Infineon

FX)5 BTS7040-2EPG BRESHHERF xR

H5 %)% PROFET™ +2 12V 2x 40 mQ

BREEBAINERFX

f— SO 26262
AEC’ © RoHS @ ready

Qualified

Package PG-TSDSO-14
Marking 7040-2G

1 B

RERMA

o ERTFREME. BREMBSEAE

o FIERMANIEBL4REERE. JABRERAN D I EBER

o IKEPEEIEE T 35 AAEUKRSRAEMAT, 0P27W +R5W AT
AEFEMEBFRE (5190 LED #RIR)

Vear

)

F)p?oﬁﬂ_ o

I

! |
Cysanol aHr
—_1

Logic Supply
AN\

L)
B4 GND ys

Dz, X = Qs

—_———_—

anc
|
|
|
|
Csense I Da
|
|
|
|
|

Optional _ _|

Logic GND
. —
I |1 Power GND
Chassis GND . .
*See Chapter 1 ,Potential Applications*

Figurel BTS7040-2EPG Application Diagram. Further information in Chapter 10

FHIEFMIIEX EFRXIES, HGEER, & CEEBTIEX, BFEIESERTH#EFTHHNITR, & CEFFRIIIEXHERIE. 05 EHEE,
IEE 23514 infineon.com EZREHTHIRMEE (FFHIXE) -

Data Sheet Please read the sections "Important notice" and "Warnings" at the end of this document Rev. 1.01
www.infineon.com 1 2024-07-29


http://www.infineon.com/

o _.
BTS7040-2EPG Infineon
PROFET™ +2 12V

LR

HANHE

o BRIZERFMBAVRIPTHEENSIAF X

v PROFET™+2 12V RYIF=@RZ—

v RFAEER T FF ReverseON THEE, SLIMKINGE
v ERFHTHFABIIEE (InverseON)

v ZB~m: fFH RoHS i

RIFZHEE

v BIWNTRFRIPHHETERF, FRIZER
o BEERERERINIREP (BhF)

v RIEXHER

v RSN AT ERF

U E
o EEBI SRR

¢« ON (& OFF RS T FERHSMI
o SRR EHIANFT R B B RAC

= s iiE
SEMNAIAE. FERIIERTE AEC-Q100 Grade 1 HTEs

R
BTS7040-2EPG @— A EHRESININER X, RIEFEIPTHEEMIZUTTHEE, 1ZEsHFE A SMARTT AR,

Table1 Product Summary

Parameter Symbol Values
Minimum Operating voltage (at switch ON) Vsiop) 4.1V
Minimum Operating voltage (cranking) Vsiuy) 3.1V
Maximum Operating voltage Vs 28V
Minimum Overvoltage protection (7, 25 °C) Vbs(cLamp)_25 35V
Maximum current in Sleep mode (7,< 85 °C) Iys(sLeep)_ss 0.5 A
Maximum operative current lanpacTive) 4 mA
Maximum ON-state resistance (T,= 150 °C) Ros(ony_150 36 mQ
Nominal load current (Ta= 85 °C) I (nom) 3.5A
Typical current sense ratio at /. = linowm) Kius 1800
Data Sheet 2 Rev. 1.01
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Table 2 Pin Definition

Pin Symbol Function

EP VS Supply Voltage
(exposed pad) Battery voltage

1 GND Ground

Signal ground

2,6 INn Input Channel n

Digital signal to switch ON channel n (“high” active)

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

3 DEN Diagnostic Enable

Digital signal to enable device diagnosis (“high” active) and to clear the
protection counter of channel selected with DSEL pin

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

4 IS SENSE current output

Analog/digital signal for

diagnosis If not used: left open

5 DSEL Diagnosis Selection

Digital signal to select one channel to perform ON and OFF state diagnosis
(“high” active)

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

ground
7,11 n.c. Not connected, internally not bonded
8-10,12- |OUTn Outputn
14 Protected high-side power output channel n?

1) BEFIERLS I BT PCB EERTE—iE, BENFTEML S MIYEAERE . PCBELYIRITK

REIS AR IR Ao
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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
BRE SR
Power Supply Voltage Vs -0.3 - 28 v - P_4.1.0.1
Load Dump Voltage Veat(io) - - 35 % suppressed P_4.1.0.3
Load Dump
acc. to
ISO16750-2
(2010).
R=2Q
Supply Voltage for Short Circuit | Vgar(sc) 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 lenn -50 - 50 mA  |Renoaccording |P_4.1.0.9
to Chapter 10
Logic & control pins (Digital Input = DI)
DI=INn, DEN, DSEL
Current through DI Pin Iy -1 - 2 mA |2 P_4.1.0.14
Current through DI Pin IoiRew) -1 - 10 mA |2 P_4.1.0.36
Reverse Battery Condition t<2min
IS pin
Voltage at IS Pin Vis -15 |- Vs Y ls=10 pA P_4.1.0.16
Current through IS Pin ls -25 - lisamym |[MA |- P_4.1.0.18
AX
Temperatures
Junction Temperature T, -40 - 150 °C - P_4.1.0.19
Storage Temperature Tsre -55 - 150 °C - P_4.1.0.20
Data Sheet Rev. 1.01
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Table3  Absolute Maximum Ratings! (continued)

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

Infineon

i

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 OUTn vs GND| Vispppw_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) RESEFNE - BigITHERE,

2) AV, BT Latch-Up id: 5.5V,
3) FREBRREB ESD, A{KIEE! “HBM”, & AEC Q100-002 FR/fE,
4) BREEFNEE ESD, FEEFREAY «CDM”, & AEC Q100-011 FRiE,

Pz

1. EIULFFII 7T ATFE S XI5 THE LR A M F e KBTI BITEZEXTRABUE E S T LA FE= 70

gL T

2. BERHIRPIIEESTERILL IC TEEHEF BB KIES 1 TR ARG RHKINEL T IEE T IEEE,
RIPDIEET N T L E EHIHRIEMTIR 16
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4.2.1 HEL -40m Q

Table4  Absolute Maximum Ratings®

T,=-40°C & +150°C; FREREHLMASE, EBRANIIM FRIEZEMRE)

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

Maximum Energy Dissipation | E,g - - 36 mJ |l = 2" now) P_4.2.6.1
Single Pulse Ty =150 °C

Vs=28V
Maximum Energy Dissipation | Ejg - - 13 mJ |/ =1 nowm) P_4.2.6.2
Repetitive Pulse Ty0=85°C

Vs=13.5V

1M cycles
Load Current I - - lowm |A - P_4.26.3

AX

1) REFEFNIR - RIKITIEE.

