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SPOC™ Wire Guard

Features

+ High-side power switch with diagnosis and embedded protection

« Daisy chain capable 24 bit SPI with CRC

« Embedded 12t wire and system protection

+ Load shedding for power supply protection

+ Capacitive load switching mode

+ Low operating current (idle mode) for active supply during parking

+ 1S0O 26262 safety element out of context for safety requirements up to ASIL D

Potential applications

« Fail operational power supply

+ Fuse and relay replacementin 12 V power distribution
« ECU main switch

+ Load shedding for power supply protection

« Active supply during parking mode

Product validation

Qualified for automotive applications. Product validation according to AEC-Q100, Grade 1.

Description

The SPOC™ Wire Guard is a smart high-side power switch with SPI as digital interface. The device is suitable for applications

infineon
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Qualified

0 RoHS

ISO 26262
compliant

driving loads up to a nominal current of 34.5 A and supporting inrush currents. In addition to standard protection and standard
diagnosis functions, the device offers selectable overcurrent protection, selectable 12t protection, selectable undervoltage and
overvoltage lockout, idle mode, fail safe mode, limp home mode, and enhanced diagnosis via the digital interface.
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1 Product description

1

Product description

Basic features

High-side power switch with diagnosis and embedded protection

Daisy chain capable 24 bit SPI with CRC

3.3Vand 5V compatible logic pins

Low operating current (idle mode) for active supply during parking

Idle mode with indication pin for microcontroller wake-up

Capacitive load switching mode

Reverse ON for low power dissipation in reverse polarity

Switch-ON capability while inverse current condition (Inverse ON)
Non-volatile memory (NVM), to store default configuration settings
Optimized for high immunity against electromagnetic interference (EMI)

«  Green product (RoHS compliant)

Protection features

+  Configurable restart control

+  Absolute and dynamic temperature limitation

«  Overcurrent protection with selectable overcurrent threshold
+  Undervoltage shutdown

+  Configurable integrated 12t function for system protection
+ Configurable battery voltage dependent system protection
»  Overvoltage protection with external components
Diagnosis features

«  Proportional load current sense

+  Proportional Vg measurement

«  Proportional chip temperature measurement

« Openloadin ON and OFF state

+  Shortcircuit to ground and battery

+  Enhanced diagnosis feedback via digital interface
Functional safety features

+ IS0 26262 safety element out of context for safety requirements up to ASIL D
«  SPlinterface with error detection (CRC, invalid read/write address, and SCLK count error detection)

+ Communication watchdog

« Limp home mode and fail safe mode

+  Monitoring of input pin status (IN and LHI)
«  Current sense verification mode

infineon

Table1 Product summary

Parameter Symbol Values
Power supply voltage range for normal operation Vs(noR) 5Vto20V
Extended power supply voltage range for operation Vs(ex) 2.8Vto28V
Digital supply voltage range for normal operation Vbp(NOR) 24Vto55V
Maximum digital supply current consumption in normal operation Npp(NORMAL) 2.6 mA
Typical operating current in active mode (all power stages ON) leND(ACTIVE) 7.2mA
Typical operating current in idle mode (all power stages ON) lsnp(iDLE) 60 pA

(table continues...)

Datasheet 7

Rev. 1.10
2026-07-15



BTS80009-SWPF-1ES iﬁn eon

Datasheet

1 Product description

Table1 (continued) Product summary

Parameter Symbol Values

Junction temperature range for normal operation T5(NOR) -40°C to 150°C

Load dump voltage VBAT(LD) 35V

Typical thermal resistance junction-to-ambient Rih(sa) 20 K/W

Maximum ON-state resistance (T; = 150°C) Rbs(on)_150 1.85 mQ

Nominal load current (T, = 85°C) Inowm)_ss 345A

Typical overcurrent detection threshold range ILocT) 72At0209A
Datasheet 8 Rev. 1.10
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2 Block diagram and terms
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2 Block diagram and terms
2.1 Block diagram
VS VDD GND
N Power
< management Power stage —i >< ouT
12t
ocT
IRQ .
Logic1/O Dev'c.e Diagnosis
protection
LHI
SCLK
CSN
50 Digital System
S| interface protection
NVM
Figure 1 Block diagram
Datasheet 9 Rev. 1.10
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2 Block diagram and terms

2.2 Terms

The figure below shows all the terms used in this datasheet, with their associated conventions for positive values.
Voltages and currents are defined accordingly.

infineon
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3 Pin configuration
SCLK [T ]1 (@ RS .24 T ] OUTO
CSN[T]2 : §23:|:]OUTO
SO [1]3 :22[ 11 0OuUTOo
SICT]4 : 12111 0uTo
VDD [T]5 20 1] OUTO
GND [T7]6 : §19:|:]OUTO
INO CT]7 :18[ T_10UTO
LHI [1]8 : §17:|:]OUTO
ISI:[QE 16 1] OUTO
12t 110 11511 0UTO
IRQ CT]11: g 1411 0UTO
OCT [T 12 ------m-mmemeet 13| 1] OUTO
Figure 3 Pin configuration
Table 2 Pin definition
Pin Symbol 1/0 Function
EP VS - Power supply voltage
(exposed Battery voltage
pad)
1 SCLK [ Serial clock
Serial clock of SPl interface (active HIGH)
2 CSN I Chip select
Chip select of SPI interface (active LOW); integrated pull up to VDD
3 SO 0 Serial output
Serial output of SPI interface
4 Sl I Serialinput
Serial input of SPI interface
5 VDD - Digital supply voltage
6 GND - Ground
Ground connection for the internal logic
7 INO | Input
Digital signal to switch ON the power stage (active HIGH)
If not used: connect with Ry = 4.7 kQ resistor either to GND pin or to logic GND of
the module

(table continues...)

Datasheet
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3 Pin configuration

Table 2 (continued) Pin definition
Pin Symbol 1/0 Function
8 LHI I Limp home input

Digital signal to enter limp home mode (active HIGH)

If not used: connect with R, = 4.7 kQ resistor either to GND pin or to logic GND
of the module

9 IS 0] SENSE current output
Analog signal for diagnosis

If not used: leave open

10 12t I Selectable 12t protection curve

A resistor R|,; needs to be connected between 12t pin and GND pin to select one
of the available 12t protection curves

If not used: leave open. 12t protection curve selection as described in the 12t
protection chapter

11 IRQ 0 Interruption request open drain output

Digital signal to inform the microcontroller of idle mode, warning, error or
watchdog overflow (active HIGH)

If not used: connect with a 10 kQ resistor either to GND pin or to logic GND of
the module

12 OCT I Selectable overcurrent threshold

A resistor Ryt needs to be connected between OCT pin and GND pin to select
one of the available overcurrent thresholds

If not used: leave open. Threshold selection as described in the overcurrent
protection chapter

13-24 ouTo 0 Output
Protected high-side power stage output 0%

1) All output pins of the power stage have to be connected together on the PCB. All pins of the output are connected
together internally. PCB traces have to be designed to withstand the maximum current that can flow.

Datasheet 12 Rev. 1.10
2026-07-15
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4 General product characteristics

4 General product characteristics
4.1 Absolute maximum ratings
Table 3 Absolute maximum ratings
Ty=T)nor)
Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Supply pins
Power supply voltage Vs -0.3 - 28 - PRQ-522
Digital supply voltage Vob -0.3 - 5.5 - PRQ-546
Load dump voltage VBaT(LD) - - 35 Suppressed load dump PRQ-1410
acc. to 1S016750-2 (2012),
R=2Q
Power supply voltage VBaT(sc) 0 - 28 v Setup acc. to AEC- PRQ-524
for short circuit Q100-012
protection
Reverse polarity voltage | Vgar(rev) -18 - - v trey <5 min, Ty =25°C PRQ-525
Current through GND lonD -50 - 50 mA - PRQ-528
pin
Current through VDD ) -10 - 45 mA trey <5 min PRQ-586
pin
Digital Input (DI) pins: IN, LHI, CSN, SCLK, SI
Current through DI pin | Ip, -1 - 2 mA | PRQ-530
Current through DI pin - | Ipjrey) -1 - 10 mA trey < 5 min 2/ PRQ-531
reverse battery
condition
Analog Input (Al) pins: 12t, OCT
Current through Al pin |/, -2 - 2 mA |2 PRQ-532
Current through Al pin - | Iyrev) -2 - 0.1 mA | tgey<5min? PRQ-533
reverse battery
condition
Digital Output (DO) pins: SO, IRQ
Current through SO pin | /s -2 - 1 mA |3 PRQ-535
Current through SO pin - | Iso(rey) -10 - 1 mA trey < 5 min ¥ PRQ-536
reverse battery
condition
Voltage at IRQ pin Virg -0.3 - 5.5 Vv 3 PRQ-557
Current through IRQ pin | /jrg -1 - 2 mA |3 PRQ-555
(table continues...)
Datasheet 13 Rev. 1.10
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Table 3 (continued) Absolute maximum ratings

Ty=TymnoR)

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

Current through IRQ pin | /jrq(rev) -1 - 10 mA | trey<5min? PRQ-556

- reverse battery

condition

IS pin

Voltage at IS pin Vis -1.5 - Vs v - PRQ-537

Current through IS pin | /|5 -25 - 15 mA - PRQ-538

Temperatures

Junction temperature | T, -40 - 150 °C - PRQ-539

Storage temperature Tst6 -55 - 150 °C - PRQ-540

ESD robustness

ESD robustness all pins | Vesp_ngu1 -2 - 2 kv 4 PRQ-541

(HBM)

ESD robustness OUT vs | Vesp Hem2 -4 - 4 kv 4) PRQ-542

GND and VS connected

(HBM)

ESD robustness all pins | Vesp cpm1 -500 |- 500 Vv %) PRQ-543

(CDM)

ESD robustness corner | Vesp cpmz -750 - 750 Vv %) PRQ-544

pins (CDM)

Power stage

Maximum energy Eps - - 380 mJ IL=2" I Nnowm) 85> Ty(0) = PRQ-1411

dissipation - single 150°C, Vg =28V

pulse

Maximum energy Enr - - 137 mJ I.= I (nom)_ss> Ty(0)=85°C, | PRQ-1412

dissipation - repetitive Vs=13.5V, 1M cycles

pulse

Current through output IOUT 'IL(HOCT - /L(HOCT_ A TJ < TJ(ABS)’ (TJ - TJ(O)) <60 K| PRQ-548

pins _H),Max H),Max

1) Maximum Vp, to be considered for latch-up tests: 5.5V

2) Maximum Vy, to be considered for latch-up tests: 5.5V

3) Maximum Vpg to be considered for latch-up tests: 5.5V

4) Human body model (HBM) robustness according to AEC-Q100-002

5) Charged device model (CDM) robustness according to AEC-Q100-011 Rev-D; voltage level refers to test condition (TC) mentioned in the

standard

Datasheet
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4 General product characteristics

Notes:

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

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

datasheet. Fault conditions are considered as outside the normal operating range. Protection functions are not
designed for continuous repetitive operation.

4.2 Functional range

Table 4 Functional range

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

Power supply voltage Vs(nor) 5 13.5 20 v - PRQ-549

range for normal

operation

Lower extended power | Vsexrow) 2.8 - 5 v (Parameter deviations PRQ-550

supply voltage range for possible) 23

operation

Upper extended power | Vsextup) 20 - 28 v t<1h (Parameter PRQ-551

supply voltage range for deviations possible) 2

operation

Digital supply voltage Vbo(NoR) 2.4 - 5.5 v - PRQ-553

range for normal

operation

Junction temperature | TjyoR) -40 25 150 °C - PRQ-552

range for normal

operation

1) If the Vs voltage decreases: Vs(exr,Low),min = 2.8 V. If the Vs voltage increases: VexrLow)min = 4.1 V.

2) Protection functions continue to operate.
3) For Vs < Vguyy)_n no ADC related functions are available. For |12t protection a load current of [, =0 Ais used.

Note: Within the functional or operating range, the IC operates as described in the circuit description. The
electrical characteristics are specified within the conditions given in the Electrical characteristics tables.

Datasheet 15 Rev. 1.10
2026-07-15
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4.3 Thermal resistance

Table 5 Thermal resistance

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

Thermal irop = 0.8 1.3 K/w | Y PRQ-650

characterization

parameter junction-to-

top

Thermal resistance Rihic - 0.6 0.9 K/w | ¥ PRQ-651

junction-to-case

Thermal resistance Riha - 20 - Kw |V PRQ-652

junction-to-ambient

1) 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 2 inner copper layers (2 x 70 um Cu, 2 x 35 pm Cu). Where applicable a thermal via array under the exposed

pad contacted the first inner copper layer. Simulation done at T, = 105 °C, Ppssipation = 1 W

4.3.1 PCB setup
y 70 um modeled (traces, cooling area)
IS
1S
©
—
A 4
Figure 4 1s0p PCB cross section
4 1 70 um modeled (traces)
<
g 35 pm, 90% metalization*
= 35 pm, 90% metalization*
<
\ A 70 pm, 5% metalization*
0.25mm<A<0.5mm *: percentual Cu metalization on each layer
Figure 5 2s2p PCB cross section
Datasheet 16 Rev. 1.10
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4 General product characteristics

o —

1 | | |
JEDEC PCB JEDEC PCB
1s0p + 600 mm? cooling

2s2p / 1s0p footprint

Figure 6 PCB Setup for thermal simulations

Figure 7 Thermal vias on PCB for 2s2p PCB setup

4.3.2 Thermal impedance

BTS80009-SWPx-1ES

100

) /F

e
=3
=
i "o
N
0,1 /
252D
——150p - 600 mm?
1s0p - 300 mm?
——1s0p - footprint
0,01
0,0001 0,001 0,01 1 10 100 1000
Time (s)
Figure 8 Typical thermal impedance
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Figure 9 Typical thermal resistance on 1s0p PCB with various cooling surfaces
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5 Logicl/O
The device has 6 digital pins to configure and control the device. Additionally, there are 2 analog input pins for either

selecting a predefined 12t protection curve or selecting the overcurrent threshold. Furthermore, one open drain
output pin is available for additional status reporting and interruption requests.

5.1 Digital /O pins

The digital input circuitry is compatible with 3.3V and 5 V microcontrollers. The logic thresholds for LOW and HIGH
states are defined by the parameters Vpry) and Vpys). The relationship between these two values is shown in the
figure below. The voltage Vp, needed to ensure a HIGH state is always higher than the voltage needed to ensure a LOW
state.

Vo 4
Vbi(TH),MAX
Voi(tH)
VoiHys)
Voi(tH),MIN
t
Digital
status T ‘ 0 X 1 X 0 ‘
t
Figure 10 Digital input threshold voltages and hysteresis
5.1.1 Input pin (IN)

The IN pin sets the IN status which is further used by the power stage control logic. The simplified circuitry of the
input structure is shown in the figure below.

XVS

IN
E@ L2 L2 L2 ﬂ— IN status ZX Vs(cLamp)
ESD
Ioi(pp) l

ESD

v
GND
v

Voi(cLamp)

Figure 11 Input pin circuitry
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To achieve a very low current consumption in idle mode, the device is not sensitive to the IN pin in idle mode. This
allows the microcontroller to switch the GPIO controlling the IN pin into high impedance, while keeping the state of
the input status unchanged.

The logic level of the input pin can be monitored via the input status monitoring. If there is a HIGH level on the input
pin, the dedicated bit is set until the next readout of the dedicated register.

5.1.2 SPI pins

The serial peripheral interface (SPI) is a full-duplex synchronous serial slave interface, which uses four lines: SO, SI,
SCLK and CSN.

5.1.3 Limp home input pin (LHI)

To enter the limp home mode, the device features a limp home input pin. The simplified circuitry of the LHI structure
is shown in the figure below.

D4

VS

LHI
5 ] 7 alr
ESD

IDI(PD)l

ESD

Vimiiciame)

Viw

Figure 12 LHI pin circuitry

5.1.4 Interruption request pin (IRQ)

The Interruption request pin (IRQ) is an open drain output that reports the status of:
+ Idle mode

+  Errorflags

+  Protection flags

+  Warning flags

+  Watchdog

To minimize the current consumption in the low power modes, the IRQ pin is set there to high impedance. Once the
appropriate low power mode is left, the IRQ pin is pulled down and follows the dedicated functions.

Additionally, the IRQ pin is in high impedance when the device is in NVM mode. Once the NVM mode is left, the IRQ pin
is pulled down and follows the dedicated functions.
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Logic Supply
€ AN

@VS

E@I - ' ZX Vs(cLame)

Vira(came)

GND

Rano

Figure 13 IRQ pin circuitry

The IRQ pin is supplied by both Vs and Vpp. The pin remains functional as long as at least one supply voltage is above
its respective undervoltage threshold (Vsyy) or Vpp(uy))-

5.2 Analog I/0 pins

5.2.1 12t selection pin (12t)

The 12t selection pin (I12t) is used to select one of the available 12t protection curves by connecting a resistor
R\t between the 12t pin and the GND pin.
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Figure 14 12t selection pin circuitry
5.2.2 Overcurrent threshold selection pin (OCT)

The overcurrent threshold (OCT) selection pin is used to select one of the available overcurrent thresholds by
connecting a resistor Rgct between the OCT pin and the GND pin.

EVS
e |
L |
l/mm)
- . Resistor | lLOCTH)
D ’ decoder ZX Voo
ZXESD
Vai(cLamp)
Eé]

GND

Figure 15 OCT selection pin circuitry
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5.3 Electrical characteristics - logic pins
Table 6 Electrical characteristics - logic pins

Vs =Vsnor)> Ty = TyNoR)

Typical values (unless otherwise specified): Vs = Vsnoryrves Ty = Tynor)TvP

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

Digital input (DI) pins: IN, LHI, CSN, SCLK, SI

Digital input clamping | VincLampy) - 7.6 - v Ipi=1mA PRQ-694

voltage of pin IN

Digital input clamping | VincLamp2) 7.1 8.1 9.1 v Ipi=2 mA PRQ-695

voltage of pin IN

Digital input clamping | ViyicLampi) - 7.6 - v Ipi=1mA PRQ-1416

voltage of pin LHI

D|g|tal input Clamping VLHl(CLAMPZ) 7.1 8.1 9.1 Vv IDl =2mA PRQ'1417

voltage of pin LHI

Digital input clamping | Vesn(cLampi) - 7 - v Ipj=1mA PRQ-702

voltage of pin CSN

Digital input clamping | Vesniciampz) |65 7.5 8.5 v Ipi=2 mA PRQ-703

voltage of pin CSN

Digital input clamping | Vscik(cLampy) | = 7 - v Ipi=1mA PRQ-704

voltage of pin SCLK

Digital input clamping | Vscik(cLampz) | 6.5 7.5 8.5 v Ipi=2 mA PRQ-705

voltage of pin SCLK

Digital input clamping | Vs cLampy) - 7 - v Ipi=1mA PRQ-706

voltage of pin SI

Digital input clamping | VsjcLampa) 6.5 7.5 8.5 v Ipi=2 mA PRQ-707

voltage of pin SI

Digital input voltage Vbi(th) 0.8 1.3 1.8 v - PRQ-693

threshold

Digital input hysteresis | Vpjys) - 0.25 - v - PRQ-696

Dlgltal input pU“ down /DI(PD) 2 10 25 MA VDI(TH),MIN <Vp<5.5V,CSN |PRQ-698

current pin excluded

Dlgltal input pU“ up /CSN(PU) -25 -10 -2 UA (DAVAS VCSN < VDI(TH),MAX PRQ-712

current of pin CSN

Digital Output (DO) pins: IRQ, SO

Digital output clamping | Virg(cLamp1) - 6 - % IRQ pin is high impedance, | PRQ-720

voltage of pin IRQ lirg=1mA

Digital output clamping | Virg(cLamp2) 5.7 6.7 1.7 v IRQ pin is high impedance, |PRQ-721

voltage of pin IRQ lirg =2 mA

(table continues...)
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Table 6 (continued) Electrical characteristics - logic pins

Vs =Vsinor) Ty = TynoRr)
Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TYP

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

Digital output voltage Vira(L) - - 0.35 v lirg=0.5mA PRQ-1386

(LOW) of pin IRQ

Digital output voltage Vsow) - - 0.35 v Iso=-0.5mA PRQ-717

(LOW) of pin SO

Digital output voltage | Vso) Vob- |- Vob \Y lso<0.5mA PRQ-718

(HIGH) of pin SO 0.5

Output tristate leakage | /jrq(oFr) -1.5 - 1.5 PA Virg=5.5V PRQ-1387

current of pin IRQ

Output tristate leakage |/so(oFr) -1 - 1 pA Vesn = Vop, Vso=0VorVesy | PRQ-719

current of pin SO =Vbps Vs0=Vop

Analog Input (Al) pins: 12t, OCT

Analoginput clamping | VacLamp) 1.5 - 4.5 v Vsrev) = Vs <0V, t<5min, |PRQ-723
voltage In=-2mA

Analoginput reference |/ rer) 20 25 30 bA - PRQ-724
current
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6 Power management

The device is supplied by two supply voltages:

+  Power supply voltage (Vs)

+ Digital supply voltage (Vpp)

The supply line of the Vs is connected to a battery feed and used for the driving circuitry of the power stage. Vpp is
used for the logic of the digital interface and for driving the SO pin.

6.1 Operation modes and transitions

The behavior of the device and the availability of functions, are dependent on the mode in which the device is. This
operation modes and the transitions between them are illustrated in the following chapter.

