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Table 1 Product Summary

(infineon

Parameter Symbol Values
Minimum Operating voltage Vsiop) 4.1V
Minimum Operating voltage (cranking) Vsuv) 3.1V
Maximum Operating voltage Vs 28V
Minimum Overvoltage protection (7,= 25 °C) Vbs(cLamp)_25 35V
Maximum current in OFF mode (T,< 85 °C) Ivs(orr)_ss 0.9 pA
Maximum operative current Ianpion_D) 3mA
Typical ON-state resistance (T,=25 °C) Ros(on)_25 2.6mQ
Maximum ON-state resistance (T,= 150 °C) Ros(ony_150 4.8 mQ
Nominal load current (T,= 85 °C) I (nomy 21A
Minimum overload detection current (T,=-40°C) |/LovL0) -40 120A
Typical current sense ratio at /. = lnom) ks 22900
Data Sheet 2 Rev. 1.11

2024-07-29



BTS7002-1EPP
PROFET™ +2 12V

TERMAE

2 EBMIARIE

2.1

EE

Infineon

Vs

SupplyVoltage
Monitoring

Overvoltage
Protection

Internal Power Supply

Intelligent Restart
Control

SENSE Output

ESD

Protection
+

Input Logic

Channel |
4—{ Voltage Sensor |
-t T
QOvertemperature Overvoltage
- Clamping |
»- —» GateControl [ + |
_ + Overcurrent |
Driver Chargepump Protection |-|
Logic A
ReverseON
InverseON

A

Internal Reverse
Polarity Protection

Load Current Sense

t 1y

Output Voltage Limitation

le—

<] our

GND Circuitry

Figure 2

Data Sheet

<

GND

Block Diagram of BTS7002-1EPP

Block_HEAT1ch.emf

Rev. 1.11
2024-07-29




BTS7002-1EPP
PROFET™ +2 12V

(infineon

TERMAE

2.2 Ri&

B 3 B 7 A BIEFMHERNFIERE, HHEEENSE,

out X}—1+—

Vour

Vsis

In

Ipen
Vs
Vin
Il
Vben LS_‘_—EQ IS

Vis

A4

mmmmmmmmmmmm

Figure3 Voltage and Current Convention

Data Sheet

Rev. 1.11
2024-07-29



BTS7002-1EPP
PROFET™ +2 12V

(infineon

5| A &
3 S| ECE
3.1 5| B 53 EC
GND 1T 14 ouT
N B @000 43
|5 | -
DEN (3 | | 12
s 4 Vs I L
n.c. (5 | | 10 OouT
n.c. EE] 6 !______! 9:D
n.c I:E 7 exposed pad (bottoh\)8 :E]
R . [ T ]
PinOut_PROFET1ch_PDH.emf
Figure4 Pin Configuration
Data Sheet 5 Rev. 1.11

2024-07-29



BTS7002-1EPP
PROFET™ +2 12V

Infineon

i

7 A&
3.2 5IBE X MThEE
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 Ry = 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 Rpen=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- |OUT Output
14 Protected high-side power output channel”

1) BERFTERL SIS ATE PCB EIERE—E, BERFERLSIISEREERTE &, PCBELLIILITA

RES AR B A it
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Table 3

B RMATEE - EH

Absolute Maximum Ratings®

T,=-40°C £ +150°C; FREREHLMASE, EBRANIIM FRIEZERE)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Supply pins
Power Supply Voltage Vs -0.3 - 28 v - P_4.1.0.1
Load Dump Voltage Vaat(Lp) - - 35 \% suppressed P_4.1.0.3
Load Dump
acc. to
ISO16750-2
(2010).
R=2Q
Supply Voltage for Short Circuit | Vgarisc) 0 - 24 v Setupacc.to |P_4.1.0.25
Protection AEC-Q100-012
Reverse Polarity Voltage Veatrey) - - 16 v t<2min P_4.1.0.5
Ta=+25 °C
Setup as
described in
Chapter 10
Current through GND Pin leno -50 - 50 mA  |Rewpaccording (P_4.1.0.9
to Chapter 10
Logic & control pins (Digital Input = DI)
DI=IN, DEN
Current through DI Pin Io, -1 - 2 mA |2 P_4.1.0.14
Current through DI Pin IoiRev) -1 - 10 mA |2 P_4.1.0.36
Reverse Battery Condition t<2min
IS pin
Voltage at IS Pin Vis -1.5 - Vs \ hs=10 pA P_4.1.0.16
Current through IS Pin ls -25 - lsisamm [MA |- P_4.1.0.18
AX
Temperatures
Junction Temperature T, -40 - 150 °C - P_4.1.0.19
Storage Temperature Tste -55 - 150 °C - P_4.1.0.20
Data Sheet Rev. 1.11
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Table 3

Absolute Maximum Ratings? (continued)

T,=-40°C £ +150°C; FREREHLMASE, EBRANIIM FRIEZERE)

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

ESD Susceptibility

ESD Susceptibility all Pins Vespmam) -2 - 2 kv HBM? P_4.1.0.21

(HBM)

ESD Susceptibility OUT vs GND | Visppgw_ou |4 - 4 kv HBM? P_4.1.0.22

and VS connected (HBM) T

ESD Susceptibility all Pins Vesoicom -500 |- 500 Vv CDM* P_4.1.0.23

(CDM)

ESD Susceptibility Corner Pins | Vespcpmy cr |-750 |- 750 v CDM? P_4.1.0.24

(CDM)
(pins 1,7,8, 14)

N

1) REIEFMR, RIRITEE.

2) AV, BT Latch-Up Mk 5.5V,
3) FREBIREB ESD, A{KIEE! “HBM”, RF& AEC Q100-002 Fr/fE
4) BREEFNEE ESD, ZmEEARAY «cDM”, fFE& AEC Q100-011 AR

Pt =

1. EIUL TR, 7 ATGE S X 25 (FIE LR A Mo KON BITEEXTRATE B T LIEA =

bk T e

2. BERHIRPIIEES TERILL IC TEEAEF T BES 1 TR AIE G IANEE L] T IEE T
SERl TRIPIIBET BN TIELEE EHIHEIEMTIR 116
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4.2 %3 R AKEIEE - ThELE

4.2.1 IHEL - 2 mQ

Table4  Absolute Maximum Ratings?

