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PROFET™ +2 12V Smart High-Side Power Switch

Features

+ High-Side Switch with Diagnosis and Embedded Protection

« Part of PROFET™ +2 12V Family

+ Switching slew rate optimized for seat heating applications
+ ReverseON for low power dissipation in Reverse Polarity
« Switch ON capability while Inverse Current condition (InverseON)

+ Green Product (RoHS compliant)

Potential applications
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N
+ Suitable for driving 15 A resistive, inductive and capacitive loads Aedd &
Qualified
+ Replaces electromechanical relays, fuses and discrete circuits
« Suitable for power distribution applications and as main switch for ECU power supply a RoHS

+ Optimized for seat heating applications

Product validation

@ ISO 26262
ready

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

Description

The BTS7004-1EPR is a Smart High-Side Power Switch, providing protection functions and diagnosis.

Vear

ZwiRe

Chassis GND

Dz X = Cvs2

Logic GND
D—y
|1Power GND

Logic Supply
JaN

Zwire

YA
LOAD*

/77
*See Chapter 1 ,Potential Applications®

Type Package Marking
BTS7004-1EPR PG-TSDSO-14 7004-1R
Datasheet Please read the sections "Important notice" and "Warnings" at the end of this document Rev. 1.10

www.infineon.com

2025-06-25


https://www.infineon.com

BTS7004-1EPR iﬁn eon

Datasheet

Table of contents

Table of contents

Table of cONtents . ... ... e 2
1 Product Descriplion . . ... . o 5
2 Block Diagram and TermsS . . ... ..ottt et et e 6
2.1 BlOCK DIagram . . e ettt e e e e 6
2.2 =] 0P 7
3 Pin Configuration . ... ... .. ... e e 8
3.1 PN A S M Nt . .. e e e 8
3.2 Pin Definitions and FUNCLIONS . . ..ottt et et e eeieeee s 9
4 General Product Characteristics . ........... ... . i e 10
4.1 Absolute Maximum Ratings - General. ... ...t e et e e 10
4.2 Absolute Maximum Ratings - POWEr Stages . ..ottt e et et 12
4.2.1 POWeEr STage - 4 M oo e 12
4.3 FUNCEIONAl RaNgE . . .ttt e e e 12
4.4 Thermal RESISTANCE . . ..ttt ettt e e e e e et e e e 13
4.4.1 PCB SEIUD - e v e vttt e e e e e e e e 14
442 Thermal IMPedanCe . ... i e ettt e e e e 15
5 LOBIC PN . ..o o e 16
5.1 I PUE PN (IN) Lottt et e e ettt e ettt ettt s 16
5.2 DIagNOSIS PiN ..o e e 17
5.3 Electrical Characteristics LOGiC Pins . . . ..ot e i 17
6 POWEr SUP LY . .. e 18
6.1 OPEratiON MO . . et 18
6.1.1 OFF MOde . .. e e e e e e 19
6.1.2 [0V 0 o T = PP 19
6.1.3 [0 S - Yo 4T Yo [ 19
6.1.4 (0 DT =3 oY 1P 19
6.1.5 FaUlE MO . . oo e e 19
6.2 UNdervoltage On Vg . ..ot e e e e e e 20
6.3 Electrical Characteristics POWEr SUPPIY . .. vvt e e e e e ee e 21
6.4 Electrical Characteristics Power Supply - Product Specific..........cco it 22
6.4.1 BT ST004-1E P R ..t e e e e e e e 22
7 PO St gES . . ... i e 23
7.1 OULPUL ON-State ReSiStaNCe . ..ottt et e ettt et ettt ieaaaeeeas 23
7.2 SWItChING l0ads . . .. e e 24
7.2.1 Switching Resistive Loads . . ...t e e e 24
7.2.2 SWitching INdUCIVE LOads . ... v it et e et e e 25
7.2.3 Output Voltage Limitation .. ...t i e et e e 26
Datasheet 2 Rev. 1.10

2025-06-25



BTS7004-1EPR iﬁn eon

Datasheet

Table of contents

7.3 Advanced Switching CharacteristiCs . ... ...ttt e e et 26
7.3.1 Inverse Current Behavior . .. ... . e 26
7.4 Electrical Characteristics POWEr Stages . ...ttt e et et eeieeens 28
7.4.1 Electrical Characteristics POWEr Stages .. ..ottt et e 28
7.5 Electrical Characteristics - Power OUtput Stages . . ...ttt e eieeee e 29
7.5.1 Power OUtpUt Stage - A M ) . ..o o e 29
8 ProteCtioN . ... e 32
8.1 Overtemperature ProteCtion .. ..ot et e e it e 32
8.2 OVerload ProteCtion . . ..ottt e e e e 34
8.3 Protection and Diagnosisin case of Fault........ ..o e e 36
8.3.1 Intelligent Latch Strategy . . ..ottt et e e e e 36
8.4 Additional ProteCtioNS . ...t e e e 39
8.4.1 Reverse Polarity ProteCtion . ......ou it e e e e e 39
8.4.2 Overvoltage Protection . ... e 39
8.5 Protection against [0Ss of CONNECtioN ... ...t e e 40
8.5.1 Loss of Battery and Loss of Load . ...t e e e e 40
8.5.2 LSS Of GrOUNG . ettt et et e e e et e e e 40
8.6 Electrical Characteristics Protection . ... e e e 41
8.6.1 Electrical Characteristics Protection . ...t e e e n 41
8.7 Electrical Characteristics Protection - Power Output Stages . ......oviiiiiiiii e 42
8.7.1 Protection Power Output STage -4 M ... o i i e e 42
9 DA gNOSIS . ... e e 43
9.1 L0 Y= TR 44
9.2 DIagNOSIS IN ON STATE . ..ttt ettt ettt et e e 44
9.2.1 CUITENE SENSE (KILIS ) « e v e ettt e ettt e e e et e e ettt e et e e e 45
9.2.2 FaUlt CUTeNt (IS(FAULT)) « « +« v v e e ettt e e e e e e 46
9.3 Diagnosis in OFF state . ...t e e 46
9.3.1 Open Load CUITeNt ([ig(OLORF)) « « « «+ v v e v ee ettt ettt e 46
9.4 SENSE TimMiNgS . o oottt ettt e e e e e e e e e e e 48
9.5 Electrical Characteristics Diagnosis . . ...ttt ettt et ettt e 49
9.5.1 Electrical Characteristics DIagnosis .. ...ttt et e e eaeieens 50
9.6 Electrical Characteristics Diagnosis - Power Qutput Stages . .....c.vviiie it eeeeenns 52
9.6.1 Diagnosis Power Qutput Stage -4 M ... o e e e 52
10 Application Information . ... ... ... . i 53
10.1 LY o] o] Lot Y u o] TR-T=1 (U o AP 53
10.2 EXternal ComMPONENtS . ...ttt et e e e e e 54
10.3 Further Application Information . ... e e e 54
11 Package OULLINES . ... . e 55
12 ReVISION HiStOry .. ... . ettt e e e 57
Datasheet 3 Rev. 1.10

2025-06-25



g:'tsa:ggngPR Infineon

Table of contents

DISClaIMY . . .ot e 58

Datasheet 4 Rev. 1.10
2025-06-25



BTS7004-1EPR
Datasheet

1 Product Description

1 Product Description

More functions are named in detail as follows:

Protection Features

«  Absolute and dynamic temperature limitation with controlled reactivation
«  Overcurrent protection (tripping) with Intelligent Latch

+ Undervoltage shutdown

«  Overvoltage protection with external components (as shown in Figure 35)

Diagnostic Features

«  Proportional load current sense
« OpenLoadin ON and OFF state
«  Shortcircuit to ground and battery

infineon

Table1 Product Summary

Parameter Symbol Values
Minimum Operating voltage Vsop) 4.1V
Minimum Operating voltage (cranking) Vsuv) 3.1V
Maximum Operating voltage Vs 28V
Minimum Overvoltage protection (T, = 25 °C) Vbs(cLamP) 25 35V
Maximum current in OFF mode (7, <85 °C) Ivs(oFF)_gs 0.5 YA
Maximum operative current IGND(ON_D) 3mA
Typical ON-state resistance (T; =25 °C) Rps(on)_25 4.4mQ
Maximum ON-state resistance (T, =150 °C) Rps(on)_150 8 mQ
Nominal load current (T, =85 °C) I (nowm) 15A
Minimum overload detection current (T, =-40°C) I (ovLo) -40 87A
Typical current sense ratio at /i =/ (yom) ks 17900

