05
of |NH_N VVlO
High inputvoltage | Viyy n 0.7x - - v - P_STM_01_06
of INH_N VVIO
Hysteresis of INH_N | Viyyn_ny 100 - - mV |- P_STM_01_07
|NH_N pU“-dOWn RPD_lNHN 20 40 60 kQ - P_STM_01_08
resistor
INH_N pin input CINHN - - 20 pF - P_STM_01_09
capacitance
Analog passive tSOFF_APD 2 10 14 gs - P_STM_01_10
discharge filter time
VIO POR threshold VVIO_POR 2.3 2.5 2.9 \Y - P_STM_Ol_ll
Datasheet 19 1.10
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5.1 Functional description (power supply)
5.1.1 Charge pump supply

The device offers two different charge pump supply configurations, which can be selected by a control bit:
+  Two-stage charge pump configuration

+  Three-stage charge pump configuration

Depending on the configuration selected different charge pump modes are available see Chapter 5.1.1.1.
The charge pump's external required components depend on the selected configuration:

+  Two-stage charge pump configuration: 3 external diodes and 3 external capacitors

+  Three-stage charge pump configuration: 4 external diodes and 4 external capacitors.

For both use cases at VSCP pin a series resistor and buffer capacitor is needed.

CcpH
[|
Il
Dcp1 Dcp2 DcpH
._{ | N . N
! L1 L1
Cepin Ccpan
CPIN CP2N VCPH
X
VSCP
—{  }——+—10<— ChargePump
Rvscp
Cvscp *
Y
I LS Gate HS Gate
Driver Driver
GND
Figure 5 Simplified block diagram: Two-stage charge pump configuration
Datasheet 20 1.10
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Ceph
[l
Il
Dcp3 Dcp1 Dcr2 DcpH
. \ I N N N
| L L L
Ccep3n 1 Cepin L Cepon L
CP1IN CP2N VCPH
i i X
VSCP
|| |' P<IF— Charge Pump
Rvscp
Cvscp
v v
I LS Gate HS Gate
Driver Driver
GND
Figure 6 Simplified block diagram: Three-stage charge pump configuration

Charge pump current capability and overdrive voltage depend on the selected external charge pump diodes. In order
to use the device in three-stage charge pump configuration it is mandatory to use Schottky diodes with low forward
voltage drop. Please refer to the device user manual for recommended external diode types.

5.1.1.1 Charge pump modes

The charge pump is automatically selecting single-stage mode if Vyscp > Wyscp_ny in order to minimize the internal
power dissipation.

In case three-stage charge pump configuration is enabled by a dedicated control bit, then for Wyscp < Wyscp v the
charge pump operates in the triple-stage mode.

Table 7 Charge pump mode (Two-stage charge pump configuration)
Charge pump mode VSCP range

Double-stage mode Wscp < Wscp_ny

Single stage mode Wscp > Wscp_ny

Table 8 Charge pump mode (Three-stage charge pump configuration)
Charge pump mode VSCP range

Triple-stage mode Wsep < Wscp v

Double-stage mode Wscp_nv > Wscp > Wscp_v

Single-stage mode Wscp > Wscp_nv

5.1.1.2 Charge pump frequency configuration

The charge pump frequency is configurable:
+  Setting 1 (default): 250kHz

Datasheet 21 1.10
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+  Setting 2: 220kHz
+  Setting 3: 200kHz
+  Setting 4: 175kHz

5.1.2 Microcontroller interface supply: VIO

The internal logic power supply is supplied from VIO supply pin. VIO pin is the input supply for the digital input,
output pins (SDI, SDO, CSN, SCK, ILx, IHx_N) and the current sense amplifier of the device (see Chapter 7.1.1). Digital
input and output pins and SPI communication is available if ;g is within the functional range. Digital input pin "low"
and "high" thresholds are reference to VIO supply.

The device is capable to operate with 3.3V and 5V microcontroller supply. Undervoltage and overvoltage detection
thresholds are configurable see Chapter 9.4.6.2.

Once the device has powered-up the device keeps its register values (configuration) for V0 > W0 _pors-

VIO
i X P Digital core
Cvio
—  SPI Register
Current sense
’ amplifier —»>D]J Cso
SDI, CSN, Digital'input/
SCK, ILx, ———— X} ouput —— [ SDO
IHX_N P
Figure 7 Simplified VIO power supply block
5.2 Electrical characteristics (power supply)
Table 9 Electrical characteristics - power supply

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Charge pump fep_acc -12 - 12 % nominal charge pump |P_SUP_01_01
frequency accuracy frequency is defined
in Chapter5.1.1.2
Regulated charge | Wcpy 11 - 15.5 Vv Vyscp=8V, Y P_SUP_01_02
pump output Two-stage charge
voltage VCPH vs. pump configuration
VSCP

(table continues...)
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(continued) Electrical characteristics - power supply

infineon

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.

Regulated charge | WcpH 11 - 15.5 v Wyscp26V,2 P_SUP_01_13
pump output Three-stage charge
voltage VCPH vs. pump configuration
VSCP
Regulated charge | Wycpy 9 - 15.5 Vv 1) P_SUP_01_14
pump output Two-stage charge
voltage VCPH vs. pump configuration
vsCp 7V < Vyscp < 8V
Regulated charge | Wycpy 8.5 - 15.5 Vv 3) P_SUP_01_12
pump output Three-stage charge
voltage VCPH vs. pump configuration
VsCP 4,5V < VVSCP <6V
Maximum charge | /ycpn -9 - - mA |V P_SUP_01_04
pump load current Two-stage charge

pump configuration
Maximum charge | lycpy -4.8 - - mA |3 P_SUP_01_05
pump load current Three-stage charge

pump configuration

4.5V <VSCP <6V
Maximum charge | hcpy -19 - - mA |2 P_SUP_01_15
pump load current Three-stage charge

pump configuration

VSCP > 6V
Charge pump high- | Wyscp nv 17 17.75 |18.5 v Rising edge; P_SUP_01_06
voltage mode select Two-Stage Charge
threshold Pump configuration
Charge pump high- | Wscp ny 19.0 21 v Rising edge; P_SUP_01_07
voltage mode select Three-Stage Charge
threshold Pump configuration
Charge pump low- | Wscp 1v 8.5 - 9.5 Y Falling edge P_SUP_01_08
voltage mode select Three-stage charge
threshold pump configuration
Turn-on time of ton_vePH 20 250 600 us | hcpy=0mA; ¥ 2 P_SUP_01_09

charge pumps

(table continues...)
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Table 9 (continued) Electrical characteristics - power supply

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.

Blank time of tBLANK_CP 410 600 940 us Applicable after charge |P_SUP_01_10
charge pumps pump enabling after
SPI activation or
automatic reactivation

Charge pump mode | Wscp_Hy_hys 0.3 0.5 0.7 v - P_SUP_01_11
threshold hysteresis

1) The current is calculated by lycpy = number of switching MOSFETS * fpyyy % Qgtot = 7.2 mA + additional external circuity supplied by the
charge pump (1mA), with a Qgtot Up to 150nC.

2) The current is calculated by lycpy = number of switching MOSFETS * fpyyy X Qgtot = 18 mA + additional external circuity supplied by the
charge pump (1mA), with a Qgtot up to 150nC.

3) The current is calculated by lycpy = number of switching MOSFETS * fpyyy % Qgtot = 4.8 MA + additional external circuity supplied by the
charge pump (1mA), with a Qgtot up to 150nC.

4) CCPlN = CCPZN =220 nF, CCPH =470 nF

5) Parameter dependent on the capacitance selected charge pump capacitors Ccpiy, Ccpany and Cepy

Datasheet 24 1.10
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6 Gate driver

The gate driver unit integrates four floating gate drivers capable of controlling a wide range of n-channel MOSFETs
which are configured half-bridges to drive DC brushed motors.

A floating high-side or low-side driver is connected between gate and source of an external MOSFET in order to

« Charge and discharge the MOSFET gate by a programmable current-controlled output stage, or

+  Keep the MOSFET gate discharged in any condition where no active switching is intended

Gate Driver 2x

VDH

<T
~ 4[\

High-side
Gate-Driver

_| Vosov_Tr?

i Ve
/ =OF
\ VSHH
High-Speed _l
Comparators
/ L
VSH

SHx

O

Seiaad)

A

A

A

Low—sifie l$'<‘l GLx é
Gate-Driver EJ, 'T' E
_| VDSOV_TI-? L i
| =

Figure 8 Simplified block diagram: gate driver

\ 4

State machine & Diagnostics
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6.1 PWM Operation

The pins IHx_N and ILx provide the PWM signal for GHx and GLx output stage. For typical configuration of the input
signals to gate driver output stages see Figure 8.

The “active driver” is the gate driver in a half-bridge which controls the slew rate of the motor phase of the “active
MOSFET”. It generates the current and voltage slopes during PWM operation of an inductive load. Depending on the
direction of the load current this is either the low-side or the high-side gate driver.

The active output stage can be automatically determined by observing the output signals of the phase voltage
comparators (see Chapter 6.3).

The automatic detection of the "active driver" and "freewheeling driver" is always enabled. Depending on the phase
voltage VSHx the "active driver and "freewheeling driver" can be determined. The active free-wheeling reduces the
power dissipation of the free-wheeling MOSFET. If an active MOSFET is OFF, the opposite MOSFET of the same half-
bridge is actively turned on. Please see Chapter 6.2.2 for further details.

The device includes a function to map each ILx PWM input pin to control the assigned low-side and high-side output
stage of the half-bridge. The function is disabled by default. In case the function is enabled and the device is in normal
operation mode, charge pump enabled and half-bridges are enabled, then if:

+ ILx="low": Low-side GLx is kept OFF and high-side GHx is turn ON
+ ILx="high": Low-side GLx is turn ON and high-side GHx is kept OFF

During transition of ILx pin from "high" to "low" or vice versa the cross-current protection time is generated internally
by the device.

6.2 Gate current control

6.2.1 Global control

The gate current control unit can be programmed to select the control input signals for each half bridge separately
from different sources which are then validated against shoot-through conditions and a programmable cross-
conduction protection time.

Table 10 Cross-current protection time configuration
Parameter Symbol Unit Range min Range max Step width Default
Cross-current | tccp ns 240 3840 240 2160

protection time
active MOSFET

Cross-current | tccp rw ns 240 3840 240 2160
protection time
free-wheeling
MOSFET

6.2.2 Active MOSFET detection

The MOSFET of a half bridge, which controls the slew rate at the motor phase, is called the active MOSFET while the
other MOSFET of the same half bridge is called the free-wheeling (FW) MOSFET.

The gate current control unit decides at every switch-on event if the respective MOSFET is an active MOSFET or a free-
wheeling MOSFET. The gate driver unit switches each MOSFET as an active MOSFET unless it detects one of the
following conditions:

+ Ifthe high-side MOSFET x is intended to be switched on and Vsy, > Vsyp, this high-side MOSFET is determined as
free-wheeling MOSFET

+ Ifthe low-side MOSFET x is intended to be switched on and Vg, < Vgy, this low-side MOSFET is determined as
free-wheeling MOSFET

Datasheet 26 1.10
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6.2.3 Gate current sequencer

The device includes two current control gate sequencer functions:
« Time programable referenced gate sequencer function (default) see Chapter 6.2.3.1.1
+  Fast comparator referenced gate sequencer function see Chapter 6.2.3.1.2

The microcontroller can select the current control gate sequencer function by valid SPI write command on a
protected control bit only in power-up mode.

For active MOSFETSs the gate current sequencer provides a sequence of four consecutive gate current settings with
programmable gate current values and programmable durations separately for switch-on and switch-off events and
separately for high-side and low-side MOSFETSs.

For active MOSFETSs the gate current sequencer includes for charge phase (I20N) and discharge phase (120FF)
independent current settings for each output stage.

For active MOSFETSs only in case the fast comparator reference gate current sequencer feature is enabled, then the
gate current sequencer includes an additional current setting /oy and Iopr used for every output stages.

By default for free-wheeling MOSFETSs the gate current sequencer provides a sequence of one gate current setting with
a programmable gate current value and a programmable duration, which is used for switch-on and switch-off events
and for high-side MOSFETs and low-side MOSFETSs.

Additionally the device offers the configurability to start the free-wheeling sequencer with the configured pre-charge/
pre-discharge phase of the active MOSFET.

Whenever the gate current sequencer switches on one MOSFET of a half bridge it discharges the gate of the other
MOSFET of the same half bridge with the maximum gate current setting for the duration of the switch-on sequence.
Diagnostic switch off behavior:

In case the switch-off is triggered by a diagnosis event (latched error 1 or safe state entry) the gate current
sequencer can be programmed to use either the regular switch-off sequence of an active MOSFET or the
following special diagnosis switch-off sequence:

1. Use only the first phase of the regular switch-off sequence of an active MOSFET, then

2. Use a programmable static discharge current until the end of the cross-current protection phase

After finishing any switch-on or switch-off sequence the gate current sequencer keeps on charging the gates of
switched on MOSFETs or discharging the gates of switched off MOSFETs with a programmable hold current.