4.3 T{EEHE

Table 5 Functional Range - Supply Voltage and Temperature?

Parameter Symbol Values Unit |Note or Number
Min. [Typ. |Max. Test Condition
Supply Voltage Range for | Vgyop) 6 135 |18 v - P_4.3.0.1
Normal Operation
Lower Extended Supply Vs(ext.Low) 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. 1.01
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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) REIEFN - HIgIHERE,
2) WRBE VR Ve ommn=3-1Vo IARBE VIBM: Ve ommn =41 Vo
3) RIFTHREMD T,

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

4.4 FAPFH

AFE. MARFLIEERYE JEDEC JESDS1 fr/EEAH), M THEE SIS, 1515/5 www.jedec.org.

Table 6 Thermal Resistance?

Parameter Symbol Values Unit |Noteor Number

Min. |Typ. |Max. Test Condition
Thermal Characterization |¥ ;;op - 2.4 4.1 Kw |2 P_4.4.0.1
Parameter Junction-Top
Thermal Rinsc - 16 2.7 Kw |2 P_4.4.0.2
Resistance simulated
Junction-to-Case at exposed

pad

Thermal Resistance R - 318 |- Kw |2 P_4.4.0.3
Junction-to-
Ambient

1) REFEFNE - RIgIHERE,

2) 1R#E Jedec JESD51-2,-5,-7, EESAIAMIFRA252p R E; =& (BF + %) ®AF 2 MHEE 2x70
um Cus 2x35umCu) BY976.2x114.3x 1.5 mm iR E#H TR, EEANBERT, BENHRERTHNS
PUSFLIESI 5 E— N RRRER. BINETE T,=105°C. Posseanion = 1 W 5 T#1THY,

Data Sheet 10 Rev. 1.01
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4.4.1 PCBIZE

70 um modeled (traces, cooling area)

1,5mm

70 um, 5% metalization™

*: means percentual Cu metalization on each layer
PCB_Zth_1s50p.emf

Figure5 1sOp PCB Cross Section

70 pum modeled (traces)

35 um, 90% metalization*

1,5mm

35 um, 90% metalization*

70 um, 5% metalization*

*: means percentual Cu metalization on each layer

PCB_7th_2s2p emf

Figure6 2s2p PCB Cross Section

—

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

| ] |

PCB 1s0p + 600 mm? cooling PCB2s2p /1s0p footprint

PCB_sim _setup_TSDSO 14.emf

—

Figure7 PCB setup for thermal simulations

—— [
- B -
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Solder Pads
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PCB_252p_vias_TSDSO14.emf

Figure8 Thermalvias on PCB for 2s2p PCB setup
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Figure9 Typical Thermal Impedance. PCB setup according Chapter 4.4.1
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Figure 10 Thermal Resistance on 1s0p PCB with various cooling surfaces
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ZHIfERE (DEN) SIHMZHIIZBTEBERFRIFER. X DEN SIMEM NGB, ZWEERAN (BR
Fo2F5 THEZIFR) . HEMAYRBT N, Z2WER (SSIMEMNIERES) -

PHTIKE (DSEL) SIEREFMITIZHREE (B0 F 9.11F) ,

DEN SIHIM“SBEF"Z“REF NZT 2B DSEL 5|HERNBEENFRIFBiESS, EERBURTHE
NSIBINEDIZIEIRSH DENSBIRVBKAHAKE (B % 8.3 & THREZIFE) . 125 IHNAIEH
5®mN5IHER. &0 811 THRESHMT,

5.3 B IEZES|

Vs=6VE| 18V, T,=-40°C & +150°C

HAE: Vs=13.5V, T,=25°C

HEm A (D) 5|#P=IN, DEN, DSEL

Table 7 Electrical Characteristics: Logic Pins - General

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Digital Input Vit 0.8 1.3 2 v See Figure11land|P_5.4.0.1
Voltage Threshold Figure 12
Digital Input Vocavey | - 7 - v b P_5.4.0.2
Clamping Voltage Io=1mA
See Figure 11 and
Figure 12
Digital Input Clamping VoicLampyy |65 7.5 8.5 \% Io=2 mA P_5.4.0.3
Voltage See Figure 11 and
Figure 12
Digital Input Hysteresis Voigvs) - 025 |- v b P_5.4.0.4
See Figure 11 and
Figure 12
Digital Input Current Iy 2 10 25 HA V=2V P_5.4.0.5
(“high”) See Figure 11 and
Figure 12
Digital Input Current (“low”) | I, 2 10 25 HA V=08V P_5.4.0.6
See Figure 11 and
Figure 12

1) REFEFNIE - RIKITIEE.
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. Power-up
Unsupplied
Vs> Vsop)
IN = ,low*
IN = ,high* A 4 &DEN = ,low*
Sleep
IN =, low* IN=,low" &
&DEN =, low* DEN = ,high*
\ 4 < IN = ,high®
i Active ,| Stand-by
- IN =, low*
DEN = high &DEN = ,high®
DEN=, low*
PowerSupply_OpMode_PROFE T.emf
Figure13 Operation Mode State Diagram
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Table 8 Device function in relation to operation modes and Vsvoltage
Operative Mode | Function Vsin undervoltage Vsnot in undervoltage
Sleep Channels OFF OFF
Diagnosis OFF OFF
Active Channels OFF available
Diagnosis OFF available in OFF and ON states
Stand-by Channels OFF OFF
Diagnosis OFF available in OFF state
6.1.1 KLEH

FEUERE T, BHEARLE (KBERERMEIVS5IH) , EAfBBRERTFRERE,

6.1.2 il

HEBBE (v) MBS LN, #ALBERES, BREERH LA, HESTR/NIERE Veor)>
FIERER L BES B 1L

6.1.3 KREEET

LHERBEEFHASIM (INn. DEN. DSEL) HBEME“RBET N, SIHLFRIRZER, & BTS7040-2EPG
RFARERRENXE, FIERLEEIXHA, HEBRR/D (BREBH hsswern) o HBFHFLFARIEEE,
BRTRIIRFIPNE NHEERIPBUER, S[EAEHENKEERR (588 =0, SlEs31E
TREZEE) .

6.1.4 HUER

L DEN S|HIEM A“SEBEF BRNSIHEMUNREF Y, ssEHLTFFIER, BELTFXARS, 7
BITRMPRES T REFRIZE, BIEAE IR, 1S SIHATEEINBFEERTR lsrun SR EFEREBTR
lsororr) IRSe FEFVIEN T, 2BEAUHFEERRIEIN.