6.1.1 Operation modes

The device has the following operation modes which are reflected in the state diagram, as shown in the figure below.
+  Power-up mode

+  Sleep mode

« Inactive mode

+ Active mode

« Limphome mode

+ Fail safe mode

« Idle mode

«  NVMmode
Low power modes RN |Safe modes
I Unsupplied !
“""UN‘I;U “““ |
le—pustri |
Sleep I Power-up ruii—1
SLP_PU—p
) T eulma |
Idle |
IDL_ACT IDL‘_LH ! Limp home
|
LH_ACT—
| | .active |
ACT_IDL ACT‘,LH INA_SLP :
- - - | LH_INA
. [€—INA_ACT— .
Active Inactive I
——ACT_INA—p 7INA_LH<|7
T T FS_LH
.CLS INA_NVM INA_FST s A )
, Fail safe
ACT_FS
I —Fs acT
| | .active |
Normal operation modes |
NVM_ACT M_I_NA
(. |
NVM —NVM_LH !
NVM mode |
Figure 16 Operation modes - state diagram
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6.1.1.1 Unsupplied

The device is in this mode if it is completely unsupplied (no voltage applied neither to the VS pin nor to the VDD pin).
Unsupplied mode is left as soon as one of the supply voltages (Vpp or Vs) increases above its minimum operating
voltage (Vs(op) Or Vpp(op))- In this mode, the device supports no functionality beside the overvoltage protection
mechanism.

6.1.1.2 Power-up mode

Power-up mode is entered whenever the device is woken up (via CSN or LHI) or a rising edge on V5 occurs, which
means also after a power supply undervoltage event.

During power-up mode, the default values are loaded to the registers within tpy.

Although VDD is not mandatory for the read-out of default values, Vs needs to be above the power-up voltage (Vspy)).

If, during the read-out procedure, Vs drops below or is equal to Vspy), the read-out process is aborted. Once the
voltage is above Vs(py) again, the read-out is restarted.

If Vop > Vop(op), the digital interface is available after the wake-up time tyy(spy), for read operations only. The only
accepted write command is the mode selection command, which leads the device to leave power-up mode. The first
response on the digital interface is the first communication frame.

Furthermore, the IRQ pin is in high impedance when the device is in power-up mode.

While the device is in power-up mode, a timeout counter is active. If no condition for a state transition is fulfilled
before the counter exceeds tpy(HoLp), the device goes back to sleep mode.

The power-up mode can be left after tp to one of the following modes:

«  Sleep mode: if the timeout counter reaches tpy(HoLp)

« Limp home mode: if the LHI pin is HIGH

« Inactive mode: if the "normal operation modes" are requested via the mode selection command
+ Idle mode: if the idle request information is retained after a power supply undervoltage event

6.1.1.3 Sleep mode

The sleep mode is entered either from power-up mode, or from one of the normal operation modes (if the conditions
for entering sleep mode are fulfilled).

The conditions for entering sleep mode are:

«  Mode selection is set to sleep mode

«  The §jytis below the 12t status based on /y ¢ )

+  Power stage control = LOW (via digital interface and IN pin)

«  Power stage is OFF

+  No protection error is present, with latched-OFF power stage

« LHI=LOW

As long as the device is in sleep mode, the digital interface is deactivated and the IRQ pin is in high impedance.

However, the device can be woken up from sleep mode either via a rising edge on the CSN pin (in case Vpp > Vpp(op)) Or
setting the LHI pin to HIGH. After any wake up signal is received, the device will go into the power-up mode.

The current consumption is reduced to the minimum (see parameters lyg(s gep) and hpp(steep))-

6.1.1.4 Inactive mode

The device is in inactive mode when the power stage is disabled via the power stage control, the mode selection is set
to "normal operation modes", and the LHI pin is LOW.

As the digital interface is available, the device can be configured and controlled via the intended registers.

6.1.1.5 Active mode

The device is in active mode when the power stage is enabled via the power stage control, the mode selection is set to
"normal operation modes" and the LHI pin is set to LOW.
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The availability of diagnosis functions and protection mechanisms within the active mode and its sub-mode are
described in Chapter 6.1.3.

To enable the charging of capacitive loads, the active mode provides a sub-mode called capacitive load switching
mode (CLS mode).

The active.CLS mode is entered when the power stage control is set to HIGH while the corresponding bit is set (by
default the bit is not set).

Transitioning from the CLS sub-mode to its active mode (active mode, limp home active mode, or fail safe active
mode) can be requested by disabling the CLS mode or happens automatically when the device is in Rps(oy). This is
indicated via the digital interface.

6.1.1.6 Limp home mode

The device enters limp home mode when the LHI pin is set to HIGH for t > t yjj(ac)-

Once the LHI pin is set to HIGH for a time longer than t 1gr(LHi), the corresponding LHI bit in the communication
diagnosis register is set to 1g. This information is stored in this bit until the read-out of the communication diagnosis
register by the microcontroller. For more information, refer to the figure below.

When the device enters limp home mode, the SPI registers are reset to their default values (as described in Chapter
11), and the SPI registers are available for read access only.

Vour

IN

tLHI(AC) tLHI(AC) tLHI(AC)
> ——>

< >
< >

tLHI(FILTER) tLHI(FILTER)

o N t
>

COMI:')IAG T ‘ 8 - 1 O‘ 1 0 ‘

Read Read Read
COMDIAG COMDIAG COMDIAG t

SPlcomm. read / write read-only read / write ‘

SPI register

‘ available protected available ‘

Device mode Active Limp home inactive Limp home active Active ‘

SPI register
reset t

Figure 17 Limp home mode activation diagram

Depending on the IN pin, the device changes between two different limp home sub-modes:

+  Limp home inactive: this sub-mode is entered when the power stage control = LOW

+ Limp home active: this sub-mode is entered when the power stage control = HIGH

«  Similarly to the active mode in normal operation, the limp home active mode also provides the CLS sub-mode.

This can be enabled by changing the default value of the CLS bit accordingly via NVM programming, as described
in Chapter 12

Once the LHI pin is released and LHI = LOW for a time longer than t|y(ac), the limp home mode is left to one of the
normal operation modes (inactive mode or active mode), depending on the IN pin. The transition to the normal
operation mode is performed even when the mode selection is reset to its default value (mode selection = sleep
mode).

As soon as the device is back to one of the normal operation modes, the sleep request is set and the transition to
sleep is performed as soon as all sleep conditions are fulfilled, as described in Chapter 6.1.1.3.
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6.1.1.7 Fail safe mode

The device enters fail safe mode as soon as one of the following conditions is fulfilled:
+ Anoverflow of the communication watchdog
«  Vpp=Vppy) for a time longer than the fail safe mode filter time tg regrs)

The behavior of the power stage control in fail safe mode can be configured via the digital interface. This
configuration updates also the output control bit when fail safe mode is entered, as described in the table below.

Table 7 Power stage control in fail safe mode
Power stage control in fail safe Power stage control Output control bit
mode
00g Power stage control = LOW 0g
01 Power stage control = "last state" Op if power stage was OFF
1 if power stage was ON
10g Power stage control = "last state" Og if power stage was OFF
1 if power stage was ON
11 Power stage control = HIGH 15

Besides the updated output control bit, the SPI registers stay unchanged and are available for read access only. The
only accepted write command is the leave fail safe command.

Depending on the configuration bits for the power stage control in fail safe mode, the device changes between two
different fail safe sub-modes:

+  Fail safe.inactive: this sub-mode is entered when the power stage control is LOW, due to the configuration bits of
the power stage control in fail safe mode.

+  Fail safe.active: this sub-mode is entered when the power stage control is HIGH, due to the configuration bits of
the power stage control in fail safe mode.

+  Similarly to the active mode in normal operation, fail safe active mode also provides the CLS sub-mode. The
enter and exit conditions are described in Chapter 6.1.1.5.

To support a defined state of the power stage, the input control logic is set to "OR-combination", when the fail safe
mode is entered.

To be robust against transient disturbances, the IN pin is ignored in fail safe mode.

The fail safe mode can be left to normal operation mode via the digital interface using the leave fail safe command or
to limp home mode via the LHI pin.

When the fail safe mode is left to one of the normal operation modes, the latest state of the power stage control
during fail safe mode is kept.

6.1.1.8 Idle mode
The idle mode is the low current consumption mode of the device. The current consumption is reduced to lgnp(ipLE)s
while keeping the power stage active.

When the device is in active mode, the idle mode entry can be requested by setting the mode selection to "idle
mode". After this request, the idle mode will be entered as soon as all the following entry conditions are fulfilled:

+  Power stage control = HIGH

+ Load current level is below /| p.e_enTry) @nd stays below / ipie_gxim)
«  The Sjyis below the 12t status based on /y 5

+ Nodevice protection or system protection has been triggered

+ LHIpinissettoLOW

* >l on)

« Vs<Vscr)
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As long as the idle mode is requested, the IN pin is ignored and the power stage cannot be disabled via the power
stage control signal. To reduce the current consumption to a minimum, the system protection and the diagnosis
features are not available during idle mode.

The configuration registers are reset when idle mode is entered, with the exceptions of the power stage control signal,
the idle mode request flag, and the OCT setting. The data relating to the exceptions is stored and is available, as soon
as the device transitions from idle mode to active mode.

The device leaves idle mode either if one of the idle mode entry conditions is violated (except the condition Vg <
Vs(ocT)) or if a mode transition is requested on the digital interface.

The mode transition can be requested with two dedicated commands. A rising edge on the CSN pin wakes up the
device. After the tyy(sp)), @ mode transition has to be requested within tpy oL p), by setting the mode selection to
"normal operation modes". Once the mode transition has been requested, the device moves to active mode within
tpy. As the device configuration is not stored in idle mode, the configuration registers are set to default values. If
needed they have to be re-configured as soon as the device is back in active mode.

The device indicates via the IRQ pin when it enters or exits the idle mode.

Once the idle mode is left, the power supply voltage has to stay above Vgpy for at least tp. Otherwise, the power
stage is switched OFF until the power-up is performed accordingly with Vs > Vsp), which enables the digital
measurements and their related system protection mechanisms.

6.1.1.9 NVM mode

To provide the configuration of the default values for the registers, the device offers the NVM mode. For more
information on configurability, refer to Chapter 12.

Entering NVM mode can be requested by sending the select NVM mode command via the digital interface while the
device is in inactive mode. In any other operation mode, the transition to NVM mode is declined.

When the device is in NVM mode, the communication watchdog is paused.

Due to the current consumption required while the device is writing to the non-volatile memory, the overall operating
current is optimized to Ignpnvm), by deactivating protection and diagnosis features as described in Table 9 and Table
8.

To support this, the power stage cannot be enabled within NVM mode.

NVM mode can be left after the NVM write process has finished, by requesting NVM leave via the digital interface. Once
the leave command is requested, the complete NVM content is loaded to the dedicated register within tp;; and the
NVM mode is left to one of the normal operation modes (inactive mode or active mode), depending on the power
stage control signal.

When the LHI pin is set to HIGH for t > t|yac), the NVM mode is left to limp home mode, once any ongoing write to
NVM command is completed.

After the transition back to one of the normal operation modes, the configuration registers have to be re-configured if
needed.

6.1.2 Transitions

To move from one operation mode to another, the following transitions can be performed in dependency on the
described transition conditions:

Name Start mode End mode Transition condition

PU_SLP Power-up Sleep Automaticin case no
communication via digital
interface within tpy(HoLp)

PU_LH Power-up Limp home Default values loaded and
LHI=HIGH fort> tLHI(AC)

PU_INA Power-up Inactive Default values loaded and
mode selection = "normal
mode"
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Name Start mode End mode Transition condition

SLP_PU Sleep Power-up Rising edge on: CSN pin
above Vcgy(rh) or LHI pin
above Vp(rh) or Vs above
Vs(op)

INA_SLP Inactive Sleep Mode selection = "sleep
mode" and all sleep entry
conditions fulfilled

INA_ACT Inactive Active Power stage control = HIGH

INA_LH Inactive Limp home LHI = HIGH for t > t| yy(ac)

INA_FS Inactive Fail safe Watchdog overflow or Vpp <
Vop(uv) for t> triter(rs) With
mode selection = "normal
mode"

INA_NVM Inactive NVM NVM mode selected

ACT_INA Active Inactive Power stage control = LOW

ACT_IDL Active Idle Mode selection ="idle
mode" and idle entry
conditions fulfilled

ACT_LH Active Limp home LHI = HIGH for t > t| yy(ac)

ACT_FS Active Fail safe Watchdog overflow or Vpp <
Vbp(uv) for t > triter(es)

LH_INA Limp home Inactive LHI = LOW for t > t| jy(ac)
with power stage control =
LOW

LH_ACT Limp home Active LHI=LOW for t > t; yy(ac)
with power stage control =
HIGH

FS_INA Fail safe Inactive Valid leave fail safe
command via digital
interface with power stage
control = LOW

FS_ACT Fail safe Active Valid leave fail safe
command via digital
interface with power stage
control = HIGH

FS_LH Fail safe Limp home LHI = HIGH for t > t| yy(ac)

IDL_ACT Idle Active Idle entry condition
violated

IDL_LH Idle Limp home LHI = HIGH for t > t| yy(ac)
and default values loaded

NVM_INA NVM Inactive NVM mode selection
released with power stage
control = LOW
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Name Start mode End mode Transition condition

NVM_ACT NVM Active NVM mode selection
released with power stage
control = HIGH

NVM_LH NVM Limp home LHI = HIGH for t >t yy(ac)
and no read/write NVM
ongoing
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6.1.3

Availability of protection and diagnosis functions

The availability of protection mechanisms and diagnosis functions of the device depends on the operation mode in
which the device is. A detailed overview is shown in the tables below.

Table 8 Mode vs. protection overview
Mode Sub-mode | Overvolta | Overcurre | Overtemp Vs VS Vs 12t
ge nt erature | undervolt | undervolt | overvoltag | protection
protection | protection | protection age age e lockout
protection | lockout
Unsupplied |- Available Not Not Not Not Not Not
available available available available available available
Power-up |- Available Not Not Not Not Not Not
available available available available available available
Sleep - Available Not Not Not Not Not Not
available available available available available available
Inactive - Available Not Available | Available | Available* | Available* | Available*
available
Active - Available | Available | Available | Available | Available | Available | Available
CLS Available | Available | Available | Available | Available | Available | Available
(with I oc)
as input)
Limp Home | Inactive Available Not Available | Available | Available* Not Available*
available available
Active Available | Available | Available | Available | Available Not Available
available
Fail Safe Inactive Available Not Available | Available | Available* | Available* | Available*
available
Active Available | Available | Available | Available | Available | Available | Available
Idle** - Available | Available Not Available Not Not Not
available available available available
NVM - Available Not Available | Available Not Not Not
available available available available
* Switch-ON is avoided
** Limited to self-protection as described in the idle mode chapter
Table 9 Mode vs. diagnosis overview
Mode Sub-mode | Analog Digital Vps Vs Temperatu | 12t status | Self check
current current | measurem | measurem re
sense sense ent ent measurem
ent
Unsupplied |- Not Not Not Not Not Not Not
available available available available available available available
(table continues...)
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Table 9 (continued) Mode vs. diagnosis overview
Mode Sub-mode | Analog Digital Vps Vs Temperatu | 12t status | Self check
current current | measurem | measurem re
sense sense ent ent measurem
ent
Power-up |- Not Not Not Not Not Not Not
available available available available available available available
Sleep - Not Not Not Not Not Not Not
available available available available available | available** | available
Inactive - Not Not Available | Available | Available | Available | Available
available available
Active - Available | Available | Available | Available | Available | Available | Available
(if current
sense
enabled)
CLS Not Not Available | Available | Available | Available Not
available available (simulated available
with / (ocT))
Limp Home | Inactive Not Not Available* | Available* | Available* | Available* Not
available available available
Active According | Available* | Available* | Available* | Available* | Available* Not
to default available
of analog
current
sense
multiplexer
Fail Safe Inactive Not Not Available* | Available* | Available* | Available* Not
available available available
Active Available | Available* | Available* | Available* | Available* | Available* Not
sense
enabled)
Idle - Not Not Not Not Not Not Not
available available available available available | available** | available
NVM - Not Not Not Not Not Available Not
available available available available available available

*1f Vbp = Vpp(op)
** Low power modes will be entered when 2t status evaluation is below the 12t status based on /5

6.2

In total, the device features 3 different undervoltage mechanisms:

Undervoltage

To prevent the device from operating outside the functional range, both supply voltages (digital supply voltage and
power supply voltage) have their own undervoltage detection circuit. If one of the supply voltages is below its
undervoltage protection threshold, the associated functions are disabled.

«  Power supply undervoltage shutdown

Datasheet

33

Rev. 1.10
2026-07-15



o _.
BTS80009-SWPF-1ES Infineon
Datasheet

6 Power management

+  Power supply undervoltage lockout
+ Digital supply undervoltage shutdown

This chapter deals with the undervoltage shutdown mechanisms. The power supply undervoltage lockout is a system
protection mechanism and is described in the dedicated chapter.

Depending on which supply voltage is in a state of undervoltage, the device supports different functionalities.

6.2.1 Undervoltage on VS

When the Vs voltage decreases below or becomes equal to Vsy), the undervoltage shutdown mechanism is triggered.
This mechanism switches OFF the power stage of the device, if it was previously switched ON.

As soon as the power supply voltage recovers, and the condition Vs > Vs op is fulfilled, the power stage is switched ON
again (if power stage control = HIGH). According to the operation mode, the device protection and basic diagnosis
functions are available. In contrast, the digital measurements and their related system protection functions are
available once the voltage is above Vspy) for at least tys(rec).-

Once the power supply undervoltage shutdown mechanism is triggered, it is indicated in the corresponding bit of the
digital interface. This information is stored until readout by the microcontroller.

While the power supply undervoltage shutdown mechanism is active (with Vs constantly above 0 V) and Vpp > Vpp(op),
the 12t status and the SPI register content remain available (read and write mode). Anyhow, the device protection
mechanism and digital measurements are deactivated.

The power supply undervoltage shutdown threshold (Vs(yy) and its corresponding Vs(op)), can be set via the digital
interface to one of two different values, either to Vsyy)  or Vsyy) h-

6.2.2 Undervoltage on VDD

The undervoltage shutdown mechanism of the digital supply voltage is triggered when Vpp drops below or becomes
equal to Vpp(yy)-

As soon as the digital supply undervoltage shutdown mechanism of the digital supply voltage is triggered, the
communication via the digital interface is disabled and the fail safe mode filter timer starts (tg regrs))-

As soon as the digital supply voltage recovers, and the condition Vpp > Vpp(op) is fulfilled, the communication via the
digital interface is enabled. The previous undervoltage event on the digital supply voltage is indicated in the
corresponding bit of the digital interface. This information is stored until readout by the microcontroller.

For more information on the device behavior if Vpp < Vpp(yy) for a time longer than the fail safe mode filter time (t =
triTer(rs)), refer to Chapter 6.1.1.7.

Furthermore, the fail safe mode filter timer counts backwards with a quarter of the speed, when Vpp recovers above
Vbp(op)-

Consequently, if there is another undervoltage event on Vpp, the fail safe mode filter timer continues and the time
cumulates until tgy1er(rs) is exceeded, as shown in Figure 18.
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Figure 18

6.2.3

Undervoltage on VS and VDD

Undervoltage on VDD - fail safe filter timer

When both supply voltages drop below their corresponding undervoltage shutdown thresholds (Vsyy) and Vppuy)),
the following information is retained for at least tget (all other information is lost):

. |12t status

«  OCT configuration

« Faultflag
+ Mode selection

«  Output control bit

To ensure that the information is retained for tget, the power supply voltage has to be above its minimum operating
voltage Vsop) for a time longer than trer(rec), before the undervoltage event.

1

Vsh

t < trer

t = tReT(REC)

tReT

A

TN

A 4

<
<

3
>

A

\ 4

Vs(op)

Vs(uv)

Information
retained

Y

\

Figure 19

Undervoltage retention time

If Vs recovers above Vsopy within tget the power stage control follows the retained power stage status in OR-
combination with the IN pin. When Vs > Vs py), the default values are loaded to the device configuration within tpy.
Once the default values are loaded, the functions are available as described in Chapter 6.1.3.
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If during the power-up phase, after an undervoltage event where Vpp is still in undervoltage condition, the power
supply voltage drops again below Vs(py), the power stage is deactivated until the power-up is performed accordingly

with VS > Vs(pu).