T,=-40°C £ +150°C; FREBEHYUMASE, EERANSIH (CRIESEME)

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

Maximum Energy Dissipation | E,g - - 315 mJ |l = 2% yom) P_4.2.10.1
Single Pulse Tyo= 150 °C

Vs=28V
Maximum Energy Dissipation | Epg - - 74 mJ 1= nowm P_4.2.10.2
Repetitive Pulse Ty0=85°C

Vs=13.5V

1M cycles
Load Current II] - - I owo), |A - P_4.2.10.3

MAX

1) EFREIEFNR - RigitisE.

4.3 T{ESEE

Table 5 Functional Range - Supply Voltage and Temperature?

Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition
Supply Voltage Range for | Vo 6 135 |18 v - P_4.3.0.1
Normal Operation
Lower Extended Supply Vs(extLow) 31 |- 6 Vv 23) P_4.3.0.2
Voltage Range for Operation (parameter
deviations possible)
Supply Voltage Range Vs ext cve) - - 31 |V Cuseno is required P_4.3.0.7
reached after Overload when the
Protection activation Overload
leading to “Undervoltage Protection is
on Vs” condition triggered (see

Chapter 8.2) and
the observed
number of retries
is different from
what specified in
Chapter8.3.1

Data Sheet 9 Rev. 1.11
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Table5 Functional Range - Supply Voltage and Temperature? (continued)
Parameter Symbol Values Unit |Note or Number
Min. [Typ. |Max. Test Condition
Upper Extended Supply Vs(ext.up) 18 - 28 |V 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) RESEFME, HIRIHEE.
2) WMRBE VoL Voeriommn=3-1Vo FIREBE VIBIN: Vexrowmn =41 Vo
3) RIFTHREMD T,

AR TELIEEER, IC ZIRBE PR HRE T, BIFIEET B TR LI T
EHo

4.4 FAPFH

ARE R FEAEEIRYE JEDEC JESDS1 Fr/E LR BN THEEZ 15, 181015]

www.jedec.org.

Table 6 Thermal Resistance®

Parameter Symbol Values Unit |Noteor Number

Min. |[Typ. |Max. Test Condition
Thermal Characterization |W¥ j10p - 3 5 Kw |2 P_4.4.0.1
Parameter Junction-Top
Thermal Rinsc - 078 |13 Kw |2 P_4.4.0.2
Resistance simulated
Junction-to-Case at exposed

pad

Thermal Resistance Rin - 307 |- KW |2 P_4.4.03
Junction-to-
Ambient

1) BRLEIEFI - HIGIHEE.

2) 1R#E Jedec JESD51-2,-5,-7, EESANAMI FRA252p R E; = (BF + %) ®AB 2 MHEE 2x70
um Cus 2x35um Cu) BY76.2x114.3x 1.5 mm iR EHFHITIEIN,. EEAMNERT, RENBFRERZTHS
POLFLEES) 5 E— N AR EM. BINETE 7,=105°C. Poissiearon = 1 W R T HITH.

Data Sheet 10 Rev. 1.11
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4.4.1 PCB i E

70 um modeled (traces, cooling area)

1,5 mm

70 um, 5% metalization*

*: means percentual Cu metalization on each layer

PCB_7th_150p.emf

Figure5 1sOp PCB Cross Section

70 um modeled (traces)

35 um, 90% metalization*

1,5 mm

35 um, 90% metalization*

.

70 um, 5% metalization*

*: means percentual Cu metalization on each layer
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Figure6 2s2p PCB Cross Section

I

JEDEC 1s0p / footprint
JEDEC 1s0p / 600mm?* JEDEC 2s2p

| | |

PCB 1s0p + 600 mm2 cooling PCB 2s2p / 1s0p footprint
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=

Figure7 PCB setup for thermal simulations
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Figure8 Thermalvias on PCB for 2s2p PCB setup
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Table 7 Electrical Characteristics: Logic Pins - General

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Digital Input Voirh 0.8 1.3 2 v See Figure1lland|P_5.4.0.1
Voltage Threshold Figure 12
Digital Input Vocampy |- 7 - Vv b P_5.4.0.2
Clamping Voltage Iom=1mA
See Figure 11 and
Figure 12
Digital Input Clamping VoicLampy) | 6:5 7.5 8.5 \ Ioi=2 mA P_5.4.0.3
Voltage See Figure 11 and
Figure 12
Digital Input Hysteresis Voiys) - 025 |- Vv b P_5.4.0.4
See Figure 11 and
Figure 12
Digital Input Current Iy 2 10 25 HA Voi=2V P_5.4.0.5
(“high”) See Figure 11 and
Figure 12
Digital Input Current (“low”) | Iy, 2 10 25 HA Voi=0.8V P_5.4.0.6
See Figure 11 and
Figure 12

1) BREILEFNE - HiRIHEE,

Data Sheet 14 Rev. 1.11
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6.1 BEER

L Vs> Veop) B, BTS7002-1EPP BB LU TiEIER
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¢ ONIRZ

+  ONIETFHVIZHT
+  OFF {2\ FEYIZ T
v BEE
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« IN S| ERYZIBEF
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Table 8 Operation Mode truth table
IN DEN Internal | /g Operative Mode Comment
latch
0 leakage OFF DMOS channel is OFF
0 1 leakage OFF DMOS channel is OFF
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 hs ON_DIAG DMOS channel is ON and diagnostic
1 1 fault fault DMOS channel is switched OFF due to
failure
Data Sheet 15 Rev. 1.11
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6.3 R SIS