6.1.5 AR

JEGHIRTLE BTS7040-2EPG MIEE TEEN. —E—1MmIAS|IH IN B NS HBF, S[EmMEAN
SESIET. 2RHHFEENA lovacvy FTEE (TE GND SIHIANIIE, EA VS SIHIAMEREIEREHE
) o . WEMTERIPEEEBUEN. A LU#TIZET
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6.2 Vs RIE
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A
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Vsiop) \
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Y

\/

N

»

t

PowerSupply_UV.vsdx

Figure 14 Vsundervoltage behavior
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6.3 R SIS

Vs=6VE| 18V, T,=-40°C & +150°C
HAME: Vs=13.5V, T,=25°C
X R A2 HB A M A EES M. FRIESIMRER):

R.=3.30

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 14
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 14
Power Supply Undervoltage | Vg - 0.7 - Vv b P_6.4.0.6
Shutdown Hysteresis Vsior)~ Vsuy)

See Figure 14
Breakdown Voltage Vs gey) 16 - 30 Vv b P_6.4.0.9
between GND and VS Pins lonprey) = 7 MA
in Reverse Battery T,=150°C

1) REZSEFNIE - BiIRIHERE.

Data Sheet 18 Rev. 1.01
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B

6.4 BRI - T RSE

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

MR 2B PR M A EEETRH, FRIEFIMIEA):
R.=3.3Q

6.4.1 BTS7040-2EPG

Table 10 Electrical Characteristics: Power Supply BTS7040-2EPG

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

Power Supply Current Iys(sLeep) 85 |~ 0.03 0.5 HA b P_6.5.6.1
Consumption in Sleep Vs=18V
Mode with Loads at T, < Vour=0V
85°C IN =DEN = “low”

T,=85°C
Power Supply Current Iys(sLeep) 150 |~ 35 14 HA Vs=18V P_6.5.6.2
Consumption in Sleep Vour=0V
Mode with Loads at T, = IN = DEN = “low”
150°C T,=150°C
Operating Currentin Active |/lgypactive |~ 3 4 mA | Vs=18V P_6.5.6.3
Mode (all Channels ON) IN = DEN = “high”
Operating Currentin Stand- | /g\p(stay) - 1.2 1.8 mA | Vs=18V P_6.5.6.5
by Mode IN = “low”

DEN = “high”

1) REZSEFNIE - BiRIHERE.

Data Sheet 19 Rev. 1.01
2024-07-29



BTS7040-2EPG
PROFET™ +2 12V

(infineon

ThEL

7

—_
=

=l

ThERLR
IHFF %R PR N BB EINE MOSFET R,

7.1

Hith i@ eaFre
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F7E 7,=150 °C BHNIFEIER K Roson Bo

Tio B 15 BRTED T, SBEA Roson BIZ W, y i ERIE2"IIM

Rps(on) Variation over T,
2.20 ‘ [ I I
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N
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S . —
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E e
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z —_—
& 080
0.60
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Junction Temperature (°C)
Figure 15 Rpson) vVariation factor
R AT AR 5 8.4.1 F,
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7.2 IR =h 61 %

7.2.1 IR =hPE 4 £1 £

iR eBAAEHE, B 16 P ERAITIEEREIFEFIRRF R IUE S, THRRE Eon M Eorr ST EETTIA
BY 18] ton F0 torr X IE L

IN

Vin(rhy

VOUT

‘H Vin(Hys)
t
90% of Vs

torF(DELAY) \
70% of Vs

3 70% of Vs
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/ (dv/dt)on (AV/dijore
30% of Vs 30% of Vs

10% Qf VS tON(DELAY) tOFF ¢

PDMOS

Eorr

Figure 16 Switching a Resistive Load
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EE EMRE, RAT BEHAUNG, sHAULHRE AMEEE, €13 Vos = Voscuwo B 17 BRTH
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Channel
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PowerStage_Clamp_INTDIO.emf

Figure 17 Output Clamp concept

R S BE RS IEH, PVETE BTST040-2EPG 8. REEITE AR T (7.1):

Vs - VDS(CLAMP) RL ’ IL L
E = Vpsccrampy [ : ln(l - ) + IL] "o

Rp V5= VpscrLamp) L

RAREE, UAMBATERRNRAER, REITHMILITIRS,
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Figure 18 Output Voltage Limitation activation during diagnosis

7.3 BEFF R

731  FREBRTA

2 Vour> Vs BY, BB v MATHERBHRAE (BRE19) . XFFEHRTAER.
MRBELTXARS, BRREEINE, =ESENME, AESGRBREEREAS. XAERSE
REZEMABERTAMXF. ARBELTF ON KE, WelAFHER Roswy BIEHKHRIIERFERRS
Roson FHIIEERIZITHEE,

EFEEREET, RE w< o, BEFFRIFE ON I OFF KT, MRF@EMIMNREEBT, NiES
BEAZEMN, XRREFXE. FF (IR, S8R MERZN (kus) HATEIEBIPRHIN.

£ InverseON, RE lw<huwy, FAAIAEFEEERZHEREITHEE (&0 E20) .
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Figure 19 Inverse Current Circuitry
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Figure 20 InverseON - Channel behavior in case of applied Inverse Current
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EEXANEE L, FEit, FEINERIZSSEHITREFKEE,

7.3.3 H I ENERREEFEYE

EHMNECE R BTS7040-2EPG {EABLA XA (Bt S1RIAFFXEXT, 0B 21 FirR), 1RiBFFXEHEY
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Figure21 High-Side switch used in Bridge configuration
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7.4 ThER L B S

Vs=6VE| 18V, T,=-40°C & +150°C
HAME: Vs=13.5V, T,=25°C
X R A 2B A M A EEZEE M. BRIESIMKRER):

R.=3.30

Table11 Electrical Characteristics: Power Stages - General

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

Voltages
Drain to Source Clamping | Visciavp)_40 |33 36.5 42 \Y IL=5mA P_7.4.0.1
Voltage at T,=-40°C T,=-40°C

See Figure 17
Drain to Source Clamping | Vpsciavp) 25 |35 38 44 \Y b P_7.4.0.2
Voltageat T,=225°C IL=5mA

T,=25°C

See Figure 17

1) MERE T, =150°C,

7.4.1 ThERLL B S5 - PROFET™

Table12 Electrical Characteristics: Power Stages - PROFET™

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

Timings

Switch-ON Delay tonELAY) 10 35 60 s Vs=13.5V P_7.4.1.1

Vour =10% Vs
See Figure 16
Switch-OFF Delay torF(DELAY) 10 25 50 us Vs=13.5V P_7.4.1.2
VOUT =90% Vs
See Figure 16
Switch-ON Time ton 30 60 110  |ps |Vs=13.5V P_7.4.1.3
Vour =90% Vs
See Figure 16
Switch-OFF Time tore 15 50 100 s Vs=13.5V P_7.4.1.4
Vour=10% Vs
See Figure 16