Datasheet

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
'S
i o
Supply Voltage
Monitoring
Overvoltage
Protection
Channel
Internal Power Supply ‘
<—| Voltage Sensor |
Intelligent Restart
Control -t THe
Overtemperature Overvoltage
IS N SENSE Output - Clamping =
> | Gate Control [® ® >
) eh Overcurrent ‘I—«
Driver Chargepump Protection
IN N Logic Y
ReverseON Eﬂ ouT
ESD InverseON
Protection
+ - -
DEN N Input Logic . < Load Current Sense -
<—| Output Voltage Limitation |<7
Internal Reverse
Polarity Protection
GND Circuitry
[
[
GND X
Figure 1 Block Diagram of BTS7004-1EPR
Datasheet 6 Rev. 1.10
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2 Block Diagram and Terms

2.2 Terms

Figure 2 shows all terms used in this datasheet, with associated convention for positive values.

infineon

E£<] Ivs

Vsis VS
IN

R [E%j IN /bs
IpEN
~ ] o ,
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Vs out 1~
Vin
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VbEN - 44# E%
] IS Vout
GND
Vis
IeND
Figure 2 Voltage and Current Convention
Datasheet 7 Rev. 1.10

2025-06-25



E;rtsa::g:lEPR Infineon

3 Pin Configuration

3 Pin Configuration
3.1 Pin Assignment
GND [CT[1 . 777777777777777 14 1] OUT
IN 1|2 131 ouT
DEN 1|3 | 12[ 1] ouT
IS 1|4 VS 1[I nc
n.c. 1|5 | 1011 ouT
nc. (1|6 | 911 ouT
n.c. I:I: 7exposedpad(bottom)8:|:| OUT
Figure 3 Pin Configuration
Datasheet 8 Rev. 1.10
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3 Pin Configuration

3.2 Pin Definitions and Functions
Table 2 Pin Definition
Pin Symbol Function
EP VS Supply Voltage
(exposed pad) Battery voltage
1 GND Ground
Signal ground
2 IN Input Channel
Digital signal to switch ON the channel (“high” active)
If not used: connect to GND pin or to module ground with resistor R)y = 4.7 kQ
3 DEN Diagnostic Enable
Digital signal to enable device diagnosis (“high” active) and to clear the protection
latch of channel
If not used: connect to GND pin or to module ground with resistor Rpgy = 4.7 kQ
4 IS SENSE current output
Analog/digital signal for diagnosis
If not used: left open
5-7,11 n.c. Not connected, internally not bonded
8-10,12-14 |OUT Output
Protected high-side power output channel 2/

1) All output pins of the channel must be connected together on the PCB. All pins of the output are internally connected together. PCB traces
have to be designed to withstand the maximum current which can flow.
Datasheet 9 Rev. 1.10
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4 General Product Characteristics

4 General Product Characteristics
4.1 Absolute Maximum Ratings - General
Table 3 Absolute Maximum Ratings”/

T,=-40 °Cto +150 °C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
Supply pins
Power Supply Voltage Vs -0.3 - 28 v - P_4.1.0.1
Load Dump Voltage VBaT(LD) - - 35 v suppressed Load | P_4.1.0.3
Dump acc. to
1ISO16750-2
(2010).
Ri =2Q
Supply Voltage for Short Circuit VBaT(sc) 0 - 24 v Setup acc. to P_4.1.0.25
Protection AEC-Q100-012
Reverse Polarity Voltage -VBAT(REV) - - 16 % t<2min P_4.1.0.5
TA =+25°C
Setup as
described in
Chapter 10
Current through GND Pin IonD -50 - 50 mA Rgnp according | P_4.1.0.9
to Chapter 10
Logic & control pins (Digital Input = DI)
DI=IN, DEN
Current through DI Pin Iy -1 - 2 mA |2 P_4.1.0.14
Current through DI Pin Ipi(REV) -1 - 10 mA |2 P_4.1.0.36
Reverse Battery Condition t<2min
IS pin
Voltage at IS Pin Vis -1.5 - Vs v =10 nA P_4.1.0.16
Current through IS Pin Iis -25 - lis(saT),m | MA - P_4.1.0.18
AX
Temperatures
Junction Temperature T, -40 - 150 °C - P_4.1.0.19
Storage Temperature Tst6 -55 - 150 °C - P_4.1.0.20
ESD Susceptibility
ESD Susceptibility all Pins (HBM) | Vesp(Hgwm) -2 - 2 kv HBM?) P_4.1.0.21
(table continues...)
Datasheet 10 Rev. 1.10
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4 General Product Characteristics

Table 3 (continued) Absolute Maximum Ratings?

T,=-40 °Cto +150 °C; all voltages with respect to ground, positive current flowing into pin

(unless otherwise specified)

infineon

Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition

ESD Susceptibility OUT vs GND VespHem)_ou | -4 - 4 kV HBM3) P_4.1.0.22

and VS connected (HBM) T

ESD Susceptibility all Pins (CDM) | Vesp(cpm) -500 - 500 cbm? P_4.1.0.23

ESD Susceptibility Corner Pins Vesp(com) cr |-750 - 750 cbm? P_4.1.0.24

(CDM) N

(pins 1,7, 8, 14)

1) Not subject to production test - specified by design.

2) Maximum Vp, to be considered for Latch-Up tests: 5.5 V.

3) ESD susceptibility, Human Body Model “HBM”, according to AEC Q100-002.
4) ESD susceptibility, Charged Device Model “CDM”, according to AEC Q100-011.

Notes:

1. Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute maximum

rating conditions for extended periods may affect device reliability.

2. Integrated protection functions are designed to prevent IC destruction under fault conditions described in the
datasheet. Fault conditions are considered as “outside” normal operating range. Protection functions are not

designed for continuous repetitive operation.

Datasheet 11

Rev. 1.10
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4.2 Absolute Maximum Ratings - Power Stages
4.2.1 Power Stage - 4 mQ
Table 4 Absolute Maximum Ratings %/
T,=-40°C to +150 °C; all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
Maximum Energy Dissipation Eps - - 150 mJ IL= 2", (nowm) P_4.2.111
Single Pulse Tj0=150°C
Vs=28V
Maximum Energy Dissipation Enr - - 44 mJ IL =1 (Nowm) P_4.2.11.4
Repetitive Pulse Ty0)=85°C
Vs=13.5V
1M cycles
Load Current |I|_| - - /L(OVLO),MAX A - P_4.2.113
1) Not subject to production test - specified by design.
4.3 Functional Range
Table 5 Functional Range - Supply Voltage and Temperature 1)
Parameter Symbol Values Unit | Note or Test Number
Min. | Typ. | Max. Condition
Supply Voltage Range for Vs(NoR) 6 135 18 v - P_43.0.1
Normal Operation
Lower Extended Supply Vs(extLow) 3.1 - 6 Vv 2)3) P_4.3.0.2
Voltage Range for Operation (parameter deviations
possible)
Supply Voltage Range Vs(exT.cve) - - 3.1 v Cysgnp IS required P_4.3.0.7
reached after Overload when the Overload
Protection activation leading Protection is triggered
to “Undervoltage on (see Chapter 8.2) and
Vs ” condition the observed number
of retries is different
from what specified in
Chapter 8.3.1
Upper Extended Supply Vs(exTup) 18 - 28 Vv 3) P_4.3.0.3
Voltage Range for Operation (parameter deviations
possible)
Junction Temperature T, -40 - 150 |°C - P_4.3.0.5
1) Not subject to production test - specified by design.
2) In case of Vs voltage decreasing: Vs(exr,Low)min = 3.1 V. In case of Vg voltage increasing: Vsext L.ow),min = 4.1 V.
Datasheet 12 Rev. 1.10
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4 General Product Characteristics

3) Protection functions still operative.

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.

4.4 Thermal Resistance

Note: This thermal data was generated in accordance with JEDEC JESD51 standards. For more information, go to
http://www.jedec.org.

Table 6 Thermal Resistance */
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition

Thermal Characterization Yrop - 3 5 KW |2 P_4.4.0.1
Parameter Junction-Top
Thermal Resistance Rinc - 1.4 2.4 K/w |2 P_4.4.0.2
Junction-to-Case simulated at

exposed pad
Thermal Resistance Riha - 31.8 - KW |2 P_4.4.0.3
Junction-to-Ambient

1) Not subject to production test - specified by design.

2) 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 pm Cu, 2 x 35 ym Cu). Where applicable a thermal via array under the exposed pad
contacted the first inner copper layer. Simulation done at T, = 105°C, Pp;ssipation = 1 W.