6.3

Table 10

Vs =Vsinor) Ty = Tynor)

Electrical characteristics - power management

Typical values (unless otherwise specified): Vs = Vsor)ves Ty = TynoR)TYP

Electrical characteristics - power management

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

Voltages

Power supply Vsuv) L 2.1 2.4 2.8 v Vs decreasing, cold PRQ-562

undervoltage shutdown cranking enabled

low

Power supply Vs(uv)_n 2.6 2.9 3.2 v Vs decreasing, cold PRQ-1366

undervoltage shutdown cranking disabled

high

Power supply minimum | Vs(op) 2.7 3.0 3.3 v Vs increasing PRQ-564

operating voltage

Power supply minimum | Vspy) - - 4.1 v Vs increasing PRQ-1367

power-up voltage

Breakdown voltage Vs(rev) -30 - -18 v - PRQ-1378

between GND and VS

pins in reverse battery

Digital supply Vbo(uv) 1.8 2.1 2.4 \ Vpp decreasing PRQ-568

undervoltage shutdown

Digital supply minimum | Vpp(op) 1.9 2.4 2.9 v Vpp increasing PRQ-569

operating voltage

Dlgltal Su pply Clamping VDD(CLAMP) 12 14 16 Vv /VDD =5mA PRQ'1379

voltage

Current consumptions

Power supply current Ivs(sLEep) 85 - - 2 WA Device in sleep mode, T;< | PRQ-573

consumption in sleep 85°C

mode with load at TJ <

85°C

Power supply current Ivs(sLeep) 150 |- 10 35 bA Device in sleep mode, T;= |PRQ-574

consumption in sleep 150°C

mode with load at TJ =

150°C

Digital supply current | lypp(sLeep) - 15 32 pA Device in sleep mode, fsc k | PRQ-580

consumption in sleep =0MHz, Vegny=Vpp >

mode Vbp(op)

(table continues...)
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Table 10

Vs =Vsnor) Ty = TynoRr)

Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TvP

(continued) Electrical characteristics - power management

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Digital supply current Ivpp(NORMAL) - - 2.6 mA Device in normal operation | PRQ-1380
consumption in normal mode, fsc ik =5 MHz, C{(sp)
operation (average) =50 pF
Operating currentin loND(ACTIVE) - 7.2 10 mA Device in active mode, PRQ-1369
active mode (all power current sense enabled
stages on)
Operating currentin IGND(NACTIVE) | = 5.5 7 mA Device in inactive mode PRQ-1381
inactive mode
Operating currentin idle | Ignp(pLe) - 60 70 pA Device in idle mode, Vcgy = | PRQ-575
mode (average) Vob, Vscik =V =Vin=0V,
T,=85°C
Operating currentin idle | Ignp(pLE) - 42 50 MA Device in idle mode, Vcsy = | PRQ-1483
mode (average) Voo =0V, Vscik =V =Vin=
0V, T,<85°C
Operating currentin leND(NVM) - 12 15.2 mA Device in NVM mode PRQ-789
NVM mode
Timings
Digital interface wake- | tyy(spi) - 70 100 us - PRQ-600
up time
Power-up time tru - - 900 ys - PRQ-749
Power-up hold time tpy(HOLD) 25 - 38 ms - PRQ-750
Recovery time after VS | tys(rec) - - 80 ys Vs increasing, Vs > Vs py) PRQ-1495
undervoltage
Data retention time tRET 100 - - ys Vs decreasing 0 < Vs < Vsyy) | PRQ-572
and Vpp decreasing Vpp =
Vbouv)
Data retention recovery | tre(rec) - - 90 ps Vs> Vs(op) PRQ-727
time
Limp home mode tLHI(AC) 20 30 40 us - PRQ-571
acknowledgement time
LHI diagnOSiS filter time tFlLTER(LHl) - - 13 gs - PRQ'1492
Fail safe mode filter tFILTER(FS) 100 115 130 ms - PRQ-617
time
Transition time inactive | ttr(na_AcT) - - 10 ys - PRQ-1375
to active
(table continues...)
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Table 10

Vs =Vsinor) Ty = TynoRr)

Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TvP

(continued) Electrical characteristics - power management

infineon

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

Transition time inactive | ttrna_NvM) - - 30 ys - PRQ-802

to NVM

Transition time active to tTR(ACT_INA) - - tOFF,MAX gs - PRQ-1372

inactive

Transition time active to | tract ipL) - - 300 us - PRQ-1371

idle

Transition time idle to tTR(IDL_ACT) - - tPU,MAX us - PRQ-801

active

Transition timeidleto | trrgpL_proT) |- - 28 us - PRQ-1778

protection ready

Transition time fail safe | trr(rs ) - - 5 us - PRQ-1374

to inactive

Transition time fail safe | trr(rs_act) - - 5 us - PRQ-1373

to active

Transition time limp ETR(LH_INA) - - 50 us - PRQ-1377

home to inactive

Transition time limp tTR(LH_ACT) - - 50 ys - PRQ-1376

home to active

Idle mode condition

Load current for idle ILgpLe_enTrRY) | 0.4 1.8 2.7 A - PRQ-577

mode entry

Load current for idle ILapLE_EXIT) 0.9 2.2 3.6 A - PRQ-668

mode exit

Datasheet 38 Rev. 1.10

2026-07-15



o _.
BTS80009-SWPF-1ES Infineon
Datasheet

7 Power stage

7 Power stage

The high-side power stage is built using an N-channel vertical power MOSFET with a charge pump, controlled via the
power stage control.

7.1 Power stage control

The power stage control signal enables or disables the corresponding power stage and is sensitive to three input
parameters:

« INstatus

«  Output control bit

+ Input control logic

There are three ways of using the input status in combination with the output control bit, by programming the input
control logic via the digital interface. This results in the power stage control matrix. The table below defines the
configuration of the power stage control matrix, while the figure below shows a simplified block diagram.

The default mode of the combinatorial input control logic is the OR-combination of the input status and the output
control bit.

Table 11 Power stage control matrix
IN status output control bit Power stage control related to the input control logic
input control logic = | input control logic = | input control logic =
00; 01, 10g
0 0 LOW LOW LOW
0 1 HIGH LOW HIGH
1 0 HIGH LOW LOW
1 1 HIGH HIGH HIGH
Note: Input control logic = 11y is not available
Output control bit
Y
L C 0]
L5 10|
|Input control logic }7
Figure 20 Power stage control switch matrix
7.2 Power stage ON-state resistance

The ON-state resistance Rps(on) depends mainly on junction temperature T. Figure 21 shows the variation of Rpg(on)
across the whole T, range. The value “2” on the y-axis corresponds to the maximum Rpson) measured at T; = 150°C.
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Figure 21

Rps(on) variation factor

The behavior in reverse battery condition is described in Chapter 8.5.1.

7.3 Switching loads

7.3.1 Switching resistive loads

When switching resistive loads, the switching times and slew rates defined in Table 12 and shown in Figure 22 have to
be considered. The switching energy values Eqy and Eqgr are proportional to load resistance and switching times tgy

and tOFF'
Power stage
control
ton tOFF(DELAY) t
Vout 4 < , < »
90% of Vis
70% of Vs g c
/ (dV/dtJon \ (dV/dt)ore
30% of V. A Y
o tON(DELAY) torF \
10% of Vs — —
t
Pomos
Eon Eorr
/ \ >
t
Figure 22 Switching a resistive load
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7.3.2 Switching inductive loads

When switching OFF inductive loads with high-side switches, the voltage Vot drops below the ground potential, as a
consequence of the fact that the inductance continues driving the load current.

To prevent the destruction of the device due to overvoltage, a voltage clamping mechanism between the VS pin and
the OUT pin is implemented. The clamping structure limits the negative output voltage so that Vps = Vps(cLamp)-

Figure 23 shows a concept drawing of the implementation. The clamping structure is available in all operation modes
listed in Chapter 6.1.

VS

ZX Vsis(cLamp)
Vbs(cLamp) Vbs
Vs(cLamp)

ouT

Vour [

ZL0AD

Figure 23 Output clamping concept

The energy resulting from the demagnetization of inductive loads, has to be dissipated in the power stage of the
device. The energy can be calculated with:

Vs — Vps(cLamp) ( Ry X1y )
DS(CLAMP) RL Vs - VDS(CLAMP) L

(1)

“R

The maximum energy, therefore the maximum inductance for a given current, is limited by the thermal design of the
component. Please refer to the maximum allowed values of E,g (single pulse energy) and Exg (repetitive energy).

7.3.3 Switching capacitive loads

When switching capacitive loads, the load current increases due to the inrush behavior of the load. Due to the high
load current and Vps, the power dissipation is increased during the charging phase of the capacitor. Therefore, the
load driving capability is energy limited. To enable higher load driving capability the device incorporates a sub-mode
called CLS mode.

When switching a resistive load in the CLS mode, the switching times and the slew rate will change
to tON_CLS! tON(DELAY)_CLS and (dV/dt)ON_CLS as shown in the figure below.
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Figure 24 Capacitive load switching times

After a maximum time of t s, the user has to disable CLS mode on the digital interface.

Before changing from active.CLS mode to active mode, it has to be ensured that there is no short circuit at the output.
To distinguish between short circuit and normal load, the Rpg(on) acknowledgment status reporting can be used. If
the Rps(on) acknowledgment status reporting is true, the transition from active.CLS mode to active mode is

possible. If Rpson) acknowledgment status reporting is false, it has to be assumed that there is either an uncharged
capacitor, or a short circuit at the output. So, the transition from CLS mode to inactive mode has to be requested by
setting the power stage control signal to LOW. Additionally, a short circuit condition can be excluded by an external
voltage measurement at the output.
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Figure 25 Capacitive load switching activations
7.4 Advanced switching characteristics
7.4.1 Inverse current behavior

When Voyt > Vs (Vps <0 V), a current /;yy flows from the OUT pin into the power stage (see Figure 26). This condition is
known as “inverse current”.

If the power stage is OFF, the inverse current flows through the intrinsic body diode, which generates a high-power
dissipation and results in an increase of the device temperature.

If the power stage is switched ON during inverse current, the power dissipation is comparable to the one during
normal operation, as the ON-state resistance is given by Rps(ny).
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Figure 26 Inverse current circuitry

The inverse ON feature enables the switching of the power stage during inverse current as long as |/| < |/ iny)| (see

Figure 27).

\ / CASE 2 : Power stage is OFF \

/ CASE 1: Power stage is ON

Power stage control Power stage control

T HIGH T LOW

I t I t

T NORMAL NORMAL T NORMAL NORMAL

INVERSE t INVERSE t
Power stage Power stage
| ON OFF |

N AN t/

/ CASE 4 : Switch-OFF during inverse current\

/ CASE 3 : Switch-ON during inverse current\
Power stage control Power stage control
LOW HIGH HIGH LOW
I t I t
T NORMAL NORMAL T NORMAL NORMAL
INVERSE t INVERSE t
Power stage Power stage
OFF ON ON OFF
L /L t/

Figure 27 Inverse ON - channel behavior in the case of applied inverse current

The device indicates the inverse current condition via the digital interface as described in Chapter 10.3.3 and Chapter
10.3.6. During an inverse current condition, no system or device protection mechanisms are active. However, a
fulfillment of a protection mechanism condition is reported via the digital interface. The dedicated protection
mechanism gets active when the inverse condition is released and its condition is still fulfilled.
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7.4.2 Cross Current robustness with H-Bridge configuration

When the device is used as high-side switch e.g. in a bridge configuration (therefore paired with a low-side switch as
shown in Figure 28), the maximum slew rate applied to the output by the low-side switch has to be lower than |
dVour/dt|.

Vear

L, R

HSS 1 S S HSS 2

I
ON (0¢) 11 he # iF >
L

ouT Current through Motor ouT
— l Cross
/M\ current | dVout / dt|
|

OFF

=

OFF E: # # ‘E ON (PWM)
Chassis GND
Figure 28 High-side switch used in bridge configuration
7.5 Electrical characteristics - power stage
Table 12 Electrical characteristics - power stage

Vs =Vsnor)s Ty = TyNoR)
Typical values (unless otherwise specified): Vs = Vsoryrves Ty = Tynor)TvP

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

Voltages

Drain to source Vbs(cLamp)_-40 |33 355 39.5 v T,=-40°C PRQ-653

clamping voltage at TJ =

-40°C

Drain to source VosicLamp) 25 | 35 375 |42 Vv T,=225°CY PRQ-515

clamping voltage at TJ =

25°C

Drain source diode |VDS(D|ODE)| - 550 770 mV TJ = lSOOC, _IL(NOM)_BS < I|_ < | PRQ-676

voltage 0A

(table continues...)
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Table 12 (continued) Electrical characteristics - power stage

Vs =Vsinor) Ty = TynoRr)
Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TYP

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.

Passive slew rate (e.g. | |dVoyut/dt| - - 10 V/us |Vs=13.5V PRQ-518
for Half Bridge
Configuration)

Switching characteristics

Load resistance for Ri(sp) - 2 - Q - PRQ-1497
parameter specification
Switch-ON delay tON(DELAY) 15 40 65 ys Vs = VS(NOR),TYP1 R = RL(SP): PRQ-654

from power stage control =
HIGH to VOUT =10% Vs

Switch-OFF delay tOFF(DELAY) 15 55 95 us VS = VS(NOR),TYP: RL = RL(SP), PRQ-655
from power stage control =
LOW to VOUT =90% Vs

Switch-ON time tON 30 110 180 us VS = VS(NOR),TYP’ RL = RL(SP)’ PRQ-656
from power stage control =
HIGH to VOUT =90% Vs

Switch-OFF time tOFF 30 110 180 us VS = VS(NOR),TYP) RL = RL(SP)! PRQ-657
from power stage control =
LOW to VOUT =10% Vs

Switch-OFF time fast tOFF(FAST) - 25 50 gs VS = VS(NOR),TYP: RL = RL(SP)» PRQ-635
Vout < Vs, from (fault
detected or fast OFF
commanded) to Voy7 =

10% Vs
Switch-ON/OFF Atsy _ 0 _ us |- PRQ-1382
matching (tON - tOFF)
Switch-ON slew rate (dV/dt)oN 0.13 0.27 0.41 V/IJS VS = VS(NOR),TYP’ RL = RL(SP)’ PRQ'658

from Voyt =30% Vs to
Vout = 70% Vs, setup acc. to
AEC-Q100-012 (2006)

Switch-OFF slew rate (dV/dt)OFF -041 -0.27 -0.13 V/HS VS = VS(NOR),TYP’ RL = RL(SP)’ PRQ'659
from VOUT =70% VS to

Vout = 30% Vs, setup acc. to
AEC-Q100-012 (2006)

Slew rate matching (dV/ | A(dV/dt)sw - 0 - V/us | Vs=13.5V, setup acc. to PRQ-1383
dt)ON - (dV/dt)OFF AEC-Q100-012 (2006)

Switch-ON energy EON - 4 - mJ VS = VS(NOR),MAX PRQ-1419
Switch-OFF energy EOFF - 4.6 - mJ VS = VS(NOR),MAX PRQ-1420

(table continues...)
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Table 12

Vs =Vsinor) Ty = TynoRr)

(continued) Electrical characteristics - power stage

Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TYP

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
CLS
Switch-ON delay in CLS | ton(peLay) cLs 220 - us CLS enabled, from power |PRQ-660
mode stage control = HIGH to
Vout = 10% Vg with resistive
load
Switch-ONtimein CLS | ton cis 450 - bs CLS enabled, from power |PRQ-1421
state stage control = HIGH
to Vour = 90% Vs, with
resistive load
Switch-ON slew ratein | (dV/dt)on_cis 0.034 |- V/us | V5=13.5V; CLS enabled, PRQ-1422
CLS state from Vout =30% Vs to
VOUT =70% Vs, with
resistive load, setup acc. to
AEC-Q100-012
Maximum time in CLS tes - 100 ms Vs=16V, T =85°C, setup | PRQ-513
mode acc. to AEC-Q100-012
(2006)
Maximum number of NcLs_ACT - 50 keycle [ t<tcs, Vs=16V, Ty = PRQ-514
CLS mode activations s 85°C, setup acc. to AEC-
Q100-012 (2006)
Power stage characteristics
ON-state resistance at | Rps(on) 25 1.1 - mQ | T;=25°C PRQ-661
TJ=25°C
ON-state resistance at | Rps(on)_150 - 1.85 mQ | T;=150°C PRQ-662
TJ=150°C
ON-state resistance in Rbs(oN)_CRANK_ - 2.3 mQ Vs =Vswuv_1),max Ty =150°C | PRQ-663
cranking at TJ = 150°C 150
ON-state resistance in | Rps(oN)_IDLE_15 1.8 2.1 mQ | T;=150°C PRQ-669
idle mode at TJ=150°C |,
ON-state resistance in | Rps(nv) 25 1.1 - mQ | T;=25°C PRQ-670
inverse currentat TJ =
25°C
ON-state resistance in | Rps(nv)_150 - 1.85 mQ | T,;=150°C PRQ-671
inverse currentat TJ =
150°C
ON-state resistance in RDS(REV)_ZS 2.2 - mQ VBAT(REV) < Vs <-8YV, TJ = PRQ-672
reverse polarity at TJ = 25°C
25°C
(table continues...)
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Table 12 (continued) Electrical characteristics - power stage

Vs =Vsinor) Ty = TynoRr)
Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TYP

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

ON-state resistance in RDS(REV)_15O - - 3.7 mQ VBAT(REV) < VS <-8Y, TJ = PRQ-673

reverse polarity at TJ = 150°C

150°C

Nominal load current I.inom) 85 - 34.5 - A Tp=85°C, T, <150°C PRQ-516

(TA=85°C)

Output leakage current |/, oFF) g5 - 0.6 2.5 pA Power stage control = LOW, | PRQ-674

atTJ=85°C Vour=0V, T;=85°C

Output leakage current |/ ofF) 150 - - 62 pA Power stage control = LOW, | PRQ-675

at TJ=150°C Vour =0V, T;=150°C

Inverse current IL N - “lynom |- A Power stage control = PRQ-517

Capablllty )_85 HlGH, Vs < VOUT

1) Tested at T, = 150°C.
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8 Device protections

The device is protected against overtemperature, overcurrent, reverse battery (with Reverse ON), and overvoltage.
The availability of the protection functions depends on the operation mode, as described in the power management
chapter.

The overtemperature and overcurrent protections are not active during inverse current condition or in reverse battery
condition.

The indication of an overtemperature event operates even during inverse current condition.

8.1 Overtemperature protection

To avoid thermal overstress in the power stage, the device incorporates both an absolute (T;(ags)) and a dynamic
(T,pvn)) temperature protection circuitry.

An increase of junction temperature T above one of the two thresholds (T(ags) or Tjpyn)) switches OFF
the overheated power stage.

To prevent destruction, the power stage, where the overtemperature is detected, switches OFF within torr(rast).-

The power stage remains switched OFF until the junction temperature T fulfills the reactivation condition. Besides
this, the restart strategy has to be considered as described in Chapter 8.3.

Table 13 Device protection reactivation conditions

Fault condition Switch-OFF event Reactivation condition

Overtemperature Ty=Tyags) Or (T5- Tyrer) 2 Ty(pvn) Ty<Tynass)and (T, - Tyrer) < TypvN)
(including hysteresis)

An indication of the device behavior, with the restart strategy set to counted restart, is shown in the figures below.
T,rer) is the reference temperature used for the dynamic temperature protection.

Power stage
control

\

LA

ILocT L)

TiA t
Tyass)
THys(aBS)
. . t
Diagnosis
indication T ‘ 0 1
t
Figure 29 Overtemperature protection (absolute)
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Power stage
control

\

LA

Iuoct_u)

Ti(as)

Diagnosis
indication ‘

Figure 30 Overtemperature protection (dynamic)

When the overtemperature protection circuitry allows the power stage to be switched ON again, the restart strategy is
followed as described in Chapter 8.3.

8.2 Overcurrent protection

To protect the load as well as the power stage against an overload condition, the device offers an overcurrent
limitation mechanism.

The overcurrent limitation consists of two interdependent detection thresholds /\ (oct ) and I oct_n), Wwhere:
Iocr 1y = Iocr my - (1= docr) (2)

If the load current increases above / (oct 1), the overcurrent limitation starts to limit the load current.
An activation of the overcurrent limitation mechanism is indicated via diagnosis.

Once an increase of the load current to / ot _p) is detected, the protection mechanism switches OFF the power stage,
and the load current starts to decrease within toct_peak-

When the load current drops below /| ¢t 1) again, the overcurrent protection mechanism is released.
The figure below illustrates the overcurrent limitation behavior.
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Power stage
control

Overload

Short circuit
to ground

- —— ——

LA

ILiocT_H) ,‘

Iuoct_) ‘ '

PROTDIAG
.OC_PROT | | 0 1 |
ERRDIAG
. TMPERR ‘ 0 1

\/

Figure 31 Overcurrent limitation behavior

Note: System-level oscillations and voltage transients, resulting from application-specific impedances and high
current load disconnection, can cause overvoltage events and disturbed device communication, and thus
require damping.

8.2.1 Overcurrent detection threshold

As soon as the device is in one of the normal operation modes, the /| (oct 1) and its interdependent / ot () can be
selected via the digital interface.

The range for the selection is defined by the lowest and the highest configurable overcurrent detection threshold
(ILoct_ny and Iy Hoct Hy)-
For the selection of the overcurrent protection threshold the following equations are true:

During switch-ON of the power stage (Rpson) acknowledgement status reporting is false) the overcurrent
protection threshold is:

Inocr myryr = (Ingoer myryer + OCTaeimar - Inocr m rse,rve) - docr sw (3)

«  Once the power stage is in Rps(on) (Rps(on) acknowledgement status reporting is true) the overcurrent protection
threshold is:

Inoocr_m,rvyr = Irgocr_m),tyr + OCTdecimar - Ir(ocr_m_LsB), Typ (4)

In both cases the interdependent / ot 1) 1vp Can be derived from the selected /| (oct ) 1ve With the ratio

Inocr ytve = Inocrmrye -+ (1 — docr) (5)

The default configuration of the overcurrent detection threshold high /; (oct ) can be selected from a choice of 9
values, by connecting a resistor Roct between OCT pin and GND pin. The Roct resistor is read during power-up.