Table 11 Gate current sequencer configuration

Parameter Range min Range max Unit Number of steps

Gate current values for [ 0.5 100 mA 64 (Active MOSFET

active MOSFETs current setting 1)
1 150 mA 64 (Active MOSFET

current setting 2)

Gate current values 33 100 mA 8

for free-wheeling

MOSFETs

Static discharge 33 100 mA 8

current

Hold current 10 30 mA 4

Duration (t1on, t0Ns 25 1600 ns 64

t10FF, t20FF, t30FF)

Freewheeling time 25 3200 ns 64

(trw)

6.2.3.1 Description and example diagrams
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6.2.3.1.1 Time programable referenced gate sequencer function

Active turn ON of an output stage

The turn-on of the active high-side MOSFET is done in four steps:

1. Cross-current protection phase: the cross-current protection time tccp py starts when the low-side control signal
turns "OFF". During tgy, the low-side MOSFET is turned off with the current /gy while the high-side is kept off with
holding current Iyo,p. After try expires the low-side MOSFET is kept switched off by the current /o p. During the
following 3 phases the low-side MOSFET is kept off with current Ipcpg_max -

2. Pre-charge phase: Only after tccp py is expired, the high-side control signal is acknowledged to be set to "ON". As
soon as the high-side control "ON" signal is acknowledged, the gate of the high-side MOSFET is charged with the
current /1oy _ns for a duration of t;on_ys. When t1on_ps expires the charge phase is entered.

3. Charge phase (dl/dt phase and dV/dt phase): In charge phase the charge current is set to the current /,oN_psy. The
gate of the high-side MOSFET will be charged with l,oy_wsy until ton_ps expires. After that the post-charge phase is
entered.

4. Post-charge phase: In the post charge phase the charge current is set to /3gy_ys until the end of typs gk +
tVDS_FlLT' After tVDS_BLK + tVDS_FlLT expires, the current will be switched to the holdlng current IHOLD'

The turn-on of the active low-side MOSFET is done in four steps:

1. Cross-current protection phase: the cross-current protection time tccp py starts when the high-side control signal
turns "OFF". During try, the high-side MOSFET is turned off with the current /Iy while the low-side is kept off with
holding current Iy, p. After tpy expires the high-side MOSFET is kept switched off by the current Iy p. During the
following 3 phases the high-side MOSFET is kept off with current Ipcpg_max -

2. Pre-charge phase: Only after tccp py is expired, the low-side control signal is acknowledged to be set to "ON". As
soon as the low-side control "ON" signal is acknowledged the gate of the low-side MOSFET is charged with the
current /1oy s for a duration of tjoy_s. When tyon | s expires the charge phase is entered.

3. Charge phase (dl/dt phase and dV/dt phase): In charge phase the charge current is set to the current ;o sx. The
gate of the low-side MOSFET will be charged with I,on | sx until t,on s expires. After that the post-charge phase is
entered.

4. Post-charge phase: In the post charge phase the charge current is set to /3oy_s until the end
of typs_pLk + typs_piLT- After typs gLk + tups_piT €xpires, the current will be switched to the holding current /o p.
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Active MOSFET detection right before switch on of MOSFET

Internal signal to switch

on the active MOSFET

Cross current
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Turn-on of active MOSFET and turn-off of FW MOSFET

Figure 9

Active turn OFF of an output stage

The turn-off of the active high-side MOSFET is done in four steps:

1.10
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1. Pre-discharge phase: in case the high-side control signal is set to "OFF", the gate of the high-side MOSFET is
discharged with the current /;opr ys for a duration of tyopr ys. After t1opr ps expires the discharge phase is entered.

2. Discharge phase (dV/dt phase and di/dt phase): the gate of the high-side MOSFET is discharged with the

current lyopr_psx for a duration of toope ps. After thopr s expires the post discharge phase is entered.

3. Post discharge phase: the gate of the high-side MOSFET is discharged with the current Ipcyg_max for a duration

of t3opr_ns- After t3opr ps expires the holding phase is entered.

4. Holding phase: In the holding phase the high-side MOSFET will be kept off with the holding current /jo.p. Only
after tccp the low-side control signal is acknowledged to be set to "ON". As soon as the low-side control "ON" signal is
acknowledged the low-side MOSFET is switched on with the current /gy, for the time tgy. During the time tg, the
holding current for the high-side MOSFET is increased to Ipcyg_max- After try is expired, both MOSFETSs are kept in their
current state by /o.p.

The turn-off of the active low-side MOSFET is done in four steps:

1. Pre-discharge phase: in case the low-side control signal is set to "OFF", the gate of the low-side MOSFET is
discharged with the current /;ogr | s for a duration of t1opr | 5. After t1opr | s expires the discharge phase is entered.

2. Discharge phase (dV/dt phase and dI/dt phase): the gate of the low-side MOSFET is discharged with the
current lyopr 1 sx for a duration of tyopr | 5. After thopr | s expires the post discharge phase is entered.

3. Post discharge phase: the gate of the low-side MOSFET is discharged with the current Ipcys_max for a duration
of t3orr_s. After t3ope s expires the holding phase is entered.

Datasheet 30 1.10
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Figure 10

6.2.3.1.2

Active turn ON of an output stage

The turn-on of the active high-side MOSFET is done in four steps:

1. Cross-current protection phase: the cross-current protection time tccp py starts when the low-side control signal
turns "OFF. During tccp_pw, the low-side MOSFET is turned off with pre-discharge current /1op s for tiopr |s.

Datasheet
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When t1ogf s expires the freewheeling MOSFET is discharged with Igy until togr timeout has elapsed.
After torr timeout the freewheeling MOSFET is kept in its current state by /o p. The low-side is kept off with current

Inche_max until typs_pLk * typs_rir has elapsed.

2. Pre-charge phase: Only after tccp py is expired, the high-side control signal is acknowledged to be set to "ON". As
soon as the high-side control "ON" signal is acknowledged, the gate of the high-side MOSFET is charged with the
current /1on_ps for a duration of ton_ws. When tion_ps expires it enters the miller-charge phase. In case during pre-
charge phase the phase voltage Vsy, reaches Vs before t1oy_ps, then the currentis changed from /3oy s directly to

LoN_Hsx-

3. Charge phase (dl/dt phase): The charge current is decreased from /oy ys down to the charge current /gy. The gate
of the high-side MOSFET will be charged with /oy until the phase voltage Vs, reaches Vgy, .

4. Miller-charge phase (dV/dt phase): The charge current is changed from /oy to the miller-charge current l,on_Hsx-
The gate of the high-side MOSFET will be charged with /,gy_psx until the phase voltage Vsyy reaches Vsyy.

4. Post-charge phase: After the charge phase, the charge current is set to post-charge current /3gy_ps until the end of
tvps_sLk * tvps_pit- If the device is still in the ramping phase of the post-charge current when typs gk + typs_riLT has
expired, the ramp phase will be extended until it reaches l5gy_ps. After typs_ gLk *+ typs_piLt €xpires and l3oy_ps is
reached, the current will be switched to the holding current Iy, p.

The turn-on of the active low-side MOSFET is done in four steps:

1. Cross-current protection phase: the cross-current protection time tccp gy Starts when the high-side control signal
turns "OFF". During tccp_pw, the high-side MOSFET is turned off with pre-discharge current /1o s for tiore ps.

When t1orr_pys expires the freewheeling MOSFET is discharged with /gy until tore timeout has elapsed.

After torr timeout the freewheeling MOSFET is kept in its current state by /o p. The high-side is kept off

with current IDCHG_MAX until tVDS_BLK + tVDS_FILT has elapsed.

2. Pre-charge phase: Only after tccp py is expired, the low-side control signal is acknowledged to be set to "ON". As
soon as the low-side control "ON" signal is acknowledged, the gate of the low-side MOSFET is charged with the
current /1oy s for a duration of tjoy_s. When tyon s expires it enters the miller-charge phase. In case during pre-
charge phase the phase voltage Vsy reaches Vs before toy s, then the current is changed from /;oy_ s directly to

Lon_Lsx-

3. Charge phase (dl/dt phase): The charge current is decreased from /oy s down to the charge current /oy. The gate
of the low-side MOSFET will be charged with /oy until the phase voltage Vg, reaches Vgyp.

4. Miller-charge phase (dV/dt phase): The charge current is changed from /oy to the miller-charge current /oy | sx-
The gate of the low-side MOSFET will be charged with /oy | sx until the phase voltage Vs, reaches Vsyy, .

4. Post-charge phase: After the charge phase, the charge current is set to post-charge current /3gy_ s until the end
of tVDS_BLK + tVDS_FILT' If the deviceis still in the ramping phase of the post—charge current when tVDS_BLK + tVDS_FILT has
expired, the ramp phase will be extended until it reaches /30N_LS' After tVDS_BLK + tVDS_FILT expires and I3ON_LS' is
reached, the current will be switched to the holding current Iy, p.
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Check of Vsux State
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Figure 11 Simplified diagram: Turn on behavior of active MOSFET

Active turn OFF of an output stage

Cross-current protection time tccp represents the time after which the complementary MOSFET in the same half-
bridge can be activated. Therefore tccpis the minimum discharge time for the MOSFET. toer timeout iS the maximum
time for discharge with discharge current Ipcpg_max- In case the uC applies an external cross current protection time
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which is longer than the configured internal cross current protection time at the PWM input pins of the driver, the
external cross current protection time is used.

The turn-off of the active high-side MOSFET is done in four steps:

1. Pre-discharge phase: in case synchronized IHx is set to low, the gate of the high-side MOSFET is pre-discharged
with the current /;ogr s for a duration of tyopr ps. After tyopr s time expires the discharge current is changed

to lorr_Hsx- In case during pre-discharge phase the phase voltage Vs, reaches Vs before tyoee s, then the currentis
changed from IlOFF_HS directly to I20FF_HSX~

2. Miller-discharge phase (dV/dt phase): the gate of the high-side MOSFET is discharged with current /,ogr sy until
Vshy reaches Vg . When Vg, reaches Vg the post discharge phase is entered.

3. Discharge phase (dl/dt phase): The discharge phase is part of the post discharge phase.
When Vsyy reaches Vs, the high-side MOSFET is discharged with /oge for the configured extension time t3opr ys.

4. Post discharge phase: Once t3opr s expires the gate of the high-side MOSFET is discharged with the maximum
discharge current Ipcys_max Until topr timeout €XPires. After torr timeout €Xpires the holding phase is entered.

5. Holding phase: After the tore timeout €Xpires the high-side MOSFET will be kept off with holding current /yop.
The turn-off of the active low-side MOSFET is done in four steps:

1. Pre-discharge phase: in case synchronized ILx is set to low, the gate of the high-side MOSFET is pre-discharged
with the current /;ogr | for a duration of tyogr 5. After t1opr | s time expires the discharge current is changed

to lhorr_Lsx- In case during pre-discharge phase the phase voltage Vsyy, reaches Vs, before topr | 5, then the currentis
changed from IlOFF_LS directly to IZOFF_LSX'

2. Miller-discharge phase (dV/dt phase): the gate of the high-side MOSFET is discharged with
current lyopr s until Vs, reaches Vs When Vg, reaches Vs the post discharge phase is entered.

3. Discharge phase (dl/dt phase): The discharge phase is part of the post discharge phase.
When Vg, reaches Vsyy the low-side MOSFET is discharged with Iogg for the configured extension time t3off 5.

4. Post discharge phase: Once t3opr | 5 expires the gate of the low-side MOSFET is discharged with the maximum
discharge current Ipcys_max Until tore timeout €XPires. After torr timeout €Xpires the holding phase is entered.