Vs=6VE] 18V, T,=-40°C & +150°C
HRE: Vs=13.5V,T,=25°C
WX Z A2 HB A M AEEES Y (BRIESIMGER)

RL: 210

Table9 Electrical Characteristics: Power Supply - General

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

VS pin
Power Supply Undervoltage | Vg 1.8 23 31 v Vsdecreasing P_6.4.0.1
Shutdown IN = “high”

From Vps< 0.5V to

Vos=Vs

See Figure 13
Power Supply Minimum Vsiop) 2.0 3.0 4.1 v Vsincreasing P_6.4.0.3
Operating Voltage IN = “high”

From Vps=Vsto

Vos<0.5V

See Figure 13
Power Supply Undervoltage | Vg - 0.7 - Vv b P_6.4.0.6
Shutdown Hysteresis Vsior)~ Vsuy)

See Figure 13
Power Supply Undervoltage | tpe ayy)  |2-5 5 7.5 ms | dVs/dt<0.5V/ps P_6.4.0.7
Recovery Time Vs=-1V

See Figure 13
Breakdown Voltage Vs (rey) 16 - 30 Vv b P_6.4.0.9
between GND and VS Pins lonp(rev)= 7 MA
in Reverse Battery T,=150°C

1) BREIEFNE - HigIHEE,

Data Sheet 18 Rev. 1.11
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6.4 BRI - T RSE

Vs=6VE| 18V, T,=-40°C &l +150°C

HAME: Vs=13.5V, T,=25°C

M2 HA R R EERR MY (FRIERIMRER) -

RL: 210
6.4.1 BTS7002-1EPP
Table 10 Electrical Characteristics: Power Supply BTS7002-1EPP
Parameter Symbol Values Unit | Note or Number
Supply Current lsorres |- 0.1 0.9 uA Y P_6.5.20.1
Consumption in OFF Vs=18V
Mode with Loads Vour=0V
IN =DEN = “low”
T,<85°C
Supply Current siorr) 150 |~ 1 27 HA Vs=18V P_6.5.20.2
Consumption in OFF Vour=0V
Mode with Loads IN=DEN = “low”
T,=150°C
Operating Currentin lnpon_D) - 2 3 mA | Vs=18V P_6.5.20.3
ON_Diag Mode (Channel IN = DEN = “high”
ON)
Operating Currentin lonpiore by |~ 12 1.8 mA | Vs=18V P_6.5.20.5
OFF_Diag Mode IN = “low”;
DEN = “high”
1) BREIEFNE - HigiHEE
Data Sheet 19 Rev. 1.11
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Figure 15 Switching a Resistive Load
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Figure17 Output Voltage Limitation activation during diagnosis
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7.4 ThERERSIFH

Vs=6V |18V, T,=-40°C %l +150°C

BAME: V=135V, T,=25°C
MR MAE M A HEZET MY (RESIMREA) -

RL: 2.10

Table 11 Electrical Characteristics: Power Stages - General

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

Voltages
Drain to Source Clamping | Vpsciaup) 40 |33 365 |42 \ I.=5mA P_7.4.0.1
Voltage at T,=-40°C T,=-40°C

See Figure 16
Drain to Source Clamping | Vpsiciamp) 25 |35 38 44 v b P_7.4.0.2
Voltage at 7,225 °C IL=5mA

T,=25°C

See Figure 16

1) 7 T,=150°C Bl o

7.4.1 ThER K BSEFY

Table 12 Electrical Characteristics: Power Stages

Parameter Symbol Values Unit | Note or Number
Timings
Switch-ON Delay ton(ELAY) 10 70 130 us Vs=13.5V P_7.45.1

Vour =10% Vs
See Figure 15
Switch-OFF Delay torF(DELAY 10 50 160 |us | Vs=13.5V P_7.452
Vour =90% Vs
See Figure 15
Switch-ON Time ton 50 130 210 us Vs=13.5V P_7.4.5.3
Vour =90% Vs
See Figure 15
Switch-OFF Time tore 30 100|220 |us |Vs=13.5V P_7.4.5.4
Vour =10% Vs
See Figure 15

Switch-ON/OFF Matching Atsw -60 25 90 us Vs=13.5V P_7.4.5.5
ton - torr
Data Sheet 26 Rev. 1.11
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Table12 Electrical Characteristics: Power Stages (continued)
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Voltage Slope
Switch-ON Slew Rate (dV/dt)on 0.16 0.27 0.39 V/us |Vs=13.5V P_7.45.6
Vour=30% to 70%
of Vs
See Figure 15
Switch-OFF Slew Rate -(dV/dt)oee 0.16 0.27 0.39 V/us | Vs=13.5V P_7.4.5.7
Vour=70% to 30%
of Vs
See Figure 15
Slew Rate Matching A(dV/dt)sw -0.15 |0 +0.15 |V/us |Vs=13.5V P_7.45.8
(dV/dt)on- (dV/dt)ore
Voltages
Output Voltage Drop Vosisio) 2 10 20 mv | P_7.4.5.9
Limitation at Small Load lour=lout(or) = 20
Currents mA
1) EFEIEFNR, BHIZITHEE.
7.5 SN - ThRmHHE
Vs=6VE 18V, T,=-40°C El +150°C
BARME: V=135V, T,=25°C
WX F M BB RS A FEZED MY (BRIEFIMEER)
RL: 210
751  IDhEHRHEK-2mO
Table 13 Electrical Characteristics: Power Stages - 2 mQ
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Output characteristics
ON-State Resistance at Rosony.2s |- 2.6 - mQ | P_7.5.10.1
T,=25°C T,=25°C
ON-State Resistance at Roson) 150 | = - 4.8 mQ |T,=150°C P_7.5.10.2
T_J =150°C
ON-State Resistance Rosion)_cran - 6 mQ |T,=150°C P_7.5.10.3
in Cranking K Vs=3.1V
Data Sheet 27 Rev. 1.11
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Table 13 EBSHpE: ThEL-225ma (8D
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
ON-State Resistance in Rosiw.2s |- 2.7 - mQ |V P_7.5.10.4
Inverse Currentat 7,=25°C T,=25°C
Vs=13.5V
IL=-4A
DEN =“low”
see Figure 18
ON-State Resistance in Rosun_ 150 |~ - 6 mQ | T7,=150°C P_7.5.10.5
Inverse Current at 7,= Vs=135V
150 °C IL=-4A
DEN = “low”
see Figure
18
ON-State Resistance in Rosmev.2s |- 5.7 - mQ | P_7.5.10.6
Reverse Polarity at T,= T,=25°C
25°C Vs=-13.5V
IL=-4A
see Figure 29
ON-State Resistance in Rosrev) 150 |~ - 9.6 mQ | T,=150°C P_7.5.10.7
Reverse Polarity at Vs=-13.5V
T,=150°C Ih=-4A
Nominal Load Current I ivom) - 21 - A b P_7.5.10.8
Ta=85°C
T,=150°C
Output Leakage Currentat |/ o) g5 - 0.1 0.9 pA b P_7.5.10.9
T,<85°C Vour=0V
Vin=“low”
Ta<85°C
Output Leakage Currentat |/, o) 150 - - 27 HA Vour=0V P_7.5.10.10
T,=150°C Vin=“low”
Ta=150°C
Inverse Current Capability |/ jyy - -21 - A b P_7.5.10.11
Vs<Vour
IN = “high”
see Figure 18
Voltage Slope
Passive Slew Rate (e.g. |dVour/dt] |- - 10 Vips | ¥ P_7.5.10.12
for Half Bridge Vs=13.5V
Configuration) see Figure 20
Voltages
Drain Source Diode Voltage |[Vpspiopgl |- 550 700 mV  |[.=-190 mA P_7.5.10.13
T,=150°C
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Table 13 B SHpE: ThEFK -225ma (4