An overview on which Rocr is assigned to which typical /i oct 1) value is given in the table below:
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Table 14 Roct mapping to Iy (oct_n)

Rocr I (ocT_n)

Roct_sHort I HocT_n)

Roct_1 Ioct_ny * 0+ IijocT_H_LsB)
Roct 2 I oct_my+ 4 IocT_H_LsB)
Roct_3 Ioct_m)+ 8 ILjocT_H_LsB)
Roct 4 ILtoct_Hy * 12 I (ocT_H_LsB)
Roct 5 ILtoct H) * 16 - I (ocT_H_LsB)
Roct 6 Iiitoct H) *20 - I (ocT H_LsB)
Rocr_7 Ioct_ny * 24 - ILocT_H_LsB)
Roct s Ioct_n) + 28 IL(ocT_H_LsB)
Roct_open I (HocT_H)

During power-up, the device recognizes an OCT pin shorted to the GND pin if Roct < Roct_short- In this case, the
default of the IL(OCT_H) is set to the IL(HOCT_H)'

An open circuit at the OCT pin is detected during power-up, if Roct = Roct_open- In this case, the default of the

I (oct_n) is set to I (jocT_H)-

If a fault (open circuit or short circuit) at the OCT pin is detected during power-up, this is indicated on the digital
interface.

In addition, the default configuration of the / oct 1) can be set via NVM programming, as described in Chapter 12.
The default settings are used under either of the following circumstances:

+  During the power-up of the device

+  When an SPI register reset occurs (refer to Chapter 11.2)

The configurable overcurrent detection threshold /| (oct 1) depends on the power supply voltage Vs. Whenever Vs =
Vs(oct) and the configured Iy (oct_1) > ILocT_H_vs), the overcurrent detection threshold high is set to I (oct 1 vs) @s

shown in the figure below. Otherwise, if the /| (ocT n) is configured to a value lower than /| oct 1 vs), the overcurrent
detection threshold remains at I (oct ).

/LA

ILHocT_H)Tve
ILocT_H) I

ILoct_H_vs)Tvp

\J

Vs(oct)Tve VS

Figure 32 Overcurrent detection threshold reduction with Vs voltage

8.3 Device protection restart strategy

On the digital interface, the device offers the possibility to set the restart enable to either single latch or counted
restart behavior. This defines how the device behaves if an overtemperature protection mechanism is triggered.

If an overtemperature protection mechanism is triggered and the device protection restart strategy is set to single
latch, the protection latch is set and the power stage is latched OFF.
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If an overtemperature protection mechanism is triggered and the device protection restart strategy is set to counted
restart, the device protection restart counter (ngestarT) is incremented.

The device protection restart counter can be read on the digital interface.

When the device protection restart counter exceeds ngestarT(Lr), the protection latch is set and the power stage is
latched OFF.

If the protection latch is not set, the power stage is switched ON again and the current sense is reactivated, if both of
the following conditions apply:

+  The power stage control = HIGH
«  All protection mechanisms fulfill the reactivation conditions
There are three options to reset the protection latch and the device protection restart counter:

« Using SPI command in one of the normal operation modes: by sending a clear latch command on the digital
interface, the device resets the protection latch and the device protection restart counter.

+  Usingthe LHI pin: when the limp home mode is entered, the protection latch and the device protection restart
counter are cleared to allow the activation of the power stage.

« UsingtheIN pinin limp home mode: the protection latch and device protection restart counter are cleared if the
IN pin is set to LOW for a time longer than tpg ay(g). If the IN pin is set to HIGH before tpg av(r) has elapsed, then
the power stage remains latched OFF and the timer tpg  ay( ) is reset. The timer tpg  ay( r) restarts as soon as the IN
pin is set to LOW again.

As soon as the protection latch is cleared and all reactivation conditions are fulfilled, the power stage switches ON
again (if power stage control = HIGH) and the current sense is reactivated.

Any reset of the protection latch and device protection restart counter leads to a clearing of the error, warning and
protection flags.

The device protection restart strategy and the required timings are shown in Figure 33.

Power stage
control

\

Short circuit to T

ground
A t
ILiocT_H)
Iuoct_t) /I_ [ [ [ [ [
0 t
Restart T ‘ 0 1 0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘HRESTART (Lr) + l‘
counter
0 t
ERRDIAG. ‘ 0 1 0 ‘ 1 ‘
TMPERR A A o
Restart disabled Restart enabled Clear latch tV
Figure 33 Restart strategy timings
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tLHI(AC) DELAY(LR)
Power stage
control _
t
LHI T
t
Short circuit to
ground . _
A t
ILocT_H)
Iuoct_y /I_ /I_ /I_
0 ” 0 tV
RestartT o 1 0] 1 ] o] 1
counter (¢ =
0 JJ . t
ERRDIAG. T ‘ 0 ‘ 1 0 ‘ 1 “ 1 0 ‘ 1 ‘
TMPERR ) _
Reset by limp home mode activation ’ Reset by IN pin t
Operation T ‘ Active mode Limp home mode “ Limp home mode ‘
mode I(d >
t
Figure 34 Restart strategy timings in limp home mode
8.4 Protection against loss of connection
8.4.1 Loss of battery and loss of load

The loss of connection to either the battery or to the load has no influence on the device robustness in the case of
purely resistive loads. In this case, only the energy stored in the parasitic inductance of the wire harness needs to be
handled. When driving an inductive load, the energy stored in the load and the wire harness have to be handled. In
this case, an external suppressor diode (such as the diode Dz, shown in Chapter 13) is recommended for handling the
energy and to provide a well-defined path to the load current.

8.4.2 Loss of ground

If the device loses the connection to the ground potential, the power stage can enter an undefined state.

To avoid this undefined state during a loss of device GND, the device either switches OFF the power stage or goes into
fail safe mode.

The ESD structure at the logic pins provides a parasitic ground path from the device to the ground of the
microcontroller. The resulting voltage drop along this parasitic ground path defines if the power stage is deactivated
or not. To support the deactivation of the power stage, it is recommended to connect a resistor between any digital
input pin and the microcontroller (as described in Chapter 13). If the IN pin is evaluated as HIGH due to the
aforementioned parasitic ground path, the power stage is able to switch ON or remain ON.
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8.5 Additional protections

8.5.1 Reverse polarity protection

If the GND and VS pins are reversely supplied, the device is in reverse polarity condition. The load current is limited by
the load itself and goes over the body diode of the power stage, which can lead to excessive overheating.

To protect the device from a thermal event while it is in reverse polarity condition (Vgar(rey) < Vs < 0 V), the power
stage can be switched ON automatically for self-protection if required (see parameter Rpg(rey))-

The Reverse ON feature limits the power dissipation in the power stage. Each ESD diode of the logic contributes to the
total power dissipation. The reverse current through the power stage has to be limited by the connected load. The
current through the digital input pins also has to be limited by an external resistor (refer to Chapter 4.1 and to Chapter
13). The figure below shows a typical application including a device with the Reverse ON feature. A current flowing
into the GND pin (-/gnp) during reverse polarity condition is necessary to activate the Reverse ON feature. Therefore, a
resistive path between power GND of the module and device GND has to be present.

-VeaT(Rev)

5V (reverse protected)

1
Lt

VS

uc vcc

|_
Reverse ON k—}
|_

VSS
i

1
L

out
T -lout
IL, R

-lenp

Figure 35 Reverse battery protection (application example)

8.5.2 Overvoltage protection

The device provides the following overvoltage protection mechanisms:

«  Vs(cLamp) limits the voltage between VS and GND to protect the logic circuits
«  VpscLamp) limits the voltage between VS and OUT to protect the power stage
«  VsiscLamp) limits the voltage between VS and IS to protect the sense circuit

If the power supply voltage is above Vs(exryp) and no overvoltage protection mechanism is active, the power stage is
still operational and follows the power stage control command.

To minimize overshoots above the clamping voltages, the overvoltage protection mechanisms must react quickly.
However, this fast response, combined with the high-energy switch-OFF event and system impedances, can cause
high dVs/dt and oscillations on the power line. This can lead to increased current flow to the GND pin, limited by Rgnp,
resulting in a ground shift. Consequently, the logic thresholds on digital input pins may not be reached, causing
disturbed device communication.

Datasheet 55 Rev. 1.10
2026-07-15



BTS80009-SWPF-1ES

Datasheet

8 Device protections

8.6

Table 15

Vs =Vsnor)> Ty = TyNoR)

Electrical characteristics - device protections

Electrical characteristics - device protections

Typical values (unless otherwise specified): Vs = Vsnoryrves Ty = Tynor)TvP

infineon

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note or condition

P-Number

Thermal

Thermal shutdown
temperature (absolute)

T)(ABS)

150

175

200

°C

PRQ-468

Thermal shutdown
hysteresis (absolute)

Thys(aBS)

30

PRQ-728

Thermal shutdown
temperature (dynamic)

T(ovN)

80

PRQ-469

Voltages

Power supply clamping
voltage at TJ =-40°C

VS(CLAMP) 40

33

35.5

39.5

TJ =-40°C

PRQ-1283

Power supply clamping
voltage at TJ = 25°C

Vs(cLamp)_25

35

37.5

42

T,225°CY

PRQ-470

Power supply voltage
threshold for
overcurrent threshold
reduction

Vs(oc)

20.5

22.5

24.5

Setup acc. to AEC-
Q100-012

PRQ-471

Restart characteristics

Automatic restarts in
case of fault after a latch
reset

NRESTART(LR)

2)

PRQ-597

Latch reset delay time
after fault condition

EDELAY(LR)

40

70

100

ms

PRQ-472

Overcurrent detection t

hreshold

Lowest configurable
overcurrent detection
threshold low

I oct 1)

54.5

72

89.5

Iioct_H) = ILLocT_R)

PRQ-1217

Lowest configurable
overcurrent detection
threshold high

I (LocT_h)

60.6

80

99.4

IiocT_H) = ILLocT_R)

PRQ-474

Highest configurable
overcurrent detection
threshold low

I (HocT 1)

157.1

188.1

219.1

I (ocT_H) = IL(HoCT_H)

PRQ-1218

Highest configurable
overcurrent detection
threshold high

IL(HocT_h)

174.5

209

243.5

I (ocT_H) = IL(HoCT_H)

PRQ-473

(table continues...)
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Table 15

Vs =Vsinor) Ty = TynoRr)

Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TYP

(continued) Electrical characteristics - device protections

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Overcurrent detection /L(OCT_H_VS) - 142.5 - A VS 2 VS(OCT)» /L(OCT_H) > PRQ-1430
threshold hlgh at hlgh IL(OCT_H_VS)
VS
Configu rable /L(OCT_H_LSB) - 4,1613 |- A - PRQ-1219
overcurrent detection
threshold LSB value
Overcurrent detection | doct - 10% - - - PRQ-1260
threshold
interdependency ratio
Overcurrent detection | docr_sw - 65% - - Rps(on) acknowledgement | PRQ-1781
threshold during switch- =0
ON ratio
Overcurrent peak time | toct peak - - 6 ys From I, =1 (ocT_n) to the PRQ-1761
value reached by
I_when /| starts to
decrease
OCT resistor threshold | Roct sHort - 6.98 2% kQ - PRQ-646
for short detection
OCT programming Roct 1 -2% 10.2 2% kQ - PRQ-1438
resistor 1
OCT programming Roct 2 -2% 14 2% kQ - PRQ-1439
resistor 2
OCT programming Roct 3 -2% 20 2% kQ - PRQ-1440
resistor 3
OCT programming Roct 4 2% 26.7 2% kQ - PRQ-1441
resistor 4
OCT programming Roct 5 2% 36.5 2% kQ - PRQ-1442
resistor 5
OCT programming Roct 6 -2% 475 2% kQ - PRQ-1449
resistor 6
OCT programming Roct 7 -2% 63.4 2% kQ - PRQ-1450
resistor 7
OCT programming Roct s -2% 82.5 2% kQ - PRQ-1451
resistor 8
OCT resistor threshold | Roct open -2% 118 - kQ - PRQ-645
for open detection
1) Tested at T, =150°C only.
2) Functional test only.
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9 System protections

The device supports a stable and protected system environment by offering dedicated system protection
mechanisms. This includes integrated I2t protection, configurable undervoltage lockout function, configurable
overvoltage lockout function and the commanded fast switch-OFF feature, as illustrated in the block diagram below.

. Power . .
Logicl/O management Power stage Diagnosis
System protection
‘ Undervoltage lockout ‘ ‘ Overvoltage lockout ‘
‘ 12t protection ‘ ‘ Commanded fast switch-OFF‘
. Digital Dewge NVM
interface protection
Figure 36 System protection block diagram

9.1 12t protection

The integrated 12t protection supports the protection of the system including the wire harness and PCB traces.

The I2t protection feature calculates an 12t status Sj,;, which is based on the load current, the time constant and
the DC current of the 12t protection curve.

The actual status of the 12t calculation can be read via the digital interface.
Once the S, reaches 100%, the internal logic switches OFF the power stage.

When the power stage is switched OFF due to an 12t protection event, the power stage is latched OFF and the 12t
status is further calculated with /[, =0 A.

The time needed to trigger the |2t protection depends on the actual 12t status S;; , and can be calculated for
constant load currents by:

oo for Iy < Iy x

2

e TRIG = T - I%(IZt_x) © Snta
Trat x In 5
- It = Tigu

) for constant I > Ipgy x)

As the ambient temperature and PCB layout influence the thermal behavior of the device, the overtemperature
protection might be triggered before tj5; tric is reached. Therefore, the maximum time for a given current is
potentially limited by the thermal design of the component. For more information, refer to Chapter 4.3.

If a clear latch is commanded and the Sj,; < 100%, the power stage switches ON again (if the power stage control =
HIGH) and the 12t status calculation continues with the actual load current.
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Power stage T

control _
I A t
Normal load I/ f
t
Size &
1000/0 \/ \
o, t
STDDIAG
. ERRT | 0 1 0 1 \
A >
Clear Latch t
Figure 37 Restart strategy in case of triggered 12t protection

The availability of the 12t status evaluation in dependency of the operating mode is shown in Chapter 6.1.3.

9.1.1 12t protection configuration

The time constant (1) «) and the DC current (/(j5; x) of the 12t protection curve can be enabled and configured via the
digital interface, when the device is in one of the normal operation modes.

—IL(12t_6) - Tau = 11
—IL(12t_5) - Tau = 11
N —IL(12t_4) - Tau =11
™~ ——IL(12t_3) - Tau =11
—IL(12t_2) - Tau =11

—IL(12t_1) - Tau =11

ti2t_TRIG —IL(12t_1) - Tau = 10
IL(12t_1) - Tau = 01
IL(12t_6) - Tau = 00
IL(12t_5) - Tau = 00
IL(12t_4) - Tau = 00
IL(12t_3) - Tau = 00
IL(12t_2) - Tau = 00
IL(12t_1) - Tau = 00

ILg2t_1) L

Figure 38 Energy graph of 12t protection curve

Note: This is a very simplified overview of the implemented wire protection function with different time constants.
For the detailed switch-OFF behavior, refer to Table 20.

The default 12t protection curve /| j5; 4 can be selected with the R, resistor connected between the 12t pin and the
GND pin. The Ry resistor is read during power-up.
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During power-up, the device recognizes an |12t pin shorted to the GND pin if R5¢ < Rjat_shorr- In this case, the default of
the I2t protection curve is set to the 12t protection curve 6 with / (5t ¢).

An open circuit at the 12t pin is detected during power-up, if Rj>t = Rj»t_open- In this case, the default of the 12t
protection curve is set to the 12t protection curve 6 with /5t ¢).

If a fault (open circuit or short circuit) at the 12t pin is detected during power-up, this is indicated on the digital
interface.

In addition, both default configuration values of the |2t protection (/ (2 x) and 7yt ) can be set via NVM programming,
as described in Chapter 12.

The default 12t configuration is applied:

+  During the power-up of the device

«  When an SPI reset occurs (refer to Chapter 11.2)

9.1.2 12t protection special conditions

As the evaluation of the I2t status and the 12t protection function is not supported in the low power modes, the 12t
status is cleared in these modes to minimize the current consumption.

To ensure the protection of the system, including the wire harness, the 12t status is initialized when one of the low
power modes is left. The initial value represents the |2t status due to /(¢ ).

Therefore, for the calculation of tjy; 1ric, (See equation (6)) the actual |12t status Sj,; A has to be replaced by the initial
12t status Syt |, which is given by:

o 1)
Stat_1 R (7)
712t x)

If a transition to a low power mode is commanded, the 12t status is further calculated until the status goes below the
initial value. Once the 12t status is below the initial value, which represents the 12t status based on the /, (i, ), the
requested mode transition takes place and the 12t status is cleared.

During inverse current operation, the internal current measurement is not available for the calculation of the 12t
status. Therefore, the 12t status is evaluated with /[, =0 A.

9.2 Undervoltage lockout

The undervoltage lockout feature enables the definition of certain thresholds at which the device switches OFF the
power stage in order to protect the power supply line. The feature can be configured as a function of the power supply
voltage only, or as a combination of the function of the power supply voltage and the load current. Therefore, the
device offers adjustable voltage and current thresholds, filter time, and restart behavior. Figure 39 shows the device
behavior if the restart is disabled. The enabled thresholds are marked with bold lines.
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y [

Iuocwr) / /
tFILTER(UVL_H) tFILTER(UVL_H) LFILTER(UVL_H) t
Vs 4 < > \r—P _J<7—>
| E— — —
Vs(uv_H) /
—/ _/ \ EFILTER(UVL_L)
Vs(uvi_u) | S
Vs(uv) o
0 0 t
STDDIAG
Conn T 0 1 S 0 1 0 1 |
Current dependency Current dependency o
cnabled Clear Latch disabled Clear Latch t
Figure 39 Undervoltage lockout

The following thresholds can be configured via the digital interface to adjust the undervoltage lockout to the
application needs:

« Undervoltage lockout low threshold Vgyy. )

+  Undervoltage lockout high threshold Vsyy,_n)

«  Threshold for load current dependency /; (ocwr)

«  Undervoltage lockout high filter time treruve_n)

The configuration ranges of the above-mentioned thresholds are given in the following table.

Table 16 Range of undervoltage lockout thresholds
Lowest typical Highest typical Resolution Accuracy
Vs(uvL_1) 4.25V 7.53V 2-Vg(sp) V'suvL_acc)
Vs(uvL_n) 7.53V 10.8V 2:Vg(sp) V'suvL_ace)
I ocw) 0A 165.17 A 8-/ pcs(LsB) According digital
current measurement
tFILTER(UVL_H) ¢ FILTER(UVL_H_1) ¢ FILTER(UVL_H_8) - -

Additionally, the device offers one bit within the digital interface to:

+  Enable each undervoltage lockout threshold

+  Define the restart behavior for each voltage threshold

+ Enable the current dependency of the undervoltage lockout high threshold

Note: As long as the device is in active.CLS mode, the current dependency is internally disabled and the
undervoltage lockout feature is sensitive to the power supply voltage measurement only.

When the power supply voltage decreases below one of the configured undervoltage lockout thresholds for a time
longer than the corresponding filter time, the internal logic either switches OFF the power stage within togr(rast) OF
keeps the power stage disabled.

Table 17 shows an overview on the enabled undervoltage lockout conditions as a function of the enable bits.

Datasheet 61 Rev. 1.10
2026-07-15



BTS80009-SWPF-1ES
Datasheet

infineon

9 System protections

Table 17 Undervoltage lockout conditions, function of enable bits

UVLR2.UVL_LEN UVLR1.UVL_HEN UVLR2.CDEN UVL_L UVL_H

1 1 1 Enabled Enabledif/ =
ILocwTy or I = I ocT 1)

1 1 0 Enabled Enabled

1 0 X Enabled Disabled

0 1 1 Disabled Enabled if /| =
Iiocwr) Or IL 2 i ocT 1)

0 1 0 Disabled Enabled

0 0 X Disabled Disabled

Note: If the current dependency of UVL_H is enabled, the UVL_H threshold is enabled by both thresholds (I, =

Iocwy I = Ioct)-

The undervoltage lockout restart enable bits define the restart behavior after one of the undervoltage lockout

conditions is triggered.

If the undervoltage lockout restart is disabled, the power stage latches OFF and a restart can be requested with a
clear latch command. If a clear latch is commanded the power stage is switched ON, independent of the reactivation

conditions.

If the undervoltage lockout restart is enabled, the power stage is switched ON automatically as soon as the
reactivation conditions are fulfilled, or a clear latch is commanded.

For more information on the switch-OFF and reactivation conditions, refer to Table 18.

Table 18

Undervoltage lockout - switch-OFF and reactivation conditions

Fault conditions

Switch-OFF conditions

Reactivation conditions

Voltage dependent shutdown (low)

Vs(uy) < Vs = Vs 1) for
t 2 trTER(UVL L)

Vs = (Vsuvi_1) + Vsuvi_nvs)) for t=
tFILTER(UVL_L)

Voltage dependent shutdown (high)

Vsiuv) < Vs = Vsyi_n) for
t= tpreruve_p) if current dependency
disabled

Vs = (Vsuve_my + Vsuvi_nvs)) for t=
EFILTER(UVL_L)

Load current and voltage dependent
shutdown

(Vsuv) < Vs = Vsuv_ny and (IL 2
Iiocwr) OF IL = I ocT_1))) for t=
tFILTER(UVL_H) if current dependency
enabled

Vs = (Vsiuve_my + Vs(uvi_nvs)) for t=
EFILTER(UVL_L)

The bit assignments, configurations, and default values of the undervoltage lockout feature are described in Chapter

11.

Additionally, the default configuration of the undervoltage lockout feature can be set using NVM programming as

described in Chapter 12.