5. Holding phase: After the tope timeout €Xpires the low-side MOSFET will be kept off with holding current /o, p.

In the holding phase the active MOSFET will be kept off with the holding current /jo p. Only after tccp the control
signal for the freewheeling MOSFET is acknowledged to be set to "ON". As soon as the freewheeling MOSFET control
"ON" signal is acknowledged the freewheeling MOSFET is switched on with the corresponding pre-charge

current /105 ns/ lion_Ls for aduration of tjon ps / tion_Ls- When tion ws/ tion_Ls expires the freewheeling MOSFET is
Charged with IFW until tVDS_BLK_FW + tVDS_FILT has elapsed. After tVDS_BLK_FW + tVDS_FlLT the freewheeling MOSFET is kept
in its current state by /o p.
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Check of Vsux State
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Figure 12 Simplified diagram: Turn off behavior of active MOSFET
6.2.3.2 Configurable current settings overview
6.2.3.2.1 Configurable time settings overview
Time settings for t1on, ton, t10FE t20FE, taorr are configurable for high-side and low-side output stages with the
nominal values shown in below table.
Table 12 Time Settings for tions t20Ns thFF, t0FEs t30FF
Setting options Nominal time [ns] Setting options Nominal time [ns]
for t1on, taons tiorr, t20FFs t3oF for t1on, taons tiorr, t20FFs 30
F FF
Setting 1 27 Setting 33 880
Setting 2 53 Setting 34 907
Setting 3 80 Setting 35 933
(table continues...)
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Table 12 (continued) Time settings for t;on;, taon; tiorr, t20FFs t30FF

Setting options Nominal time [ns] Setting options Nominal time [ns]
for t1on, t2ons tioFF, t20FFs t3oF for t1on, t2ons tioFF, t20FFs t30

F FF

Setting 4 107 Setting 36 960
Setting 5 133 Setting 37 987
Setting 6 160 Setting 38 1013
Setting 7 187 Setting 39 1040
Setting 8 213 Setting 40 1067
Setting 9 240 Setting 41 1093
Setting 10 267 Setting 42 1120
Setting 11 293 Setting 43 1147
Setting 12 320 Setting 44 1173
Setting 13 347 Setting 45 1200
Setting 14 373 Setting 46 1227
Setting 15 400 Setting 47 1253
Setting 16 427 Setting 48 1280
Setting 17 453 Setting 49 1307
Setting 18 480 Setting 50 1333
Setting 19 507 Setting 51 1360
Setting 20 533 Setting 52 1387
Setting 21 560 Setting 53 1413
Setting 22 587 Setting 54 1440
Setting 23 613 Setting 55 1467
Setting 24 640 Setting 56 1493
Setting 25 667 Setting 57 1520
Setting 26 693 Setting 58 1547
Setting 27 720 Setting 59 1573
Setting 28 747 Setting 60 1600
Setting 29 773 Setting 61 1627
Setting 30 800 Setting 62 1653
Setting 31 827 Setting 63 1680
Setting 32 853 Setting 64 1707

6.2.3.2.2 Configurable current settings overview

The current settings for /;10n / lloon / 130~ @re configurable with the nominal values shown in below table.
The device has two configurable current control ranges for 110N, 120N, I30N, I10FF, [20FF:
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«  Setting 1 (range 1): 0.5 mA - 100 mA
+  Setting 2 (range 2): mA - 150 mA

Table 13 Settings options (range 1) for gate current values for active MOSFET: /1oy, 20n5 /30N5 T10FFs
LyorF
Setting option for /;oy, Nominal current [mA] Setting option for /;oy, Nominal current [mA]
l20n5 I30n5 110FFs 120FF l20n5 I30n5 110FFs I20FF
Setting 1 0.5 Setting 33 31.8
Setting 2 0.7 Setting 34 33.7
Setting 3 0.8 Setting 35 35.5
Setting 4 1.1 Setting 36 37.4
Setting 5 1.3 Setting 37 39.4
Setting 6 1.6 Setting 38 41.4
Setting 7 2.0 Setting 39 43.4
Setting 8 2.4 Setting 40 45.4
Setting 9 2.8 Setting 41 47.4
Setting 10 34 Setting 42 49.6
Setting 11 3.9 Setting 43 51.7
Setting 12 4.5 Setting 44 53.9
Setting 13 5.3 Setting 45 56.0
Setting 14 6.1 Setting 46 58.2
Setting 15 6.9 Setting 47 60.4
Setting 16 7.8 Setting 48 62.6
Setting 17 8.8 Setting 49 65.0
Setting 18 9.8 Setting 50 67.3
Setting 19 10.9 Setting 51 69.6
Setting 20 12.0 Setting 52 72.0
Setting 21 133 Setting 53 74.3
Setting 22 14.4 Setting 54 76.7
Setting 23 15.9 Setting 55 79.1
Setting 24 17.3 Setting 56 81.5
Setting 25 18.7 Setting 57 83.9
Setting 26 20.2 Setting 58 86.4
Setting 27 21.7 Setting 59 88.9
Setting 28 23.3 Setting 60 91.4
Setting 29 24.9 Setting 61 93.9
Setting 30 26.6 Setting 62 96.4

(table continues...)
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Table 13

I30n5 110FFs 120FF

(continued) Settings options (range 1) for gate current values for active MOSFET: /1oy, /20N

Setting option for /;gy;,
I20ns I30ns 110FFs 120FF

Nominal current [mA]

Setting option for /I;gy,
I20n5 130N 110FFs 120FF

Nominal current [mA]

Setting 31 28.2 Setting 63 99.0
Setting 32 30.0 Setting 64 101.5
Table 14 Settings options (range 2) for gate current values for active MOSFET: /;on, 20n5 T30N5 '10FFs

LorF

Setting option for /;qy,
I20ns I30ns 110FFs 120FF

Nominal current [mA]

Setting option for I;¢y,
I20n5 I30ns 110FFs 120FF

Nominal current [mA]

Setting 1 1.0 Setting 33 54.5
Setting 2 1.4 Setting 34 57.2
Setting 3 1.8 Setting 35 60.0
Setting 4 2.3 Setting 36 63.0
Setting 5 2.9 Setting 37 66.0
Setting 6 35 Setting 38 69.0
Setting 7 4.3 Setting 39 717
Setting 8 5.2 Setting 40 74.5
Setting 9 6.2 Setting 41 77.8
Setting 10 7.3 Setting 42 80.9
Setting 11 8.5 Setting 43 84.0
Setting 12 9.8 Setting 44 87.1
Setting 13 11.1 Setting 45 90.2
Setting 14 12.5 Setting 46 93.3
Setting 15 14.2 Setting 47 96.5
Setting 16 15.9 Setting 48 99.7
Setting 17 17.7 Setting 49 102.9
Setting 18 19.5 Setting 50 106.0
Setting 19 21.4 Setting 51 109.5
Setting 20 23.4 Setting 52 112.6
Setting 21 25.4 Setting 53 115.7
Setting 22 27.5 Setting 54 119.0
Setting 23 29.6 Setting 55 122.4
Setting 24 31.9 Setting 56 125.8
Setting 25 34.2 Setting 57 129.1
Setting 26 36.5 Setting 58 132.4

(table continues...)
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Table 14 (continued) Settings options (range 2) for gate current values for active MOSFET: /1oy, /20N
I30n; l10FFs 20FF

Setting option for /;gy;, Nominal current [mA] Setting option for /I;gy, Nominal current [mA]

I20n5 305 110FF> 20FF I20n5 130N 110FF> 20FF

Setting 27 39.0 Setting 59 135.7

Setting 28 41.5 Setting 60 139.0

Setting 29 43.9 Setting 61 142.4

Setting 30 47.0 Setting 62 145.8

Setting 31 49.1 Setting 63 149.2

Setting 32 51.8 Setting 64 152.6

Current settings for Iry, Ipche_st follow the selected current control range and is configurable with the nominal values
shown in below table.

Table 15 Setting options for gate current values for free-wheeling MOSFETs and static discharge
current

Setting for Iy, | Range 1: Nominal | Range 2: Nominal | Setting for /gy, |Range 1: Range 2:

IpcHe_sT current [mA] current [mA] Ipcue_st Nominal current | Nominal current
[mA] [mA]

Setting 1 3.4 7.3 Setting 5 45.4 74.5

Setting 2 7.8 15.9 Setting 6 62.6 99.7

Setting 3 17.3 31.9 Setting 7 81.5 125.8

Setting 4 30 51.8 Setting 8 101.5 152.6

Ihovp is the hold current used to keep the gate of the external MOSFETs in the desired state.
+  Anoutput stage Gxx is kept ON with the current Iyo(p

+  Anoutput stage Gxx is kept OFF with the current - lo.p

Current settings for Iyo p is configurable with the nominal values shown in below table.

Setting options for /oL p

Nominal current [mA]

Setting 1 10

Setting 2 15 (default)
Setting 3 20

Setting 4 30

6.3 SHx timing measurement

The SHx timing measurement unit provides two high-speed voltage comparators at the SHx pin of each half bridge
with thresholds Vsyy and Vsyy to measure the time from a switch-on or switch-off command until the beginning and
the end of the resulting SHx voltage slope during the switch-on and switch-off event of an external MOSFET.

SHx comparator voltage thresholds (Vsyy and Vs, ) are fixed:
+  SHxhigh level threshold nominal Vgyy: Wypp -2V
+  SHxlow level threshold nominal Vg : GND +2V
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Figure 13 High side SHx comparator timings measurements
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Figure 14 Low side SHx comparator timings measurements
6.4 Passive discharge

Passive discharge is a resistor (Rggnp) between the gate of GHx and GND, and between GLx and GND. Passive

discharge is active in following condition:

+  Device in safe state OR

+  Devicein sleep mode (VSCP in functional range) OR
+ Half-bridge disabled by half bride control bit OR

+  Charge pump disabled
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6.5 Passive clamping

Passive clamping is only active in following condition:
+  Devicein safe state OR

+ Deviceinsleep mode OR
+  Device unsupplied (VIO below power-on reset threshold) OR
+ Half-bridge disabled by half bride control bit OR
+  Charge pump disabled

The passive clamping structure is implemented between Gxx and Sxx pin. In case of leakage current on the PCB at the
Gxx pins, the passive clamping structure avoids turning on the external MOSFET by sinking the current via Rgsyp.

6.6 Electrical characteristics (gate driver)

Table 16

Electrical characteristics - gate driver

infineon

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T,;=-40°C to +175°C, all voltages with respect to ground, positive current flowing

into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.
PWM input pins
High level input Vil N 0.7 x - - v - P_GDRV_01_01
voltage threshold WWio
ILx, IHX_N
Low level input ViL N - - 0.3 x v - P_GDRV_01_02
voltage threshold Wio
ILx, IHx
Hysteresis ILx, ViHy N 100 - - mV |- P_GDRV_01_03
IHx_N
Pull down resistor | Rpp 1x 52 80 108 kQ |- P_GDRV_01_04
atinput pin ILx
Pullup resistorat | Rpy_inx 13 20 27 kQ |- P_GDRV_01_05
input pin IHx
PWM tsyne - 13 15 ns Internal clock P_GDRV_01_06
synchronization frequency: 75 MHz
time
Gate driver
ON-state output Vss(on) 10 - 12.5 Vv Vyscp =8V, P_GDRV_02_01
voltage Gxx vs. Sxx Two-stage charge

pump configuration

ON-state output VGS(ON) 7.0 - 12.5 \" Vvscp =7 V, 1 P_GDRV_02_02

voltage Gxx vs. Sxx

Two-stage charge
pump configuration

(table continues...)
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Table 16

(continued) Electrical characteristics - gate driver

infineon

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C, all voltages with respect to ground, positive current flowing

into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.

ON-state output Ves(on) 7.0 - 12.5 Vv 45V<Wscp<6V,? P_GDRV_02_03
voltage Gxx vs. Sxx Three-stage charge

pump configuration
ON-state OUtpUt VGS(ON) 9 - 12.5 Vv 6V< VVSCP <6.5V, 3) P_GDRV_02_06
voltage Gxx vs. Sxx Three-stage charge

pump configuration
ON-state output Vesion) 10 - 12.5 Vv Vyscp= 6.5V, P_GDRV_02_25
voltage Gxx vs. Sxx Three-stage charge

pump configuration
OFF-state output VGs(oFF) - - 100 mV | lyoLp Setting 1, 1mA P_GDRV_02_04
voltage Gxx vs. Sxx injected into Gxx pin
RDSON Gxx vs. SXX | Rgxx_OFF - 14 20 Q Wepn > Wscp + 13V, P_GDRV_02_05

Programmable gate

current setting 64,

50mA forced in the Gxx

pin
Gate current toaTE SET - - 100 ns - P_GDRV_02_08
settling time
Gate driver current | tspry RISE(ON) 4 25 50 ns From 20% of Igatex tO P_GDRV_02_09
turn-on rise time 80% of IgaTEx

CLoad =6nF

4)
Gatedriver current |tepry rise(orr) | 4 25 50 ns From 20% of /a1y tO P_GDRV_02_10
turn-off rise time 80% of IgaTex

CLoad =6nF

4)
Delay on time high | tpeprv_onx - 100 300 ns From PWM reaching P_GDRV_02_11
frequency turn on threshold to

20% Of IGatex§

tsync is included

4)
Delay ontime low | tpgprv_ONx 300 350 390 ns From PWM reaching P_GDRV_02_12
frequency turn on threshold to

20% of Igatexs

tsync is included

4)
(table continues...)
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Table 16 (continued) Electrical characteristics - gate driver

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C, all voltages with respect to ground, positive current flowing
into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.