Datasheet 13 Rev. 1.10
2025-06-25
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44.1 PCB Setup

70 pm modeled (traces, cooling area)

1,5mm

70 ym, 5% metalization*

*: means percentual Cu metalization on each layer

Figure 4 1s0p PCB Cross Section
70 pm modeled (traces)
= 35pm, 90% metalization*
€
”‘_'1 35 pum, 90% metalization*
~ 70 pm, 5% metalization*
*: means percentual Cu metalization on each layer
Figure 5 2s2p PCB Cross Section
PCB 1s0p + 600 mm? cooling PCB 2s2p / 1s0p footprint
Figure 6 PCB setup for thermal simulations
e | (RS —
—= QOO =——
— | A —
—— |
s G| [ =
— B =
| [ E—
Figure 7 Thermal vias on PCB for 2s2p PCB setup
Datasheet 14 Rev. 1.10
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4.4.2 Thermal Impedance
BTS7004-1EPx
100 /4’—
/ =TT 1]
// e
10 /é
sv /
Sn
N
Bl 2
252D
——1s0p - 600 mm?
1s0p - 300 mm?
——150p - footprint
0,1 \
0,0001 0,001 0,01 0,1 1 10 100 1000
Time (s)
Figure 8 Typical Thermal Impedance. PCB setup according Chapter 4.4.1
0 BTS7004-1EPx
== 150p - Ta=105°C
110 \
90
E 80
5 \
& 70 N
60 AN
50
40 E——
30
0 100 200 300 400 500 600
Cooling area (mm?)
Figure 9 Thermal Resistance on 1s0p PCB with various cooling surfaces
Datasheet 15 Rev. 1.10
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5 Logic Pins

5 Logic Pins
The device has 2 digital pins.

5.1 Input Pin (IN)

The input pin IN activates the output channel. The input circuitry is compatible with 3.3V and 5V microcontroller (see
Chapter 10 for the complete application setup overview). The electrical equivalent of the input circuitry is shown in
Figure 10. In case the pin is not used, it should be pulled to module GND or device GND pin via Ry = 4.7 kQ.

VS

D4

HINEQ ] {b V.
\ZS\ESD /mi@ \ZS\

Vbi(cLAmP)

Voi

\ GND

lenD J

——{ oo B

Figure 10 Input circuitry

The logic thresholds for “low” and “high” states are defined by parameters V) and Vpys). The relationship
between these two values is shown in Figure 11. The voltage V/|y needed to ensure a “high” state is always higher than

the voltage needed to ensure a “low” state.

VoI A

V/bi(TH),MAX

Vbi(TH)
:: V/bi(Hys)

Voi(TH),MIN

v

A
Internal channel
activation signal
t

\4

Figure 11 Input Threshold voltages and hysteresis

Datasheet 16 Rev. 1.10
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5.2 Diagnosis Pin

The Diagnosis Enable (DEN) pin controls the diagnosis circuitry and can be used to reset the latched protection
(Protection circuitry not disabled by DEN). When DEN pin is set to “high”, the diagnosis is enabled (see Chapter 9.2 for
more details). When it is set to “low”, the diagnosis is disabled (IS pin is set to high impedance).

The transition from “high” to “low” of DEN pin clears the protection latch of the channel depending on the logic state
of IN pin and DEN pulse length (see Chapter 8.3 for more details). The internal structure of diagnosis pins is the same
as the one of input pins. See Figure 10 for more details.

5.3 Electrical Characteristics Logic Pins
Vs=6Vto 18V, T, =-40 °C to +150 °C

Typical values: Vs=13.5V, T;=25°C

Digital Input (DI) pins =IN, DEN

Table 7 Electrical Characteristics: Logic Pins - General
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition

Digital Input Voltage Vbi(TH) 0.8 1.3 2 v See Figure 10 and P_5.4.0.1

Threshold Figure 11

Digital Input Clamping Voltage | VpjcLamp1) |- 7 - v 1) P_5.4.0.2
IDl =1mA
See Figure 10 and
Figure 11

Digital Input Clamping Voltage | Vpjciampz) | 6.5 7.5 8.5 v Ipi=2 mA P_5.4.0.3
See Figure 10 and
Figure 11

Digital Input Hysteresis Voighvs) - 0.25 - Vv 1) P_5.4.0.4
See Figure 10 and
Figure 11

Digital Input Current (“high”) | Ip) 2 10 25 MA Vpi=2V P_5.4.0.5
See Figure 10 and
Figure 11

Digital Input Current (“low”) | Ipj 2 10 25 WA Vp =0.8V P_5.4.0.6
See Figure 10 and
Figure 11

1) Not subject to production test - specified by design.

Datasheet 17 Rev. 1.10
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Infineon
6 Power Supply

The BTS7004-1EPR is supplied by Vs, which is used for the internal logic as well as supply for the power output stage.
Vs has an undervoltage detection circuit, which prevents the activation of the power output stage and diagnosis in
case the applied voltage is below the undervoltage threshold (Vs < Vsop)). During power up, the internal power on
signal is set when supply voltage (Vs) exceeds the minimum operating voltage (Vs > Vs(op))-

6.1 Operation Modes

BTS7004-1EPR has the following operation modes in case of Vs > Vs op):

+ OFFmode

+ ONmode

+ Diagnosisin ON mode

«  Diagnosis in OFF mode

+ Fault

The transition between operation modes is determined according to these variables:
+ Logiclevel atIN pin

+ Logic level at DEN pin

+ Internal latch

The truth table in case of Vs > V5(op) is shown in Table 8. The behavior of BTS7004-1EPR as well as some parameters
may change in dependence on the operation mode of the device.

There are three parameters describing each operation mode of BTS7004-1EPR:
«  Status of the output channel

Status of the diagnosis

Current consumption at VS pin (measured by lys in OFF mode, /gyp in all other operative modes)

Table 8 Operation Mode truth table
IN DEN Internal |/ Operative Mode |Comment
latch

0 0 0 leakage OFF DMOS channel is OFF
0 0 1 leakage OFF DMOS channel is OFF
0 1 0 leakage OFF_DIAG Diagnostic in OFF-mode

open load Diagnostic in OFF-mode
0 1 1 fault Diagnostic in OFF-mode
1 0 0 leakage ON DMOS channel is ON, no diagnostic
1 0 1 leakage fault DMOS channel is switched OFF due to failure
1 1 0 Iis ON_DIAG DMOS channel is ON and diagnostic
1 1 1 fault fault DMOS channel is switched OFF due to failure
Datasheet 18 Rev. 1.10
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6 Power Supply

6.1.1 OFF mode

When BTS7004-1EPR is in OFF mode, the output channel is OFF. The current consumption is minimum (see parameter
Ivs(orr)). No Overtemperature, Overload protection mechanism and no diagnosis function is active when the device is
in OFF mode.

6.1.2 ON mode

ON (IN = High; DEN = Low) mode is the normal operation mode of BTS7004-1EPR. Device current consumption is
specified with Ignpon_p) * /is(orr) (Measured at GND pin because the current at VS pinincludes the load current).
Overcurrent and Overtemperature protections are active. No diagnosis function is active.

6.1.3 OFF_Diag mode

The device is in OFF_Diag mode as long as DEN pin is set to “high” and IN pin is set to “low”. The output channel is
OFF. Depending on the load condition, either a fault current /;gayi7) OF an Open Load in OFF current (/5o 0rF)) May be
present at IS pin. In such situation, the current consumption of the device is increased.

6.1.4 ON_Diag mode

The device is in ON_Diag mode with current sense function enabled. Device current consumption is specified with
Ienp(on_p)- Depending on the load condition, either a fault current /iggayim) OF /s current may be present at IS pin.

6.1.5 Fault mode

The device is in Fault mode as soon as a protection event happens which affects that the device switches off due to its
protection function. In Fault mode, a /israyir) Signal is present at IS pin during the DEN signal is "high".

Datasheet 19 Rev. 1.10
2025-06-25
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6 Power Supply

6.2 Undervoltage on Vg
Between Vsop) and Vs(yy) the undervoltage mechanism is triggered. If the device is operative (in ON mode) and the
supply voltage drops below the undervoltage threshold Vsy), the internal logic switches OFF the output channel.

As soon as the supply voltage Vs is above the operative threshold Vsop), the channel is switched ON again as shown in
Figure 12.