Parameter Symbol Values Unit |Noteor Number

Min. |[Typ. |Max. Test Condition

Switching Energy

Switch-ON Energy Eon - 15 - mJ | P_7.5.10.14
Vs: 18V
see Figure 15

Switch-OFF Energy Eorr - 165 |- mJ |Y P_7.5.10.15
Vs=18V

see Figure 15

1) EFREITEFNR - RigitisE.
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BEEDFES, AURIPESERHEFRG T AL ENEE TS,

Table 14 Protection “Reactivation” Condition

Fault condition Switch OFF event “Reactivation” condition

Overtemperature TJ = TJ(ABS) or (TJ - TJ(REF)) = TJ(DYN) TJ < TJ(ABS) and (TJ - TJ(REF)) < TJ(DYN)
(including hysteresis)

overload IL2 IL(OVL) /|_< 50 mA, TJ within TJ(ABS) and
Tiowy ranges (including
hysteresis)

8.3.1 Haegi7F2R R

FEEBHHT, 5 IN BEIASERN, BEAR. NRHMKFEER, BHABFREXH. B
75 5 B LA AR BR B 77 2R AU AR

T IN 5B

SERBANSIMEUARBE”, HENEKT tave (‘BIFSREMEREE) , URRBENSIE
2. REHRESERIPNEIN SIFR &G, BEARTENRRBH (BIR14) o

T BifFREMER NER, MRWMABMUANTER”, WBEREFOFF KT, EIIER torawn NEML —
BRNSIMBREMVAREBE”, tavw MEEFRR.

BEEDIFR RN B 28 CRIEE) M E26 (BIFE) FiR. f#F DEN SIH:

AILGEE A (EFR) KEBH) SUREBBIEFEE, MEFBFH teviro
HEASIE A REBT 8, MEETEA) 2 DEN S|, FEINZE DEN 5|HIBIRK AR AT

toenr, AFRIRAIERBITE RS S 1L,
BY a0 Bl 27 Fimo

Data Sheet 34 Rev. 1.11
2024-07-29



BTS7002-1EPP
PROFET™ +2 12V

Infineon

IoELAY(LR)
INT
t
Short circuitT
to ground >
t
I
t
Internal
latch 0 ! 0 ! »
t
DEN T
t
tsispiac) fon
ls Faum ls Fauim
IIS T
t
Protection_Latch_Timing.emf
Figure 26 Intelligent Latch Timing Diagram
S ]
t
Short circuitT
to »
ground t
t
| | A
nterna
latch 0 1 0 >
t < toener) t > foener) t
DEN T
t
tslS(DIAG) tS|S(D AG)
tsIS(DIAG) I I
IS(FAULT) IIS( FAULT) IS(FAULT)
IIS I \
i »>
t
Protection_Latch_DENforce.emf
Figure 27 Intelligent Latch Timing Diagram with Forced Reset
Data Sheet 35 Rev. 1.11

2024-07-29



BTS7002-1EPP
PROFET™ +2 12V

Ry

Infineon

DEN pulse > toener)

IN is "high"

yes y
<

b

yes

Latch =1

noJ

.

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

Fault
(Overtem perature
or Overload)

no

IN is "low"

Wait until DEN

pulse >

toeLav(r) Elapsed

Protection_PROFET_Flow_PDH.emf

Figure 28 Intelligent Latch Flowchart

Data Sheet

36

Rev. 1.11
2024-07-29



o _.
BTS7002-1EPP Infineon
PROFET™ +2 12V

Ry

8.4 HhfRiF

8.4.1 RARERIR

ERRMESG (WM ARMABM) F, BT ReverseON FFMHMREIT M APHINEBGFE, R ITIR
79 ON (BB Ruwspen) o EHENESNEFHERIF_RERITHEERIER, BLRHAKNREETR
W BIFTEE A BRIRE], BTG MR RS R IMNEEENRE (B2RE 4.1 EF5!
HEVERATEE) Uk B 10E ARNARER) -