Delay off time high | tpgpry_oFFx - 100 300 ns From PWM reaching P_GDRV_02_13
frequency turn off threshold to

20% 0f Igatex

tsync is included

4)
Delay off time low | tpgprv_OFFx 300 340 390 ns From PWM reaching P_GDRV_02_14
frequency turn off threshold to

20% Of Igatexs

tSYNC isincluded

4)
Charge/discharge | Iche1 acc -60 - +60 % Valid for Setting 1 of P_GDRV_02_15
current setting 1 l10n5 20N> 130N 10FFs 120F
accuracy F

Cload =47 nF, 4)

VSCP, Temperature and
aging dependencies
included

Nominal value setting
listed in Table 13

Charge/discharge | /chei16_acc -45 - +45 % Valid for Setting 16 of | P_GDRV_02_16
current setting 16 l10N5 12085 130N, 110FF> 120F
accuracy F

Cload =4.7nF, ¥

VSCP, Temperature and
aging dependencies
included

Nominal value setting
listed in Table 13

Charge/discharge | /che32 acc -30 - +30 % Valid for Setting 32 of |P_GDRV_02_17
current setting 32 l10n5 120N5 130N, 110FFs 120F
accuracy F

Cload =47 nF, 4)

VSCP, Temperature and
aging dependencies
included

Nominal value setting
listed in Table 13

(table continues...)
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Table 16

(continued) Electrical characteristics - gate driver

infineon

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C, all voltages with respect to ground, positive current flowing

into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Charge/discharge | /chcas_acc -25 +25 % Valid for Setting 48 of | P_GDRV_02_18
current setting 48 - l10N5 120N 130N, 110FF> 120F
accuracy F
Cloag =4.7nF, %
VSCP, Temperature and
aging dependencies
included
Nominal value setting
listed in Table 13
Charge/discharge | /chcea acc -18 +18 % Valid for Setting 64 of |P_GDRV_02_19
current setting 64 - l10n5 120N5 130N, 110FFs 120F
accuracy F
Cload =4.7 nF, 4)
VSCP, Temperature and
aging dependencies
included
Nominal value setting
listed in Table 13
Freewheeling lew1_Acc -50 - +50 % Valid for Setting 1 of P_GDRV_02_21
charge/discharge lew s Ipche_sT
current setting 1 Cload = 4.7nF, Nominal
accuracy value setting listed
in Table 15
Freewheeling lewa_acc -30 - +30 % Valid for Setting 4 of P_GDRV_02_22
charge/discharge Iew s Ipche_sT
current setting 4 Cload = 4.7nF, Nominal
accuracy value setting listed
in Table 15
Freewheeling lews acc -15 - +15 % Valid for Setting 8 of P_GDRV_02_23
charge/discharge lew s Ipche._sT
current setting 8 Cload = 4.7nF, Nominal
accuracy value setting listed
in Table 15
Turn off timeout toFF_timeout 3.8 4.7 5.6 us - P_GDRV_02_24
SHx fast comparator
SHx comparator Vshx_acc -12 - +12 % Refer to Chapter 6.3 for | P_GDRV_03_01
threshold accuracy nominal Vgyy and Vg,
(table continues...)
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Table 16

(continued) Electrical characteristics - gate driver

infineon

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C, all voltages with respect to ground, positive current flowing

into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
SHx comparator Eshix - 15 30 ns - P_GDRV_03_02
delay
Passive discharge
Passive clamping Rgsxp 2.5 4 5.5 kQ | Device unsupplied OR |P_GDRV_04_01
between Gxx to Sxx sleep mode OR safe
state
VGxx - VSxx >18V@ TJ =
-40°C
VGxx - VSxx> 16V @ TJ =
25°C
VGxx - VSxx> 1l4V@ TJ =
150°C
Passive discharge | Rggnp 35 45 55 kQ |- P_GDRV_04_02
resistance between
GHx/GLx and GND
Resistor between | Rspgno 35 45 55 kQ |° P_GDRV_04_03

SHx and GND

1) The current is calculated by ycpy = number of switching MOSFETS x fpyyy % Qgtor = 7.2 MA + additional external circuity supplied by the
charge pump (1mA), with a Qgtot up to 150nC.

2) The current is calculated by ycpy = number of switching MOSFETS * fpyyy % Qgtor = 4.8 MA + additional external circuity supplied by the
charge pump (1mA), with a Qgtot Up to 150nC.

3) The current is calculated by lycpy = number of switching MOSFETS x fpyy % Qgtot = 18 mA + additional external circuity supplied by the
charge pump (1mA), with a Qgtot Up to 150nC.

4) Valid for Wscp=8 ... 19V, Wscp reference =13.5V

5) This resistance is the resistance between GHx and GND connected through a diode to SHx. As a consequence, the voltage at SHx can rise
up to 0.6 V typ. before it is discharged through the resistor
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7 Current sense amplifier

7.1 Functional description (current sense amplifier)

The current sense amplifier (CSA) allows current measurement with one external shunt resistor in low-side
configuration. The CSA function is internally supplied by the charge pump (VCPH). Therefore, if the charge pump is off,
then the CSA is deactivated.

VBRIDGE
éVDH
Current Sense
Amplifier
. . GHx L:
T | Overcurrent
- | Detection
VocTHx Overcurrent SHx M
threshold >
Gain
Config.
GLx ,_
¢ )
SL
X
CSIP
X
CSO Xle—— RsHunT
X
CSIN
Vcso_REF_xdir
VIO X I :
Figure 15 Simplified block diagram: CSA Module

In unidirectional operation, the current sense amplifier is optimized to measure the current flowing through the
external shunt resistor when Vegip 2 Vegy, The resulting output voltage at pin CSO is: Veso = Veso rer_unidir + (Vesip -
Vesin) X Gpier provided that Vesg is in the linear range. Common mode offset and input related offset is neglected.

In bidirectional operation, the CSA measures the current flowing through the external shunt resistor in both
directions: Vg p = Vegiy OF Vesp < Viesin- The resulting output voltage at pin CSO is symmetrically centered on
VCSO_REF_Bidir: VCSO = VCSO_REF_Bidir+ (VCSIP' VCSIN) X GDIFF’ provided that CSO isin the linear range. Common mode offset
and input related offset is neglected.

The gain of the current sense amplifier is configurable:
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Gain setting option Gain setting parameter symbol
Setting 1 GpiFre

Setting 2 Gpirrs

Setting 3 GpiFr10

Setting 4 GpiFris

Setting 5 Gpirraa

Setting 6 Gpirrao

The device offers configuration possibility for the output capacitance range. Two capacitance ranges are available.
The CSO output capacitance is configurable via SPI configuration.

7.1.1 CSA reference voltage: VIO

The function of VIO pin is fixed as input reference voltage to be supplied externally.

The voltage at VIO is the reference voltage for the CSA output voltage at CSO pin. The configured Vcso rer unidir /
Veso_rer_sidir IS internally supplied by pin VIO. Therefore, if the VIO is unsupplied, then CSO pin is unsupplied.

7.2 Electrical characteristics (current sense amplifier)

Table 17 Electrical characteristics - current sense amplifier

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Operating common | Vey csa -2.0 - 2.0 v - P_CSA_01_01
mode input voltage
range referred to
GND (CSIP - GND) or
(CSIN- GND)
Common mode CMRR 58 - - dB |Gain setting 1; P_CSA_01_02
rejection ratio 64 Gain setting 2;
70 Gain setting 3;
76 Gain setting 4;
DC to 50 kHz;
VCM: -2...2 V,
Vesip = Vesin
CSA settling time to | tcsa seT - 1.0 1.5 ps | measured after output |P_CSA_01_03
98% filter CCSO =2.2nFand
RCSO =500 1)
(table continues...)
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Table 17

(continued) Electrical characteristics - current sense amplifier

infineon

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
CSA settling time to | tcsa seT_cain - - 4 ys After gain change via P_CSA_01_04
98% after gain SPI command from CSN
change rising edge including
SPl command
interpretation by IC
measured after output
filter Ccsp=2.2 nF and
RCSO =500 1
Input offset voltage | Vcsa os -1 0 1 mv |- P_CSA_01_06
Current sense GpiFFs 5.94 5.99 6.04 V/V | Setting 1; P_CSA_01_07
amplifier DC gain T, <150°C
Current sense GpiFrs 7.92 7.98 8.04 V/V | Setting 2; P_CSA_01_08
amplifier DC gain T, <150°C
Current sense GpiFF10 9.90 9.98 10.06 V/V | Setting 3; P_CSA_01_09
amplifier DC gain T,<150°C
Current sense GpiFrs 14.84 1496 |15.08 V/V | Setting 4; P_CSA_01_10
amplifier DC gain T, <150°C
Current sense GpiFF24 23.74 23.93 |24.12 V/V | Setting 5; P_CSA_01_11
amplifier DC gain T, < 150°C
Current sense GpiFF40 39.55 39.87 |40.19 V/V | Setting 6; P_CSA_01_12
amplifier DC gain T,<150°C
CSA gain drift GpRIFT -0.1 - 0.1 % Gain drift after P_CSA_01_13
calibration
Gain accuracy dGesa o -50 - 50 ppm | All gain settings P_CSA_01_14
temperature drift /K
CSO single ended Veso_linear 0.4 - 0.9 x v Gain accuracy +/-1% P_CSA_01_15
output voltage Wio
range (linear range)
CSO single ended Veso_linear 0.25 - Wio - v Gain accuracy +/-1.5% |P_CSA_01_16
output voltage 0.25
range (extended
linear range)
CSO reference Veso Rer unidir | -1% 0.15* |+1% v - P_CSA_01_17
voltage Wio

unidirectional

(table continues...)
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Table 17 (continued) Electrical characteristics - current sense amplifier

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.

CSO reference Veso REF_Bidir -1% 0.5* +1% Vv - P_CSA_01_18
voltage Wio
bidirectional

Power supply PSRR 60 - - dB |f=1kHz...100kHz P_CSA_01_21
rejection ratio

1) Settling time valid for both available CSA output capacitive load ranges
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8 Serial peripherial interface (SPI)
8.1 Functional description (SPI)
8.1.1 SPI description
TLE92102
SDI
SPI_MTSR
SPI_MRST 200 ‘ Confi tion Regist
- onfriguration registers,
SPI_CLK SCK SPL g i Status Registers
CSN
CSN_1
SPI Master
(Microcontroller)
(O]
(9]
o SPI_MTSR
L SPI_MRST
C
- SPI_CLK
CSN_2 EE SPI_CSN
Other SPI slave
Figure 16 Simplified block diagram: SPI

The control input frame is read via the data input SDI, which is synchronized with the clock input SCK provided by the
microcontroller. The output frame of the actual command appears synchronously at the data output SDO see Figure
17.

The transmission cycle begins when the chip is selected by the input CSN (chip select not), LOW active. After the CSN
input returns from LOW to HIGH, the received word is interpreted according to the content. The SDO output switches
to tristate status (high impedance) at this point, thereby releasing the SDO bus for other use. The state of SDI is

shifted into the input register with every falling edge on SCK. The state of SDO is shifted out of the output register after
every rising edge on SCK. The SPI of the device is not daisy chain capable.

The SPI has have following two general characteristics:
+  Clock polarity is 0 (first edge = rising edge, second edge = falling edge)
+  Clock phaseis 1 (shifting data on first edge, sampling data on second edge)

Datasheet 50 1.10
2026-05-26



TLE92102QVW iﬁn eon

Datasheet

8 Serial peripherial interface (SPI)

fcsN_LDEL fpsck tcsN_TDEL tF
_______ VspiH_IN
CSN
VspiL_IN
[4¢
tscK_seTL tsck_H tsck_L tsck_HoL
- > - > e > ) ] s
VsPiH_IN
SCK don't care s “%,ﬁ & & ‘%%
VsPIL_IN
N gg_/ N R
tspi_seT tspI_HoLD
>
- VspiH_IN
SDI  don'’t care MSB >< LSB >< don’t care
VsPIL_IN
tspo_EN tspo_VDEL tspo_pis
L d Ll - / B Ll
Vspo_H
SDO oh imp GEF MSB >< >< LSB high impedance—
Vspo_L
.
Figure 17 SPI data transfer timing

8.1.1.1 SPI Protocol

A SPI communication consists of 32-bit frames.

SPI response type is configurable only in power-up mode. It is configurable by a protected control bit:
+  Setting 1 (default): SDO in-frame response format (IFR)

+  Setting 2: SDO next-frame response format (NFR)

8.1.1.1.1 SDI frame format

The SDI frame consists of 7 bit address, 1 command bit "C" and 16 bit write data followed by 8 bit CRC. The 8 bit
address bits consist of first 7 bits defining the SPI register address and 1 bit "C" (command) defining if a read
command or write command is sent.

« "C"=1:SPlwrite command
+ "C"=0:SPlread command
The address byte specifies:
«  Thetype of operation:
- For configuration and control registers:
- Readonly:Cbit="0’
- Read and write: C bit=‘1’
- Forstatus registers:
- Readonly: Chit=0’
- Read and clear: C bit=1
+  Thetarget register (A[6:0])

8.1.1.1.2 SDO frame format (in-frame response)
SDO transmits 8 bit global status register + 16 bit read data followed by 8 bit CRC8 (including received SPI register
address).

During CSN is set to "low", before a rising edge is sent via SCK, the SDO transmits the global error flag (see Chapter
8.1.2)
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MSB LSB
SDI 31|30|29|28|27|26|25|24 23|22|21|20|19|18|17|16|15|14|13|12|11|10| 9 | 8 | 7 | 6 | 5|4 | 3 | 2 | 1 |o|

Address Bits RW Data Bits CRC 8
A6|A5|A4|A3|A2|A1|A0 C x|x|x|x|x|x|x|x|x|x|x|x|x|x|x|x x|x|x|x|x|x|x|x

Current register content
of selected address

SDO 31|30|29|28|27|26|25|24 23|22|21|20|19|18|17|16|15|14|13|12|11|10| 9 | 8 | 7 | 6 | 5|4 | 3 | 2 | 1 |o|

Global Status Byte Data Bits CRC 8
B7|BG|BS|B4|B3|BZ|B1|BO x|x|x|x|x|x|x|x|x|x|x|x|x|x|x|x x|x|x|x|x|x|x|x

MSB is sent first in SPI message

Figure 18 SPI protocol for in-frame response (IFR)

8.1.1.1.3 SDO frame format (next frame response)

The SDO transmits 8 bit global status register + 16 bit read data followed by 8 bit CRC8 (including received SPI register
address).