Switch-ON/OFF Matching | Atsw -20 20 60 ys Vs=13.5V P_7.4.15
ton ™ torr
Data Sheet 26 Rev. 1.01
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Table 12 Electrical Characteristics: Power Stages - PROFET™ (continued)
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Voltage Slope
Switch-ON Slew Rate (dV/dt)on 0.3 0.6 0.9 V/us [Vs=13.5V P_7.4.16
Vour=30% to 70%
of Vs
See Figure 16
Switch-OFF Slew Rate -(dV/dt)orr |0.3 0.6 0.9 V/us [Vs=13.5V P_7.4.1.7
Vour=70% to 30%
of Vs
See Figure 16
Slew Rate Matching A(dV/dt)sw |-0.15 |0 0.15 V/us |Vs=13.5V P_7.4.18
(dV/dt)on- (dV/dt)ore
Voltages
Output Voltage Drop Vosisio) 2 7 18 mv | P_7.4.1.9
Limitation at Small Load DEN = “high”
Currents channel selected
with DSEL pin
I.=1loy=20 mA
See Figure 18

1) REFEFNIR - RIKITIEE.

7.5 SR - ThEREHER
Vs=6VE| 18V, T,=-40°C & +150°C
HRE: V=13.5V, T,=25°C

MR 2B PR A EHEETREH, FRIEFIMIEA):
R.=3.3Q

7.5.1 hEHmESK -40m Q

Table 13 Electrical Characteristics: Power Stages - 40 mQ

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Output characteristics
ON-State Resistance at Rosony2s |- 19 - mQ |V P_7.5.6.1
T,=25°C T,=25°C
ON-State Resistance at Rosion) 150 |~ - 36 mQ | T,=150°C P_7.5.6.2
T,=150°C hL=2A
in Cranking K Vs=3.1V
IL=0.75A
Data Sheet 27 Rev. 1.01
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Table 13  Electrical Characteristics: Power Stages - 40 mQ (continued)
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
ON-State Resistance in Rosinv.2s |- 21 - mQ | P_7.5.6.4
Inverse Currentat 7,=25°C T,=25°C
Vs=13.5V
IL=-2A
DEN =“low”
see Figure 19
ON-State Resistance in Rosunv)_ 150 |~ - 45 mQ | T,=150°C P_7.5.6.5
Inverse Current at T,= Vs=13.5V
150 °C IL=-2A
DEN = “low”
see Figure
19
ON-State Resistance in Rosmev.2s |- 21 - mQ | P_7.5.6.6
Reverse Polarity at T,= T,=25°C
25°C Vs=-13.5V
IL=-2A
RSENSE: 1.2 kQ
ON-State Resistance Rosrev) 150 |~ - 74 mQ | T,=150°C P_7.5.6.7
in Reverse Polarity at Vs=-13.5V
T,=150°C IL=-2A
Rsense= 1.2 kQ
Nominal Load Current ILivom) - 35 - A b P_7.5.6.8
per Channel (all TA=85°C
Channels Active) T,=<150°C
Output Leakage Currentat |/, opp gs - 0.01 0.5 HA b P_7.5.6.9
T,=85°C Vour=0V
Vin=“low”
Ta=85°C
Output Leakage Currentat |/, o 150 - 1.2 4 HA Vour=0V P_7.5.6.10
T,=150°C Vin=“low”
Ta=150°C
Inverse Current Capability |/ jny - 35 - A b P_7.5.6.11
Vs<Vour
IN = “high”
see Figure 19
Voltage Slope
Passive Slew Rate (e.g. |dVour/dt] |- - 10 Vius | P_7.5.6.12
for Half Bridge Vs=13.5V
Configuration) see Figure 21
Voltages
Drain Source Diode Voltage ||Vpspiopg| |- 650 700 mV | /.=-190 mA P_7.5.6.13
T,=150°C
Data Sheet 28 Rev. 1.01
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Table 13  Electrical Characteristics: Power Stages - 40 mQ (continued)

Parameter Symbol Values Unit | Note or Number

Min. |Typ. |Max. Test Condition

Switching Energy

Switch-ON Energy Eon - 044 |- mJ |V P_7.5.6.14
Vs: 18V
see Figure 16

Switch-OFF Energy Eos - 055 |- mJ |V P_7.5.6.15
Vs=18V

see Figure 16

1) REZSEFNIE - BiIRIHERE.
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Figure22 Overtemperature Protection (Absolute)
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Figure 23 Overtemperature Protection (Dynamic)

LI EFRIPFEBATIEEEXFARE, BHITE 8.3 B FHARMNERER,

Data Sheet

31

Rev. 1.01
2024-07-29



o~ _.
BTS7040-2EPG Infineon
PROFET™ +2 12V

RIPFETE

8.2 o #HRIF

BTS7040-2EPG EE I MBI HITERRIFTIEE. MM RMFEIPHEEX (BRI 24) HIRBIHZE
DMOS xR Vos EBIE B BhTIHA

¢ lyowgwhen Vps <13V
¢ /L(OVLl) when Vps>22V

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

Iovto)
; ]

ol | N
. | =
0.7 \

0.6

Ioviy)

0.5

0.4

0.3

0.2

0.1

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

Figure24 Overload Current Thresholds variation with Vps
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8.3 A EFEIRE RPN IZ BT &

EARAFRIPNGEINES (DRI LRI

v REMBEEXA, RERITRES®RE

v MNRZRIMBENISEECE, WIS SIHSREER lseun (B E 9228 THRESIFH)
NRFIERIPEIERERE | 14 FFRRRERFM4, WEEAUBXAB. i, ZEME—TRER
ERITHR (BMEE—) , USKREMESHIENAREME,

Table 14 Protection “Restart” Condition

Fault condition Switch OFF event “Restart” Condition

Overtemperature T2 T yiags) OF (T~ Tyiper) = Tyon) Ty<Tynes)@nd (T, - Tyrep) < Tyown)
(including hysteresis)

Overload Iz 1oy I.<50 mA
T, within Tyass) and Typw) ranges
(including hysteresis)

8.3.1 BERREg

3 IN BEIASERETH, MMNBEFR. MRLERE, HNEEEXA. REFHEHRIFVIHIRY
“BR"FMH, BEARATER BERR14)

TEXHAZHE, AFBEER nrervicy Ko B trerey B EG, WMMRBASIEUNFSEFE”, BERFBR
FIFF neerevnny R PARBRXHA (“BRE"EHD) o TE neerveg NESRER"EHE, ®BEBITFN OFF,
FERBRASIR IN B NRBETFHFEET taawer RIBTE, URERIBEESF (TTHEEMER”
BYiE) HRAERIHEEEE U R IAME,.