The default configuration of the undervoltage lockout feature is applied to the device:

+  During the power-up of the device

«  When a SPI reset occurs (refer to Chapter 11.2)

9.3

Commanded fast switch-OFF

The device offers the possibility to trigger an emergency disconnection of the load via the digital interface.
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This commanded fast switch-OFF function can be used in active mode, as an externally triggered protection
mechanism, enabled via the digital interface. When the function is enabled the next deactivation of the power stage
via the power stage control signal leads to a switch-OFF of the power stage within topr(rast).

In the case of any primary or secondary inductivity, the overvoltage protection can be triggered, which can impact the
device's reliability. Therefore, it is recommended to use this function for emergency switch-OFF only.

Therefore, the commanded fast switch-OFF function is deactivated by default.

9.4 Overvoltage lockout

The overvoltage lockout feature enables the definition of certain thresholds at which the device switches OFF the
power stage in order to protect the load from transient overvoltage.

The following thresholds can be configured via the digital interface, to adjust the overvoltage lockout to the
application needs:

«  Overvoltage lockout threshold Vg oy
«  Overvoltage lockout filter time tg ter(ov)
The ranges of the above-mentioned thresholds are specified in Table 19

Table 19 Range of overvoltage lockout thresholds

Lowest typical Highest typical Resolution Accuracy
Vs(ovw) 17.89V 24V 8 V's(LsB) Vs(ovL_acc)
triLTER(OVL) ¢ FILTER(OVL_1) ¢ FILTER(OVL_8) - -

Additionally, the device offers one bit for the enabling and disabling of the overvoltage lockout feature.

When the power supply voltage increases above the selected V5o for a time longer than the selected tgteg(ovt), the
internal logic either switches OFF the power stage with standard slew rate or keeps the power stage disabled.

If Vs decreases again for one hysteresis value below the overvoltage lockout threshold (Vs < Vs oy - Vsiov_nys)), or a
clear latch is commanded, the power stage switches ON automatically if the power stage control is HIGH.

9.5 Electrical characteristics - system protection

Table 20

Vs =Vsnor)> Ty = TyNoR)

Electrical characteristics - system protection

Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TvP

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

12t protection

IDC of 12t protection It 1) 19.3 21.4 235 A 1) PRQ-494

curvel

IDC of 12t protection IL(2t 2) 21.6 24 26.4 A 1) PRQ-495

curve 2

IDC of 12t protection IL(i2t_3) 24.3 27 29.7 A 1) PRQ-496

curve3

IDC of 12t protection I (12t _a) 273  [303  |334 |A 1) PRQ-497

curve 4

IDC of 12t protection IL(2t_s) 30,7 341 |375 |A 1) PRQ-498

curve 5

(table continues...)
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Table 20 (continued) Electrical characteristics - system protection

Vs =Vsinor) Ty = TynoRr)
Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TvP

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.

IDC of 12t protection IL(2t_e) 34.5 38.3 42.1 A 1) PRQ-499
curve 6

Time constant 1 of 12t |7y 3 3.2 3.5 3.9 s - PRQ-664
protection curve

Time constant2 of 12t |75 » 6.3 7.1 7.8 s - PRQ-665
protection curve

Time constant3of 12t | Ty 3 12.7 14.1 15.5 S - PRQ-666
protection curve

Time constant 4 of 12t Tiot 4 254 28.2 31 S - PRQ-667
protection curve

Initial current for 12t ) - 5.33 - A - PRQ-1357
protection

12t resistor threshold for | Rt short - 6.98 2% kQ - PRQ-647
short detection

12t programming Riot 1 -2% 10.2 2% kQ - PRQ-1443

resistor for 12t
protection curve 1

12t programming Riat 2 -2% 14 2% kQ - PRQ-1444
resistor for 12t
protection curve 2

12t programming Riat 3 -2% 20 2% kQ - PRQ-1445
resistor for 12t
protection curve 3

12t programming Riat 4 -2% 26.7 2% kQ - PRQ-1446
resistor for 12t
protection curve 4

12t programming Riot 5 -2% 36.5 2% kQ - PRQ-1447
resistor for 12t
protection curve 5

12t programming Riat 6 -2% 47.5 2% kQ - PRQ-1448
resistor for 12t
protection curve 6

12t resistor threshold for | Rt open -2% 63.4 - kQ - PRQ-648
open detection

Undervoltage lockout

Undervoltage lockout | Vswyyi_acc) “4-Vs(is |- 4-Vs(sg | - - PRQ-735
accuracy B) )
(table continues...)

Datasheet 64 Rev. 1.10
2026-07-15



BTS80009-SWPF-1ES

Datasheet

infineon

9 System protections

Table 20

Vs =Vsinor) Ty = TynoRr)

Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TvP

(continued) Electrical characteristics - system protection

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

Undervoltage lockout | Vsyyi Hys) - 2-Vs(sg | - - - PRQ-736

hysteresis )

Undervoltage lockout | trreruv 1 1) |17 32 47 us Vs decreasing, Vsyy) < Vs< | PRQ-1460

hlgh filter time 1 VS(UVL_H)

UnderVOltage lockout tFILTER(UVL_H_2) 77 100 123 gs Vs decreasing, VS(UV) <Vs< PRQ-1461

high filter time 2 VsuvL_n)

UnderVOltage lockout tFILTER(UVL_H_3) 165 200 235 ys Vs decreasing, VS(UV) <Vs= |PRQ-1462

high filter time 3 VsuvL_n)

Undervoltage lockout | trireruve_H_4) | 450 520 590 us Vs decreasing, Vsyy) < Vs < | PRQ-1463

hlgh fllter time 4 VS(UVL_H)

Undervoltage lockout | trrer(uvL 1 s5) | 900 1025 1150 us Vs decreasing, Vsyy) <Vs< | PRQ-1464

hlgh filter time 5 VS(UVL_H)

Undervoltage lockout | trirer(uv 1 6) | 8990 10045 [11100 |us Vs decreasing, Vsyy) <Vs< | PRQ-1465

hlgh filter time 6 VS(UVL_H)

Undervoltage lockout | trrer(uv 1 7) |44900 | 50000 |55100 |ps Vs decreasing, Vsyy) <Vs< | PRQ-1466

hlgh filter time 7 VS(UVL_H)

UnderVOltage lockout tFILTER(UVL_H_S) 90000 |100050 |110100 |ps Vs decreasing, VS(UV) <Vs= PRQ-1467

high filter time 8 VsuvL_n)

Undervoltage lockout tFILTER(UVL_L) 17 32 47 us Vs decreasing, Vsyy) <Vs< | PRQ-500

low filter time VS(UVL_L)

Overvoltage lockout

Overvoltage lockout VS(OVL_ACC) -10'Vs(|_ - lO'VS(LS - - PRQ-74O

accuracy sB) B)

Overvoltage lockout Vs(ovL_Hys) - 8-Vsisg |- - - PRQ-734

hysteresis )

Overvoltage lockout truTer(ovL 1) |24 35 45 us Vs increasing PRQ-1468

filtertime 1

Overvoltage lockout truterove 2) | 80 98 115 us Vs increasing PRQ-1469

filter time 2

Overvoltage lockout triter(ove 3) | 170 200 230 us Vsincreasing PRQ-1470

filter time 3

Overvoltage lockout triTer(OVL_4) | 480 540 600 us Vsincreasing PRQ-1471

filtertime 4

Overvoltage lockout truterove 5) | 930 1040 1150 us Vsincreasing PRQ-1472

filter time 5

(table continues...)
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Table 20 (continued) Electrical characteristics - system protection

Vs =Vsinor) Ty = TynoRr)

Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TvP

infineon

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

Overvoltage lockout truterove 6) | 9000 10000 [11000 |us Vsincreasing PRQ-1473

filtertime 6

Overvoltage lockout truTerove 7) |45000 50000 55000 |ps Vs increasing PRQ-1474

filtertime 7

Overvoltage lockout truTer(ove g | 90000 | 100000 110000 | ps Vs increasing PRQ-1475

filter time 8

1) 12t DC trigger level specified for times longer than 200 s.
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10 Diagnosis

The device offers enhanced analog and digital diagnosis features. The analog diagnosis is available at the IS pin via
the current sense signal (/|s). The digital diagnosis is available via the digital interface in combination with the IRQ pin.

. Power Device
Logic1/0 management Power stage protection
Diagnosis
Diagnosis control
Analog diagnosis Digital diagnosis

. Digital System NVM

interface protection
Figure 40 Diagnosis block diagram
10.1 Diagnosis control

The diagnosis control coordinates which diagnosis is executed and reported, either analog via the IS pin or digitally
via the digital interface and the IRQ pin. The device provides control registers to enable, disable, and select the
appropriate diagnosis features.

The functionality and availability of the IS pin can be configured via the analog current sense multiplexer within the
diagnosis control register as listed below:

«  With the analog current sense multiplexer, the power stage and its corresponding current sense signal is selected,
which is routed to the IS pin

«  Bysetting the analog current sense multiplexer to "sense verification mode", a predefined current /;gyeg) is
provided on the IS pin, independent of the load condition

+ By setting the analog current sense multiplexer to high impedance, no signal is routed to the IS pin, which is also
the default setting of the analog current sense multiplexer

« Additionally, the IS pin is also set to high impedance if the analog current sense multiplexer is set to a reserved
value

The default value of the analog current sense multiplexer can be set via NVM programming as described in Chapter
12.

With the diagnosis control, a digital current measurement in the low range can be triggered. The start of conversion
can be initiated via the digital interface.

The warning and protection-based interrupt requests, that are issued via the IRQ pin, can be activated and
deactivated via the digital interface.

The device offers the possibility to perform self-checks, which can be activated via the digital interface.

10.2 Analog diagnosis

To use the analog diagnosis, which is provided on the IS pin, a sense resistor Rsgysg has to be connected between the
IS pin and the logic GND of the module. The value for the sense resistor has to be higher than 820 Q to limit the power
losses in the sense circuitry during reverse battery condition. Rsgysg can be reduced to 400 Q, when a central reverse
battery protection on the used battery feed is present. A typical value for the sense resistor is Rggnse = 1.2 kQ. Due to

Datasheet 67 Rev. 1.10
2026-07-15



o _.
BTS80009-SWPF-1ES Infineon
Datasheet

10 Diagnosis

the internal connection between the IS pin and the supply voltage Vs, it is not recommended to connect the IS pin to
the sense current output of other devices if they are supplied by a different battery feed or if a different sense concept
is applied.

10.2.1 Current sense

The current sense is provided at the IS pin if the following conditions are fulfilled:
« The power stage is in Rps(oy) (indicated via the Rps(on) acknowledgement)

+  The power stage is not in inverse condition

+ Thecurrentsense is enabled

+ Nodevice protection mechanism is active or power stage is latched OFF

The accuracy of the sense current /5 depends on the temperature and the load current /;. /|5 increases linearly with
I, until it reaches the saturation current /;gsar). In case of open load at the power stage (I, close to 0 A), the maximum
possible sense current /sy is specified. This condition is shown in Figure 41. The blue line represents the ideal kj ;s
line, while the red lines show the behavior of a typical device.

An external RC filter between the IS pin and the microcontroller ADC input pin is recommended to reduce signal ripple
and oscillations (a minimum time constant of 1 us for the RC filter is recommended). The k|5 factor is provided with
limits that take the influence of temperature, supply voltage and manufacturing processes into account. Tighter limits
are possible (within a defined current window) with calibration:

« Awell-defined and precise current (/ (ca)) is applied at the output during end of line test at customer side
«  Thecorresponding current at the IS pin is measured and the ks is calculated (ks @ /| (ca))

«  The calculated ks value can be considered within the current range going from I (ca) | to Iycar)_n With limits
defined by Ak||_|s

The derating of k) |5 after calibration is calculated using (8) and (9) and is specified by Ak s.

k I k I
Akirrs. max = 100 X MAX ( 1is@licar) 1 5@ LCADH _ 1)

kiris@Ircar) o kiris@Ircar)

k I k I
A kpprs, v = 100 X MIN( 1is@lucan) -1 wis@lucar) 1 — 1)

kiis@Ir(car) " kiis@Ipcar)

The calibration is intended to be performed at Tyca) = 25°C. The parameter Ak, s includes the drift over the
temperature and the drift over the current range from /; (ca1) | to /i (caL) n-
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A
hs
hs(on)
hs(en)
Iy
IL
Figure 41 Current sense ratio in open load at ON condition

10.2.1.1  SENSE timings

The figure below shows the timings during enabling and disabling of the analog current sense (including the case of
load change).

Power stage
control OFF ON OFF
t
SENSE
enable | disabled enabled disabled enabled
t
Rbs(on)
acknowledgementT ‘ 0 1 0 ‘ _
tsis(EN) t
L < >
/ N ~
tsis(Lc) tsis(pis) tsIS(EN) tsis(pis) tV
hs
t
Figure 42 Current sense timings
10.3 Digital diagnosis

The digital diagnosis provides detailed information about the device status, according to the following categories:
+  Errorinformation

+  Protection information

+  Warning information
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+ Digital measurements
«  Statusreporting
+  Self-check information

10.3.1 Error information
The information about a latched fault condition is reported in the standard diagnosis and error diagnosis registers,
until a clear latch command is received.

The device provides the error diagnosis register to evaluate which type of device protection or system protection was
triggered. This information is important for the microcontroller to initiate the correct restart strategy. For information
on the causes of a latched error, refer to Chapter 8 and Chapter 9.

In addition to the error information provided via the digital interface, the device indicates via the IRQ pin that an error
flag is set, by setting the IRQ pin to high impedance.

To be able to distinguish on the IRQ pin between an error event and the idle mode indication, the error information is
propagated with a PWM signal with firq(err 1) @and DCirq(err o) ON the IRQ pin, if the idle mode is requested.

10.3.2 Protection information

The device incorporates protection mechanisms with and without automatic restart. Whereas the error information
provides the information about the triggered protection mechanism leading to a latched-OFF power stage, the
protection flag indicates a triggered protection mechanism which does not have to lead to a latched-OFF power
stage.

A protection flag is set, when at least one of the following protection mechanisms is triggered:
+  Undervoltage lockout low

« Undervoltage lockout high

+  Overvoltage lockout

«  Overcurrent protection

«  Absolute overtemperature protection

« Dynamic overtemperature protection

When a protection flag is set, the information is stored and indicated via the digital interface until the dedicated
registers are read by the microcontroller.

Additionally, the device provides a protection-based interrupt on the IRQ pin by setting the pin to high impedance.
The protection flags are clustered and can be linked to the IRQ pin via the digital interface as follows:

+  Power supply voltage
- Undervoltage lockout low
- Undervoltage lockout high
- Overvoltage lockout
+  Overcurrent protection
+  Device temperature
- Absolute overtemperature protection
- Dynamic overtemperature protection

10.3.3 Warning information

The device offers several warning flags to inform the microcontroller about a potential issue in the application.
Warning flags for the following quantities are available:

« Inverse current

+ Load current

+ Device temperature

e |2tstatus

+  Power supply voltage

Datasheet 70 Rev. 1.10
2026-07-15



o _.
BTS80009-SWPF-1ES Infineon
Datasheet

10 Diagnosis

A warning flag is set when the respective device parameter violates its predefined threshold, which can be set via the
digital interface.

While the thresholds for load current, device temperature, |12t status, and power supply voltage can be selected via
digital interface, the inverse current detection is a fixed value, as described in Chapter 10.3.6.

As the overcurrent warning threshold depends on the current sense, which is disabled when the Vpg = Vps(on), also the
warning flag for overcurrent is not available in these conditions.

However, the overcurrent flag is also set when the device is in overcurrent limitation.

When a warning flag is set, the information is stored and indicated via the digital interface until the dedicated
registers are read by the microcontroller.

Additionally, the device provides a warning-based interrupt on the IRQ pin by setting the pin to high impedance. The
following warning flags can be linked to the IRQ pin via the digital interface:

+ Inverse current warning flag

+ Load current warning flag

+  Device temperature warning flag

+ I2tstatus warning flag

+  Power supply voltage warning flag

10.3.4 Communication information

The device offers following communication flags to inform the microcontroller about a potential issue in the
communication path:

«  Modulo counter error

+  Register access error

When a communication flag is set, the information is stored and indicated via the digital interface until the dedicated
registers are read by the microcontroller.

10.3.5 Digital measurements

The device offers several diagnosis registers in the digital interface, which provides information about the following
quantities:

+ Load current

+ Device temperature

+  Power supply voltage

10.3.5.1 Digital current sense

The 8-bit digital current sense is provided in a dedicated diagnosis register, if the following conditions are fulfilled:
«  The power stage is in Rps(on) (indicated via the Rps(on) acknowledgement)

+  The power stage is not in inverse condition

+ Nodevice protection mechanism is active

+  Power stage is not latched OFF

To calculate the corresponding load current from the digital current sense, the following equation has to be used:

L= IDCS(LSB) : DCS,decimal (10)

To provide valuable information about the load current in the low current range down to the open load range, the
digital current sense low range can be requested via the digital interface.

When requested, the low range current measurement is performed when the load current is within the low range (/| <
IpcsLR(ENTRY))-

To allow sufficient time for the low range measurement, the settling time t;pcs g has to be considered between start
of conversion and results available in the dedicated register.
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The device indicates via the digital interface that the value within the digital interface is invalid if one of the following
points is true:

+  No measurement was ever requested (register content = 0xFF)
« A measurement was requested but the load current is out of the low range (register content = OxFF)

+  Ameasurement was requested and started, but the load current increased during the measurement out of the
low range (register content = OxFF)

« A measurement was requested but the measurement is not yet finished (t < tspcsr) (register content = 0x00)

The current measurement range is set automatically back to normal range if either the low range measurement is
finished or was aborted.

10.3.5.2 Device temperature measurement
The device features a 6 bit temperature measurement, which reflects the device temperature within the logic area.
The measurement result is provided via the digital interface.

To calculate the device temperature, the content of the corresponding register has to be used within the following
equation:

Tpev = TpevasB) - DEVT gecimar + TDEV(RANGE),MIN (11)

10.3.5.3 VS measurement
The implemented voltage measurement reflects the power supply voltage of the device in reference to the device
GND. The measurement result is provided in a dedicated register via the digital interface.

To calculate the power supply voltage, the content of the corresponding register has to be used within the following
equation:

Vs = VS(LSB) : VS,decimal (12)

10.3.6 Status reporting

The device offers the possibility to read the following information via the digital interface:
e |2tstatus

«  External programming resistor for 12t

«  External programming resistor for OCT

+ IN pin status

«  LHI pin status

+  ON-state diagnosis

+  OFF-state diagnosis

+  Power stage control status

+ Inverse current diagnosis

Furthermore, the power stage status is evaluated and results in the following status reports:

«  The ON-state status reporting (ONDIAG) indicates that the power stage is switched ON if Vpg < Vps(on) for a time
longer than tr 1er(psp_ser)- The result of the comparison can be read via the digital interface.

«  The OFF-state status reporting (OFFDIAG) indicates that the power stage is switched OFF if Voyt < Vour(orr) for a
time longer than tr1er(psp_ser). The result of the comparison can be read via the digital interface.

«  The Rps(on) acknowledgement indicates that the power stage is in Rps(on). This information can be read via the
digital interface.
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«  When the device is in active mode, the inverse reporting (INVDIAG) indicates that /| </ yy on) for a time longer
than te rergny)- The result of the comparison can be read via the digital interface.

«  When the device is in inactive mode, the inverse reporting (INVDIAG) indicates that /| </ ny_orr) for a time longer
than tg rergny)- The result of the comparison can be read via the digital interface.

The status reporting via the digital interface is reset, if the condition for the ON-state status (Vps < Vpg(on)) or OFF-state
status (Vout < Vour(orr)) is not fulfilled for a time longer than tg rer(psp_res)-

The behavior of the ON-state status reporting and the OFF-state status reporting is shown in the figure below.

Power stage
control

\

Vout A

LFILTER(PSD_SET)

Vourt(orr)
tFILTER(PSD_RES) \
< r~
< >

PSDIAG. T‘
tFILTER(PSD_SET) /
>

OFFDIAG
Vos(on) \ " |LFILTER(PSD_RES)

PSDIAG. T ‘

Vos 4

\

ONDIAG

\j

Figure 43 Power stage diagnosis indication timings

10.3.7 Self-check information

The device offers the feature to perform the following self-checks:

+ IRQ pin check

+  ON to OFF switchability check of the power stage

The activation of the self-checks can be requested via the self-check register.

By enabling the IRQ self-check via the digital interface, the IRQ pin is forced to high impedance within tzq. Once the
IRQ self-check is disabled, the IRQ pin is released and operates again according to the device configuration within
tirg-

The ON to OFF switchability check can be activated while the device is in active mode and the power stage is enabled.

By activating the ON to OFF switchability check, the power stage starts to switch OFF until Vpgs > Vpg(on). Once the
threshold is reached, the power stage switches ON again.

If the Vps does not increase above Vps(on) Within tscionzorr), the switchability check is stopped. This is indicated in the
dedicated bitfield of the self-check register.