B 29 BRT 1AM, GIEHHE ReverseON HIZsF. TER ERFZMHAE, BIRANEMSIH (-
loo) SEBIIE ReverseON FTATRRY, FIARIREEM S| RIFI 2344 GND 51 Bl Z 184 57711 FB AR 120

-VeaT(rev) )
A __
High-side
Channel _ V3
Microcontroller fo %
4 Ay ~ ReverseON |
s
ouT
D4
T _IL
Eg GND IL, CR
-l T
/J7 Protection_RevBatt_HEAT.emf

Figure29 Reverse Battery Protection (application example)
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Vs=6VE| 18V, T,=-40°C &l +150°C
HAME: Vs=13.5V, T,=25°C
M2 HBAEMAFHEETIHY (RIESIMTER)

RL: 2.10

Table 15 Electrical Characteristics: Protection - General

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

Thermal Shutdown Tynes) 150 [175  [200 |°Cc |V P_8.6.0.1
Temperature (Absolute) See Figure 21
Thermal Shutdown Tivspes) |- 30 - K 3 P_8.6.0.2
Hysteresis (Absolute) See Figure 21
Thermal Shutdown Tiow) - 80 - K 3 P_8.6.0.3
Temperature (Dynamic) See Figure 22
Power Supply Vs(camp) 40 |33 36.5 42 % ls=5mA P_8.6.0.6
Clamping Voltage at T, T,=-40°C
=-40°C See Figure 16
Power Supply VsicLamp2s |35 38 44 v 2 P_8.6.0.7
Clamping Voltage at T, ls=5 mA
>25°C T,225°C

See Figure 16
Power Supply Voltage Vsis) 20.5 225 24.5 \% 3 P_8.6.0.8
Threshold for Overcurrent Setup acc. to AEC-
Threshold Reduction in Q100-012
case of Short Circuit

1) 1XZhaemiste
2) XTE T, =150°C BN,

3) EFEITEFNR - HIRITHEE.

8.6.1 RIFBSEFHE

Table 16 Electrical Characteristics: Protection

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

Latch Reset Delay Time after| tyg ayr) 40 70 100 ms | P_8.6.4.1

Fault Condition See Figure 26

Minimum DEN Pulse toEN(LR) 50 100 (150 |ps |? P_8.6.4.2

Duration for Latch Reset See Figure 27

1) XZhREMto
2) REIEFNH, BIRITHERE.
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Table 17 Electrical Characteristics: Protection - 2 mQ
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Overload Detection lowoy 40 |120 135 158 A b P_8.7.10.1
Currentat 7,=-40°C T,=-40°C
dl/dt=0.4 A/us
see Figure 23 and
Figure 24
Overload Detection Current |/, oy 25 116 133 150 A 2 P_8.7.10.7
at7,=25°C T,=25°C
dl/dt=0.4 A/us
see Figure 23
and Figure 24
Overload Detection Current |/ ong 150|100 115|130  |A 2 P_8.7.10.8
atT7,=150°C T,=150°C
d//dt=0.4 A/us
see Figure 23 and
Figure 24
Overload Detection Current |/ gy - 81 - A 2 P_8.7.10.5
at High Vos d//dt=0.4 A/us
see Figure 23
Overload Detection Current |/ oy js |- 81 - A 2 P_8.7.10.6
Jump Start Condition Vs> Vs g
d//dt=0.4 A/us
see Figure 25
1) 1XThEellix.
2) EREIESNL - BigitisE.
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7% 18 E1H 7 BTS7002-1EPP 2{EIR T, IS 5| EMSE RS,

Table 18 SENSE Signal, Function of Application Condition

Application Condition Input DEN level |VYour Diagnostic Output
level

Normal operation “low” “high” ~GND Z

lisaulm if latch 20
Short circuit to GND ~GND Z

hsEaum if latch 20
Overtemperature Z hs(eauL)
Short circuit to Vs Vs hisioLoFe)

(hsEaum if latch # 0)
Open Load < Vs- Vps(oLorr) Z

>Vs-Vosioorry) | hisioLors)

(in both cases lisau) if

latch #0)
Inverse current Vour> Vs lisioLors)

(hsEaum if latch # 0)
Normal operation “high” ~ Vs hs=1/ ks
Overcurrent <Vs hseauim
Short circuit to GND ~GND hseaum
Overtemperature Y4 IIS(FAULT)
Short circuit to Vs Vs hs<I./ ks
Open Load ~Vey) hs=hsen)
Under load (e.g. Output Voltage ~ V) hseny <hs < Tuwom / Kiis
Limitation condition)
Inverse current Vour> Vs hs=hseny
All conditions n.a. “low” n.a. Z

1) ERGMY IR,
2) WHERBTNT | one
3) BHERBAAT Lo

9.2 ON RS TiZHR

LA U T MY, SIS RIS A E B LLHIRIER (b= kus=1/1s)
o BILEEFAFR, HE Vos<Vosolom

v ZETRERER

v REWE (WNESIFEMR) SZAINKERER (BEHAF.228 TRESFE
RBEEWEE ZABISERBRR, 1S IR lseavmo
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9.2.1 AN (kus)

KN ERIEERUR T REMATER. /s b8/ mHBREMEIEM, EEERFBMEBR Issmo IR
REHHAR (LEF0A) , MIEERAMER Isev (TRE, 1ZWBEN) o %540 B 32 Fir.
L ARIBAM ks 2%, MLILN SR~ ST A,

F2INFE 1S 51RIA0 MCU B9 ADC 3ING I Z [B{E IR RIS RES, LUBIMESSUEMIR7 (BINERIE
HasHIER/NET{E] 1 ps) o

kus REVIEEREZRTREE. HBEBEEMHETZHNEM, EMENEMXIEAN, FJUERE
A& HIPRERE :

v ERFPIRNFELNIRERE, ERSHimRRRE X BREIHIER () o

v ME IS SIS RYERRHITE kus (ks @ fucay)

o EM ILica L 2l ILicay_H E@%?ﬁ:}ﬁm s ks %:_F ks @ ILicay s BE1EA':E>‘(N
AkILIS

WAERBY kus FEEFER B 31 RTVIHE, H Akus FERE.