During CSN is set to "low", before a rising edge is sent via SCK, the SDO transmits the global error flag (see Chapter
8.1.2)

MSB LSB
SDI 31|30|29|28|27|26|25|24 23|22|21|20|19|18|17|16|15|14|13|12|11|10| 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | o|

Address Bits (N) RW Data Bits (N) CRC 8
A6|A5|A4|A3|A2|A1|AO C x|x|x|x|x|x|x|x|x|x|x|x|x|x|x|x x|x|x|x|x|x|x|x

SDO 31|30|29|28|27|26|25|24 23|22|21|20|19|18|17|16|15|14|13|12|11|10| 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | O|

Global Status Byte Data Bits (N-1) CRC 8
B7|BG|BS|B4|B3|BZ|B1|BO x|x|x|x|x|x|x|x|x|x|x|x|x|x|x|x x|x|x|x|x|x|x|x

MSB is sent first in SPI message

Figure 19 SPI protocol for next-frame response (NFR)

8.1.1.2 CRCS8 SPI frame calculation

The CRC8 is added to any data transmitted via SDO and SDI pin at the end of the frame.

For SDI Frame the CRC8 is calculated for the SDI 24 payload bits consisting of received 7 bit address + 1 bit C and
16 bit write data, CRC8 bits excluded.
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+  For SDO in-frame response the CRC8 is calculated for a 32 bit payload consisting of: dummy "0" bit + received 7
bit address (current frame) + SDO 8bit Global Status Flags + SDO 16bit read data, CRC8 bits excluded (see Figure
20).

+  For SDO next-frame response the CRC8 is calculated for a 32 bit payload consisting of: dummy "0" bit + received 7
bit address (previous frame) + SDO 8bit Global Status Flags + SDO 16bit read data, CRC8 bits excluded (see Figure
21).

In case of an CRC8 error detection on the SDO line by the microcontroller, the message should be discarded and the

register access should be repeated.

The 8-bit CRC calculation is performed with AutoSAR SAE J1850 polynomial calculation from AUTOSAR CRC
specification shown in table below.

Table 18 CRC 8 AutoSAR SAE J1850 polynomial calculation
CRC result width 8 bits
Polynomial 0x1Dy
Initial value OxFFy
XOR value OxFFy
Check 0x4By
Magic check 0xC4y

— ) PASS/FALL

4 24 payload bits for SDI covered by CRC 8 4 CRC 8 sent by uC A\

M

SDI Address C Write data CRC8

7 bit address covered
N by SDO CRC 8 /

,0" + address (7b) + Global_status_flags(8b) + Read data(16b)

2

A

4 24 payload bits for SDO covered by CRC 8 NV CRC 8 sent by IC A\
SDO Global Status flags Read data CRC8
Figure 20 SPI CRC8 calculation for in-frame response (IFR)
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> z ’__D PASS/FAIL

- 24 payload bits for SDI covered by CRC 8 WV CRC 8 sent by uC
SDI SDI Frame (N-1) Address C Write data CRC8
7 bit address covered 7 bit address covered

\_ bySDOCRC8 / \_ bySDOCRC8 /

Address (N) (7b) For
next SDO Frame

>
>

,0" + address (N-1) (7b) + Global_status_flags(8b) + Read data(16b)

2

A

24 payload bits for SDO covered by CRC 8 NV CRC 8 sent by IC
SDO SDO Frame (N-1) Global Status flags Read data (N-1) CRC8
Figure 21 SPI CRCS8 calculation for next-frame response (NFR)

8.1.2 Global error flag (GEF)

The global error flag (GEF) bit is reported on SDO pin between the CSN falling edge after tspo gy and the first SCK
rising edge.

CSN l | ‘
: : time

SCK 0 i i -
: : timé

SDI 0 ! ! R

| | time

SDO High Impedance ;\Global Error Flag>'; High Impedance )
! ! time

Figure 22 GEF - diagnostic with 0 - clock cycle

Global error flag indication is not configurable

Note: GEF status is updated continuously.

With global error flag it is possible to have a quick diagnostic without any SPI clock pulse in case a fault condition is
detected. The global error flag is a logic OR combination of following bits of the global status byte: GEF = (OFC) OR
NOT(LFOK) OR (VSUPE) OR (MISC) OR (BDRE) OR (DE) OR (POR)

8.1.3 Global status byte

The SDO shifts out the global status register during the first eight SCK cycles to provide an overview of the device
status shown list below. The global status register consists of following global status flags:

+ BT (OFCflag): at least one SPI frame corrupted

+ B6 (LFOK flag): last received SDI frame correct

«  B5(VSUPE flag): supply overview status flag
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+ B4 (MISC flag): SPI and GPIO related status flag
+ B3 (BDRE flag): Bridge driver signal path related status flag

« B2 (DE flag): device error indication using SPI register failure detection bits configured as error or latched error
(LE1/LE2)

+ B1(DW flag): device warning indication using SPI register failure detection bits configured as warning (W)
« B0 (POR): power on reset indication

8.1.4 SPI error detection

The SPI incorporates an error flags LFOK and OFC in Chapter 8.1.3 to supervise and preserve the data integrity. The
error flag OFC is set to "1" AND LFOK is set to "0" in the next SDO frame if following SPI errors are detected during a
given frame:

«  The number of SCK clock pulses received for the duration CSN =0 is (protocol error):
- Not zero
- Orlessthan 32
- Ormorethan 32

« Incorrect CRC8 detection in received SDI frame.

«  The microcontroller sends an SPI command to an unused address (Chapter 8.1.4).

+ Aclock polarity error is detected: the incoming clock signal was high during CSN rising or falling edges (protocol
error)

+  Any write command to protected registers in normal mode after successful configuration of the device.
+  Wrong checksum control bit received

In case an invalid address is detected within SDI frame by the device, then:

+  Associated status bit is set

+  The device sends data bits 0x00 in SDO frame

+  The device sends CRC8 in SPI SDO frame. CRC8 is calculated according to SPI frame CRC8 integrity
check including global status byte and received invalid SDI address

To ensure a correct SPI communication, the following conditions have to be fulfilled :

+  SCK must be low for a minimum tggr before CSN falling edge and tiaq after CSN falling edge
«  SCKmust be low for a minimum t,; before CSN rising edge and tggy after CSN rising edge
The last frame correct LFOK flag is set to "1" under the following conditions:

+ Avalid SDI frame has to be received by the bridge driver IC

+  First SDO frame after every reset of the digital core (SPI reset command/ power-on reset)

Notes:

1. LFOK flag is automatically set to "0" by invalid SPI SDI frame and set to "1" with a valid SPI SDI frame.
2. The updated LFOK flag is visible in the global status byte of SDO frame for the next SPI command.

The OFC flag can be reset in power-up mode and normal operation mode. The microcontroller must clear the
associated register bit by a correct SPI write command.
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8.2

Table 19

Electrical characteristics (SPI)

Electrical characteristics - SPI

infineon

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.

SPI frequency

Maximum SPI fspi max - - 5 MHz |4 23 P_SPI_01_01

frequency

SPlinterface (SDI, SCK, CSN)

High level input Vspin_n 0.7 x - - v - P_SPI1_02_01

voltage threshold of Vvio

SPI logic input pins:

SDI, SCK, CSN

Low level input VspiL N - - 0.3 x v - P_SPI_02_02

voltage threshold of Vvio

SPl logic input pins:

SDI, SCK, CSN

Hysteresis of SPI Vspiny IN 100 - - mvV |- P_SPI_02_03

logic input pins:

SDI, SCK, CSN

Pull up resistor at RPU_CSN 25 40 60 kQ VCSN =0.7"* V|o P_SP|_02_04

pin CSN

Pull down resistor RPD_SDI) RPD_SCK 25 40 60 kQ VSDI; VSCK =0.3* V|o P_SPI_02_05

at pin SDI, SCK

Input capacitance | ( - - 10 pF 0V<V<55V P_SPI_02_06

at pin CSN, SDI and

SCK

Serial data output SDO

ngh level OUtpUt VSDO_H 0.8 x V|o - - Vv ISDO_H =-1.6 mA P_SP|_03_01

voltage

Low level output Vspo_ L - - 0.2~ v lspo L= 1.6 MA P_SPI_03_02

voltage Wio

Tri-state lea kage ISDO_LK -10 - 10 H.A VCSN = V|o; (VAVAS VSDO < P_SPI_03_03

current Vio

Tri-state input Cspo - - 20 pF - P_SPI_03_04

capacitance

Data input timing

SCK period tosck 200 - - ns (Y23 P_SPI_04_01

SCK high time tsck_H 70 - - ns (Y23 P_SPI_04_02

(table continues...)
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Table 19 (continued) Electrical characteristics - SPI

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.

SCK low time tsck L 70 - - ns |223 P_SPI_04_03
SCK low before CSN | tsck_setL 200 - - ns |223 P_SPI_04_04
low
SCK setup time tesN_TDEL 200 - - ns (Y23 P_SPI_04_05
SCK low after CSN | tsck_HpL 200 - - ns (223 P_SPI_04_06
high
SDI setup time tspi_SET 30 - - ns |223 P_SPI_04_07
SDI hold time tspi_HOLD 40 - - ns (Y23 P_SPI_04_08
CSN leading delay | tcsn_ LpeL 200 - - ns |223 P_SPI_04_09
CSN time-out tesn_To 2 3 4 ms | CSN time-out enabled |P_SPI_04_10
Interframe time tie 1 - - us |V 23 P_SPI_04_12
Serial data output timing
SDO rise and fall tspo,r - 15 25 ns Cload =30 pF P_SPI_05_01
time tSDO,f VSDO from 0.2 x V|o to

0.8x V|o OR

VSDO from 0.8 x VIO to

0.2x V|o
SDO enable time tspo_EN - - 50 ns Delay until SDO pin P_SPI_05_02
after CSN falling shows valid GEF status
edge
SDO disable time | tspo pis - - 50 ns |2 P_SPI_05_03

after CSN "low" to
"high" transition
SDO valid time tSDO_VDEL - - 70 ns 2) P_SP|_05_04

delay time SCLK rising
edgeto Vgpp<0.2*
Vio, Vspo > 0.8 " Vio

Cload = 30 pF

1) SPl command accepted after tore_yp

2) SPI timing parameters valid and derived from SPI frequency of 5 MHz. For lower SPI frequency min. tsp owp, tspi_seT, tsck L and tsck_n for
correct SDI sampling and max. tspg_ypg for correct microcontroller data reception are essential.

3) For calculation of minimum SPI operating frequency and maximum SPI CSN period tcsy_ 1o has to be taken into account
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9 Diagnostics

9.1 Supervision overview

The device provides extended protection and monitoring functions. All detected errors and warnings can be read by
SPI, multiple thresholds and filter timings are configurable by SPI register settings. Safety relevant diagnostics can be
tested during operation by dedicated self-test SPI command.

9.2 Failure reaction definition

The device has 4 different configuration possibilities for failure reaction in case of failure detection:
«  Failure reaction: warning

+  Failure reaction: error

«  Failure reaction: latched error 1 (LE1)

«  Failure reaction: latched error 2 (LE2)

The following table chose the priority of configured failure reaction of a failure detection. In case of multiple failure
detections, then the failure reaction with highest priority is executed by the device.

Table 20 Failure reaction priority
Configured failure reaction Priority
Latched error 1 (LE1) - safe state 1

INH_N pin ="low"

Latched error 2 (LE2) 2

Warning (W) / error (E) 3

9.2.1 Failure reaction: warning (W)

In case a failure is detected and the failure reaction is configured as warning, then the following behavior will be
executed:

+  Related failure detection bit is set to "1" in associated SPI register
+  Global status warning flag (DW) in global status byte is set to "1"

9.2.2 Failure reaction: error (E)

In case a failure is detected and the failure reaction is configured as error, then the following behavior will be
executed:

+  Related failure detection bit is set to "1" in associated SPI register

+ ERR_N pinissetto "low" for the duration the failure detection bit is set to "1" in associated SPI registers but at
least for tERRN_EXT

+  Global status error flag (DE) in global status byte is set to "1"

9.2.3 Failure reaction: latched error (LE1 & LE2)

In case a failure is detected and the failure reaction is configured as latched error 1 (LE1), then the following behavior
will be executed:

+  Related failure detection bit is set to "1" in associated SPI register

+  Global status error flag (DE) in global status byte is set to "1"

« ERR_Npinissetto "low"

+  All output stages are actively turned off according to diagnostic switch off behavior

« Safe state is entered and safe state activation status bit is set to "1"
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In case a failure is detected and the failure reaction is configured as latched error 2 (LE2), then the following behavior
will be executed:

+  Related failure detection bit is set to "1" in associated SPI register

+  Global status error flag (DE) in global status byte is set to "1"

+ ERR_Npinissetto "low"

+ The affected half-bridge output stages is actively turned off according to diagnostic switch off behavior
+  The affected half-bridge output stage are kept off with /4o p

9.2.4 ERR_N pin function
ERR_N pin is an open drain output pin. It can only be driven actively "low". Therefore an external pull-up resistor
Regrr_pu is needed.