A
Vs

Vs(op) \

i Vs(Hys)

Vs(uv)

\4

v

Vour

v

Figure 12 Vs undervoltage behavior

Datasheet 20 Rev. 1.10
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6.3 Electrical Characteristics Power Supply

Vs=6Vto 18V, T,=-40 °C to +150 °C

Typical values: Vs=13.5V, T;=25°C

Typical resistive load connected to the output for testing (unless otherwise specified):

RL =40
Table 9 Electrical Characteristics: Power Supply - General
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
VS pin
Power Supply Undervoltage Vs(uv) 1.8 2.3 3.1 v Vs decreasing P_6.4.0.1
From Vps<0.5Vto
Vps=Vs
See Figure 12
Power Supply Minimum Vs(op) 2.0 3.0 4.1 v Vsincreasing P_6.4.0.3
Operating Voltage IN = “high”
From Vps = Vs to
VDS <05V
See Figure 12
Power Supply Undervoltage | Vsys) - 0.7 - Vv 1) P_6.4.0.6
Shutdown Hysteresis Vs(op) - Vs(uv)
See Figure 12
Breakdown Voltage between | -Vsrey) 16 - 30 v 1) P_6.4.0.9
gNtI? and VS Pins in Reverse Ionp(Rev) = 7 MA
attery T,=150°C
1) Not subject to production test - specified by design.
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6.4 Electrical Characteristics Power Supply - Product Specific
Vs=6Vto 18V, T, =-40 °C to +150 °C

Typical values: Vs=13.5V, T;=25°C

Typical resistive load connected to the output for testing (unless otherwise specified):

RL =40
6.4.1 BTS7004-1EPR
Table 10 Electrical Characteristics: Power Supply BTS7004-1EPR
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
Supply Current Consumption | lys(orr)_ss - 0.05 0.5 MA 1) P_6.5.21.1
in OFF Mode with Loads Vs=18V
Vour=0V
IN =DEN = “low”
T,=85°C
Supply Current Consumption | lysiorf) 150 | = 5 20 pA Vs=18V P_6.5.21.2
in OFF Mode with Loads Vour=0V
IN = DEN = “low”
TJ =150°C
Operating Currentin ON_Diag |/gnp(on_p) - 2 3 mA Vs=18V P_6.5.21.3
Mode (Channel ON) IN = DEN = “high”
Operating Currentin OFF_Diag | Ignp(oFr p) |~ 1.2 1.8 mA Vs=18V P_6.5.21.5
Mode IN = “low”;
DEN = “high”
1) Not subject to production test - specified by design.
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7 Power Stages
The high-side power stage is built using a N-channel vertical Power MOSFET with charge pump.

7.1 Output ON-State Resistance

The ON-state resistance Rps(on) depends mainly on junction temperature T . Figure 13 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.

Rps(on) variation over T,
220 S—— —
Reference value:
2.00 "2" = Rps ommax @ 150 °C ‘“‘()
1.80 -
—
—
1.60
—
5 140 _—
S 2 —
E //
g 120 /,4/
&
5 //
> 100
g //
& 080
0.60
0.40
0.20 =Typical
0.00
40 30 20 10 0 10 20 3 40 50 6 70 8 9 100 110 120 130 140 150 160
Junction Temperature (°C)
Figure 13 Rps(on) variation factor
The behavior in Reverse Polarity is described in Chapter 8.4.1.
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7.2 Switching loads

7.2.1 Switching Resistive Loads

When switching resistive loads, the switching times and slew rates shown in Figure 14 can be considered. The switch
energy values Eqy and Eqgg are proportional to load resistance and times toy and tog.

IN
ViN(TH) \
‘E VIN(HYS)
t
Vour
ton
90% of Vs — t
/ OFF(DELAY)
70% of Vs p =3 70% of Vs
(dV/dtlon -(dV/dt)orr
30% of Vs — 30% of Vs
tON(DELAY) / torr
10% of Vs A t
Pomos
Eon Eorr
/ \ t
Figure 14 Switching a Resistive Load
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7.2.2 Switching Inductive Loads

When switching OFF inductive loads with high-side switches, the voltage Vo1 drops below ground potential, because
the inductance intends to continue driving the current. To prevent the destruction of the device due to overvoltage, a
voltage clamp mechanism is implemented. The clamping structure limits the negative output voltage so that Vpg =
Vps(cLamp)- Figure 15 shows a concept drawing of the implementation. The clamping structure is available in all
operation modes listed in Chapter 6.1.

—@ 9
Vs - -
High-side
Channel
VS Vbs
V/
’ZS’ SIS(CLAMP) Vosicians)
T IS v
X v v IL
Vs(cLamp) SJ —*
VA ouT Vout
2 GND | l L,
& T - RL
£
[a e
4 4
—e g g @
Figure 15 Output Clamp concept

During demagnetization of inductive loads, energy has to be dissipated in BTS7004-1EPR. The energy can be
calculated with (1):

Vs — VpsicLamp) ( Ry - It ) ] L
Eev . ‘In(1- +|-x o
DS(CLAMP) R; Vs — VpscLamp) R

The maximum energy, therefore the maximum inductance for a given current, is limited by the thermal design of the
component. Please refer to Chapter 4.2 for the maximum allowed values of Exs (single pulse energy) and Exg
(repetitive energy).
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7.2.3 Output Voltage Limitation

To increase the current sense accuracy, Vps voltage is monitored. When the output current /| decreases while the
channel is diagnosed (DEN pin set to “high” - see Figure 16) bringing Vps equal or lower than Vpg(sc), the output DMOS
gate is partially discharged. This increases the output resistance so that Vps = Vpg(si.c) even for very small output
currents. The Vpgincrease allows the current sensing circuitry to work more efficiently, providing better ks accuracy
for output current in the low range.

"1

DENT
I I

I

i 4

i 4

S \ >
Vbs A t
\ Vbs(sLe)
S ~_ } _
t

Figure 16 Output Voltage Limitation activation during diagnosis
7.3 Advanced Switching Characteristics
7.3.1 Inverse Current behavior

When Voyt > Vs, a current [y flows into the power output transistor (see Figure 17). This condition is known as
“Inverse Current”.

If the channelis in OFF state, the current flows through the intrinsic body diode generating high power losses
therefore an increase of overall device temperature. If the channel is in ON state, Rps(ny) can be expected and power
dissipation in the output stage is comparable to normal operation in Rpg(on)-

During Inverse Current condition, the channel remains in ON or OFF state as long as |/.| < |/ iny)-

With InverseON, it is possible to switch ON the channel during Inverse Current condition as long as |/ | < |/ ny)| (see
Figure 18).
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Vs
Gate |
Driver || %
|_ Vout > Vs
Device INV I
Logic Comp. ouT -
DG
GND
X
Figure 17 Inverse Current Circuitry
f N CASE 1: Switch is ON \ f IN CASE 2 : Switch is OFF \
A
ON I OFF
> t >t
IL IL
A
NORMAL NORMAL T NORMAL NORMAL
>t o
INVERSE INVERSE
DMOS state DMOS state
A A
ON OFF
>t >t
o % o /
f CASE 3 : Switch ON into Inverse Current \ f CASE 4 : Switch OFF into Inverse Current \
IN IN
A
I OFF ON ON OFF
-t -t
IL IL
A
I NORMAL NORMAL NORMAL NORMAL
>t >t
INVERSE INVERSE
DMOS state DMOS state
A A
OFF ON ON OFF
o =t o "y
Figure 18 InverseON - Channel behavior in case of applied Inverse Current
Note: No protection mechanism like Overtemperature or Overload protection is active during applied Inverse

Datasheet

Currents.