Additionally, the device automatically performs a self-diagnosis. If an internal fault is detected, which can potentially
lead to unreliable device behavior, this is indicated via the digital interface and the IRQ pin.
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10.4 Electrical characteristics - diagnosis
Table 21 Electrical characteristics - diagnosis

Vs =Vsnor)> Ty = TyNoR)

Typical values (unless otherwise specified): Vs = Vsoryrves Ty = TyNor)TvP

Parameter Symbol Values Unit | Note or condition P-Number
Min. Typ. Max.
Analog diagnosis
SENSE saturation IIS(SAT) 4.2 - - mA VSIS = VS - V|s >1 V, /L(OCT_H) PRQ-476
current = /L(HOCT_H)
SENSE leakage current | /is(ofF) - 0.01 0.5 WA Current sense disabled PRQ-477
when disabled
SENSE leakage current | /isey) - 0.2 2 bA Current sense enabled, /| = | PRQ-1265
when enabled 0A
SENSE currentin sense | /is\yeg) 400 500 600 pA Sense verification mode PRQ-1270
verification mode enabled
Saturation voltage in Vsis_k - 0.5 1 v Device in active mode, PRQ-479
KILIS operation (VS - current sense enabled, Vg
VIS) =5V
Power supply to IS pin | VsiscLamp) -a0 |33 355 39.5 v T,=-40°C PRQ-1266
clamping voltage at
TJ=-40°C
Power supply to IS pin | VsisicLamp) 25 | 35 375 |42 v T,=225°CY PRQ-480
clamping voltage at TJ =
25°C
SENSE settling time tsis(EN) - 5 20 us Device in active mode, PRQ-481
after diagnosis enable from (current sense
enabled and RON_ACK =
1g) to his =1/ (kiusmax @ 1)
0.9, 1L > Iy can)_oL H
SENSE settling time tsIS(EN)_sLC - - 60 us Device in active mode, PRQ-1431
after diagnosis enable from (current sense
with small load current enabled and RON_ACK =
1g) to s =1L/ (kiusmax @ IL)
0.9, =l (caL)_oL_H
SENSE disable time tsis(ois) - 5 20 Us Device in active mode, PRQ-1268
from (current sense
disabled or RON_ACK = 0p)
to /is =< lis(oFF)
SENSE settling time tsis(Le) - 5 20 ps Device in active mode, PRQ-482
after load change current sense enabled,
load change from I, = /| cay)
to /i (car) / 2 or vice versa
(table continues...)
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Table 21

Vs =Vsnor) Ty = TynoRr)

(continued) Electrical characteristics - diagnosis

Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TvP

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.
SENSE settling time tsis(LC)_sLc - 20 100 us Device in active mode, PRQ-1269
after load change with current sense enabled,
small load current load change from I, =/ (cay)

to ficay) oL

Open load output ILoL) 4au 60 180 300 mA Device in active mode, /s = | PRQ-485
currentatliS=4 pA lisior) =4 YA
Current sense ratio #09 | k. 509 -26.7% [39300 |+26.7% |- 400 mA =</ <l ocT 1) PRQ-1273
Current sense ratio #12 | ky 512 -9.9% 39300 |+9.9% |- L5A=</ <lyocT 1) PRQ-1274
Current sense ratio #15 | kjis15 -5.8% 39300 |+5.8% |- 4A<I <l ocT 1) PRQ-1275
Current sense ratio #20 | kj. 520 -44% 39300 |+4.4% |- I5A=</ <l ocT 1) PRQ-1277
Current sense ratio #22 | kj 1522 -4.1% 39300 |+4.1% |- 25A= I <l ocT ) PRQ-1278
Current sense ratio #24 | ky 524 -3.9% 39300 |+3.9% |- 35A=s I <lyocT ) PRQ-1279
Current sense ratio #27 | k527 -3.9% 39300 |+3.9% |- S50A=I <lyocT 1) PRQ-490
SENSE current derating Ak||_|s(o|_) -14% - +14% - IL(CAL)_OL =1.5 A, IL(CAL)_OL_H PRQ'488
with low current =4 A, I ca) oL =400 mA,
calibration TacaL) =25°C
SENSE current derating | Ak isnowm) -2% - +2% - Iocar)=35A, I (ca)_1=50A, | PRQ-489
with nominal current Iiican) L=25A, Taccan) =
calibration 25°C
Digital diagnosis
Frequency for error fiRQ(ERR_IDL) - 100 - Hz - PRQ-1477
indication at IRQ pin
during idle mode
request
Duty cycle for error DCiro(err IDL) |- 50% - - - PRQ-1478
indication at IRQ pin
during idle mode
request
Drain source voltage for | Vpg(on) 0.5 0.7 0.9 v - PRQ-483
ON-state detection
Output voltage for OFF- | Voyr(orr) 1.2 1.6 2.7 v - PRQ-1243
state detection
Load current forinverse |/ nv_on) -19 - -0.1 A Device in active mode PRQ-1731
current detection in ON
state
(table continues...)
Datasheet 75 Rev. 1.10

2026-07-15



BTS80009-SWPF-1ES

Datasheet

10 Diagnosis

Table 21

Vs =Vsnor) Ty = TynoRr)

(continued) Electrical characteristics - diagnosis

Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TvP

infineon

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

Load current forinverse |/ inv_orr) -300 - -1 WA Device in inactive mode PRQ-1768

current detection in OFF

state

Power stage diagnosis | trrer(psp_seT) | 200 240 280 ys - PRQ-1488

set filter time

Power stage diagnosis | trrer(psp_res) | 100 120 140 ys - PRQ-1489

reset filter time

Inverse current tFILTER(INY) 0.9 1 1.1 ms - PRQ-1244

indication filter time

ON to OFF self-check tSC(ONZOFF) 90 100 110 ms - PRQ-1246

time

Switching time of IRQ tirg - - 3 us - PRQ-1491

pin

Digital measurements

ADC sample time tSAMPLE(ADC) 7.5 8.4 9.3 us - PRQ-1362

Digital current sense Ipcs(RANGE) 0 - ILmoct_ |A - PRQ-1340

range L),Min

Digital current sense Incs(Lse) - 666 - mA - PRQ-1250

LSB value

Digital current sense tsnes - 40 74 ys 0.1* I (nom) 85 =/ =/ ocT 1) | PRQ-1363

settling time

Digital current sense ACCpcsi3 -67% |- +67% |- 2A=<I <IyocT 1) PRQ-1341

accuracy #13

Digital current sense ACCpcsis -17% |- +17% |- 4A<I <lyocT 1) PRQ-1342

accuracy #15

Digital current sense ACCpcsis -1% - +7% - 10A</ <locT 1) PRQ-1343

accuracy #18

Digital current sense ACCpcso -1% - +7% - 15A</ <locT 1) PRQ-1344

accuracy #20

Digital current sense ACCpcsy -1% - +7% - 25A </ <lyocT 1) PRQ-1345

accuracy #22

Digital current sense ACCpcsoa -1% - +7% - 35A<I <IyocT 1) PRQ-1346

accuracy #24

Digital current sense ACCpcsa7 -1% - +7% - 50A =/ <lyocT 1) PRQ-1360

accuracy #27

(table continues...)

Datasheet 76 Rev. 1.10

2026-07-15



BTS80009-SWPF-1ES

Datasheet

10 Diagnosis

Table 21

Vs =Vsinor) Ty = Tynor)

(continued) Electrical characteristics - diagnosis

Typical values (unless otherwise specified): Vs = Vsnoryrves Ty = TyNor)TvP

infineon

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note or condition

P-Number

Digital current sense
low range LSB value

IpcsLr(LsB)

30

mA

PRQ-1721

Digital current sense
low range settling time

tspcsLr

170

205

gs

0 A<I_<IpcsLR(ENTRY)

PRQ-1455

Digital current sense
low range entry
threshold

IpcsSLRENTRY)

2.5

PRQ-1757

Accuracy of digital
current sense low range
#05

ACCpcsiros

-70%

+70%

100 mA < /| <IpcsLR(ENTRY)

PRQ-1725

Accuracy of digital
current sense low range
#08

ACCpcsLros

-30%

+30%

300 mA < /| <IpcsLR(ENTRY)

PRQ-1726

Accuracy of digital
current sense low range
#10

ACCpcsLr10

-12%

+12%

750 mA < /i <IpcsLR(ENTRY)

PRQ-1727

Accuracy of digital
current sense low range
#11

ACCpcsLr11

-12%

+12%

1A=/ <IpcsrLENTRY)

PRQ-1728

Accuracy of digital
current sense low range
#13

ACCpcstr13

-10%

+10%

2 A= <IpcsLR(ENTRY)

PRQ-1729

Device temperature
measurement range

TDEV(RANGE)

171.7

°C

PRQ-1347

Device temperature
measurement LSB value

Toev(LsB)

3.36

°C

PRQ-1251

Accuracy of device
temperature
measurement

ACCrpey

°C

PRQ-1348

Power supply voltage
measurement range

Vs(RANGE)

3.5

24

PRQ-1349

Power supply voltage
measurement LSB value

Vs(LsB)

109.1

mV

PRQ-1249

Power supply voltage
measurement settling
time

tsvs

20

us

PRQ-1364

(table continues...)
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Table 21 (continued) Electrical characteristics - diagnosis

Vs =Vsnor) Ty = TynoRr)

Typical values (unless otherwise specified): Vs = Vsnoryves Ty = TyNor)TvP

infineon

Parameter Symbol

Values

Min.

Typ. Max.

Unit

Note or condition

P-Number

Accuracy of power ACCys(Low)
supply voltage
measurement low range

-4-Vs(1s

4-Vs(LsB

35V=sVs<12V

PRQ-1248

Accuracy of power ACCys(nich)
supply voltage
measurement high
range

-lO'Vs(L
SB)

lO'VS(LS

12VsVs<24V

PRQ-1361

1) Tested at T, =150°C
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11 Digital interface

The serial peripheral interface (SPI) is a full duplex synchronous serial slave interface, which uses four signal lines: SO,
Sl, SCLK, and CSN. While on the Sl and SO, the data is transferred at the data rate set by SCLK, the signal on CSN
defines whether the device is listening to the communication.

The falling edge of CSN indicates the beginning of an access frame. Data is sampled in on line Sl at the falling edge of
SCLK and shifted out on line SO at the rising edge of SCLK. Each access frame has to be terminated on a rising edge of
CSN.

A modulo 8 counter ensures that a command is accepted only when a multiple of 8-bits has been transferred, with a
minimum of 24 bits.

Starting from the most significant bit (MSB), these 24 bits consist of 8-bit CRC, 8-bit address, and 8-bit data (as shown
in Figure 44). For further information on the CRC calculation, refer to Chapter 11.5.

CRC X ADDRESS X DATA | )
S0
I
CSN
SCLK
time >
Figure 44 Serial peripheral interface
11.1 SPI signal description

CSN - chip select negated

The system microcontroller selects the device by means of the CSN pin. When the pin is in LOW state, data can be
transmitted. When CSN is in HIGH state, any signal at the SCLK and Sl pins are ignored, and the SO pinis drivento a
high impedance state.

+  CSN HIGH to LOW transition
- The previously requested information is transferred into the shift register
- The SO pin changes from high impedance to LOW

+ CSN LOW to HIGH transition

- Command decoding is only done when, after the falling edge of CSN, an exact multiple (1,2, 3, ...) of
8 SCLK signals have been detected, with a minimum of 24. In the case of an incorrect SCLK count, the
communication error flag and modulo counter error flag are set and the command is ignored

- Data from the shift register is transferred into the addressed register
SCLK - serial clock

This input pin clocks the internal shift register. It is essential that the SCLK pin is in LOW state whenever the CSN
makes any transition, otherwise the command may not be accepted.

Sl - serialinput

Serial input data bits are shifted in at this pin, the most significant bit first. The information at the SI pin is read by the
device on the falling edge of SCLK. For more information, refer to Chapter 11.1.1.

SO - serial output

During transmission, the response data is serially shifted out at this pin, the most significant bit first. The SO pinisin
high impedance until the CSN pin goes to LOW. New data is shifted out at the SO pin at every rising edge of the SCLK.
For further information refer to Chapter 11.1.1.
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twu(spi)
VDD /
1
tcSN(LEAD) fscLk tesN(LAG) tesn(Tp)
CSN
\h
tscLk(H)  tscLK(L)
[\
SCLK N\ /
N— -
tsiisu)| | tsiH)
> le
. e e, —/
| P o I F P o I i/
Z L /, / ),‘x\ ,X\ _,X\ L 4 4 Vsi(tH), min
tso(EN) tso(v) tso(pis)
> > >
N—F" N—F" VsoH)
SO
Z ,X\ ,X\ Vso(w)
Figure 45 Timing diagram SPI access

11.1.1 SPI protocol

The relationship between Sl and SO content during SPI communication is shown in Figure 46. The Sl line represents
the frame sent from the microcontroller and the SO line is the answer provided by the device. The
“previous response” means that the frame sent back depends on the command frame received before frame A.

S —< frame A >—< frame B >—< frame C >~
previous response to response to
SO
response frame A frame B

Figure 46 Relationship between Sl and SO during SPI communication

The SPI protocol provides the response to a command frame only with the next transmission triggered by the
microcontroller. The response to write commands is the standard diagnosis frame. To decode the response to read
commands, the previous transmission has to be taken into consideration.

The sequence of commands to read and write the content of a register appears as follows:

S| ~< write register A >—< read register A >—< new command >7
0 < previous > < STDDIAG > < register A >
response content

Figure 47 Register content sent back to the microcontroller

There are two specific situations where the content of the frame that is sent back to the microcontroller does

not depend on the previously received frame:

« Ifacommunication error occurred during the previously sent read or write command (for instance, the clock
pulses were not multiples of 8), the device responds with the standard diagnosis (where the communication error
flag is set), as shown in Figure 48

«  When the device is in power-up mode (after wake-up from sleep mode) the first response is the first
communication frame, as shown in Figure 49
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Sl

frame A frame B new command
(transmission error)

previous response to STDDIAG + CER

response frame A

Figure 48 SPI response after an error in transmission

SO

>>
>>

Device mOdeI ’ Sleep/Idle mode Power-up mode

wake-up i

»

t

Sl frameA frame B
(ignored)

new command >—

. . response
SO 4< (high impedance) >—< FCOMF to frame B
Figure 49 First SPI response in power-up mode after wake-up
11.2 SPI register reset conditions

The following conditions have an impact on the SPI register content:
When the limp home state is entered (refer to Chapter 6.1.1.6):

«  Configuration and control registers are reset to their default values
«  Self-check registers are reset to their default values

+  Therestart counter and protection latches are reset. Therefore, also the error, warning and protection flags are
reset

When a reset command is executed via the digital interface:
+  Configuration and control registers are reset to their default values
+  Self-check registers are reset to their default values
+ The protection latches are not reset. Therefore, also the error, warning, and protection flags are not reset
«  The device protection counter
- isresetif the default value of the device protection restart strategy is single latch
- isnotresetif the default value of the device protection restart strategy is counted restart
When both supply voltages drop below their corresponding undervoltage shutdown thresholds (Vs(yy) and Vpp(yy)):
+  Configuration and control registers are reset to their default values
+  Self-check registers are reset to their default values

+  Therestart counter and protection latches are reset. Therefore, also the error, warning, and protection flags are
reset

As long as the conditions for data retention (tget) are fulfilled, a subset of register content is retained, as described in
the undervoltage chapter.

If the IN pin is set to LOW after a register reset, the power stage is switched OFF.

11.3 Daisy chain capability
The interface provides daisy chain capability with modulo 8-bit SPI devices.

In this configuration, several devices are activated by the same CSN signal MCSN. The Sl line of one device is
connected with the SO line of another device to build a chain (see Figure 50). The two ends of the chain are connected
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to the output and input of the master device, MOSI and MISO respectively. The master device provides the master
clock MCLK, which is connected to the SCLK line of each device in the chain.

device 1 device 2 device 3
Sl SO SI SO SI SO
1—» SP| —»[—11+» SPI —»[F——{1+» SPI —»[1—
= x = x = X
) -l wn -l ) —
MOSI @) 8 Q 8 Q b))
MCSN —» : ¢
MCLK —»
MISO <«

Figure 50 Daisy chain configuration

In the SPI block of each device there is one shift register, where each bit from Sl line is shifted in every SCLK cycle. The
bit is shifted out on the SO pin. After 24 SCLK cycles, the data transfer for one device is finished. In single chip
configuration, the CSN line has to turn HIGH to make the device acknowledge the transferred data. In daisy chain
configuration, the data shifted out at device 1 has been shifted in at device 2. When using three devices in a daisy
chain, three times 24 bits have to be shifted through the devices. After that, the MCSN line has to turn HIGH (see Figure
51).

MOSI

—< frame device 3 >< frame device 2 >< frame device 1 >—
—< response device 3 >< response device 2 >< response device 1 >—

MISO

MCSN —| |_
MCLK ] 24 clocks 24 clocks 24 clocks |
Figure 51 Data transfer in a daisy chain configuration
11.4 SPI register description
11.4.1 Read command

The content of a register is read using the RC command. For this purpose, the address of the register to be read has
to be selected within the data bit fields of the RC command.

Name Address | D7 D6 D5 D4 D3 D2 D1 DO
RC 00y A

Table 22 Read command bit description

Field Bits |Type |Description

A 7:0 Address of register to be read

11.4.2 Register address overview

The table below provides an overview of the available diagnosis and configuration registers including their address.
Write-registers are configured by sending the corresponding address together with the data bits. For detailed
information on the data bits, refer to the dedicated register description.

Rev. 1.10
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Table 23 Register overview

Name Type Address Description

STDDIAG r 01y Standard diagnosis

ERRDIAG r 034 Error diagnosis

PROTDIAG r 064 Protection diagnosis

WDIAG r 11, Warning diagnosis

PSDIAG r 184 Power stage diagnosis

COMDIAG r 1Ey Communication diagnosis

RPSR r 204 Resistor programming
status register

I2TDIAG r 214 12t protection diagnosis

VSMR r 25y Supply voltage
measurement register

TEMPMR r 26y Temperature measurement
register

DCSLRR r 294 Digital current sense low
range register

DCSR r 31y Digital current sense
register

SCR r/w 434 Self check register

IRQCR r/w 47y IRQ control register

DIAGCR r/w 48y Diagnosis control register

DVIDR r/w 49y, Device ID register

VIDR r 4Ay Variant device ID register

COMCR r/w 4Cy Communication control
register

LFSC w 4F, Leave fail safe command

DCR r/w 544 Device control register

OCR r/w 554 Output control register

DPR r/w 5By Device protection
configuration register

I2TR r/w 654 12t protection configuration
register

OVLR r/w 6By Overvoltage lockout
register

UVLR1 r/w 6CH Undervoltage lockout
register 1

UVLR2 r/w 6Dy Undervoltage lockout

register 2

(table continues...)
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Table 23 (continued) Register overview
Name Type Address Description
OCWR r/w 6Ey Overcurrent warning
threshold register
OTWR r/w 784 Overtemperature warning
threshold register
I2TWR r/w 79 12t warning threshold
register
NVMCR r/w TEH NVM mode control register
NVM_MSB r/w TFy NVM MSB register
NVM_LSB r/w 80y NVM LSB register
NVM_CMD r/w 81y NVM command register
S_DIAGCR r 82y Shadow - DIAGCR
S_DVIDR r 83y Shadow - DVIDR
S_COMCR r 84y Shadow - COMCR
S_OCR r 87y Shadow - OCR
S_DPR r 894 Shadow - DPR
S_I2TR r 91y Shadow - I2TR
S_UVLR1 r 954 Shadow - UVLR1
S_UVLR2 r 96y Shadow - UVLR2
S_OCWR r 97y Shadow - OCWR
FCOMF r FFy First communication frame
11.4.3 Diagnosis registers
11.4.3.1 Standard diagnosis
Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
STDDIAG 01y SMS NRM VSUV WDS CER WRN PROT ERR 50y
Table 24 Standard diagnosis bit descriptions
Field Bits |Type |Description
SMS 7 r Safe mode status indication
Og (default) Device is not in a safe mode
1g Device isin limp home mode or fail safe mode
NMR 6 r Normal mode indication
Og Device is not in one of the normal operation modes and therefore not configurable
1 (Default) Device is in one of the normal operation modes and configurable

(table continues...)
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Table 24 (continued) Standard diagnosis bit descriptions
Field Bits |Type |Description
VSUV 5 rc Power supply voltage undervoltage triggered
0g (Default) Vs > Vsy) since last STDDIAG readout
1g Vs = Vsyy) since last STDDIAG readout
WDS 4 r Watchdog Status
0g Watchdog is active and below overflow
1 (default) Watchdog disabled OR overflow
CER 3 r Communication error
0Og (default) No communication error detected
1z Communication error detected
WRN 2 r Warning threshold monitor
Op (default) No warning threshold violated
1g Warning threshold violated
PROT 1 r Protection mechanism monitor
Og (default) No protection mechanism triggered
1 Protection mechanism triggered
ERR 0 r Error monitor
Og (default) No error
1 Error detected and power stage latched OFF
11.4.3.2  Error diagnosis
Name |Address (D7 |D6 |D5 |D4 |D3 D2 D1 DO Default
ERRDIA 034 0 0 0 0 UVL_HERR UVL_LERR I2TERR TMPERR 004
G
Table 25 Error diagnosis bit descriptions
Field Bits |Type |Description
UVL_HERR |3 r Undervoltage lockout high error
0Og (default) No error
1z Undervoltage lockout high triggered and device latched OFF
UVL_LERR 2 r Undervoltage lockout low error
0Og (default) No error
1z Undervoltage lockout low triggered and device latched OFF
I2TERR 1 r 12t error
0Og (default) No error
1 12t protection triggered and device latched OFF
TMPERR 0 r Temperature error
0Og (default) No error
1g Temperature protection triggered (T ags) OF Tjpyn)) and device latched OFF
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11.4.3.3  Protection diagnosis

Name |Address (D7 |D6 |D5 D4 |D3 D2 D1 DO Default
PROTDI 06y 0 0 dT_ | OT_ OC_PROT OVL_PROT UVL_HPROT | UVL_LPROT 00y
AG PRO | PRO

T T
Table 26 Protection diagnosis bit descriptions
Field Bits |Type |Description
dT_PROT 5 rc Dynamic overtemperature protection indication

0g No dT protection triggered (T, (pyn)) since last PROTDIAG readout
1 dT protection triggered (T pyn)) since last PROTDIAG readout

OT_PROT 4 rc Absolute overtemperature protection indication
0g No OT protection triggered (T(ags)) since last PROTDIAG readout
1 OT protection triggered (T,(ags)) since last PROTDIAG readout

OC_PROT 3 rc Overcurrent protection indication
0g No current limitation triggered since last PROTDIAG readout
1 Current limitation triggered since last PROTDIAG readout

OVL_PROT |2 rc Overvoltage lockout triggered
Og No OVL triggered since last PROTDIAG readout
1 OVL triggered since last PROTDIAG readout

UVL_HPROT |1 rc Undervoltage lockout high triggered
0g No UVLH triggered since last PROTDIAG readout
1g UVLH triggered since last PROTDIAG readout

UVL_LPROT |0 rc Undervoltage lockout low triggered
0g No UVLL triggered since last PROTDIAG readout
1g UVLL triggered since last PROTDIAG readout

11.4.3.4 Warning diagnosis

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
WDIAG 11y 0 0 VSW OTW 2TW 0 OCW | INVDIAG 00y
Table 27 Warning diagnosis bit descriptions

Field Bits |Type |Description

VSW 5 rc Supply voltage warning threshold indication

0g (default) Vs > VgyyLm) since last WDIAG readout
1g Vs = Vs(yyn since last WDIAG readout

oTW 4 rc Overtemperature warning threshold indication
Og (default) T, < OTWTn since last WDIAG readout
15 7, = OTWTn since last WDIAG readout

(table continues...)
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Table 27 (continued) Warning diagnosis bit descriptions
Field Bits |Type |Description
2TW 3 rc 12t warning threshold indication

Og (default) 12TSn < 12TWTn since last WDIAG readout
15 12TSn = I2TWTn since last WDIAG readout

ocw 1 rc Overcurrent warning threshold indication
0g (default) /| </ ocwr) since last WDIAG readout
1g Iy = I ocwr) Since last WDIAG readout

INVDIAG 0 rc Inverse diagnosis
0Og (default) No inverse status reporting since last WDIAG readout
1g Inverse status reporting triggered since last WDIAG readout

11.4.3.5 Power stage diagnosis

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default

PSDIAG 18y 0 RCS RON_AC| PSC OFFDIA | ONDIAG | 024
K G

Table 28 Power stage diagnosis bit descriptions

Field Bits |Type |Description

RCS 6:4 r Restart counter status

0005 (default) Restart counter is zero
001 Restart counteris 1

101g Restart counter is 5 and the device is latched OFF
110g and 111z n.a.