ERR_N pin active low state indicates either the safe state entry or a configured error detection. Configured error
detection when ERR_N pin is set to "low" are:

«  Failure reaction: error
«  Failure reaction: latched error 1 (LE1)
«  Failure reaction: latched error 2 (LE2)

9.3 Reset of failure detection

In normal operation mode and power-up mode in case an error condition is detected and associated SPI status bit is
set, the error condition is reset by a dedicated SPI write command to the associated SPI register sent by the
microcontroller. By clear on write SPl command the microcontroller can reset selectively bits in a register. An SPI write
command will clear the status bits for which the data bit position of the SPI write command is set to "1".

After correct reception of the clear on write SPI command:

+ Theassociated bit is reset to "0"

+  ERR_N pinisset to "high"

In normal operation mode in case an error is detected and the failure behavior is configured as latched error, then

after a successful clear of the error via SPI command, the gate driver output stages Gxx follow the PWM input pins
aftert> tPEN_PD'

9.4 Functional description (diagnostics)

This device provides protection and monitoring functions. All detected errors can be read-out via SPI command
triggered by the microcontroller.

Shutdown errors or detected errors configured as error or latched error will be indicated at ERR_N pin as "low".

9.4.1 Overtemperature detection
The device offers two overtemperature thresholds:

+  Overtemperature warning threshold Tjy

+  Overtemperature shutdown threshold Tsp
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Figure 23 Overtemperature behavior

9.4.1.1 Overtemperature warning

Thermal temperature warning can be activated or deactivated by a control bit. If thermal warning is enabled AND the
temperature sensor reaches Ty for t > tyspy, then thermal warning status bit is set and related flag in global status
byte is set.

In case thermal warning is activated, the failure reaction behavior is configurable:
«  Setting 1: warning (default)

+  Setting 2: latched error 1 (LE1)

Thermal warning temperature threshold is configurable by control bit settings:

Register setting Parameter symbol |Overtemperature warning threshold
nominal value

Setting 1 Tjw130 130°C

Setting 2 Tiw140 140°C

Setting 3 Tiw1s0 150°C

Setting 4 Tiw160 160°C

In order to clear the thermal warning status bit, the following conditions need to be met:
+  Thetemperature warning condition has disappeared AND
+  The microcontroller clears the thermal warning status bit by SPI write command

Note: In case the thermal warning is disabled, the thermal warning status bit is permanently set to "0". In case the
status bit is set to "1", it will not be automatically reset by deactivation of the feature.

9.4.1.2 Overtemperature shutdown

The device has two different temperature sensors for overtemperature shutdown:
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«  General IC overtemperature shutdown detection
+  Charge pump overtemperature shutdown detection

In case the general temperature sensor reaches Tjsp for t > trsps OR charge pump temperature sensor reaches
Tisp_cp for t > trspy, the device reaches overtemperature shutdown threshold and behaves as follows:

« Failure reaction is latched error 1 (LE1). Safe state is entered
+ Incase of charge pump overtemperature shutdown detection bit is set to "1" AND charge pump is disabled
+ Incase of general IC overtemperature shutdown detection bit is set to "1" AND charge pump is disabled

9.4.2 Drain-source overvoltage monitoring

The drain-source voltage of each activated MOSFET is monitored to detect an overcurrent condition, for example
caused by a short circuit of SHx to VSCP or to GND. An overcurrent for the external MOSFET results in a drain-
source overvoltage, which is used for the failure detection.

VBridge
HSx drain-source monitoring
3 2 HLu
Blanking time
c Lsional HSx
on.tro slghal, Filtering tvps_riLt HS,X gate GH
settings, driver 5 X
diagnostics 4
/ HSx VDS sensing !
SHXx
X
LSx drain-source monitoring
Con.trol signal, Blanking time
settings, Sx
diagnostics Filtering tvps_rit LSx gate '
-z  » driver ?LX J E
LSx VDS sensing p
‘ 5 SL
]—0
>
Figure 24 Block diagram: Drain-source overvoltage monitoring

For HSx: a drain-source overvoltage event is detected if HSx is on after blanking time (typs_gLk OF typs_sLk_Fw) and

WoH - Vshx > Vbsov_th for t>typs_rii-

For LSx: a drain-source overvoltage event is detected if LSx is on after blanking time (typs_gLk Of typs_gLk_rw) and Vspy -
VsL>Vpsov_th for t>typs_pit-
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Figure 25 Drain-source overvoltage timing diagram

9.4.2.1 Drain-source blank time

Ablank time typs_ gLk / typs_sLk_rw is applied when an output stage receives the internal control signal to turn on the
external MOSFET. During typs gLk OF typs_gLk_rw the drain-source monitoring of the MOSFET is deactivated.

The blank time is intended to avoid a wrong detection of a drain-source overvoltage condition during the turn-on
phase of the MOSFETSs.

tvps_sLk is configured by the control bits for the active MOSFET in 16 steps.

tvps_sLk_rw iS configured by the control bits for the active MOSFET in 16 steps.

Nominal drain-source overvoltage blank time for the active MOSFET is typs_g k== 240 ns + 240 ns * [Register Setting]p
Nominal drain-source overvoltage blank time for the FW MOSFET is typs_gLk_rw == 240 ns + 240 ns * [Register Setting]p

9.4.2.2 Drain-source threshold and filter time

After typs_gLk has expired the drain-source monitoring is started. Following parameters can be configured for drain-
source monitoring:

«  Drain-source monitoring threshold: Vpsoy tH

«  Drain-source monitoring filter time: typs g7

Drain-source overvoltage thresholds (Vpsoy 11) is configurable for low-side and high-side output stages separately in
eight steps.

Table 21 Table drain-source overvoltage threshold

Setting options Drain - source overvoltage threshold for HSx and LSx
nominal VDSOV_TH

Setting 1 0.16V
(table continues...)
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Table 21 (continued) Table drain-source overvoltage threshold

Setting options Drain - source overvoltage threshold for HSx and LSx
nominal Vpsoy TH

Setting 2 0.21V (default)

Setting 3 0.25V

Setting 4 0.3V

Setting 5 0.35V

Setting 6 0.4V

Setting 7 0.5V

Setting 8 0.6V

Drain-source monitoring filter time typs_g 1 is configured by control bits in four steps.

Table 22 Settings of the drain-source monitoring filter time
Setting options Nominal typs it

Setting 1 0.5 ps

Setting 2 lys

Setting 3 2 ps (default)

Setting 4 3ps

9.4.2.3 Drain-source failure reaction

Failure reaction for drain-source monitoring is configurable via control bits. Following configuration possibilities are
available:

«  Setting 1: latched error 1 (LE1) - default

+  Setting 2: latched error 2 (LE2)

If a drain-source overvoltage event is detected on one of the MOSFETSs, then:

+  The status bit of the affected MOSFET is set

+ DEflagissetin global status byte

9.4.3 Phase feedback monitoring (PFB)

The device includes an internal phase feedback monitoring feature to check if the phase of the output stage has been
driven correctly.
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Figure 26 PFB monitoring timing diagram

Phase feedback monitoring is enabled by default and can be deactivated by a control bit.

In case PFB monitoring is enabled by the control bit, then PFB error reporting is disabled in case VDH undervoltage is
detected by the device. PFB error reporting is automatically re-enabled in case VDH undervoltage event disappears.

In case an output stage is turned on, a configurable PFB monitoring blanking time extension is started after drain-
source monitoring blanking time has elapsed. After the configurable PFB monitoring blanking time extension has
expired the phase comparator signals are controlled if the phase has been driven towards Vg or Vspn. Vsy and Vsyy
output are filtered with tpeg fiier- IN case the comparator feedback does not match to expected turn on output stage
then a phase feedback monitoring error is detected.

Failure reaction is configurable:

«  Setting 1 (default): latched error 1 (LE 1)

«  Setting 2: warning

In case phase feedback monitoring error is detected, a status bit is set.

For phase feedback monitoring the device offers a configurable phase feedback monitoring blanking time extension
after expiration of drain source voltage monitoring blanking time.

Phase feedback monitoring blanking time extension is configurable:
o Settlng 1 (default): 2X tVDS_FILT
L Sett|ng 2:4x tVDS_FlLT

The state of the SHx phases can be evaluated by the microcontroller at CSO pin of the device by redirecting the phase
feedback (PFBx) signal to CSA output pin. PFBx state depends on the fast comparator thresholds Vg and Vgpy:

+ PFBxissetto"0"in case Vgpy < VsuL

+ PFBxissetto"1"in case Vsuy > Vspn

« Incase Vgsyy > Vsy AND Vgpy < Vspp, then the previous detected state is shown at PFBx
XOR (PFBx) function changes its state with every change of one PFBx signal.

The PFBx signal redirected to CSO is the real time SHx monitoring by the fast comparator Vg, and Voyp.
The function of the CSO output pin configured by control bits as follows:

«  Setting 1 (default): Current sense amplifier function selected

«  Setting 2: PFB1 state redirected to CSO output pin

+  Setting 3: PFB2 state redirected to CSO output pin

«  Setting 4: Not used - CSO statically "low"

+  Setting 5: XOR of PFB1, PFB2 redirected to CSO output pin
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The device includes a counter to measure the PFBx "high" time. In case Vguy, > Vsyy, the counter starts to count until
Vsux < VsyL. The value for each phase is stored in status register. The clock frequency of the counter is fprg_cnT-

9.4.4 OFF-state diagnostic
In order to support the off-state diagnostic, the gate driver of each MOSFET provides pull-up and pull-down currents
at the SHx pins.

The pull-up current sources are active in case the charge pumps are active, half-bridge is enabled and OFF-state
diagnostics is enabled by a SPI control bit in normal operation mode.

Following failure can be detected:

«  Detection of open load conditions
«  SHxshorted to VBAT

+  SHxshorted to GND

The pull-down currents of each gate driver are activated by separate control bits. In case OFF-state diagnostics is
enabled by the control bit, the PWM input signals are ignored.

9.4.5 Current sense amplifier monitoring (CSA)

In the following sub-chapters, the monitoring functions of the current sense amplifier module are described:
+ CSAinternal supply undervoltage
+  CSAovercurrent detection

A simplified block diagram is shown in Figure 15. VIO pin is used as reference supply for the current sense amplifier.
VIO under- and overvoltage detection is described in Chapter 9.4.6.2.

9.4.5.1 CSA internal supply monitoring

The internal supply for the current sense amplifier is monitored. In case an undervoltage is detected at CSA supply
regulator then:

+  CSAmoduleis disabled

+  Associated status bit for supply undervoltage is set

Failure reaction for internal CSA supply monitoring is configurable:

«  Setting 1 - warning (W) (default): the device only reports the internal CSA supply undervoltage event (bit is set),
without any change of the gate driver state

«  Setting 2 - error (E): the device reports the internal CSA supply undervoltage event (bit is set), sets ERR_N pin
"low" without any change of the gate driver state

«  Setting 3 - latched error 1 (LE1): the device reports internal CSA supply undervoltage event (bit is set), sets ERR_N
pin to "low" and actively turns off all MOSFETs

9.4.5.2 CSA overcurrent detection

The device includes an CSA overcurrent detection feature. For unidirectional CSA configuration an overcurrent event
is detected if:

« CSOvoltage is above Vocry_unidir for t> toc_piur

For bidirectional CSA configuration an overcurrent event is detected if:

« CSOvoltage is above Vocry sidirn for t> toc pir OR

« CSOvoltageis below Vocry gigir, for t> toc_pir

Overcurrent filter time is configurable via control bits. The following table shows the available settings for overcurrent
filter time tOC_FILT:
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Table 23 Overcurrent filter settings

Setting options Overcurrent nominal filter time toc g7
Setting 1 3ps

Setting 2 6 ps (default)

Setting 3 10 ps

Setting 4 50 ps

The following table shows the selection of overcurrent threshold control bits depending on the configuration of
unidirectional or bidirectional CSA setting:

Table 24 Overcurrent threshold settings
CSA configuration / CSA OC threshold | Setting 1 Setting 2 Setting 3 Setting 4
unidirectional configuration 0.75 x W0 0.8 x W0 0.85 x W0 0.9 x W0
bidirectional High OC 0.75 x W0 0.8 x W0 0.85 x W0 0.9 x W0
configuration threshold

Low OC threshold | 0.25 x Vo 0.2 x W0 0.15x W0 0.1x W0

It is possible to program the device behavior when an overcurrent condition is detected:

+  Setting 1 (default) - latched error 1 (LE1): the device reports the overcurrent event (bit is set), sets ERR_N pin
to "low" and actively turns off all MOSFETs with static discharge current - the MOSFETSs can be reactivated by
clearing the error detection

«  Setting 2 - warning (W): the device only reports the overcurrent event (bit is set)

+  Setting 3 - error (E): the device only reports the overcurrent event (bit is set) AND ERR_N pin is set to "low",
without any change of the gate driver state

+  Setting 4 - latched error 1 (LE1) with PWM auto recovery: In case the overcurrent event has disappeared, the Gxx
output stages remain deactivated until a new turn-on signal on ILx / IHx_N input pin is applied.