27

Rev. 1.10
2025-06-25



BTS7004-1EPR
Datasheet

7 Power Stages

7.4 Electrical Characteristics Power Stages

Vs=6Vto 18V, T,=-40 °C to +150 °C

Typical values: Vs=13.5V, T;=25°C

Typical resistive load connected to the output for testing (unless otherwise specified):
R.=40Q

infineon

Table 11 Electrical Characteristics: Power Stages - General
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
Voltages
Drain to Source Clamping Vbs(cLamp) -40 | 33 36.5 42 v IL.=5mA P_7.4.0.1
Voltage at T;=-40 °C T,=-40°C
See Figure 15
Drain to Source Clamping Vbs(cLamp) 25 |35 38 44 v 1) P_7.4.0.2
Voltage at T;=25°C I.=5mA
T,225°C
See Figure 15
1) Tested at T, = 150°C.
7.4.1 Electrical Characteristics Power Stages
Table 12 Electrical Characteristics Power Stages
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
Timings
Switch-ON Delay toN(DELAY) 300 750 1200 ps Vs=13.5V P_7.4.6.1
Vout =10% Vg
See Figure 14
Switch-OFF Delay toFF(DELAY) 40 120 200 ps Vs=13.5V P_7.4.6.2
Vout =90% Vg
See Figure 14
Switch-ON Time ton 650 1225 1800 |ps Vs=13.5V P_7.4.6.3
Vout =90% Vg
See Figure 14
Switch-OFF Time torr 300 550 800 ys Vs=13.5V P_7.4.6.4
Vout =10% Vs
See Figure 14
Switch-ON/OFF Matching Atgy 200 650 1000 | ps Vs=13.5V P_7.4.6.5
ton - torr
(table continues...)
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Table 12 (continued) Electrical Characteristics Power Stages
Parameter Symbol Values Unit |Note or Test Number
Min. Typ. Max. Condition
Voltage Slope
Switch-ON Slew Rate (dv/dt)oy |0.016 10.027 10.039 |V/ps |Vs=13.5V P_7.4.6.6
Vout =30% to 70%
of Vg
See Figure 14
Switch-OFF Slew Rate -(dV/dt) o |0.016 |0.027 |0.039 |V/ps |Vs=13.5V P_7.4.6.7
Vout = 70% to 30%
of Vg
See Figure 14
Slew Rate Matching A(dV/dt) sy |-0.03 0 0.03 V/us |Vg=13.5V P_7.4.6.8
(dV/dt)oy - (dV/dt)orr
Voltages
Output Voltage Drop Vbs(sLo) 2 10 20 mv | P_7.4.6.9
Ell:r;;:;tgsc’)n at Small Load LC;KT:IOUT(OL) =20
1) Not subject to production test - specified by design
7.5 Electrical Characteristics - Power Output Stages
Vs=6Vto 18V, T,=-40 °C to +150 °C
Typical values: Vs=13.5V, T;=25°C
Typical resistive load connected to the output for testing (unless otherwise specified):
R.=4Q
7.5.1 Power Output Stage - 4 mQ
Table 13 Electrical Characteristics: Power Stages - 4 mQ
Parameter Symbol Values Unit |Note or Test Number
Min. Typ. Max. Condition
Output characteristics
ON-State Resistance at Rbs(oN)_25 4.4 - mQ |V P_7.5.11.1
T;=25°C T,=25°C
ON-State Resistance at Rbs(on) 150 - 8 mQ T,=150°C P_7.5.11.2
T, =150°C
ON-State Resistance in Rbs(oN)_crAN - 10 mQ T,=150°C P_7.5.11.3
Cranking K Vs=3.1V
(table continues...)
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Table 13 (continued) Electrical Characteristics: Power Stages - 4 mQ
Parameter Symbol Values Unit |Note or Test Number
Min. Typ. Max. Condition
ON-State Resistance in Rbs(iNv)_25 4.5 - mQ |Y P_7.5.11.4
Inverse Currentat 7;=25°C T,=25°C
Vs=13.5V
IL=-4A
DEN = “low”
see Figure 17
ON-State Resistance in Rbs(inv)_150 - 10 m£ T,=150°C P_7.5.115
Inverse Currentat T;=150°C Vs=13.5V
I =-4A
DEN =“low”
see Figure 17
ON-State Resistance in Rps(REV)_25 9.5 - mQ |Y P_7.5.11.6
Reverse Polarity at T;=25°C T,=25°C
Vs=-13.5V
I.=-4A
see Figure 27
ON-State Resistance in Rbs(rev)_150 - 16 mQ T,=150°C P_7.5.11.7
Reverse Polarity at T, =150 °C Vs=-13.5V
IL=-4A
Nominal Load Current I (nom) 15 - A 1) P_7.5.11.8
Tp=85°C
T,=150°C
Output Leakage Current at IL(oFF) 85 0.05 0.5 MA 1) P_7.5.11.9
T,<85°C Vour=0V
Vin = “low”
Tp<85°C
Output Leakage Current at IL(oFF) 150 - 15 MA Vour=0V P_7.5.11.10
T, =150°C Vin = “low”
To=150°C
Inverse Current Capability I o) -15 - A 1) P_7.5.11.11
Vs <Vour
IN = “high”
see Figure 17
Voltage Slope
Passive Slew Rate |dVour/ dt | - 10 Vipus | P_7.5.11.12
Vs=13.5V
(table continues...)
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Table 13 (continued) Electrical Characteristics: Power Stages - 4 mQ
Parameter Symbol Values Unit |Note or Test Number
Min. Typ. Max. Condition

Voltages

Drain Source Diode Voltage \Vospione) | |- 550 700 mv I, =-190 mA P_7.5.11.13
T,=150°C

Switching Energy

Switch-ON Energy Eon - 135 - mJ Vs=18V P_7.5.11.23
see Figure 14
R =2.10hm

Switch-OFF Energy Eorr - 15 - mJ Vs=18V P_7.5.11.24
see Figure 14
R_=2.10hm

1) Not subject to production test - specified by design.
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8 Protection

The BTS7004-1EPR is protected against Overtemperature, Overload, Reverse Battery (with ReverseON) and
Overvoltage. Overtemperature and Overload protections are working when the device is in ON or ON_Diag mode but
not during InverseON and ReverseON function. Overvoltage protection works in all operation modes. Reverse Battery
protection works when the GND and VS pins are reverse supplied.

8.1 Overtemperature Protection

The device incorporates both an absolute (T;(ags)) and a dynamic (T pyn)) temperature protection circuitry for the
channel. An increase of junction temperature T above either one of the two thresholds (T (gs) or Tjpyn)) switches
OFF the overheated channel to prevent destruction. The channel remains switched OFF until junction temperature
has reached the “Reactivation” condition described in Table 14. The behavior is shown in Figure 19 (absolute
Overtemperature Protection) and Figure 20 (dynamic Overtemperature Protection). Tgef) is the reference
temperature used for dynamic temperature protection.

A
IN
>
t
A
DEN
t
LA
IL(O\/LO)
k~ony - {--f—-r----------+- - ----------------—-— -
>
t
A
IN
T aBs)
f q
t
s A\
ls= 1o /kILIS hs(rauLm)
t
A
Internal
latch 0 1 | }
t
Figure 19 Overtemperature Protection (Absolute)
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Figure 20 Overtemperature Protection (Dynamic)

When the Overtemperature protection circuitry allows the channel to be switched ON again, the Intelligent Latch
strategy described in Chapter 8.3 is followed.
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8.2 Overload Protection

The BTS7004-1EPR is protected in case of Overload or short circuit to ground. Two Overload thresholds are defined
(see Figure 21) and selected automatically depending on the voltage Vpg across the power DMOS:

« I ovio)When Vpg <13V

. IL(OVLl) when Vps>22V

Overload threshold variation ("1" =1, 4y, ) typ @ Vps=5V)

1,1

liiovioy

N\

0,9 N

\\

o AN

0,6 —

liovey)
05

0,4

0,3

4 6 8 10 12 14 16 18 20 22 24 26 28
Drain Source Voltage (V)

Figure 21 Overload Current Thresholds

In order to allow a higher load inrush at low ambient temperature, Overload threshold is maximum at low
temperature and decreases when T} increases (see Figure 22). I oyL0) typical value remains approximately constant
up to a junction temperature of +75 °C.
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I_(ovLo) Variation over T,
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01 1 —Typ
0,0 |
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Figure 22 Overload Current Thresholds variation with T,

Power supply voltage Vg can increase above 18 V for short time, for instance in Load Dump or in Jump Start condition.
Whenever Vs > Vs ), the overload detection current is set to / oy_ys) as shown in Figure 23.

A
ILovy)

IL(ovL0)

ILovL_ss) -_—-

\4

V5(35),min Vs(s),max Vs

Figure 23 Overload Detection Current variation with Vg voltage

When I = (ow1) (either I ovio) » ILiovi1) OF IjovL_Js)) the channel is switched OFF. The channel is allowed to be
reactivated according to the intelligent latch strategy described in Chapter 8.3.
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8.3 Protection and Diagnosis in case of Fault

Any event that triggers a protection mechanism (either Overtemperature or Overload) has 2 consequences:
+  The channel switches OFF and the internal latch is set to “1”

« Ifthe diagnosis is active for the channel, a current /igray.r) is provided by IS pin (see Chapter 9.2.2 for further
details)

The channel can be switched ON again if all the protection mechanisms fulfill the "reactivation” conditions described

in Table 14. Furthermore, the device has the intelligent latch to protect itself against unwanted repetitive reactivation

in fault condition.