ks @1 kiis@I
Akypispax = 100 MAX( wis@lucan L Kiis@lican n 1)

kiLis@lycar) " RiLis@Iycary

kiis@I kips@I
Akyys gy = 100+ M1N< is@lican L is@liucan v 1>

kiLis@Iycar) " RiLis@lycary

Do Kot

Figure 31 Akscalculation formulas

FAERLTE Tacay = 25°C BT S Akius BFEM I B luenn n VR RIEM BBIRIZS o

Lsov) //

hs(en)

\ 4

I

[

Figure 32 Current Sense Ratio in Open Load at ON condition
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9.2.2 R (hsraun)
—BRHRIPEY, NIBiIEFERNE (BN FL8.3EFE THEZIFE) mMak&ETke MoZTH1,
HEZH DEN BRI N“EEIE, HASIHISIREEE lsfauno
RN 1, FEREL, M SR DEN=High BEERLES MBI ERLIZEAR hpnur,
33 BIRT ls=I/kuss hssan T hseavn ZIBIFIR R

hs A

/IS(SAT).max ___________ T I T - =
I |

hs FAULTI max [ == == = e —— — 4+ - ——

I
I

| ;I-l- - IIS(FAULT)
|

IIS GATIMIN L o e e o o o o— — T e e — 1_ —
|
|
|

IIS (FA

I/ ks :

ILov Lymin I (ov L).max I

»

Diagnosis HEAT IISFAULT IISSAT.emf

Figure 33  SENSE behavior - overview

9.3 OFF K& T2k

HINHRGHRL T OFF JAEEY, BTS7002-1EPP AILUNERIREEHFESREREHITLR. X
B, ERA—LEHIMYIMNERTTE M (FHIFRFEAM AT ERIFEAUR) , WURT LA TA 2R DR R 5

BEFENBMER, MRB[ALNERESRS WRAEUFSE 1, WKERRR IS 5IHRMH,
S5RFRSEHEBELX, RE DEN=7) , BREBEIZSIBE OFF KETHEITIRER, B hseun
B IS SIS, &0 $9.228 THRESFE,

9.3.1 FE& A E B (Lisocorr)

7£ OFF JAET, 3 DEN SIRIENI NS, Vos BESEERE Vosoworn FHITHER. WRAFIERE
[FEBLXTEMITEE, M Vos ~ Vso ELL, Vos > Vosororne HIZUTABUER Vos < Vosoworn BT, 1S 5IHI1R
BRI hsorormo B 34 BIRT lisororn T hiseaun 5 Vos ZIBIHX R, WFRERAES, EL, 1IBEFIUX
7T OFF RTSHY T2 B A BB ER S
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[IS A
hs(rauLT)
hsoLorr)
Vbs(oLorr) VD:
Figure 34 Isin OFF State

BB OFF A FRYFF R,

FEEWNS M TEBZITSE tisowrn o B8], 1S 3IM_EA BERIRIE

HRVIRES, XERRY Bl EE#HITERLLIRER AR, B35 BRAEBAFR, A BN E,

DEN
tIS(OLOFF)_D N t
.
Vour 1 ~Vs -
D
Vos(oLorr) 5
\
.
[}
1
i Load
I
€ connected
‘..h -
t
Is
lisioLorr)
lision

Diagnosis_PROFET_OLOFF_time.emf

t

Figure 35
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9.4 SENSE B¢

36 2R T SENSE £ tason MZF tusorn HABINEYEIF (BIEAEHTHER) . ATFENEEB
5}%?4*:%\;?2%_& (EHT:E ton ZETJ_) %5£EﬁIEE% E,‘J %_"I:? ) Jtt tsIS(DIAG) =3x (tON_max + tsIS(ON)_max)O

IN
OFF ON OFF

"
L~ N\

t.

tsis(Lo) tsis(oFF SIS(ON) tsis(oFF
A t
sIS(DIAG)
lis % ﬂ 7 ﬂ

Diagnose_PROFET_SENSE_timings_Heat.emf

Figure36 SENSE Settling / Disabling Timing
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9.5 PHBRSRHT

Vs=6VE| 18V, T,=-40°C & +150°C
HAME: Vs=13.5V, T,=25°C
M2 HBAEMAFEEDIEY (RIESIMTER)

R=210Q
Table 19 Electrical Characteristics: Diagnosis - General
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
SENSE Saturation Current | /,gsan 4.4 - 15 mA |Y P_9.6.0.1
Vsis=Vs-Vis=2V
See Figure 33
SENSE Leakage Current hs(orm) - 0.01 0.5 DEN = “low” P_9.6.0.2
when Disabled Vs=0V
SENSE Leakage Current | /gen) gs - 0.2 1 b P_9.6.0.3
when Enabled at T,=<85°C T,=85°C
DEN = “high”
L=0A
See Figure 32
SENSE Leakage Current Lis(eny 150 - 0.2 1 HA T,=150°C P_9.6.0.4
when Enabled at T,=150 °C DEN = “high”
L=0A
See Figure 32
Saturation Voltage inkus | Vs i - 0.5 1 v b P_9.6.0.6
Operation Vs=6V
(Vs - Vis) IN = DEN = “high”
=271 wom
Saturation Voltage in Open | Vgs o - 0.5 1 v b P_9.6.0.7
Load at OFF Diagnosis Vs=6V
(Vs- Vis) IN = “low”
DEN = “high”
Saturation Voltage in Fault |V ¢ - 0.5 1 \% b P_9.6.0.8
Diagnosis Vs=6V
(Vs- Vis) IN = “low”
DEN = “high”
latch#0
Power Supply to IS Voisicampy - |33 36.5 42 % lis=1mA P_9.6.0.9
Pin Clamping Voltage " T,=-40°C
atT7,=-40°C See Figure 16
Power Supply to IS VsiscLamp) 25 |35 38 44 \Y 2 P_9.6.0.10
Pin Clamping Voltage is=1mA
atT7,=225°C T,225°C
See Figure 16
1) RESEFMR, HIZIHER.
2) MIXEE T,=150°Co
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9.5.1 IZEREBSRHMH
Table 20 Electrical Characteristics: Diagnosis
Parameter Symbol Values Unit | Note or Number
SENSE Fault Current hsEauLm) 4.4 5.5 10 mA |- P_9.6.4.1
SENSE Open Load in OFF | /i5010f) 1.8 25 35 mA |- P_9.6.4.2
Current
SENSE Open Load in OFF | tisoiorp p | 70 185 (300 |ps | Vos<Vororn P_9.6.4.4
Delay Time from IN falling
edge to Vis= Rsense
*0.9% IIS(OLOFF),MIN
DEN =“high”
Open Load Vps Detection Vosioror 1.3 1.8 23 v - P_9.6.4.5
Threshold in OFF State
SENSE Settling Time with |t sy - 5 40 us =1 nowm) P_9.6.4.6
Nominal Load Current DEN from “low” to
Stable “high”
SENSE Disable Time tasorr) - 5 20 us |V P_9.6.4.8
From DEN falling
edge to /g =
hs(orr) See
Figure 36
SENSE Settling Time after |t g - 5 20 us Y P_9.6.4.3
Load Change from /.= lsto
I=115
See Figure 36
1) TFRELEFNL - HIgIHEE.
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9.6 IZETERSE - ThERmHE