RON_ACK 3 r Rps(on) acknowledgement
0g (default) Power stage is not in Rps(on)
1g Power stage is in Rpg(on)

PSC 2 r Power stage control diagnosis

Op (default) Power stage control = LOW
1z Power stage control = HIGH
OFFDIAG 1 r OFF-state diagnosis

0g Vour to GND pin > Vour(orr)

1p (default) Voyt to GND pin < Voyr(orr)
ONDIAG 0 r ON-state diagnosis

0g (default) Vps > Vps(on)

1g Vps = Vps(on)
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11.4.3.6 Communication diagnosis

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
COMDIAG 1Ey 0 IN LHI VDDUV | WDERR | RAERR | MCERR 0 00y
Table 29 Communication diagnosis bit descriptions

Field Bits |Type |Description

IN 6 rc Input pin monitor

Og (default) always LOW level at IN pin since last COMDIAG readout
15 HIGH level at IN pin at least once since last COMDIAG readout

LHI 5 rc Limp home input pin monitor
Op (default) always LOW level at LHI pin since last COMDIAG readout
15 HIGH level at LHI pin at least once since last COMDIAG readout

VDDUV 4 rc Digital supply voltage undervoltage triggered

0p (default) Vpp > Vpp(uy) since last COMDIAG readout

15 Vpp = Vpp(uy) at least once since last COMDIAG readout
WDERR 3 rc Watchdog error

0Og (default) No error since last COMDIAG readout

1z Watchdog overflow occurred since last COMDIAG readout

RAERR 2 rc Register access error
0Og (default) No error since last COMDIAG readout

1z Read or write access to a non-existent register or write to a read-only
register, since last COMDIAG readout. The device responds with the STDDIAG

MCERR 1 rc Modulo counter error
0g (default) No modulo counter error since last COMDIAG readout
15 Modulo counter error occurred since last COMDIAG readout

11.4.3.7 Resistor programming status register

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
RPSR 204 RI2T ROCT
Datasheet 88 Rev.1.10
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Table 30 Resistor programming status register bit descriptions
Field Bits |Type |Description
RI2T T7:4 r R3¢ value

00003 12t pin short (Rjy < Rjat_shorT) - 12t protection curve 6
0001g Ryt = Ript_1: protection curve 1

0010g Ryt = Ryt _»: protection curve 2

0011g Rjpt = Ript_3: protection curve 3

0100g Ryt = Ript_4: protection curve 4

0101g Rjpt = Ript_s: protection curve 5

0110g Ryt = Ript_e: protection curve 6

0111g 12t pin open (Rp2¢ = Ript open) - 12t protection curve 6

ROCT 3:0 r Roct value
0000g OCT pin short (Roct = Roct_sHorT): IL(ocT_H) = IL(HOCT_H)

0001 Roct =Roct_1: lLjoct_m) = 1L

toct_H) * 0 I ocT_H_LsB)
0010g Roct = Roct_2: IL(ocT_H) = L (tocT_H) t 4 * IL(0cT_H_LsB)
0011g Roct = Roct_3t IocT_H) = ILtoct_H) + 8 * ILocT_H_LsB)
toct_H) + 12+l jocT_H_Lss

0101g Roct =Rocr_s: ILoct_m) = I

-

Loct_H) t20-

(0CT_H)
(0CT_H)
(0CT_H)
0100g Roct = Roct_4: Ljoct ) =L
(0CT_H)
0110g Roct = Roct_6: Ljoct ) = L
(0CT_H)

0111g Roct = Roct_7: Iioct_H) = Itoct Hy + 24 IocT H_LsB

)

)

)

) L( )
LocT_H) * 16 * I (ocT_H_LsB)

) L(OCT_H_LSB)

) ( )

) ( )
H)

1000g Roct = Roct 8 IL(oct_H) = ILitoct_H) + 28 * ILocT_H_LsB

1001g OCT pin open (Roct 2 Roct_open): /L(ocT_H) = IL(HOCT_H)
11.4.3.8 12t protection diagnosis
Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
I2TDIAG 21y 12TS 00y
Table 31 12t protection diagnosis bit descriptions
Field Bits |Type |Description
12TS 7:0 r 12t protection status

0000 00005 (default) S;5; = 0% or invalid measurement
Curve 1: 0x00y - 0x41y (Sjpt = 100%)
Curve 2: 0x00y - 0x51y (Sjpt = 100%)
Curve 3: 0x00y - 0X67} (S;5¢ = 100%)
Curve 4: 0x00 - 0x82 (Sjpt = 100%)
Curve 5: 0x00y - 0xA4y, (Spt = 100%)
Curve 6: 0x00 - OXCFy (S;5¢ = 100%)

11.4.3.9 Supply voltage measurement register

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
VSMR 254 VS 004
Datasheet 89 Rev. 1.10

2026-07-15



o _.
BTS80009-SWPF-1ES Infineon
Datasheet

11 Digital interface

Table 32 Supply voltage measurement register bit descriptions
Field Bits |Type |Description
VS 7:0 r Supply voltage measurement register

Vs =VS,decimal * Vs(LsB) for 32 < VS, gecimal = 220

0000 00005 (default) invalid measurement

11.4.3.10 Temperature measurement register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
TEMPMR 26y 0 0 DEVT 00y
Table 33 Temperature measurement register bit descriptions

Field Bits |Type |Description

DEVT 5:0 r Device temperature measurement

Tpgy = -40°C + DEVT,gecimal * TpEV(LSB)

00 00005 (default) Tpgy =-40°C or invalid measurement

11.4.3.11 Digital current sense low range register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
DCSLRR 29y DCSLR FFy
Table 34 Digital current sense low range register bit descriptions

Field Bits |Type |Description

DCSLR 7:0 r Digital current sense low range

0000 00005 low range measurement running

0000 0001g ... 1001 0110g /; = Ipcsir(Lse) - DCSLR,decimal
100101115...1111 1110 not available

1111 11115 (default) Invalid measurement

11.4.3.12 Digital current sense register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
DCSR 31y DCS 00y
Table 35 Digital current sense register bit descriptions

Field Bits |Type |Description

DCS 7:0 r Digital current sense

It = Ipcs(Lse) * DCS,decimal

0000 00005 (default) 0 A or invalid measurement
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11.4.3.13 Variant ID register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
VIDR 4Ay 0 0 0 VID 1F4
Table 36 Variant ID register bit descriptions

Field Bits |Type |Description

VID 4:0 r Variant ID

11111p Variant = BTS80xxx-SWPF-1ES
Other values internal fault / invalid variant

11.4.4 Self-check register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default

SCR 434 0 0 INTFAUL | ON2OFF 0 0 IRQSC | ON20OFF 00y
T DIAG SC

Table 37 Self-check register bit descriptions

Field Bits |Type |Description

INTFAULT 5 r Internal fault indication

0Og (default) No internal fault detected
1 Internal fault detected and device is probably unreliable

ON20OFFDIAG |4 r ON to OFF diagnosis

Og (default) Last ON to OFF self-check abortive, or no self-check requested
1 Last ON to OFF self-check successful

IRQSC 1 r/w IRQ self-check

Og (default) IRQ pin follows device configuration

1 IRQ pin is forced to HZ

ON20FFSC 0 r/w ON to OFF switchability self-check

Register read:

0g (default) No self-check in execution or already finished
15 Self-check in execution

Register write:

Og (default) No self-check requested

1g The device starts to switch OFF until Vps > Vpg(on) then it switches ON again
automatically

11.4.5 Control registers

11.4.5.1 IRQ control register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
IRQCR 47y 0 IRQIN | IRQVDD | IRQWWD | IRQWVS | IRQWI2T | IRQWOC | IRQWOT 00y
VDIAG uv
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Table 38 IRQ control register bit descriptions
Field Bits |Type |Description
IRQINVDIAG |6 r/w Inverse diagnosis warning on IRQ pin

Og (default) Disabled
1z Warning enabled

IRQVDDUV 5 r/w VDD undervoltage warning on IRQ pin
0Og (default) Disabled

1z Warning enabled

IRQWWD 4 r/w Watchdog warning on IRQ pin

0Og (default) Disabled

1z Warning enabled

IRQWVS 3 r/w Supply voltage indication on IRQ pin
0Og (default) Disabled
1g Warning threshold violation, UVL and OVL protection indication enabled

IRQWI2T 2 r/w 12t warning on IRQ pin
0Og (default) Disabled
1z Warning threshold violation indication enabled

IRQWOC 1 r/w Overcurrent indication on IRQ pin
0g (default) Disabled
1z Warning threshold violation and overcurrent protection indication enabled

IRQWOT 0 r/w Overtemperature indication on IRQ pin
Og (default) Disabled
1z Warning threshold violation and overtemperature protection indication enabled

11.4.5.2 Diagnosis control register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
DIAGCR 484 0 0 0 LRSOC AMUX OFy
Table 39 Diagnosis control register bit descriptions

Field Bits |Type |Description

LRSOC 4 w Digital current sense low range start of conversion

0g (default) Digital current sense low range measurement not triggered
1 Start of digital current sense low range measurement

AMUX 3:0 r/w Analog Multiplexer
0000g Analog current sense of OUTO is routed to IS pin
0001y Reserved

1101 Reserved
1110g Sense verification mode

1111p (default) IS pinis high impedance
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11.4.5.3 Communication control register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
COMCR 4Cy 0 WD FSOUT CRCEN RST 06y
Table 40 Communication control register bit descriptions
Field Bits |Type |Description
WD 6:4 r/w Watchdog time
0005 (default) Watchdog disabled
001g twp(tH) = twp1
010g twp(TH) = twp2
011p twp(tH) = twps3
100g twp(TH) = twpa
101 twp(tH) = twps
(TH)
)

FSOUT 3:2 r/w Power stage control in fail safe mode

00g Power stage control = LOW

01p (default) Power stage control = "last state"
10 Power stage control = "last state"

11 Power stage control = HIGH

CRCEN 1 r/w CRC enable

0g CRC disabled
1 (default) CRC enabled

RST 0 r/w Register reset
Og (default) Normal operation

1g Execute register reset command

11.4.5.4 Leave fail safe command

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
LFSC 4Fy LFS 00y
Table 41 Leave fail safe command bit descriptions
Field Bits |Type |Description
LFS 7:0 w Leave fail safe mode

1100 01115 command to leave fail safe mode

11.4.5.5 Device control register

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default

DCR 54y 0 0 ICOL CL VSUVSE MSEL 00y
L
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Table 42 Device control register bit descriptions
Field Bits |Type |Description
ICOL 5:4 r/w Input control logic

00g (default) Input status is or-combined with OUT bit
01g Input status is and-combined with OUT bit

105 OUT bit only

115 N.a.

CL 3 r/w Clear latch
0Og (default) Protection latch and restart counter are untouched

1 Protection latch and restart counter are reset

VSUVSEL 2 r/w Undervoltage shutdown level selection
0g (default) Vsyy) = Vsuy) H

1g Vsuy) = Vsuv)_L

MSEL 1:0 r/w Mode selection

00z (default) Sleep mode

01g Normal modes

105 Idle mode

11g N.a.

11.4.5.6 Output control register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
OCR 554 0 0 0 0 0 FASTOF CLS ouT 00y
F
Table 43 Output control register bit descriptions
Field Bits |Type |Description
FASTOFF 2 r/w Fast OFF control

0p (default) Use standard switch-OFF time
lB Use tOFF(FAST) switch-OFF time

CLS 1 r/w Capacitive load switching

0g (default) CLS sub-mode deactivated

1 CLS sub-mode entered at next power stage activation
ouT 0 r/w Output control

Og (default) Output control = LOW

1 Output control = HIGH

11.4.6 Configuration registers

11.4.6.1 Device ID register

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
DVIDR 49, 0 0 0 0 DVID 004
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Table 44 Device ID register bit descriptions
Field Bits |Type |Description
DVID 3:0 r/w Device ID
00005 (default) Device ID=0
11115 Device ID =15
11.4.6.2 Device protection configuration register
Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
DPR 5By 0 0 DPREN oCT 1Fy
Table 45 Device protection configuration register bit descriptions
Field Bits |Type |Description
DPREN 5 r/w Device protection restart enable
Og (default) Single latch
1 Restart counter enabled
oCT 4:0 r/w Overcurrent threshold high
Ioet_n) = Ioct_n) + OCT,decimal /LiocT_H_LsB)
11111 (default) I (oct_) = L (HocT_H)
11.4.6.3 12t protection configuration register
Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
12TR 654 0 0 TAU 0 DC 27y
Table 46 12t protection configuration register bit descriptions
Field Bits |Type |Description
TAU 5:4 r/w Time constant of 12t protection
00g 7= 7j5;_; selected
01 7= 7j5;_, Selected
10g (default) 7= 7, 3 selected
11g 7= 7jp¢ 4 Selected
DC 2:0 r/w DC current of 12t protection
0005 I2t protection is disabled
OOlB 2t curve 1 with IL(|2t_l)
010 12t curve 2 with I 12t 2
OllB 12t curve 3 with IL(|2t_3)
100g I2t curve 4 with I 12t 4
lOlB [2t curve 5 with IL(|2t_5)
110g 12t curve 6 with I (12t ¢)
111; (default) n.a. (12t curve 6 is used)
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11.4.6.4 Overvoltage lockout register

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
OVLR 6By 0 OVLF OVLEN OVL 27y
Table 47 Overvoltage lockout register 1 - bit descriptions

Field Bits |Type |Description

OVLF 6:4 r/w Overvoltage lockout filter time

0005 Filter time set to 35 ps

001 Filter time set to 98 ps

0105 (default) Filter time set to 200 ps
011y Filter time set to 540 ps

100g Filter time set to 1.04 ms

1015 Filter time set to 10 ms

110; Filter time set to 50 ms

1115 Filter time set to 100 ms

OVLEN 3 r/w Overvoltage lockout enable
0p (default) Vsoy1) disabled
lB VS(OVL) enabled

OovL 2:0 r/w Overvoltage lockout threshold

000g Threshold setto 17.89V

001 Threshold set to 18.76 V

010g Threshold set to 19.64 V

011 Threshold set to 20.51V

100g Threshold set t0 21.38 V

1015 Threshold set to 22.25V

110 Threshold set to0 23.13 V

111g (default) Threshold set to 24.00 V

11.4.6.5 Undervoltage lockout register 1

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
UVLR1 6Cy UVL_HF UVL_HEN UVL_H 504
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Table 48 Undervoltage lockout register 1 - bit descriptions
Field Bits |Type |Description
UVL_HF 7:5 r/w Undervoltage lockout high filter time

0005 Filter time set to 35 s

001 Filter time set to 100 s

010g (default) Filter time set to 200 ps
011y Filter time set to 500 s

1005 Filter time setto 1 ms

1015 Filter time set to 10 ms

110g Filter time set to 50 ms

1115 Filter time set to 100 ms

UVL_HEN 4 r/w Undervoltage lockout high enable
OB VS(UVL_H) disabled
1g (default) Vsyy_n) enabled

UVL_H 3:0 r/w Undervoltage lockout high threshold
0000g (default) Threshold set to 7.53 V
0001 Threshold setto 7.75 V

0010g Threshold setto 7.96 V

0011 Threshold setto 8.18 V

0100g Threshold set to 8.40V

0101y Threshold set to 8.62 V

0110g Threshold set to 8.84 V

0111 Threshold set t0 9.05V

10005 Threshold set to 9.27V

1001 Threshold set to 9.49V

1010 Threshold setto 9.71V

10115 Threshold set to 9.93 V

11005 Threshold set to 10.15V

11015 Threshold set to 10.36 V

11105 Threshold set to 10.58 V

11115 Threshold set to 10.80 V

11.4.6.6 Undervoltage lockout register 2

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
UVLR2 6Dy CDEN | UVL_HRE | UVL_LRE | UVL_LE UVL_L BOy

N N N
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Table 49 Undervoltage lockout register 2 - bit descriptions
Field Bits |Type |Description
CDEN 7 r/w Current dependency enable

0 Vs(uvL_n is always active

1g (default) VsyyL_ny) is active when /| > ocwr)
UVL_HREN 6 r/w Undervoltage lockout high restart enable
Og (default) Single latch

1 Unlimited restart

UVL_LREN 5 r/w Undervoltage lockout low restart enable
Og Single latch
1 (default) Unlimited restart

UVL_LEN 4 r/w Undervoltage lockout low enable
OB VS(UVL_L) disabled
1p (default) Vsyy,_1) enabled

UVL_L 3:0 r/w Undervoltage lockout low threshold
00005 (default) Threshold set to 4.25V
0001g Threshold set to 4.47V
0010g Threshold set to 4.69V
0011g Threshold setto 4.91V
01005 Threshold setto 5.13V
0101g Threshold setto 5.35V
01105 Threshold set to 5.56 V
0111 Threshold setto 5.78 V
10005 Threshold set to 6.00 V
1001 Threshold set to 6.22 V
1010g Threshold set to 6.44V
10115 Threshold set to 6.65 V
1100g Threshold set to 6.87 V
1101g Threshold set to 7.09 V
11105 Threshold setto 7.31V
11115 Threshold set to 7.53 V

11.4.6.7 Overcurrent warning threshold register

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
OCWR 6Ey 0 0 0 OCWT 1Fy
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Table 50 Overcurrent warning threshold register bit descriptions
Field Bits |Type |Description
OCWT 4:0 r/w Overcurrent warning threshold

0 OOOOB IL(OCWT) =0A
Stepsize with 5.328 A
1 llllB (default) IL(OCWT) =165.168 A

11.4.6.8 Overtemperature warning threshold register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
OTWR 78y 0 0 OTWT 38,
Table 51 Overtemperature warning threshold register bit descriptions
Field Bits |Type |Description
OTWT 5:0 r/w Overtemperature warning threshold

00 0000g N.a.

0011115 N.a.

01 00005 OTWT =13.8°C

... stepsize with 3.36 K

11 10005 (default) OTWT = 148.1°C
111001 N.a.