Table 14 Protection “Reactivation” Condition
Fault condition Switch OFF event “Reactivation” condition
Overtemperature Ty=Typas) O (Ty- Tyrer) = Tyovn) Ty<Typass)and (T, - Tyrer) < TowN)
(including hysteresis)
Overload I = /L(OVL) I.<50mA, T, within TJ(ABS) and
T yoyn) ranges (including hysteresis)
8.3.1 Intelligent Latch Strategy

At normal condition, when IN is set to “high”, the channel is switched ON. In case of fault condition the output stage
latches OFF. There are two ways to de-latch the switch.

With IN pin:

It is necessary to set the input pin to “low” for a time longer than tpg  ay( ) (“latch reset delay” time) to de-latch the
channel. The channel can be allowed to restart only if the “latch” conditions for the protection mechanisms are
fulfilled (see Table 14).

During the “latch reset delay” time, if the input is set to “high” the channel remains switched OFF and the timer
toeLay(LR) IS reset. The timer tpg ay( ) restarts as soon as the input pin is set to “low” again.

The intelligent latch strategy is shown in Figure 26 (flowchart) and Figure 24 (timing diagram).
With DEN pin:

Itis possible to “force” a reset of the internal latch without waiting for tpg ay(Lr) by applying a pulse (rising edge
followed by a falling edge) to the DEN pin while IN pin is “low”. The pulse applied to DEN pin must have a duration
longer than tpen(r) to ensure a reset of the internal latch.

The timing is shown in Figure 25.

Datasheet 36 Rev. 1.10
2025-06-25



BTS7004-1EPR iﬁn eon

Datasheet

8 Protection

IDELAY(LR)
INT
t
Short circuitT
to ground >
t
I
t
Internal
latch 0 ! 0 ! >
t
DEN T
t
tsIS(DIAG) ton
hs(FauLT) hs(FauLT)
hs T
t
Figure 24 Intelligent Latch Timing Diagram
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Figure 25 Intelligent Latch Timing Diagram with Forced Reset
Datasheet 37 Rev. 1.10

2025-06-25



BTS7004-1EPR
Datasheet

8 Protection

infineon

Reactivation
condition fulfilled
(Tsand / or AT /and / or
Overload)

Latch =0 ‘

DEN pulse > toenr)

Wait until
DEN pulse > toenr)

Set DEN to ,high*

Fault
(Overtemperature
or Overload)

Switch channel OFF
Latch =1

no

N 2

Wait until IN is "low"
then start counting for
tDELAY(LR)

A

v

IN is "low"

De-latching with

no

DEN

Continue latching for
toELAY(LR)

toeLav(Lr) elapsed

no

Figure 26

Datasheet

Intelligent Latch Flowchart

38

Rev. 1.10
2025-06-25



BTS7004-1EPR iﬁn eon

Datasheet

8 Protection

8.4 Additional protections

8.4.1 Reverse Polarity Protection

In Reverse Polarity condition (also known as Reverse Battery), the output stage is switched ON (see parameter
Rps(rev)) because of ReverseON feature which limits the power dissipation in the output stage. Each ESD diode of the
logic contributes to total power dissipation. The reverse current through the output stage must be limited by the
connected load. The current through Digital Input pins has to be limited as well by an external resistor (please refer to
the Absolute Maximum Ratings listed in Chapter 4.1 and to Application Information in Chapter 10).

Figure 27 shows a typical application including a device with ReverseON. A current flowing into GND pin (-/gnp) during
Reverse Polarity condition is necessary to activate ReverseON, therefore a resistive path between module ground and
device GND pin must be present.

-VBAT(REV)
4 High-side
Channel R R VS
MicrocontrollerD
|I—<
4 ReverseON l—
T s
ouT
T-/L
IL, GR
g ) -
Figure 27 Reverse Battery Protection (application example)
8.4.2 Overvoltage Protection

In the case of supply voltages between Vsexryp) and Vear(Lp) , the output transistor is still operational and follows the
input pin. In addition to the output clamp for inductive loads as described in Chapter 7.2.2, there is a clamp
mechanism available for Overvoltage protection for the logic circuit and the output channel, monitoring the voltage
between VS and GND pins (Vs(c_amp))-
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8.5 Protection against loss of connection

8.5.1 Loss of Battery and Loss of Load

The loss of connection to battery or to the load has no influence on device robustness when load and wire harness are
purely resistive. In case of driving an inductive load, the energy stored in the inductance must be handled. PROFET™
+2 12V devices can handle the inductivity of the wire harness up to 10 pH with /; (yom). In case of applications where
currents and/or the aforementioned inductivity are exceeded, an external suppressor diode (like diode D7, shown in
Chapter 10) is recommended to handle the energy and to provide a well-defined path to the load current.

8.5.2 Loss of Ground

In case of loss of device ground, it is recommended to have a resistor connected between any Digital Input pin and the
microcontroller to ensure a channel switch OFF (as described in Chapter 10).

Note: In case any Digital Input pin is pulled to ground (either by a resistor or active) a parasitic ground path is
available, which could keep the device operational during loss of device ground.
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8.6 Electrical Characteristics Protection
Vs=6Vto 18V, T;=-40 °C to +150 °C
Typical values: Vs=13.5V, T;=25°C

Typical resistive load connected to the output for testing (unless otherwise specified):

infineon

R =4Q
Table 15 Electrical Characteristics: Protection - General
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
Thermal Shutdown T)(ABS) 150 175 200 °C 1)2) P_8.6.0.1
Temperature (Absolute) See Figure 19
Thermal Shutdown Thys(ABS) = 30 - K 3) P_8.6.0.2
Hysteresis (Absolute) See Figure 19
Thermal Shutdown T)(ovN) - 80 - K 3) P_8.6.0.3
Temperature (Dynamic) See Figure 20
Power Supply Clamping Vs(cLamp)_-40 |33 36.5 42 v lys=5 mA P_8.6.0.6
Voltage at T;=-40°C T,=-40°C
See Figure 15
Power Supply Clamping VscLamp)_ 25 |35 38 44 Vv 2) P_8.6.0.7
Voltage at T;225°C Iys = 5 mA
T,=225°C
See Figure 15
Power Supply Voltage Vs(s) 20.5 22.5 24.5 v 3) P_8.6.0.8
Threshold for Overcurrent Setup acc. to AEC-
Threshold Reduction in case Q100-012
of Short Circuit
1) Functional test only.
2) Tested at T, = 150°C only.
3) Not subject to production test - specified by design.
8.6.1 Electrical Characteristics Protection
Table 16 Electrical Characteristics: Protection
Parameter Symbol Values Unit |Note or Test Number
Min. Typ. Max. Condition
Latch Reset Delay Time after | tpeiav(Lr) 40 70 100 ms | P_8.6.4.1
Fault Condition See Figure 24
Minimum DEN Pulse Duration | tpenir) 50 100 150 Hs 2) P_8.6.4.2
for Latch Reset See Figure 25
1) Functional test only.
2) Not subject to production test - specified by design.
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8.7

Vs=6Vto 18V, T;=-40°Cto+150°C

Typical values: Vs=13.5V, T, =

25°C

Electrical Characteristics Protection - Power Output Stages

Typical resistive load connected to the output for testing (unless otherwise specified):

infineon

RL =40
8.7.1 Protection Power Output Stage - 4 mQ
Table 17 Electrical Characteristics: Protection - 4 mQ
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
Overload Detection Current at |/ ovL0) -40 87 102 117 A 1) P_8.7.29.1
T,=-40°C T,=-40°C
di/dt=0.4 A/us
See Figure 21 and
Figure 22
Overload Detection Current at |/, (ovio) 25 86 100 114 A 2) P_8.7.29.2
T,=25°C Ty=25°C
dl/dt=0.4 A/ps
See Figure 21 and
Figure 22
Overload Detection Current at |/ ovL0) 150 73 85 97 A 2) P_8.7.29.3
T,=150°C T,=150°C
dl/dt=0.4 A/ps
See Figure 21 and
Figure 22
Overload Detection Current at | /i ov11) - 61 - A 2) P_8.7.29.4
See Figure 21
Overload Detection Current ILove_ss) - 61 - A 2) P_8.7.29.5
Jump Start Condition Vs> Vss)
dl/dt=0.4 A/ps
1) Functional test only.
2) Not subject to production test - specified by design.
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9 Diagnosis

For diagnosis purpose, the BTS7004-1EPR provides a sense current signal (/;s ) at pin IS. In case of disabled diagnostic
(DEN pin set to “low”), IS pin becomes high impedance.

A sense resistor Rggnsg must be connected between IS pin and module ground if the current sense diagnosis is used.
Rsense Value has to be higher than 820 Q (or 400 Q when a central Reverse Battery protection is present on the battery
feed) to limit the power losses in the sense circuitry. A typical value is Rsgyse = 1.2 kQ.