9.4.5.3 CSA accuracy check function

The device offers a feature to check the OpAmp accuracy at CSO pin by the microcontroller. Therefore an internal
generated reference voltage Vcsa cain_acc is applied at the selected input pins CSIP and CSIN. This feature can be
enabled in normal operation mode or power-up mode for each CSA module separately by a control bit. The
differential voltage Vcsa_cain_acc is internally applied at selected CSIP / CSIN inputs of the selected CSA channel and
multiplied with configured gain setting. After tcsa_set, the microcontroller can check CSO voltage if it is in the
expected range.

9.4.6 Supply pin monitoring

The device monitors its supply pins for overvoltage and undervoltage detection. Following monitoring functions are
available at external supply pins:

+  VSCP supply monitoring

+ VIO supply monitoring

+  VCPH charge pump monitoring

+ VDH undervoltage detection
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Figure 27 Supply pin monitoring block

9.4.6.1 VSCP monitoring

The device monitors the voltage at the VSCP pin:

« Incase Wscp>Wscp ov sp for tyscp T @an overvoltage shutdown is detected and associated status bit is set. The
VSCP overvoltage shutdown failure behavior is fixed to latched error 1 (LE1)

« Incase Wscp <Wscp_uv_sp for tyscp_piir @an undervoltage shutdown is detected and associated status bit is set. The
VSCP undervoltage shutdown failure behavior is fixed to latched error 1 (LE1)

For both VSCP overvoltage and VSCP undervoltage detection additionally the charge pump is deactivated.

9.4.6.2 VIO supply monitoring

To assure a high level of system integrity, the bridge driver provides a VIO monitoring function. The VIO voltage is
monitored for under- and overvoltage.

« Anundervoltage event at pin VIO is detected if the microcontroller supply Vyio < Vyio_uy for t>tyio put

« Anovervoltage event at pin VIO is detected if the microcontroller supply Vy,0 > Vyio_ovfort>tyio fur

VIO undervoltage and overvoltage detection is configurable.

Table 25 VIO threshold configuration

VIO supply monitoring setting Nominal VIO undervoltage Nominal VIO overvoltage detection
detection threshold threshold

Setting 1: (default) Vg supply 2.94V 56V

functional range monitoring

Setting 2: 3.3V supply 2.94V 3.73V

Setting 3: 5V supply 4.4V 5.6V

(table continues...)
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Table 25 (continued) VIO threshold configuration

VIO supply monitoring setting Nominal VIO undervoltage Nominal VIO overvoltage detection
detection threshold threshold

Setting 4: V| supply functionalrange [2.94V 5.6V

monitoring

VIO undervoltage and overvoltage failure reaction is not configurable and fixed as latched error 1 (LE1).

In normal operation mode and power-up mode as long as VIO under- or overvoltage is present then:

+ Associated error detection bit for VIO under- or overvoltage is set

« SDO pinis set to tri-state

+  LE1failure reaction is triggered

In case of VIO undervoltage detection additionally all logic input pins are blocked.

The behavior of the CSA module during VIO undervoltage event is configurable. Following options are available:

«  Setting 1 (default) : CSA module is disabled in case of a VIO undervoltage event and remains disabled as long
as VIO undervoltage status bit is not cleared. Once the corresponding status bit is cleared, the CSA recovers
functionality as configured.

+  Setting 2: CSA module is disabled in case of a VIO undervoltage event and automatically restarts when the VIO
undervoltage event is not present anymore, independent of the corresponding status bit.

9.4.6.3 VCPH charge pump monitoring

To assure enough supply voltage to drive the output stages, the bridge driver provides a VCPH pin undervoltage
monitoring function. The differential voltage between pin VCPH and VSCP is monitored for undervoltage. An
undervoltage event at pin VCPH is detected in case Vycpp - Wscp < Wepn_uv for t> tycpy_uv-

The charge pump undervoltage detection threshold is configurable:

Table 26 VCPH undervoltage monitoring configuration

Parameter Symbol Nominal value | Unit Default Tolerance Note
VCPH WepH_uv 7.5 Vv 8.5V VvePH_uv_acc
undervoltage 8.5

threshold

Failure reaction of VCPH pin undervoltage detection is fixed to latched error 1 (LE1).

9.4.6.4 VDH undervoltage detection

The device includes a VDH undervoltage detection feature. The VDH undervoltage detection is enabled in power-up
mode and normal-operation mode.

AVDH undervoltage event is detected if the voltage at pin VDH is Wpy < Vypy_yy for for t> typy gyt
Failure reaction of VDH undervoltage detection is fixed to warning (W).

9.4.7 Internal IC supervision function

9.4.7.1 Internal clock monitoring

The internal clock frequency of the IC is monitored. Failure behavior is not configurable and set as latched error 1
(LE1).

Additionally an internal power-on reset is triggered. In case the internal clock recovers to normal operation, the
device recovers in power-up mode with all SPI register values to default values.

9.4.7.2 Internal digital core supply monitoring

The device includes monitoring function for the internal power supply - VREG.
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Internal VREG is required for the internal digital core.

In case an undervoltage is detected at VREG then:

«  power-on-reset occurs

« devicereinitializes the power-up sequence

«  after teore_up SPI commands are accepted while VIO within functional range
+ allregisters are reset to default values

« deviceisin power-up mode, internally forced safe state

9.4.8 Window watchdog

An integrated window watchdog supervises the integrity of the communication with microcontroller.

The watchdog period typper is configurable by control bits in the range from 2 ms to 256 ms. Window watchdog ratio
is fixed to 40% open window period and 60% locked window period.

t=0 t = 0.4 x twoper t = tworer

-

Open Window Locked Window

Watchdog Window Period

Figure 28 Window watchdog timing

After a power-on reset, in power-up mode by default the window watchdog is disabled. The micrcoontroller can
enable the feature by a SPI write command.

In case the window watchdog function is enabled the window watchdog failure reaction is configurable:

«  Setting 1 - (default) latched error 1 (LE1). DE flag is set in case error counter reaches the configured error counter
value. In case latched error is detected, additionally all half-bridges are disabled

+  Setting 2 - error (E): DE flag and corresponding status bit is set in case error counter reaches the configured error
counter value

9.4.8.1 Window watchdog configuration

The window watchdog period starts with an open window first. During open window the window watchdog can be
serviced. A correct SPI SDI frame write command to the window watchdog configuration register is a successful
servicing of the window watchdog.

Window watchdog period and watchdog failure counter is configurable via SPI by the microcontroller in power-up
mode and normal operation mode.

The window watchdog clock counter counts the internal clock cycles between two consecutive correct SPI window
watchdog serving commands. The window watchdog error counter counts failed or missed window watchdog serving
commands.

The result of the error counter and the clock counter is stored in SPI registers.

In case of correct window watchdog servicing, then:

+ Internal clock counter will be stored in associated register
+ Internal clock counter is restarted

«  Error counteris decremented by 1

+  Locked window is started

A check sum bit is part of the SPI command to trigger the watchdog and to set the watchdog setting. The sum of the
data bits in the window watchdog configuration register requires even parity. This is realized by either setting a
control bit to "0" or "1". If the check sum is wrong, then the SPI command is ignored, i.e. the watchdog is not triggered
or the settings are not changed and SPI error is signalized.
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In case window watchdog servicing fails, by servicing within locked window watchdog period OR a wrong SPI
command OR no SPI write command to window watchdog configuration has been sent during open window
watchdog period, then:

+  The window watchdog is restarted with an open window
«  Theerror counter is incremented by 2

+  The clock counter will continue counting until correct window watchdog servicing is performed. Maximum value
for window watchdog clock counter is written into the associated register

As soon as the first window watchdog service fails a status bit is set to "1". If the error counter reaches the configured
watchdog failure counter, then the configured failure behavior executed and an additional watchdog latched status
bit is set. Additionally any incorrect window watchdog servicing will set the global status device warning (DW) flag.
Any correct window watchdog servicing will reset the global status device warning (DW) flag, unless WDLE status bit is
set

Table 27 Configuration possibilities for window watchdog
Bit fields in window watchdog configuration register Description
Window watchdog period Setting 1: 2 ms

Setting 2: 4 ms

Setting 3: 8 ms

Setting 4: 16 ms

Setting 5:32 ms

Setting 6: 64 ms (default)
Setting 7: 128 ms
Setting 8: 256 ms

Window watchdog failure counter value Setting 1: 2

Setting 2: 4

Setting 3: 6

Setting 4: 8 (default)

Setting 5: 10

Setting 6: 12

Setting 7: 14

Setting 8: 15

The Window watchdog clock counter counts the internal clock cycles between two consecutive correct SPI window
watchdog serving commands.

For every valid window watchdog servicing command the window watchdog clock counter result is stored in a
register. The result is stored until the next valid window watchdog servicing.

The window watchdog clock counter is restarted if:
+  Acorrect window watchdog servicing is triggered OR
+  Watchdog latched error status bit is cleared by SPI command

9.4.9 PWM input pin monitoring

In bridge applications it has to be assured that the external complementary high-side and low-side MOSFETs are not
turned “on” at the same time, connecting directly the battery voltage to GND. Therefore the bridge driver includes
various PWM input pin features:

«  Shoot-through protection
«  Cross current protection
+ Input pattern violation reporting
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IHx_N OFF ON OFF ON
ILx ON OFF ON OFF
Cross current protection Cross current pratection Shoot-through Protection Cross current protection
» < < >
tccp tccp teep
GHx OFF ON OFF ON
GLx ON OFF ON OFF
Input Pattern Y »
p - ’ Cross current protection Cross current protection Shoot through
Violation violation detected violation detected violation detected
Assumption: Input pattern violation failure reaction configured as Warning and no Reset of failure detection by EN_BD or SPI Command

Figure 29 PWM input pin monitoring

9.4.9.1 Shoot-through protection

Shoot-through protection is active in normal operation mode for configured activated half-bridges.

The implemented locking mechanism (shoot through protection) avoids two complementary output stages Gxx of a
half-bridge to be turned on at the same time. In case one output stages is turned on, any turn-on signal (including
glitches) of the complementary output stage is blocked. Hence a short circuit of the bridge due to faulty input signals
or faulty input driving sequences cannot occur.

A violation of the shoot-through protection is detected if:

1) IHx_N is set to "low" for t > tstp g1, While ILx is already "high". A status bit for the affected half-bridge is set.
2) ILx is set to "high" for t > tsrp g, while IHX_N is already "low". A status bit for the affected half-bridge is set.
Failure reaction for shoot through protection is configurable:

«  Setting 1 (default): latched error 1 (LE1)

+ Setting 2: warning

Note: In case the half-bridge is deactivated, shoot-through protection is disabled and no error is detected.

9.4.9.2 Cross current protection

The bridge driver protects the external MOSFETSs of each half-bridge against cross-conduction. The cross current
protection time defines the time frame between one MOSFET is turned off and the complementary MOSFET of the half
bridge is turned on.

The cross current protection time is configurable for active MOSFET (tccp) and freewheeling MOSFET (tccp pw)
separately.

If IHX_N is set to "low" OR ILx is set to "high" in the duration of the other input's TCCP, to avoid the cross current the
device will switch on the corresponding MOSFET with a delay defined by cross-current protection time.

Note: The cross-conduction protection of the bridge driver is only able to increase the effective dead time between
the complementary control signals of one half-bridge (LSx ON, HSx ON) to the selected cross-conduction
protection time. If the dead time of the programmed control signals at IHx_N and ILx is already longer than
the configured cross-conduction protection time this feature has no effect.

Nominal cross-current protection time for active and free wheeling output stage is defined as:
«  teccp_pw = 240 ns + 240 ns * [Register Setting]p
+  tcep =240 ns + 240 ns * [Register Setting]p

The device offers the possibility to reduce the configured TCCP, TCCP_FW and togr timeout Value by factor 2 by a
dedicated control bit.
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9.4.9.3 Input pattern violation

A monitoring of the PWM input pins IHX_N & ILx has been integrated to check if the output pattern of the
microcontroller violates the cross current protection time of the bridge driver IC. Therefore the synchronized IHx_N
and ILx signals are compared and checked against the configured cross current protection time.

In case input pattern violation feature is enabled, a status bit for each half-bridge indicates if the affected input pin ILx
OR IHx_N violates the configured cross current protection time.

Input pattern violation monitoring feature can be disabled via SPI configuration:
«  Setting 1: enabled (default)

+  Setting 2: disabled

Failure behavior is configurable:

«  Setting 1: Latched error 1 (LE1) - default

+  Setting 2: Warning (W)

9.4.9.4 PWM alternation monitoring

The device includes a PWM alternation monitoring. While the corresponding half-bridge enabled, the device monitors
if PWM turn ON request is periodically alternating between HS and LS gate drivers of the same half-bridge. In case of
failure detection a status bit is set and configured failure reaction is triggered. Turn ON request is detected by device
at PWM input pins (ILx/IHx_N) for pulses t > tgync.

A PWM alternation monitoring failure is detected in case one PWM input pin of a half bridge receives four consecutive
turn ON requests, while on the complementary input pin no turn ON request has been detected.

The PWM alternation monitoring feature is by default deactivated and can be enabled by a control bit. Failure
behavior is configurable:

+  Setting 1: error (default)
+  Setting 2: warning

9.4.10 ERR_N pin stuck "high" detection

The digital output pin SDO is protected against short to GND or VIO supply. The error indication pin ERR_N is
protected against short to VIO supply. Furthermore a stuck "high" detection is implemented for ERR_N pin.
The ERR_N stuck "high" detection can detect a short circuit condition to supply:

In case ERR_N pin is detected as stuck "high", then:

+  ERR_N output pad is disabled

+  Status bit is set accordingly

«  Configured failure reaction is executed

1

Note: In order to detect a ERR_N stuck condition, the device has to pull ERR_N pin to "low".