FotRSEEMER"EA, MRMABUATEF”, WEERSRXARS, K toewavc 11,
—BRNSIHBREMUNRET”, IHEAMEFMFBITS. WREBASIEFRIREFTHREKT
toravicr), WIAEBEIX RS E M EIEIME, MMRIFE T —RBERUEINHEIT nrerrvicr E 1o
BRI E 20 CRIEE) « B 27 (FE-BASIRBENSEFT) « B28 (RFE-PwM ITH
REE) -
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Figure 27 Retry Strategy Timing Diagram
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Figure 28 Retry Strategy Timing Diagram - Channel operated in PWM
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Figure30 Retry Strategy Timing Diagram with Forced Reset

8.4 Hth R

8.4.1 RARERIR

ERRMESFYSE (B ARMEEM) B, BT ReverseON FFHEIRE T MR PRITHEREFE, WHRW
IR ON (BB Reosrev) o ZAERIE M EREHIF —REM I TS AERINER, @R
[ B BRI BIFME A BRI PR, (@B HF A S I BBV AR s 2 BISMER R BRAYIR S (B
$ 415 PYHMENEAIERE) UKk E 10E PFRNAER) -

B 31 ERT7T—MHEWA, G1EHH ReverseON W23, EREMRFZMHAE, BIAMNZEHMSIH (-
loo) TEBIIE ReverseON FRATRRY, HItt, H3REEHSIFIFIR 4 GND 512 Bl FTE BB IHER R,
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Figure 31 Reverse Battery Protection (application example)

8.42 TEEFRIF

HEBEBENT Vsexror F Vearwo) ZIEIEY, B SRAEED TEHIRRERANSIM#. BT £ 7.22 =
iR B R A B AL 2 5, BEBR AN EEIRE AR TEERE, B0 vs 5
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8.5 B LlEEERER

8.5.1 IEBMAFERNA

REAHMARZAAMER, HEFEAFEZHIARTIEMIFNERYE, NRIRNRMEAE, =
B E A EEIEETAR, BRIPEEFELLIE, PROFET™ +2 12V AILAMERIX 10 pH BILERBR
livomo TERZ FAAPEIS BBIAN /3 L IREBRREY, ZiINERIMERINFEIZZZIRE (10 % 10 FE FARMINRE
D7) RAMEREEH N B RIR HAAHAI R,

8.5.2  MiEEK

MRBBEEMER, BNEHRFWASIHF McU I=HI28 2 ElEiE— 1B, MRAFEEXE (405 10
B hpiR) o

ARE YIRIEITLHFIN 5 IR EIH (BT BIASHE) » HaEEXRT, B—1 &LEH
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RIFESIE

Vs=6VE] 18V, T,=-40°C & +150°C
HAME: Vs=13.5V, T,=25°C
AR A2 HB A M A EEZEE M. BRIESIMKRER):

R=3.30Q
Table 15 Electrical Characteristics: Protection - General
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Thermal Shutdown Tynes) 150 175|200 |°c |™@ P_8.6.0.1
Temperature (Absolute) See Figure 22
Thermal Shutdown Tavses) |- 30 - K 3 P_8.6.0.2
Hysteresis (Absolute) See Figure 22
Thermal Shutdown Tyov) - 80 - K 3 P_8.6.0.3
Temperature (Dynamic) See Figure 23
Power Supply VsicLamp)_40 |33 36.5 42 % lis=5mA P_8.6.0.6
Clamping Voltage at T, T,=-40°C
=-40°C See Figure 17
Power Supply VsicLamp2s |35 38 44 v 2 P_8.6.0.7
Clamping Voltage at T, ls=5mA
=225°C T,=225°C
See Figure 17
Power Supply Voltage Vsus) 20.5 2255 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) 1XThEellix.
2) XTE T,=150°C BFit,
3) REFEFMR - HIgIHEE.
8.6.1  fRIFEBSHFE - PROFET™
Table 16 Electrical Characteristics: Protection - PROFET™
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Automatic Retries in Case of | Mgerrycr) | = 5 - b P_8.6.1.1
Fault after a Counter Reset See Figure 27 and
Figure 28
Automatic Retries in Case of | Ngerryn) - 1 - b P_8.6.1.3
Fault after the First tretry See Figure 27 and
Activation Figure 28
Maximum “Retry” Cycles  |Ngerpyicre) |- 2 - b P_8.6.1.4
allowed before Channel See Figure 27 and
Latch OFF Figure 28
Data Sheet 39 Rev. 1.01
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Table 16 Electrical Characteristics: Protection - PROFET™ (continued)
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition

Auto Retry Time after Fault |tgergy 40 70 100 ms b P_8.6.1.5
Condition See Figure 27 and

Figure 28
Counter Reset Delay Time  |tpgavcr) | 40 70 100 [ms |V P_8.6.1.6
after Fault Condition See Figure 27 and

Figure 28
Minimum DEN Pulse toenicr) 50 100 [150 |ps |? P_8.6.1.7
Duration for Counter Reset See Figure 30

1) XZhREMto
2) RETEFNE - BIRITHERE,

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

ML AR AT PRI A RER I, (FRIFXIMAER):
RL: 3.30

8.7.1  RIFIERWHLEK -40mQ

Table 17 Electrical Characteristics: Protection - 40 mQ

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

Overload Detection lovoy 40 |42 47 52 A b P_8.7.6.1

Currentat 7,=-40°C T,=-40°C

dl/dt=0.2 A/us
see Figure 24 and

Figure 25
Overload Detection lLowo 25 |40 46 52 A 2 P_8.7.6.7
Currentat 7,=25°C T,=25°C

d//dt=0.2 A/us
see Figure 24 and

Figure 25
Overload Detection lovio 150 |34 39 45 A 2 P_8.7.6.8
Currentat 7,=150 °C T,=150°C

d//dt=0.2 A/us
see Figure 24 and
Figure 25
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Table 17 Electrical Characteristics: Protection - 40 mQ (continued)
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Overload Detection ILowLy - 26 - A 2 P_8.7.6.5
Current at High Vps d//dt=0.2 A/us
see Figure 24
Overload Detection Current |l oy 45 |- 26 - A 2 P_8.7.6.6
Jump Start Condition Vs> Vsys)
d//dt=0.2 A/us
see Figure 26