Due to the internal connection between IS pin and Vg supply voltage, 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.

See Figure 28 for details as an overview.

VS @
Output
Channel
v |
Overtemperature ) #
U
Latch IS Pilr_1 antrol '-l
ogic
ouT
L N i
SEN @JlL/ kiuis
>@ lhs(mum = Vos(oLorr)

;‘>—>? lhs(OLOFF)
1

Figure 28 Diagnosis Block Diagram

Rev. 1.10

Datasheet 43
2025-06-25



BTS7004-1EPR iﬁn eon

Datasheet

9 Diagnosis

9.1 Overview
Table 18 gives a quick reference to the state of the IS pin during BTS7004-1EPR operation.

Table 18 SENSE Signal, Function of Application Condition
Application Condition Input level DEN level |Voyut Diagnostic Output
Normal operation “low” “high” ~GND Z

hs(raurm) if latch #0
Short circuit to GND ~GND Z

lis(eaur) if latch # 0
Overtemperature YA hs(rauLT)
Short circuit to Vs Vs lis(oLoFF)

(hs(raut) if latch # 0)
Open Load < Vs - Vbs(oLoFF) z

> Vs - Vosororr)” | hisioLorr)

(in both cases /is(rayu) if latch #

0)
Inverse current Vour>Vs hs(oLoFr)

(hs(raur) if latch # 0)
Normal operation “high” ~ Vs hs=IL/ ks
Overcurrent <Vs lis(FauLT)
Short circuit to GND ~GND his(rautT)
Overtemperature YA /IS(FAULT)
Short circuit to Vs Vs hs<I./ ks
Open Load ~Vs? hs = hs(en)
Under load (e.g. Output Voltage ~ V¥ hseny < hs<Iinom / Kiuis
Limitation condition)
Inverse current Vout > Vs hs=lsEn)
All conditions n.a. “low” n.a. z

1) With additional pull-up resistor.
2) The output current has to be smaller than / o).
3) The output current has to be higher than I ).

9.2 Diagnosis in ON state

A current proportional to the load current (ratio ks =1/ I|s ) is provided at pin IS when the following conditions are
fulfilled:

«  The power output stage is switched ON with Vpgs < Vps(oLorr)

+ Thediagnosis is enabled

« Nofault (as described in Chapter 8.3) is present or was present and not cleared yet (see Chapter 9.2.2 for further
details)

If a “hard” failure mode is present or was present and not cleared yet a current /iseayy7) is provided at IS pin .
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9.2.1 Current Sense (ks )

The accuracy of the sense current depends on temperature and load current. /|5 increases linearly with /| output
current until it reaches the saturation current /;5sar). In case of Open Load at the output stage (/ close to 0 A), the
maximum sense current /i) (no load, diagnosis enabled) is specified. This condition is shown in Figure 30. The blue
line represents the ideal k5 line, while the red lines show the behavior of a typical product.

An external RC filter between IS pin and microcontroller ADC input pin is recommended to reduce signal ripple and
oscillations (a minimum time constant of 1 ys for the RC filter is recommended).

The ks factor is specified with limits that take into account effects due to temperature, supply voltage and
manufacturing process. Tighter limits are possible (within a defined current window) with calibration:

« Awell-defined and precise current (I (ca)) is applied at the output during End of Line test at customer side
«  The corresponding current at IS pin is measured and the ks is calculated (ks @ I (cav)

«  Within the current range going from /; (ca;) | to I cal) 1 the ks is equal to ks @ I car) With limits defined by
Akis

The derating of k) |5 after calibration is calculated using the formulas in Figure 29 and it is specified by Ak s

kipis@I ki s@I
Akyyss ax = 100 MAX( 1isBlieant o Fus@ucan s 1)

kiLis@Iycary " kiLis@lcan

kiis@I Kiis@I
Akgpzs iy = 100+ MIN( 1is®lean o Fius®iucanH 1)

kiLis@IpcaLy " kis@lycay

Figure 29 Ak s calculation formulas

The calibration is intended to be performed at Ty(ca) = 25°C. The parameter Ak s includes the drift overtemperature
as well as the drift over the current range from Iy cay)  to I caL) -

hs

Iiston / /

~

Figure 30 Current Sense Ratio in Open Load at ON condition

hs(en)

v

o ILon)
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9.2.2 Fault Current (/is(rauLT))

As soon as a protection event occurs, the value of the internal latch (see Chapter 8.3 for more details) is changed from
0to 1, and a current /igrayir) is provided by pin IS when DEN is set to “high”,

Ifinternal latch is 1, and it is not reset, the current /israyiT) is provided each time the device diagnosis is activated by
DEN=High.
Figure 31 shows the relation between Iis = I / ks, lis(sat) and /is(raut)-

s A

fS(SATImax e e e e e e :
i

i

i

!

i

hs(saT) !
i

i

i

i

i

|

hs(FAULTImax  Fmmmmm oo oo

lis(SAT).min
hs(FAULT).min

I/ ks

Ioviymin ILovL).max I

Figure 31 SENSE behavior - overview

9.3 Diagnosis in OFF state

When a power output stage is in OFF state, the BTS7004-1EPR can measure the drain-source voltage and compare it
with a threshold voltage. In this way, using some additional external components (a pull-down resistor and a
switchable pull-up current source), it is possible to detect if the load is missing or if there is a short circuit to battery. If
a Fault condition was detected by the device (if internal latch is 1, fault current is provided by IS pin independent of
drain-source or output voltage, as long as DEN=High) a current /;gay7) is provided by IS pin each time the channel
diagnosis is checked also in OFF state. See Chapter 9.2.2 for further details.

9.3.1 Open Load current (/;s(oL0FF))

In OFF state, when DEN pin is set to “high”, the Vpg voltage is compared with a threshold voltage Vps(oLorr)- If the load
is properly connected and there is no short circuit to battery, Vps ~ Vs therefore Vps > Vpg(oLorr)- When the diagnosis is
active and Vps < Vps(oLorr), @ current /isioorr) is provided by IS pin. Figure 32 shows the relationship between /iso ofr)
and /israur) s functions of Vps. The two currents do not overlap making it always possible to differentiate between
Open Load in OFF and Fault condition.
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s A
IIS(FAULT)
IIS(OLOFF)
Vbs(oLorr) VDZ
Figure 32 I\s in OFF State

It is necessary to wait a time tis5(o orr) p between the falling edge of the input pin and the sensing at pin IS for Open
Load in OFF diagnosis to allow the internal comparator to settle. In Figure 33 the timings for an Open Load detection
are shown - the load is always disconnected.

A

IN
A t
DEN
t1S(OLOFF)_D t'
Vourd  ~ys

Vps(oLoFF) X

)
)
]

H

| Load
Ky 4’//—"
connected

v

hs

his(oLoFF)

lis(oL) \

\4

Figure 33 Open Load in OFF Timings - load disconnected

Datasheet 47 Rev. 1.10
2025-06-25



g;rtsa:g:);qEPR Infineon

9 Diagnosis

9.4 SENSE Timings

Figure 34 shows the timing during settling tyson) and disabling tgsorr) of the SENSE (including the case of load
change). As a proper signal cannot be established before the load current is stable (therefore before toy ), tsspiag) < 3

X ( tON_max + tsIS(ON)_max )

IN
OFF ON OFF
t'
DEN T
t'
IL T \
tsis(Lc) tsis(oFF) tsis(oN) tsis(OFF) t
~—
tsIS(DIAG) ‘
lis < >
t'
Figure 34 SENSE Settling / Disabling Timing
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9.5

Vs=6V1to 18V, T;=-40°Cto +150°C
Typical values: Vs=13.5V, T;=25°C
Typical resistive load connected to the output for testing (unless otherwise specified):