ERR_N stuck "high" detection is enabled by default. Failure reaction is configurable:
«  Setting 1 (default): latched error 1 (LE 1)
+  Setting 2: warning (W)

ERR_N pin stuck "high" detection is only active in case ERR_N output stage is driven actively "low". A failure ERR_N
stuck "high" is detected in case Vggg N> Verrn_H-
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Table 28

Electrical characteristics (diagnostics)

Electrical characteristics - diagnostics

Block diagram: ERR_N pin stuck "high" detection

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Fault reaction and ERR_N pin
ERR_N output VERRN_LL - 0.6 1.0 Vv IERR_N =4.0mA P_DIAG_01_01
voltage active low
ERR_N fault tERRN_EXT 10 20 50 us - P_D'AG_O]._OZ
extension time
Propagationtime | tpen pp 5 10 12.5 ps Valid after any P_DIAG_01_03
enable driver transition from output
output stages after stage in passive
passive discharge discharge phase to at
phase least one gate driver in
active phase
Fault reaction time | tgrr 20 - 200 ns CERR_N_load < 100pF; P_DIAG_01_04
ERR_N pulled up to VIO
Overtemperature detection
Thermal warning Tiw_acc -10 - +10 °C Refer to Table 21 for P_DIAG_02_01
junction nominal Tjy
temperature
threshold accuracy
Thermal shutdown | Tjsp 175 185 195 °C rising edge P_DIAG_02_02
junction
temperature: IC
Thermal warning Tinvs 5 10 15 °C applicable P_DIAG_02_03
and thermal for Tjsp and Tjsp_cp
shutdown
hysteresis

(table continues...)
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Table 28

(continued) Electrical characteristics - diagnostics

infineon

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.

Thermal warning trspf 5 10 15 ps - P_DIAG_02_04

and thermal

shutdown filter

time

Thermal shutdown | Tjsp cp 185 195 205 °C rising edge P_DIAG_02_05

junction

temperature:

charge pump

Drain-Source monitoring threshold

Drain-source typs_ BLK_ACC -15 - +15 % Refer to Chapter P_DIAG_03_01

monitoring blank 9.4.2.1 for nominal

time accuracy tvps_BLK

Drain-source tvps_FILT_ACC -15 - +15 % Refer to Table 22 for P_DIAG_03_02

monitoring filter nominal typs fiir

time accuracy

Drain source Vbsov TH_AcC -20 - +20 % Refer to Table 21 for the | P_DIAG_03_03

overvoltage nominal value

threshold accuracy Vpsov_Th setting 1-2

Drain source Vbsov_ TH_Acc -15 +15 % Refer to Table 21 for the | P_DIAG_03_04

overvoltage _ nominal value

threshold accuracy Vpsov_Th setting 3-4

Drain source Vbsov TH_AcC -10 - +10 % Refer to Table 21 for the | P_DIAG_03_05

overvoltage nominal value

threshold accuracy Vpsov_TH Setting 5-8

Off state diagnostics

Pull-down IpDDiag 2.5 3.5 15.0 MA | Vopy> VoL +2V, P_DIAG_05_01

diagnosis current

Pull-up diagnosis | Ipypiag -0.8 -0.4 -0.3 mA | Vopy < Wscp P_DIAG_05_02

current

Pull-down Pull-up | Ipppiag//pupiag | 2-7 - - - - P_DIAG_05_03

diagnosis current
ratio

(table continues...)
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Table 28

(continued) Electrical characteristics - diagnostics

infineon

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Current sense amplifier monitoring
Overcurrent VocTH1_unidir -2.5% 0.75x |+2.5% |- CSA OC setting P_DIAG_06_01
thresholds VoctHa Unidir Wio configurable via SPI
unidirectional Voctsa unidi 0.80 x Unidirectional CSA
- Wio configuration
VocTHa_unidir
0.85x
Wio
0.90 x
Wio
High overcurrent VocTHi_BidirH -2.5% 0.75x |+2.5% |- CSA OC setting P_DIAG_06_02
thresholds VoctHa Bidir Wio configurable via SPI
bidirectional VOCTH3_BidirH 0.80 x Bidirectional CSA
- Wio configuration
VocTha_sidirH
0.85x
Wio
0.90 x
Wio
Low overcurrent VocTHi Bidirl -4% 0.25x |+4% - CSA OC setting P_DIAG_06_03
thresholds VoctHa Bidirl Wio configurable via SPI
bidirectional Vocrhs Bidi 0.20 X Bidirectional CSA
- 12 configuration
VocTha_gidirL vio g
0.15x
Wio
0.10 x
Wio
Overcurrentfilter | toc pit_acc -20 - +20 % Refer to Chapter P_DIAG_06_04
time accuracy 9.4.5.2 for nominal tigc
1)
CSA gain accuracy | Vesa GaIN_AcC 28 32 36 mV |- P_DIAG_06_05
test differential
voltage
Supply monitoring
VIO monitoring Viio_MON_acc -4 - +4 % Refer to Table 25 for P_DIAG_07_01
threshold accuracy nominal Vyjo_uy
and VVIO_OV threshold
VIO undervoltage Wio_uv_Hys 20 50 85 mv |- P_DIAG_07_02
monitoring
hysteresis

(table continues...)
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Table 28

(continued) Electrical characteristics - diagnostics

infineon

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
V10 overvoltage Wio_ov_Hvs 70 100 220 mV P_DIAG_07_03
monitoring -
hysteresis
VIO monitoring tvio_FiLT 20 25 30 ps - P_DIAG_07_04
filter time
VSCP undervoltage | Wscp uy 4 4,25 4.5 v - P_DIAG_07_05
threshold
VSCP undervoltage |Wscp uv Hys 50 150 400 mv |- P_DIAG_07_06
hysteresis
VSCP overvoltage VVSCP_OV_SD 315 33.25 35 \" - P_D|AG_07_O7
shutdown
threshold
VSCP overvoltage | Wscp_ ov sp_Hys |350 500 900 mV |- P_DIAG_07_08
shutdown
hysteresis
VSCP shutdown tuscp_FILT 20 30 40 ys - P_DIAG_07_09
filter time
VCPH undervoltage | Wcpn uv acc -0.5 - 0.5 v Refers to the nominal |P_DIAG_07_10
threshold accuracy values of the
programmable
parameter
WepH_uv see Table 26
VCPH undervoltage |tycpy sp 50 60 70 ps - P_DIAG_07_11
filter time
VDH undervoltage | Wpy uy -10% 5.0 +10% v falling edge P_DIAG_07_12
detection threshold PFB monitoring
deactivated
below VVDH_UV
VDH undervoltage | Wpn uv_Hy 0.2 0.4 0.6 v - P_DIAG_07_13
detection hysteresis
VDH undervoltage |typy Fit 8 10 12 us - P_DIAG_07_14
detection filter time
Phase feedback monitoring
PFBxto CSO delay | tprpx_cso delay |~ 125 150 ns PFBx mapped to CSO P_DIAG_08_01
pin
PFB counter ferB_CNT 3.45 3.75 4.05 MHz |Derived by internal P_DIAG_08_02

frequency

clock frequency

(table continues...)
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Table 28 (continued) Electrical characteristics - diagnostics

Vio=3.0Vto 5.5V, Wscp=8Vto 29V, T;=-40°C to +175°C; normal operating mode, power-up mode; all voltages with
respect to ground; positive current defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.

PFBoutput filter | tprg_fitter 420 600 780 ns |- P_DIAG_08_03
Internal IC supervision
Internal clock feLKint - 75 - MHz |- P_DIAG_09_01
frequency
Internal clock feLkint_acc -7.5 - +7.5 % related to fc kint P_DIAG_09_02
frequency accuracy
Watchdog
Watchdog period twDPER_ACC -15 - +15 % Refer to Table 27 for P_DIAG_10_01
accuracy nominal watchdog

period

PWM monitoring

Cross current teep -15% - +15% uSs tccp =250 ns+250nsx |[P_DIAG_11_01
protection time of register setting
active output stage

Cross current tcep Fw -15% - +15% us tcep_Fw =250 ns + 250 P_DIAG_11_02
protection time of ns x register setting
freewheeling
output stage

Shoot through tsTp_filt 400 500 600 ns - P_DIAG_11_03
protection
detection time

Output pin failure

ERR_N stuck VERRN_H - - 1.0 \Y - P_DlAG_12_03
detection threshold

Self-test

Self-test timeout tsT timeout 64 80 96 us After valid SPI P_DIAG_13_01

command reception to
execute self-test

1) troc refers to the output of the current sense amplifier. The settling time tsgr and the analog propagation delay are not taken into account
by the overcurrent filter time.
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10 Safe state

The safe state of the device is defined as turn OFF and keep OFF at least three Gxx-Sxx output stage pairs
Safe state is defined as:

«  The product turns off and keeps off three Gxx-Sxx pin pairs in all specified operation modes. (Disable gate driver,
Gxx-Sxx passive clamping enabled AND Gxx-GND passive discharge enabled)

In case safe state is entered in normal-operation mode or power-up mode due to an error detection configured as
latched error 1 (LE1), then following functions are available:

«  SPIcommunication is available as long as VW0 _ov> V1o > Vvio_uv AND no internal VREG regulator undervoltage
condition

« ERR_Nissetto "low"

«  Status bit for Safe state activation is set

« Incase of failure detection the dedicated status bit of each of the detected failures is set
+  Global status flagis set accordingly (OR function of all relevant internal detected failures)
+  Passive discharge Gxx to GND enabled

Following events trigger safe state entry:

« INH_Nsetto "low" in normal operation

+  Failure detected configured as latched error 1 (LE1)

+  SPIcommand to enter safe state

« Internal IC supervision error detection

+  Sleep mode

«  Power-up mode

« Wio<Wio_pors (digital core of device unsupplied)
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11 Application information
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Figure 32

Package outline drawing

To meet the world-wide customer requirements for environmentally friendly products and to be compliant with
government regulations, the device is available as a green product. Green products are RoHS-compliant (that is, Pb-
free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).
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Revision history

Revision Date of release | Description of changes
number
1.10 2026-05-26 Editorial changes

Updated chapter Features
Updated chapter Description

Updated in the chapter Supply in the subchapter Charge pump supply the
description related to the Three-stage charge pump configuration.

Updated parameters P_SUP_01_02, P_SUP_01_04, P_SUP_01_05,P_SUP_01_12,
P_SUP_01_13, P_SUP_01_14 and added new parameter P_SUP_01_15in the
table Supply

Added a footnote to the table Supply

Updated parameters P_GDRV_02_01, P_GDRV_02_02 and added new parameter
P_GDRV_02_06 in the table Gate Driver

Added a footnote to the table Gate Driver
1.00 2025-12-05 Datasheet available
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time without notice. Subject to the development and
release of a Product for series supply by Infineon, the
technical specifications of the Product are set forth in
the relevant datasheet provided by Infineon without
such marking.

The data contained in this document is exclusively
intended for technically qualified and skilled customer
representatives. It is the responsibility of the customer
to evaluate the suitability of the Product for the
intended application and the customer’s specific use
and to verify all relevant technical data contained in
this document in the intended application and the
customer’s specific use. The customer is responsible
for properly designing, programming, and testing the
functionality and safety of the intended application, as
well as complying with any legal requirements related
to its use.

Unless otherwise explicitly approved by Infineon,
Products may not be used in any application where a
failure of the Products or any consequences of the use
thereof can reasonably be expected to result in personal
injury.

However, the foregoing shall not prevent the
customer from using any Product in such fields
of use that Infineon has explicitly designed and
sold it for, provided that the overall responsibility
for the application lies with the customer. Infineon
expressly reserves the right to use its content for
commercial text and data mining (TDM) according
to applicable laws, e.g. Section 44b of the German
Copyright Act (UrhG). If the Product includes
security features:

Because no computing device can be absolutely
secure, and despite security measures implemented
in the Product, Infineon does not guarantee that
the Product will be free from intrusion, data theft
or loss, or other breaches (“Security Breaches”), and
Infineon shall have no liability arising out of any
Security Breaches.

If this document includes or references software:
The software is owned by Infineon under the
intellectual property laws and treaties of the United
States, Germany, and other countries worldwide. All
rights reserved. Therefore, you may use the software
only as provided in the software license agreement
accompanying the software.

If no software license agreement applies, Infineon
hereby grants you a personal, non-exclusive, non-
transferable license (without the right to sublicense)
under its intellectual property rights in the software
(a) for software provided in source code form, to
modify and reproduce the software solely for use
with Infineon hardware products, only internally
within your organization, and (b) to distribute the
software in binary code form externally to end users,
solely for use on Infineon hardware products. Any
other use, reproduction, modification, translation,
or compilation of the software is prohibited.

For further information on the Product, technology,
delivery terms and conditions, and prices, please
contact your nearest Infineon office or visit
www.infineon.com.


mailto:erratum@infineon.com
https://www.infineon.com
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