1) XTnEEMisto
2) RETEFNR - BIRIHERE,
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HFIZBTERY, BTS7040-2EPG 7E5|H] IS AMREMFMIRIUNESHAEG, XLEESEHEWM A/ SENSE
HE N lso SNREZEIZET (DEN SIIBEAMIA“REFE") , ISSIENET AEME

WNRERABRMEFIZHT, MAATIE IS 5 IFEIREE ;M 7 B IEH M EBPE Reenseo  Reense IEAE T 820 Q
(3% 400 Q , HEM EEFFERRBMHERIZFRIPE) , URGIEREIFEBERPIINER L, BEED
Rsense = 1.2 kQo

BT IS 510 vs HEEZEIS R FEAERERE, MREMSHBREREIRER, AR IS 51HHE
BRI HEAD BRI R A o

20 B 32 F AR T #RIFR

'S
[Channel 1
Channel 0

;2 L 2 I

Overtem > g

perature > —
~ ——Fl OUT1

Internal Counters * S Pin Control %
X ouTO
T > Logic

DEN @lh/kms o

DSEL I

4

»  MUX /

l"\S[OLOFFJ

~ .
'@ lJISEFAU LT) T Vbs(oLorr)

A

) /

Rsense

Diagnosis_PROFET_2CH.emf

Figure32 Diagnosis Block Diagram
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7% 18 11T BTS7040-2EPG R {EEIX T, IS5 ERSEIRE.

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 counter >0
Short circuit to GND ~GND Z

hsraun if counter >0
Overtemperature Z hs(eauLm)
Short circuit to Vs Vs lis(oLorr)

(hsaum if counter > 0)
Open Load < Vs- Vps(oLorr) Z

>Vs-Vosioorry) | hisioLors)

(in both cases lisau) if

counter >0)
Inverse current ~Viw=VYour>Vs | lisioLors)

(hsaum if counter > 0)
Normal operation “high” ~ Vs hs=1/ ks
Overcurrent <Vs hseaum
Short circuit to GND ~GND liseauim)
Overtemperature Z hs(eauL)
Short circuit to Vs Vs hs<I./ ks
Open Load ~ Vs hs=hsen
Under load (e.g. Output Voltage ~ V) hseny <his < Tuwom / Kiis
Limitation condition)
Inverse current ~Viw=Vour>Vs | hs=lisen)
All conditions n.a. “low” n.a. Z

1) ESMY_EHIEBRE,
2) BHERBINT Loue
3) Eﬁﬂj%;ﬁ’«l\é‘zﬁjﬁz_‘:/uouo

9.1.1
N DEN B RS

SENSE S S HEXR
£, NIfER DSEL 5|k /a3 FA s 2 FEFRIEEIERY SENSE, 3R 19 LAHEER,

Table 19 Diagnostic Truth Table

DEN DSEL IS

“low” not relevant Z

“high” “low” SENSE output 0

“high” “high” SENSE output 1

Data Sheet 43 Rev. 1.01
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9.2 ON RS TiZHR

YHRE TR, SIS MSRBSARBRELLHIMBER (b kus=1/1s) :
=R, FH B Vos < Vosolorn

v IZBEAISET R ERERY

v REWE (WNE8IEMAR) HZANKERER (B F9.228 THESIFE)

REFWFENE 2 AIRSFERER, 1S5 EBRA Iseavmo

9.2.1 B (Kiws)

KMERAFEERR T REM A EER. s B Mt EREEEMN, BEETIAMETR (ssn. MNRHH
LRBERHITR (LEE0A) , WIEERAKRNER ey (BHE, ZMERA) o %540 E 34 o
BARRIBEN ks &, MLLENEREERZHTH.

ERINAE IS 5IRIF] MCU B9 ADC BI5GBl BIEFASMRERISKES, LURIMESSURTIIR: (BIERIE
WARHR/NBTIE 1 us) o

kus REBIEEREEERTRE. HHBEMFIETZMEM, EANENERXIEN, AIUERE
PSR BRIERY

v EBRFIRRFLONIRNERE], IR RRMRE X BREHEIER (o) o

v NE IS SIRIXT R AV EERHITE ks (kius @ fucan)

v TEM hio o B ey w BIERTSEEIN, kus FTF ks @ huew PRIEE XA Bkis

AN ks FEEER B 33 AXNIHTE, B Akus 187E-

kis@lI ki s@I
Akyyispay = 100 - MAX( wis@licay L fis@lican n 1)

k!L.'.S@"L(CALJ ' k!Ll.\'@UL(CAL)

Akyprspy = 100+ MIN(

Kins@lycan e Kiis@lycan 1)
kiLis@lycar " ks @Icary

Figure 33 Akscalculation formulas

FRAERNTE Tacay = 25°C BT SR Akiws BFEM lucan Bl lucan n BUREZBH BBIRES
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IIS

hsion) //

hsen

v

oy i

Diagnosis_OLON.emf

Figure 34  Current Sense Ratio in Open Load at ON condition

9.2.2 HIPEERTE (hs(rauLn))

—BRERIPES, MEMRSHERTERIBERITHBRNE (BN L83 E FLFHE) , HDENE
A “ERF B MeEERIERET, S8 IS IREBR Ismun. FJAEHIILLT 3 #1E)
v IRBERTFABREBZIRREVNT nrervcn + Mretrvicre) * Mrerevvry, MIEBEERG, RER
£2BY1B)AY tiseavir) o BIBBIR hseavn, zmls= I/ kus (W1 E 35 FR) o EEIRXEAAA (EBIEF trerar
BITH) , ERKEEREIZHEESIREEMR s,
v WIREEN ON, BEIRNAEEFET Nrerrvicr + Nremrvicre) * Nrerrvn” s MIRHEERR fseavn, BEIR
EITERBRE L GBI toriavcn BB EIHASEIE S DEN SIRBKH, 40 56 8.3.1 & Fik)

v RBEXH, BASITHEESAKEN, WEXNEEEIZEBSERZIRAER Iseauno

|NT
IL 3
ILow) ]
\ '
internal t
nterna 0 1 > | 0 |
counter >
t
DEN T
, tisiFauLT_D . t
lis(FauLT) /
s I/ Ky \
N \ R

t
Diagnosis_PROFET_IISFAULT_load.emf

Figure 35 [israuLm at Load Switching
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36 ¥ SENSE 1SS 81T ANINE B 28 FFEARBIcHERIAF, [ B 37 B3R 7T ls=1/ kusse hsan
IIS(FAULT) ZI‘EJE,\J*/%O