Vs=6VE| 18V, T,=-40°C &l +150°C
HAME: Vs=13.5V, T,=25°C

MR F A2 HRAPAM A EEED M (FRIEZIMNIRA)
RLZZ.IQ

9.6.1 HIhFB LR - 2 mQ

Table 21 Electrical Characteristics: Diagnosis - 2 mQ

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

Open Load Output Current |/ o) 44 32 91 150 mA  |ls=lsoy=4HA  |P_9.7.10.1
aths=4pA see Figure 32
Current Sense Ratio at KiLisos -26.0% | 23500 |+26.0% ILes=100 mA P_9.7.10.9
I =1l
Current Sense Ratio at KiLisoo -18.0% |23500 |+18.0% lLos=450 mA P_9.7.10.13
I =g
Current Sense Ratio at Kisia -16.0% |23500 |+16.0% lui=1A P_9.7.10.15
I=hy
Current Sense Ratio at Kiisis -9.5% [22900 |+9.5% lis=4A P_9.7.10.19
I =lys
Current Sense Ratio at Kiisis -7.3% 22900 |+7.3% lis=10A P_9.7.10.22
I =g
Current Sense Ratio at Kiisto -7.0% |22900 |+7.0% ILis=15A P_9.7.10.23
I =19
Current Sense Ratio at KiLisao -6.0% |22900 |+6.0% Y P_9.7.10.24
I =la0 l0=22A
SENSE Current Derating  |Aky sy |16 0 +16 |% |V P_9.7.10.27
with Low Current lcay= oo
Calibration lcay n=In

Iuicat) L= Tios

Tacan=25°C
SENSE Current Derating | Mkysomy | -4 0 +4 % |V P_9.7.10.29
with Nominal Current I can = lao
Calibration I cann= 20

Ican) L= s

Tacan=25°C
1) BREIEFNE - HigIHEE,
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10 NMAER

ARE LG R RIEIATTES FHIRE T TR IXT 5 1FRFATIFE . 5 1F BT EAT7H 2 ZEE R,

10.1 [ F3 e & 151

VBAT

rOp?on_al - E)p?o%l_
T @

L
L

Cysanol

- d

Logic Supply
VAN

PROFET™ +2
i N
Dy X == Gy Microcontroller

—— Csense

Logic GND
 —
I |1 Power GND \Optional

77

*See Chapter 1 ,,Potential Applications”

Chassis GND

Figure 37 BTS7002-1EPP Application Diagram

ARE HE— T B B A F BT o FFTE LI fHFETILIES G
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10.2 S EB TR

Table22 Suggested Component values

Reference Value Purpose

R 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Polarity
Necessary to switch OFF BTS7002-1EPP output during Loss of Ground

Roen 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Polarity
Necessary to switch OFF BTS7002-1EPP output during Loss of Ground

Rep 47 kQ Output polarization (pull-down)

Ensures polarization of BTS7002-1EPP outputs to distinguish between
Open Load and Short to Vs in OFF Diagnosis

RoL 1.5kQ Output polarization (pull-up)
Ensures polarization of BTS7002-1EPP output during Open Load in OFF
diagnosis

Cour 10nF Protection of BTS7002-1EPP output during ESD events and BCI

T BC 807 Switch the battery voltage for Open Load in OFF diagnosis

Cus 100 nF Filtering of voltage spikes on the battery line

Cysenn 47nF Buffer capacitor for fast transient

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

D, 33V TVS Diode | Transient Voltage Suppressor diode
Protection during Overvoltage and in case of Loss of Battery while
driving an inductive load

Cus2 - Filtering / buffer capacitor located at Vear connector

Rsense 1.2kQ SENSE resistor

Ris_prot 4.7kQ Protection during Overvoltage, Reverse Polarity, Loss of Ground
Value to be tuned according to microcontroller specifications

Dz, 7V Z-Diode Protection of microcontroller during Overvoltage

Raoc 4.7kQ Protection of microcontroller ADC input during Overvoltage, Reverse

Polarity, Loss of Ground
Value to be tuned according to microcontroller specifications

Coense 220 pF Sense signal filtering
Atime constant (Raoc+ Ris_prot) * Csense longer than 1 ps is recommended

Renp 470 Protection in case of Overvoltage and Loss of Battery while driving
inductive loads