1111115 N.a.

11.4.6.9 12t warning threshold register

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
I2TWR 794 I2TWT FFy
Table 52 12t warning threshold register bit descriptions

Field Bits |Type |Description

2TWT 7:0 r/w 12t warning threshold

Curve 1: from 0x00y (0%) to 0x41y (100%) Curve 2: from 0x004 (0%) to 0x51 (100%)
Curve 3: from 0x00y (0%) to 0x674 (100%) Curve 4: from 0x00, (0%) to 0x82 (100%)
Curve 5: from 0x00y (0%) to 0xA4y (100%) Curve 6: from 0x00y (0%) to OxCFy (100%)

11.4.7 NVM register

11.4.7.1 NVM mode control

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
NVM TEH 0 0 0 0 0 0 0 NVM_SE 00y
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Table 53 NVM mode control bit descriptions
Field Bits |Type |Description
NVM_SEL 0 W Select NVM mode

0g Leave NVM mode is requested, load default values triggered (default)

1z Enter NVM mode is requested

11.4.7.2 NVM MSB of word line

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
NVM_MSB TFy WL_A WL_D_MSB -
Table 54 NVM MSB of word line bit descriptions

Field Bits |Type |Description

WL_A 7:5 rw Word line address

000g - 0115 See NVM description

WL_D_MSB |4:0 rw MSB of word line data
Data for D12 to D8 of corresponding word line address

11.4.7.3 NVM LSB of word line

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
NVM_LSB 80y WL_D_LSB -
Table 55 NVM LSB of word line bit descriptions

Field Bits |Type |Description

WL_D_LSB 7:0 rw LSB of word line data
Data for D7 to DO of corresponding word line address

11.4.7.4 NVM command register

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default

NVM_CMD 81y VSNVM_ | NVM_FU | ACS_ER | WLA_ER | VIRGIN | READY 0 R/W 0Cq
uv LL R R

Table 56 NVM command register bit descriptions

Field Bits |Type |Description

VSNVM_UV |7 r Undervoltage during NVM operation

0g Vs < Vg(nymy during write command or Vs < V(py) during read command

1g (default) Vs = Vs(yym) during write command or Vs > Vg pyy during read command
NVM_FULL |6 r NVM is full

0Og (default) At least one word line can be written

1g NVMis full

(table continues...)
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Table 56 (continued) NVM command register bit descriptions
Field Bits |Type |Description
ACS_ERR 5 r Access error

0Op (default) No access error occurred
1z write to NVM is requested from outside the NVM mode

WLA_ERR |4 r Word line access error

0Og (default) Last write command addressed valid word line (NVM_MSB.WL_A = valid)
1z Last write command addressed invalid word line (NVM_MSB.WL_A = invalid)
VIRGIN 3 r NVM virgin check

0Og At least one word line was written to NVM

1 (default) NVM is virgin

READY 2 r Ready check

0g NVM is not ready to read or write (read or write is ongoing)

1 (default) NVM is ready for next read or write command

R/W 0 r/w Read or write access

Register read:

0Og (default) Last command was a read command

1 Last command was a write command

Register write:

0Og (default) Read out NVM and load data to shadow register
1z Write data from NVM_MSB and NVM_LSB into NVM

11.4.8 Shadow registers

11.4.8.1 Shadow - DIAGCR

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
S_DIAGCR 82y 0 0 0 0 AMUX -
Table 57 Shadow - DIAGCR bit descriptions

Field Bits |Type |Description

AMUX 3:0 r Default value of DIAGCR.AMUX

11.4.8.2 Shadow - DVIDR

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
S_DVIDR 83y 0 0 0 0 DVID -
Table 58 Shadow - DVIDR bit descriptions

Field Bits |Type |Description

DVID 3:0 r Default value of DVIDR.DVID
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11.4.8.3 Shadow - COMCR

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
S_COMCR 84y 0 WD FSOUT CRCEN | RST_TIE -
0
Table 59 Shadow - COMCR bit descriptions
Field Bits |Type |Description
WD 6:4 r Default value of COMCR.WD
FSOUT 3:2 r Default value of COMCR.FSOUT
CRCEN 1 r Default value of COMCR.CRCEN
RST_TIEO 0 r Default value of COMCR.RST

11.4.8.4 Shadow - OCR

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default

S_OCR 8Ty 0 0 0 0 0 FASTOF CLS OUT_TI -
F_TIEO EO

Table 60 Shadow - OCR bit descriptions

Field Bits |Type |Description

FASTOFF_TIE |2 r Default value of OCR.FASTOFF

0

CLS 1 r Default value of OCR.CLS

OUT_TIEO 0 r Default value of OCR.OUT

11.4.8.5 Shadow -DPR

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
S_DPR 894 0 0 DPREN oCT -
Table 61 Shadow - DPR register bit descriptions

Field Bits |Type |Description

DPREN 5 r Default value of DPR.DPREN

OoCT 4:0 r Default value of DPR.OCT

11.4.8.6 Shadow - I12TR

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
S_I2TR 91y 0 0 TAU 0 DC -
Table 62 Shadow - I2TR bit descriptions

Field Bits |Type |Description

TAU 5:4 r Default value of I2TR.TAU

(table continues...)
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Table 62 (continued) Shadow - I2TR bit descriptions
Field Bits |Type |Description
DC 2:0 r Default value of I2TR.DC

11.4.8.7 Shadow - UVLR1

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default
S_UVLR1 954 UVL_HF UVL_HE UVL_H -
N
Table 63 Undervoltage lockout register 1 bit descriptions
Field Bits |Type |Description
UVL_HF 7:5 r Default value of UVLR1.UVL_HF
UVL_HEN 4 r Default value of UVLR1.UVL_HEN
UVL_H 3:0 r Default value of UVLR1.UVL_H

11.4.8.8 Shadow - UVLR2

Name Address | D7 D6 D5 D4 D3 D2 D1 DO Default

S_UVLR2 96y CDEN | UVL_HR | UVL_LR | UVL_LE UVL_L -
EN EN N

Table 64 Shadow - UVLR2 bit descriptions

Field Bits |Type |Description

CDEN 7 r Default value of UVLR2.CDEN

UVL_HREN 6 r/w Default value of UVLR2.UVL_HREN

UVL_LREN 5 r/w Default value of UVLR2.UVL_LREN

UVL_LEN 4 r/w Default value of UVLR2.UVL_LEN

UVL_L 3:0 r/w Default value of UVLR2.UVL_L

11.4.8.9 Shadow - OCWR

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
S_OCWR 97H 0 0 0 OCWT -
Table 65 Shadow - OCWR bit descriptions

Field Bits |Type |Description

OCWT 4:0 r Default value of OCWR.OCWT

11.4.9 First communication frame

Name Address |D7 D6 D5 D4 D3 D2 D1 DO Default
FCOMF FFy IN MINFO2 | MINFO1 | MINFOO | VDDUV VSUV PROT ERR 00y
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Table 66 First communication frame bit descriptions
Field Bits |Type |Description
IN 7 r Input pin monitor

Og (default) LOW level at pin IN
15 HIGH level at pin IN

MINFOnN 6:4 r Mode information
n=2to0 0005 (default) Device is in one of the normal modes

001g Device is in limp home mode

0105 Device is in fail safe mode

011 Device is in NVM mode

100g N.a.

101g Device is in power-up mode coming from idle mode

110g Device is in power-up mode coming from sleep mode

1115 Device is in power-up mode after V5 undervoltage event for t < tret

VDDUV 3 r Digital supply voltage undervoltage triggered
0g (default) Vpp > Vpp(uy) since last COMDIAG readout
1g Vpp = Vpp(uy) at least once since last COMDIAG readout

VSUV 2 r Power supply voltage undervoltage triggered
0g (Default) Vs > Vsyy) since last STDDIAG readout
1g Vs = Vs(uy) since last STDDIAG readout

PROT 1 r Protection mechanism monitor
Og (Default) No protection mechanism triggered
1 Protection mechanism triggered

ERR 0 r Error monitor
0g (Default) No error

1 Error detected and power stage latched OFF
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11.5 Cyclic redundancy check (CRC)

The device provides an 8-bit cyclic redundancy check (CRC) for each SPI transmission, which complies with SAE CRC-8

(SAE-J1850).
The 8-bit CRC follows the following definitions:

Table 67 SAE-J1850 CRC8 standard

CRC result width 8 bits
Polynomial 0x1D
Initial value OxFF
Input data reflected No
Result data reflected No
Final XOR value OxFF
Check 0x4B
Magic check 0xC4

The CRC is calculated with 24-bit input data, consisting of the device ID out of the device ID register, the address of the
received or transmitted command, and the data bits of the dedicated command. The order of the input data is as
follows: {dev_id[23:16], address [15:8], data[7:0]}. As an example, the table below shows the CRC calculation of the
output control command with CLS enable and power stage enable for a device with device ID set to 0x01.

The device ID register can also be read with invalid CRC to provide input for the CRC calculation.

Table 68 CRC- calculation example

Byte name Value

Device ID 0x01

Address 0x55

Data 0x03
CRCinput 0x01 0x55 0x03
CRC result 0x66

By default, the CRC is enabled when the device is powered up. However, it can be disabled via the digital interface.
The default of the CRC enable bit can be set via NVM programming, as described in Chapter 12.
In any condition where the device is in power-up, with duration less than or equal to tp, the CRC has to be calculated

by using the device ID value of 0x00.

If the CRC is disabled, any CRC is accepted on the Sl line, even if it is wrong. However, the full 24-bit communication
frame has to be sent on the Sl line to fulfill the 24-bit frame length. Independent of the CRC enable/disable setting, the

device sends the calculated CRC to the SO line.

If the device is used in a daisy chain configuration, the CRC has to be calculated separated for each device, as shown

in the figure below.

{DVvID3 f ADD3 } Data3) (DVID2} ADD2 ) Data2) (DVID1 ) ADDI ) Datal )

CRC3 *’Abm X Data3 \\ CRC2 X‘/A/;)DZ X Data2\ W crc1 )f'AbDl X Datal

frame device 3

frame device 2

frame device 1

Figure 52 CRC in a daisy chain configuration
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11.6 Communication watchdog

The device offers a communication watchdog to enable an improvement of the system integrity. This feature
monitors the communication over the digital interface. If communication is missing or invalid, the function is
activated and the device executes a configurable failure behavior.

By default, the communication watchdog is disabled. It can be enabled in inactive mode and active mode by setting
the watchdog threshold time (typ(rn)) via the digital interface to one of the available watchdog times (typy),
as described in Chapter 11.4.5.3.

In addition, the default configuration of the communication watchdog can be changed via NVM programming, as
described in Chapter 12.

As soon as the communication watchdog is enabled, the internal watchdog counter starts.
The internal watchdog counter is reset to zero with each valid SPI communication frame.

As soon as the internal watchdog counter exceeds the configured watchdog threshold time (typ(r)), @ watchdog
overflow occurs.

The watchdog overflow is indicated in the standard diagnosis, communication diagnosis, and on the IRQ pin (if it is
enabled).

Watchdog
counter

two(TH)

Sl

STDDIAG
+CER

STDDIAG

+CER

SO STDDIAG

)
{

(e ﬂ—( B et at et
e A )

=N
KD at ()

VIRQT

STDDIAG.WDS ‘ 1 0 1 ‘

\

Device mode ‘ Normal mode Fail safe

\

Figure 53 Communication watchdog - timing diagram

As shown in Figure 53, a watchdog overflow triggers a transition to fail safe mode. For more information,
refer to Chapter 6.1.1.7.
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11.7 Electrical characteristics - digital interface

Table 69 Electrical characteristics - digital interface

Vs =Vsnor)» Voo = Vopor)s Ty = Tynor)
Typ|Cal values (unleSS otherwise SpeCiﬁed): Vs = VS(NOR),TYP: VDD = VDD(NOR),TYP’ TJ = TJ(NOR),TYP

Parameter Symbol Values Unit | Note or condition P-Number

Min. Typ. Max.

SPI signal timings

Enable lead time (falling | tcsn(eap) 400 - - ns - PRQ-501
CSN to rising SCLK)

Enable lag time (falling | tcsn(Lac) 400 - - ns - PRQ-502
SCLK to rising CSN)

Transfer delay time tesn(TD) 1.3 - - us - PRQ-503
(rising CSN to falling

CSN)

Output enable time tso(EN) - 30 100 ns Ci(so) =50 pF PRQ-504
(falling CSN to SO valid)

Output disable time tso(pis) - 30 100 ns Ci(so) =50 pF PRQ-505
(rising CSN to SO

tristate)

Serial clock frequency | fscik - - 5 MHz |- PRQ-506
Serial clock HIGH time | tsc| k(n) 90 - - ns - PRQ-508
Serial clock LOW time tscLk(L) 90 - - ns - PRQ-509
Data setup time tsi(su) 20 - - ns - PRQ-510
(required time Sl to

falling SCLK)

Data hold time (falling | tsyn) 20 - - ns - PRQ-511
SCLK to SI)

Output datavalid time | tso(y) - - 60 ns Cr(so) =50 pF PRQ-512

with capacitive load

Communication watchdog

Watchdog time 1 two1 0.9 1 1.1 ms - PRQ-622
Watchdog time 2 twp2 1.8 2 2.2 ms - PRQ-623
Watchdog time 3 twps 4.5 5 5.5 ms - PRQ-624
Watchdog time 4 twpa 9 10 11 ms - PRQ-625
Watchdog time 5 twos 22.5 25 27.5 ms - PRQ-626
Watchdog time 6 twoe 45 50 55 ms - PRQ-627
Watchdog time 7 twp7 90 100 110 ms - PRQ-628
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12 Non-volatile memory

The device offers a non-volatile memory (NVM) to store default values of the following control and configuration
registers:

+ Analog multiplexer

+ DevicelD

+  Communication control

- CRCenable
- Watchdog timings
- Power stage control in fail safe
+ CLSmode
+  Overcurrent threshold
+  Device protection restart enable
«  I2tsettings

- DCecurrent -/ (2t x
- Time constant - 7jy
+ Undervoltage lockout setting

- Vsuwy
- Vsuvi_n)
- Iyocw

- UFILTER(UVL_H)
- UVLenable bits

- UVLrestart enable bits
- UVL_H current dependency enable bit

The registers mentioned above are grouped into 4 groups, called word lines. Each of these word lines consists of 16
bits and can be stored individually in the NVM. With one write to NVM request, only a subset of default values can be
stored in the non-volatile memory.

In total, 12 word lines can be stored in the NVM. This means either the same word line can be written 12 times, or each
word line can be written 3 times.

The above-mentioned control and configuration registers are grouped together as shown in Table 70.

Table 70 NVM - word line overview
A |A|A D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
D DD
D DD
2 1|0
0/0|0 0 DPCR_ 0 COMCR_FSOU COMCR_WD CoOMC DVIDR_DVID
DPRE T R_CRC
EN
0|01 I2TCR_TAU I2TCR_DC 0 0 0 DPCR_OCT
0|10 UVLR1_UVL_HF UVLR2 | UVLR2 UVLR2_UVL_L UVLR1_UVL_H
_UVL_ | _UVL_
HREN | LREN
011 OCWR_OCWT UVLR1 | UVLR2 | UVLR2 DIAGCR_AMUX OCR_C
_UVL_ | _UVL_ | _UVL_ LS
HEN LEN | CDEN
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Requesting a read from non-volatile memory or write to non-volatile memory is enabled only in NVM mode. While the
requested operation is processed, the device indicates, via the digital interface, that the NVM block is not ready for a
further action.

For reading or writing to the NVM the digital interfaces offers 3 registers:

« NVM_MSB: Here, the MSB information of the word line to be stored in the NVM has to be entered. ADD2 down to
D8.

« NVM_LSB: Here, the LSB information of the word line to be stored in the NVM has to be entered. D7 down to DO.
«  NVM_CMD: This register contains the status information and the read/write command.
For more information, refer to Chapter 11.4.7.

While the write to NVM request is processed, the power supply voltage must be in the power supply voltage range for
write to NVM (Vsyywm))- If, during the writing procedure, Vs leaves the Vsyyw), the write to NVM process is aborted and
the undervoltage event is indicated in the NVM_CMD register.

As a result of leaving the Vs(yyu), all above-mentioned word lines have to be rewritten. This is due to the fact that an
undervoltage event can lead to the misinterpretation of the word line address, which leads to a pseudo-overwrite of
already programmed NVM content.

An undervoltage event on the digital supply voltage does not lead to the abortion of the write process.

The time that is needed to write the information from NVM_MSB and NVM_LSB into the corresponding WL within the
non-volatile memory is defined by tyywm.

The read-out of the non-volatile memory uses the power-up sequence described in Chapter 6.1.1.2.

After the write to NVM is performed for all desired default values according to Table 70, the NVM mode can be left as
described in Chapter 6.1.1.9.

12.1 Electrical Characteristics - NVM

Table 71 Electrical characteristics - Non-volatile memory

Vs =Vsnor) Ty = TynoR)
Typical values (unless otherwise specified): Vs = Vsoryrve, Ty = Tynor)TvP

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

Power supply voltage Vs(nvm) 10 12 20 v - PRQ-466

range for write to NVM

NVM writing duration tnvM - - 2.5 ms - PRQ-467
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13 Application information
Note: The information provided in this chapter is a hint for the implementation of the device only and shall not be
regarded as a description or warranty of a certain functionality, condition, or quality of the device. The
function must be verified in the real application. For sizing and dimensioning of external components, refer
to the additional technical documentation or contact our technical support team for assistance.
13.1 Application setup
Vear
T {awm
Logic Supply Fcac;lnst;?;f L e
F=1 :
- 53
s
=
(U]
()
Dz2 X == Cvs2 .; oOUT 4 —
=
. | |
2 Cour E
e i
@ Logic GND
*See Chapter Potential Applications“
/J;mssis GND Power GND
Figure 54 Application diagram
13.2 External components
Table 72 Suggested component values
Refer | Value Purpose
ence
Rgnp 140.2Q Ground voltage spikes filtering for improved robustness against battery voltage
transients
Rwpp | 150 Q forVDD=3.3V |Device logic protection
750 Q forVDD=5V
Rin  4.7kQ Protection of the microcontroller during overvoltage and reverse polarity
Rn  [4.7kQ Protection of the microcontroller during overvoltage and reverse polarity
Necessary to switch OFF the power stage during loss of ground

(table continues...)
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Table 72 (continued) Suggested component values

Refer | Value Purpose

ence

Rirq |4.7kQ Protection of the microcontroller during overvoltage and reverse polarity

Rirgp | 10 kQ Interrupt request polarization (pull-up)

u Ensure the polarization of the open drain IRQ pin for interrupt request at the
microcontroller

Resy | 1.2kQ Protection of the microcontroller during overvoltage and reverse polarity

Rscik | 1.2 kQ Protection of the microcontroller during overvoltage and reverse polarity

Rso |1.2kQ Protection of the microcontroller during overvoltage and reverse polarity

Rs 1.2kQ Protection of the microcontroller during overvoltage and reverse polarity

Ris pr|4.7TkQ Protection resistor for overvoltage, reverse polarity, and loss of ground

oT ) Value to be tuned with microcontroller specification

Rsens | 1.2 kQ Sense resistor

E

Rapc | 4.7TkQ Microcontroller ADC voltage spikes filtering

Rt | Riat_sHort tO Riot open | Selection of the default 12t protection curve during power-up mode

Protection of the device during overvoltage and reverse polarity

Roct_sHorT t0 Roct opE
N

Selection of the default overcurrent threshold high during power-up mode
Protection of the device during overvoltage and reverse polarity

Ro. |1.5kQ Output polarization (pull-up)
Ensure polarization of power stage during open load in OFF diagnosis

Rpp |47 kQ Output polarization (pull-down)
Ensure polarization of power stage to distinguish between open load and short to Vg
in OFF diagnosis

Capc |220pF Microcontroller ADC voltage spikes filtering
Atime constant ((Ris_prot + Rapc) * Capc) longer than 1 ps is recommended

Cvpp |680nF Digital supply voltage spikes filtering and for improved robustness against battery
voltage transients

Cys1 | 100 nF Battery voltage spikes filtering

Cvsz |- Conditional buffer capacitor to support battery voltage spikes filtering in dependency
of application setup (EMC)

Cout |10nF For improved electromagnetic compatibility (EMC)

Ds; |- Protection of microcontroller during overvoltage

Dsy |- Transient voltage suppressor diode
Protection against overvoltage, loss of battery while driving an inductive load, and
voltage spikes caused by fast load disconnection

Ty - Switch the battery voltage for open load in OFF diagnosis
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14 Package information
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Figure 55 PG-TSDS0-24 package outlines
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Figure 56 PG-TSDSO0-24 footprint
Note: For minimum environmental impact and compliance with government regulations, the package of the

device fulfills the requirements of a green product. Green products are RoHS-compliant (Pb-free finish on
leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020). For further information, please
refer to https://www.infineon.com/packages.
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15 Revision history
Table 73 Revision History
Revision Date of release | Description of changes
number
1.10 2026-07-15 Typos fixed
Chapter 5.1.4 updated
Chapter 7.5 updated
« PRQ-660, PRQ-1421, PRQ-1422 added
Chapter 10.4 updated

+  PRQ-1341 updated (min./max.: -80%/+80% - -67%/+67%)
+  PRQ-1342 updated (min./max.: -38%/+38% - -17%/+17%)
«  PRQ-1343 updated (min./max.: -18%/+18% - -7%/+7%)

+  PRQ-1344 updated (min./max.: -14%/+14% - -7%/+7%)

+  PRQ-1345 updated (min./max.: -9%/+9% - -7%/+7%)

+  PRQ-1726 updated (min./max.: -40%/+40% - -30%/+30%)
+  PRQ-1727 updated (min./max.: -20%/+20% - -12%/+12%)
+  PRQ-1728 updated (min./max.: -15%/+15% - -12%/+12%)
« PRQ-488, PRQ-489 added

1.01 2026-03-09 Chapter 4.1 updated
+ PRQ-1411 added
Chapter 6.3 updated
« PRQ-1372 added

1.00 2026-03-03 Datasheet available
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