N | | I [ .,
L t
Short circuit
to ground I I
t
NRETRY(CYC)
"retry" cycle
NRETRY(CR n n
, ‘ (CR) RETRY(NT) RETRY(NT)
| A A
treTRY tremy toeLavicr) t
A
In ternal 0 1 I n n +n n +(n n ) 0
counter RETRY(CR) RETRY(CR) + NRETRY(NT) RETRY(CR) RETRY(CYC) ~ MRETRY(NT) >
t
DENT |
isirauLn hsirauL s t

Diagnosis_PROFET_IISFAULT.emf

Figure 36 SENSE behavior in Fault condition

ls A
IIS(SAT),max— ————————— -+
hs(saT)
Ls(FaULT),max = =— — — — — — —_—_——_——_)—_—— X
hs(FauLT)
| I
|
hssanmin=_| 4 | 4
hs(FAUL T),min * T
|
|
’L/kILIS I
|
|
¥ ' =
1 >
I ovn) I

Diagnosis_PROFET_IISFAULT_IISSAT.emf

Figure37 SENSE behavior - overview

9.3 OFF RAETI12H

HBEATRHAPRE, BTS7040-2EPG il b EEEHMARRBEREHITLLIR, BT BIELLRES, &
B—ESERefr (FHRIEBEMA YR ERIRRR) , ARNARESE BRI HXTEIRER. MR
SHRNZISESE (REHSRSNESEMETR, W% 9.2.2 F k) , BEXHAN, 8RN
BIEIZHIEY, 1S ERI_EERA hseauno
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9.3.1 FrE& A F B (hsiororr)

7£ OFF IRK&T, 3 DEN 5|BNEE N “EHRF H EFMH DSEL 5IMLEF@EER, Vs BESHERE

VosoLorr) HHTEE AR SNSR 1 BIEIEIE B BXXT BEIMATER, W Vos ~ Vs, HELZE Vos > Vosororme ZHIZHTH

HER Vos < Vosoorn) B, 1S SIBMR R lsoiorro B 38 BIRT lisiororn F lseaun 5 Vos ZIBIRIX FRo
MEXBRAES, Bt, BEUXD AT XEAIRESH 61 8 B BFERTS.

ls

hs(rauLT)

hs(oLorr)

\4

Vbs(oLorr) Vs

Figure 38 Iisin OFF State

EXARE TRIF RN, BEEBMASIRI TG F%%nsomm,n BYia], 1S 3R LA BB/ ISRIE

RS, XERBTEEFEHITASLIRESNEIL, B NIRRT, ShFERNES .
A
IN
A ¢
DEN
. tis(oLoFF)_D t'
Vourt  ~vs N 7
VbsioLorr) “'.‘
4 :
| Load
N connected
t
IISJK
lis(oLoFF)
lisiop \

t

Diagnosis_PROFET_OLOFF_time.emf

Figure39 Open Load in OFF Timings - load disconnected
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9.4 SENSE B¢

& 40 1 B 42 TR SENSE BT tusion FIEEFD tusorn ERIBIMVETEF (BIERHTHMIER) « BTFE
MEBERRETE (BNE tov ZA1) TABRLIEWRBIES, BELL, tispme = tason * tone

IN
OFF ON OFF

A J

o
m
=z

_>

“y

A /
I

LsisLc Lsis (OFF Lsis (0N Lasorm)
4 P Lsis (piAG) _ ~ "
lis < >
/ =

Diagnose_PROFET_SENSE_timings.emf

i /

Figure40 SENSE Settling / Disabling Timing

IN
off | on | oFF

t
DENT _I I
tr
I A / \
Vs \ >
tsis(on)_sLc tsis(on) 4 tsis(Lc)_sLc t
b p ; \
T\ O\, .
t
Diagnose_PROFET_SENSE_timings_SLC.emf
Figure 41 SENSE Timing with Small Load Current
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Diagnose_PROFET_SENSE_timings_CC.emf

Figure 42 SENSE Settling Timing - Channel Change
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9.5 L ETB SN

Vs=6VE| 18V, T,=-40°C & +150°C
HAME: Vs=13.5V, T,=25°C
X R A 2B A M A EEZEE M. BRIESIMKRER):

R.=3.30

Table 20 Electrical Characteristics: Diagnosis - General

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
SENSE Saturation Current /g 4.4 - 15 mA |V P_9.6.0.13
Vs=8Vto 18V
Rsense=1.2 kQ
See Figure 37
SENSE Saturation Current | /igsan 4.1 - 15 mA | P_9.6.0.14
Vs=6Vto 18V
Rsense= 1.2 kQ
See Figure 37
SENSE Leakage Current hs(orm) - 0.01 0.5 HA DEN = “low” P_9.6.0.2
when Disabled I 21 (nowm)
Vis=0V
SENSE Leakage Current |/ gs - 0.2 1 A | Y P_9.6.0.3
when Enabled at T,=85°C T,=85°C
DEN = “high”
IL=0A
See Figure 34
SENSE Leakage Current his(en)_150 - 0.2 1 HA T,=150°C P_9.6.0.4
when Enabled at T,=150 °C DEN =“high”
IL=0A
See Figure 34
Saturation Voltage inkus | Vgs - 0.5 1 v b P_9.6.0.6
Operation Vs=6V
(Vs - Vis) IN =DEN = “high”
I =1.2" I nom
Saturation Voltage in Open | Vg5 o - 0.5 1 \Y b P_9.6.0.7
Load at OFF Diagnosis Vs=6V
(Vs- Vis) IN =“low”
DEN = “high”
Saturation Voltage in Fault | Vg ¢ - 0.5 1 % b P_9.6.0.8
Diagnosis Vs=6V
(Vs- Vis) IN = “low”
DEN = “high”
counter>0
Data Sheet 50 Rev. 1.01
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Table 20 Electrical Characteristics: Diagnosis - General (continued)
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Power Supply to IS Vsisiciamp)_- |33 36.5 42 \% hs=1mA P_9.6.0.9
Pin Clamping Voltage 2 T,=-40°C
atT,=-40°C See Figure 17
Power Supply to IS VoisicLamp). 25 | 35 38 44 v 2 P_9.6.0.10
Pin Clamping Voltage ls=1mA
at7,=225°C T,225°C
See Figure 17