10.3 BEZWAEERE
v MNEEXS|IRIFMEAMIE R, BERFA]

¢ ANTREZEE, E0ILUAIE) http://www.infineon.cn/
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Figure 39 PG-TSDSO0-14 (Thin (Slim) Dual Small Outline 14 pins) Package pads and stencil
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Table 23 BTS7002-1EPP - List of changes
Revision Changes

1.11,2024-07-29 |Icon “PRO-SIL™ ISO 26262-ready” added to front page

Table 1, Table 8, Table 14, Table 18 updated

Chapter 6.1.4, Chapter 6.1.5, Chapter 7.3.1, Chapter 9.2.2 updated
Figure 32 updated

P_9.7.10.9 updated (Min./Typ./Max.: -65%/22700/+65% - -26.0%/23500/+26.0%)
P_9.7.10.13 updated (Min./Typ./Max.: -65%/22700/+65% - -18.0%/23500/+18.0%)
P_9.7.10.15 updated (Min./Typ./Max.: -55%/22700/+55% - -16.0%/23500/+16.0%)
P_9.7.10.19 updated (Min./Typ./Max.: -40%/22700/+40% -> -9.5%/22900/+9.5%)
P_9.7.10.22 updated (Min./Typ./Max.: -24%/22700/+24% - -7.3%/22900/+7.3%)
P_9.7.10.23 updated (Min./Typ./Max.: -8%/22700/+8% - -7.0%/22900/+7.0%)
P_9.7.10.24 updated (Min./Typ./Max.: -8%/22700/+8% - -6.0%/22900/+6.0%)
P_9.7.10.27 updated (Min./Max.: -30/+30 > -16/+16)

1.10,2020-12-14 | Typo fixed (PROFET™+2 > PROFET™ +2)

Figure 1, Figure 16, Figure 17, Figure 18, Figure 20, Figure 21, Figure 22, Figure 25,
Figure 29, Figure 30, Figure 34, Figure 37 updated

Chapter 1, Chapter 6.1, Chapter 6.1.3, Chapter 6.1.4, Chapter 8.2, Chapter 9.2.2
updated

Chapter 8.4.1 updated (typo fixed)
P_7451,P_7.45.2,P_7.45.3,P_7.454,P_7.45.6,P_7.4.5.7 updated (added in Note or
Test Condition: See Figure 15)

P_8.6.4.1 updated (added in Note or Test Condition: See Figure 26)

P_8.6.4.2 updated (added in Note or Test Condition: See Figure 27)

P_9.6.0.6 updated (Parameter: SENSE Operative Range for kius Operation (Vs- Vis) >
Saturation Voltage in kius Operation (Vs- Vis))

P_9.6.0.7 updated (Parameter: SENSE Operative Range for Open Load at OFF Diagnosis (Vs
- Vis) > Saturation Voltage in Open Load at OFF Diagnosis (Vs- Vis))

P_9.6.0.8 updated (Parameter: SENSE Operative Range for Fault Diagnosis (Vs- Vis) >
Saturation Voltage in Fault Diagnosis (Vs - Vis))

1.04,2019-10-15 | P_6.5.20.1 updated (Typ.: 0.01 pA > 0.1 pA)

P_8.7.10.1,P_8.7.10.7, P_8.7.10.8 updated (added in Note or Test Condition: link to
Figure 24)

P_7.5.10.5 updated (added in Note or Test Condition: see Figure 18)

P_7.5.10.12 updated (added in Note or Test Condition: see Figure 20; deleted
unnecessary space in Symbol: [dVOUT / dt | > |dVOUT / dt|)

P_8.7.10.6 updated (added in Note or Test Condition: see Figure

25) P_9.7.10.1 updated (added in Note or Test Condition: see

Figure 32) Figure 1, Figure 37 updated

P_4.3.0.7 added

Table 22 updated

Chapter 5.1 updated (added: see Chapter 10 for the complete application
setup overview)

Chapter 9.2 updated (2 V > VosioLorr)

General: updated (ReverSave™ >

ReverseON)
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Table 23 BTS7002-1EPP - List of changes

Revision Changes

1.03,2019-04-29 |Chapter 1 updated ((inserted headline "Product Validation"), (Qualified in accordance
with AEC Q100 grade 1 - Qualified for automotive applications. Product validation
according to AEC-Q100 Grade 1.))

General: updated Product Name (High Current PROFET™ 12V > PROFET™+2 12V)
P_9.7.10.1 updated (Min./Typ./Max.: 62/-/138 mA - 32/91/150 mA)

1.02,2019-02-05 |Figure 9, Figure 10 updated

Page 1: updated (figure

product) Table 22 updated

(punctuation)

Chapter 9.3, Chapter 9.3.1 updated (typo)

Page 1: updated (Package PG-TSDS0-14-22 > Package PG-TSDSO-14)

Figure 38 updated (PG-TSDS0-14-22 (Thin (Slim) Dual Small Outline 14 pins) Package
Outline > PG-TSDSO-14 (Thin (Slim) Dual Small Outline 14 pins) Package Outline)
Figure 39 updated (PG-TSDS0-14-22 (Thin (Slim) Dual Small Outline 14 pins) Package
pads and stencil > PG-TSDSO-14 (Thin (Slim) Dual Small Outline 14 pins) Package pads
and stencil)

Table 1 updated (Parameter: Minimum Overvoltage protection (7, =25 °C) > Minimum
Overvoltage protection (T, =25 °C))

Table 1 updated (corrected typo in table Product Summary: siorr: 1 > 0.9 pA)

Table 1 updated (Symbol: lvsiorr) > Ivsiorr)_ss)

P_6.5.20.1 updated (Symbol: lysiorr) > Ivs(orr)._ss)

P_6.5.20.2 updated (Symbol: lysiorr) > Ivsiorr)_150)

P_9.7.10.27,P_9.7.10.29 updated (Note or Test Condition: formatted physical symbols as
subscript)

1.01,2018-06-14 |Page numbering corrected

Figure Application Diagram, Figure 29, Figure 37 updated

1.00,2018-05-23 | Data Sheet available
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