Electrical Characteristics Diagnosis

infineon

R =40Q
Table 19 Electrical Characteristics: Diagnosis - General
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
SENSE Saturation Current lis(saT) 4.4 - 15 mA 1) P_9.6.0.1
Vgis=Vs-Vigz2V
See Figure 31
SENSE Leakage Current lis(oFF) - 0.01 0.5 WA DEN = “low” P_9.6.0.2
when Disabled Vis=0V
SENSE Leakage Current lis(En) 85 - 0.2 1 HA 1) P_9.6.0.3
when Enabled at T, <85 °C T;=85°C
DEN = “high”
IL=0A
See Figure 30
SENSE Leakage Current lis(EN) 150 - 0.2 1 pA T,=150°C P_9.6.0.4
when Enabled at T, =150 °C DEN = “high”
I,=0A
See Figure 30
Saturation Voltage in ks Vsis_k - 0.5 1 Vv 1) P_9.6.0.6
Operation Vs=6V
(Vs-Vis) IN = DEN = “high”
IL=27" I (nowm)
Saturation Voltage in Open Vsis oL - 0.5 1 v 1) P_9.6.0.7
Load at OFF Diagnosis Vs=6V
(Vs-Vis) IN = “low”
DEN = “high”
Saturation Voltage in Fault Vsis_ - 0.5 1 Vv 1) P_9.6.0.8
Diagnosis Vs=6V
(Vs-Vis) IN = “low” DEN =
“high”
latchz0
Power Supply to IS Pin VsisicLamp) -a0 |33 36.5 42 v Ls=1mA P_9.6.0.9
Clamping Voltage at T,=-40°C
Ty=-40°C See Figure 15
(table continues...)
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Table 19 (continued) Electrical Characteristics: Diagnosis - General
Parameter Symbol Values Unit |Note or Test Number
Min. Typ. Max. Condition
Power Su pply to IS Pin VSIS(CLAMP)_ZS 35 38 44 \ 2) P_9.6.0.10
Clamping Voltage at lis=1mA
Ty 225°C T)225°C
See Figure 15
1) Not subject to production test - specified by design.
2) Tested at T; = 150°C.
9.5.1 Electrical Characteristics Diagnosis
Table 20 Electrical Characteristics: Diagnosis
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
SENSE Fault Current IIS(FAULT) 4.4 55 10 mA - P_9.6.4.1
SENSE Open Load in OFF lis(oLoFF) 1.8 2.5 3.5 mA - P_9.6.4.2
Current
SENSE Open Load in OFF tIS(OLOFF)_D 70 200 400 s VDS < VOL(OFF) P_9.6.4.18
Delay Time from IN falling edge
to VIS = RSENSE *09*
lis(oLoFF), MIN
DEN = “high”
Open Load Vg Detection Vbs(oLoFF) 1.3 1.8 2.3 v - P_9.6.4.5
Threshold in OFF State
SENSE Settllng Time with tSIS(ON) - 5 40 us I|_ = IL(NOM) P_9.6.4.6
Nominal Load Current Stable DEN from “low” to
“high”
SENSE Disable Time tsis(oFF) - 5 20 Hs 1) P_9.6.4.8
From DEN falling
edge to /is = lis(oFF)
See Figure 34
SENSE Settling Time after tsis(Le) - 5 20 Hs 1) P_9.6.4.9
Load Change from I, =/ 13
to /|_ = /|_19
See Figure 34
(table continues...)
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Table 20 (continued) Electrical Characteristics: Diagnosis
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition
SENSE Settling Time after tasio) s.c |- 3 - ms | P_9.6.4.19
Load Change with Small Load DEN = “high”
Current from Load Change
tolis=1 /(kus@1.)
from /L(CAL) to
I (caL)_oL
SENSE Settling Time with tsison)_stc | - 1 - ms | P_9.6.4.20
Small Load Current Stable IL= I (caL)_ oL
from DEN rising
edgetolis=1_/
(Kiismax @ 1,.) ¥ 0.9

1) Not subject to production test - specified by design.
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9.6 Electrical Characteristics Diagnosis - Power Output Stages
Vs=6Vto 18V, T, =-40 °C to +150 °C

Typical values: Vs=13.5V, T;=25°C

Typical resistive load connected to the output for testing (unless otherwise specified):

R =40Q
9.6.1 Diagnosis Power Output Stage - 4 mQ
Table 21 Electrical Characteristics Diagnosis - 4 mQ
Parameter Symbol Values Unit | Note or Test Number
Min. Typ. Max. Condition

Open Load Output Currentat |/ (o1) 4y 45 80 115 mA hs=1ls(or) =4 VA P_9.7.34.1
hs=4pA See Figure 30
Current Sense Ratio at KiLisoa -65% 17900 |[+65% IL04=50mA P_9.7.34.2
IL=1104
Current Sense Ratio at KiLiso7 -65% 17900 |[+65% ILo7 =200 mA P_9.7.34.3
I =Io7
Current Sense Ratio at KiLisoo -55% 17900 |+55% I g9 =450 mA P_9.7.344
I.= 109
Current Sense Ratio at KiLis13 -40% 17900 |[+40% l13=2A P_9.7.34.5
IL=13
Current Sense Ratio at KiLis1s -24% 17900 |+24% I.16=5.5A P_9.7.34.6
I =16
Current Sense Ratio at KiLisis -8% 17900 |+8% l.1ig=10A P_9.7.34.7
=118
Current Sense Ratio at KiLis1o -8% 17900 |+8% 1) P_9.7.34.8
I.=119 l19=15A
SENSE Current Derating with | Ak s(o1) -30 0 +30 % 1) P_9.7.34.9
Low Current Calibration Ican) = o7

InicaL)_n =09

Iuican)_L=1oa

Tacay=25°C
SENSE Current Derating with | Akjsivomy | -4 0 +4 % 1 P_9.7.34.10
Nominal Current Calibration Iican = lLis

Inean)y_n=1o

Ican L= 1Lie

Tacay =25°C
1) Not subject to production test - specified by design.
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10 Application Information

Note: The following information is given as 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.

10.1 Application setup

Veat

T oo

(¥
T
X/
Logic Supply
VDD ~
o
GPIO 3
_
GPIO[X}] RoeN <] DEN out> l ~
PROFET™ +2 E Couro g
Dz =L cus Microcontroller 12v I N

ADC[] < 1s

VSS

— Csense Dz1 ZS

RsEnse

Logic GND N
I A4 A4 A4
>_<:TI Power GND
Chassis GND
*See Chapter 1 “Potential Applications”
Figure 35 BTS7004-1EPR Application Diagram
Note: This is a very simplified example of an application circuit. The function must be verified in the real
application.
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10.2 External Components

Table 22 Suggested Component values

Reference Value Purpose

RN 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Polarity

Necessary to switch OFF BTS7004-1EPR output during Loss of Ground

Rpen 4.7 kQ Protection of the microcontroller during Overvoltage and Reverse Polarity
Necessary to switch OFF BTS7004-1EPR output during Loss of Ground

Rpp 47 kQ Output polarization (pull-down)

Ensures polarization of BTS7004-1EPR outputs to distinguish between Open
Load and Short to Vg in OFF Diagnosis

RoL 1.5kQ Output polarization (pull-up)
Ensures polarization of BTS7004-1EPR output during Open Load in OFF diagnosis
Cout 10 nF Protection of BTS7004-1EPR output during ESD events and BCI
T BC 807 Switch the battery voltage for Open Load in OFF diagnosis
Cvs 100 nF Filtering of voltage spikes on the battery line
CvsGND 47 nF Buffer capacitor for fast transient

See Table 5 (P_4.3.0.7) for the boundary conditions
A placeholder on PCB layout is recommended

Dz, 33V TVS Diode |Transient Voltage Suppressor diode

Protection during Overvoltage and in case of Loss of Battery while driving an
inductive load

Cvs2 - Filtering / buffer capacitor located at Vgar connector
RsensE 1.2 kQ SENSE resistor
Ris_proT 4.7 kQ Protection during Overvoltage, Reverse Polarity, Loss of Ground

Value to be tuned according to microcontroller specifications

D4 7V Z-Diode Protection of microcontroller during Overvoltage

Rapc 4.7 kQ Protection of microcontroller ADC input during Overvoltage, Reverse Polarity,
Loss of Ground

Value to be tuned according to microcontroller specifications

CsensE 220 pF Sense signal filtering
A time constant longer than 1 ps is recommended

RgND 47Q Protection in case of Overvoltage and Loss of Battery while driving inductive
loads

10.3 Further Application Information

+  Please contact us for information regarding the Pin FMEA
«  For further information you may contact http://www.infineon.com/
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ALL DIMENSIONS ARE IN UNITS MM
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Figure 36 PG-TSDSO0-14 (Thin (Slim) Dual Small Outline 14 pins) Package Outline
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Figure 37 PG-TSDSO0-14 (Thin (Slim) Dual Small Outline 14 pins) Package pads and stencil

Green product (RoHS compliant)

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

https://www.infineon.com/packages
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Table 23

BTS7004-1EPR - List of changes

afineon

Revision

Changes

1.10, 2025-06-25

Update of datasheet template
P_9.6.4.19 added
P_9.6.4.20 added

1.00, 2023-09-12

Datasheet available
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