1) REZEFNE - HIRIHERE,

2) MAERE T,=150°C,

9.5.1 TR SKE - PROFET™

Table21 Electrical Characteristics: Diagnosis - PROFET™

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
SENSE Fault Current hseauL) 4.4 5.5 10 mA | SeeFigure37and|P_9.6.1.1
Figure 38
SENSE Open Load in OFF | /i5010r) 1.9 25 35 mA | See Figure37and|P_9.6.1.2
Current Figure 38
SENSE Delay Time at tiseaun o |- 500 |- us |V P_9.6.1.3
Channel Switch ON after See Figure 35
Last Fault Condition
SENSE Open Load in OFF [ tisoiorp p |30 70 120 |ps | Vos=<Vororn P_9.6.1.4
Delay Time from IN falling
edgeto s=
IS(OLOFF),MIN 0.9
DEN = “high”
counter=0

See Figure 39

Open Load Vps Detection Vbs(oLorr) 13 1.8 23 v See Figure 38 P_9.6.1.5
Threshold in OFF State

SENSE Settling Time tasion) - 5 20 us | 1= fyean P_9.6.1.6
with Nominal Load from DEN rising
Current Stable edgeto/s=1/

(kILIS,MAX@ l)*0.9
See Figure 40
SENSE Settling Time with |tyson sic |- - 60 us |V P_9.6.1.13
Small Load Current Stable I =1 can o

from DEN rising
edgetols=1./
(Kiismax @ 1) * 0.9
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Table 21 Electrical Characteristics: Diagnosis - PROFET™ (continued)
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
SENSE Disable Time tasiorn) - 5 20 us Y P_9.6.1.8
From DEN falling
edge to ls =
hs(orr) See
Figure 40
SENSE Settling Time after |tgsq - 5 20 us Y P_9.6.1.9
Load Change from [, =1 ca) L tO
IL=1 ca) (see
AkILIS(NOM))
See Figure 40
SENSE Settling Time after |tys o) sic |- 250  |400 us Y P_9.6.1.14
Load Change with Small DEN = “high”
Load Current from Load Change

to hs= I/ (kus@ 1)
from /i (cay to
IL(CAL)_OL

SENSE Settling Time after |tgcq - 5 20 us |V P_9.6.1.10
Channel Change Start channel:
IL=1 can

End channel:
IL=1can L
(see Akjysiom))
See Figure 42

SENSE Settling Time after |tyscq sic |- - 60 us |V P_9.6.1.15
Channel Change with DEN = “high”
Small Load Current from DSEL

togglingto /is=1./

(kusmn@ 1) * 1.1
Start channel:

IL=1cay
End Channel:
IL=1 can oL
(see Akyysvomand
ILIS(OL)
1) RETEFNE - BiIgiHERE
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9.6 IZETERSE - ThERmHE

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

M4 2 MBI B M A EEETRH, (FRIESIMTEA):
R.=3.3Q

9.6.1 L EIhEE LR - 40m Q

Table 22 Electrical Characteristics: Diagnosis - 40 mQ

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

Open Load Output Current |/ o) 4, 1 6 11 mA | /5= lisoy=4 HA P_9.7.6.1
aths=4 pA See Figure 34
Current Sense Ratio at Kiisoz -26.0% | 1750 | +26.0% l2=20 mA P_9.7.6.6
I =l
Current Sense Ratio at KiLisoa -23.5% | 1750 | +23.5% loa=50 mA P_9.7.6.8
I =104
Current Sense Ratio at KiLisos -20.5% 1750 |+20.5% los=100 mA P_9.7.6.9
I =1l
Current Sense Ratio at KLisos -19.0% 1750 | +19.0% los=250 mA P_9.7.6.12
I =l
Current Sense Ratio at Kiisia -9.5% 1800 |+9.5% li=1A P_9.7.6.15
I=hy
Current Sense Ratio at Kiisis -6.0% 1800 |+6.0% lus=2A P_9.7.6.17
I =13
Current Sense Ratio at Kisis -4.5% |1800 |+4.5% lus=4A P_9.7.6.19
I =15
SENSE Current Derating Ak 5oy |-14 0 +14 % b P_9.7.6.27
with Low Current I can)_oL= TLoa
Calibration I cay ot n=lios

Iiean) oL L= o2

Tacay=25°C

See Figure 33
SENSE Current Derating | Ak sow | -4 0 +4 % |V P_9.7.6.29
with Nominal Current lican™ s
Calibration Icay n=11s

leay L=

Tacan=25°C

See Figure 33

1) REZSEFNIE - BiIRIHERE.
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MAER

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

T

[Optional ™ |

l [

Cusanol

Logic Supply
A

PROFET™ +2
Dz % = Cus2 12v

= Csense

Logic GND
e
I IIPower GND Lou.*jo_ﬂc.'_f

oo .

Chassis GND i .
"See Chapter 1, Potential Applications”

Figure 43 BTS7040-2EPG Application Diagram

AR XE— B BB BB T o FTEL /T PTG o

Table 23 Loads considered for Reverse Polarity setup (see P_4.1.0.5)

Output Rpsion),max @ T,=150°C Load connected
40 mQ 36 mQ P27W + R5W
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10.2 S EB TR

Table24 Suggested Component values

Reference Value Purpose

R 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Polarity
Necessary to switch OFF BTS7040-2EPG output during Loss of Ground

Roen 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Polarity
Necessary to switch OFF BTS7040-2EPG output during Loss of Ground

RpseL 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Polarity
Necessary to switch OFF BTS7040-2EPG output during Loss of Ground

Rep 47 kQ Output polarization (pull-down)

Ensures polarization of BTS7040-2EPG outputs to distinguish between
Open Load and Short to Vs in OFF Diagnosis

RoL 1.5kQ Output polarization (pull-up)
Ensures polarization of BTS7040-2EPG output during Open Load in OFF
diagnosis

Cour 10nF Protection of BTS7040-2EPG 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

Cysenp 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

by 7V Z-Diode Protection of microcontroller during Overvoltage

Rapc 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 (Rapc * Csense) longer than 1 ps is recommended

Reno 47Q Protection in case of Overvoltage and Loss of Battery while driving
inductive loads
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Figure 44 PG-TSDSO0-14 (Thin (Slim) Dual Small Outline 14 pins) Package Outline
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Figure 45 PG-TSDSO0-14 (Thin (Slim) Dual Small Outline 14 pins) Package pads and stencil
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Table 25 BTS7040-2EPG - List of changes

(infineon

Revision Changes

1.01,2024-07-29 |Icon “PRO-SIL™ ISO 26262-ready” added to front page
Marking on cover page updated: BTS7040-2EPG » 7040-2G
Chapter 6.1.2, Chapter 9.2.2 updated

Figure 34 updated

P_9.7.6.27 updated (Min./Max.: -30/+30 > -14/+14)

1.00,2020-12-14 | Data Sheet available
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