Infineon

K EBTS71040-4ESA R TEOXRIKHISE

SPOC™ +2 4x 22.5 mQ
BITEOIIEITHIZE

e\ a @ 1SO 26262
AEQCu:nﬂ:d RoHS ready

Package |PG-TSDSO0-24
Marking 71040-4ESA

1 BLR

BENH

v ERTHEE. BEMBMERE

o ERAU4REERS. RFQZFND LB

v IREpEENE A TIARBUNBRBEAAE, WMTWITEBREFNEBEF
A% (BIUNLED #&1R)

VBAT

[Optional” —
E-—

1
n
Fail-safe J_ | E ==
| ptiona
Control C l L -!

Logic Supply

Ty

. Tl S

Microcontroller

wos: 154

ADC }X{

NV
Logic GND |OH_WLG/ _
> —
JR——
I Power GND
*See Chapter 1 ,Potential Applications

Chassis GND **See Chapter 11.2 , External Components”

Figurel Application Diagram. Further information in Chapter 11

FEHEF IR EFEXES, G EER, & CEEETIEX, BTFHFEIEPTHEEATEANIR, & CETRILEXIEBIE, X0l Emtt,
155 &53p1E infineon.com EERFTHIRXIRE (FFHIXH) o

Datasheet Please read the sections "Important notice" and "Warnings" at the end of this document Revision 1.10
www.infineon.cn 2021-03-23


http://www.infineon.cn/

BTS -4ESA fir
BTS71040-4 (Infineon

LERUS

HARNHE

v BBRIZEMBRAN RPN SR X

v SPOC™+2 RFIH—EBS

v PR TEERY SPHIEO

v BRA33VH5VIZEES|H

v FTEEENRIZERETIEE

v RIAZEER S $E ReverseON IHEE, SEIKINGE
o FERFZFHTHHBINEE (InverseON)

v FE~HE (FFS RoHS RE)

RIPTHRE

v BIWNTRFRIPHHETERF, FRIZER

o BAAREEREHMERRERBNS AR (BkF)
v RIEXHER

v RSN R ERF

o LA E TR EAE

¢+ ON Z{FE OFF K& T FFR&HE M
o ERFIMANFEEREI BRI

o @ SPIHITIZWR R IR
RN

+ Limp Home &1

o EEERINGIBEPRZS (N FDLHD
v ERESFFSSHRICHICIUE

o EEREMHRIEETR

= amo3iE

BAENAINE. = &i&kIE AEC-Q100 Grade 1 #1TIEIE,

R

BTS71040-4ESA B —RRERITIROTHRITHIEE, RIERIPIIEEMIZERINEE, &R FERSMARTTIAR,

HIRFRR 2 Rev. 1.10
2021-03-23



BTS71040-4ESA
SPOC™ +2

LERUS

Table 1 Product Summary

(infineon

Parameter Symbol Values
Minimum Operating voltage (at switch ON) Vsop) 4.1V
Minimum Operating voltage (cranking) Vsuv) 3.1V
Maximum Operating voltage Vs 28V
Digital Supply voltage Voo 3.3VorsV
Minimum Overvoltage protection (T,= 25 °C) Vbs(cLamp) 25 35V
Maximum current in Sleep mode (7,< 85 °C) Is(sLeep)_ss 0.4 pA
Maximum operative current lenpactive) 7 mA
Maximum ON-state resistance (T,= 150 °C) RDS(ON)_lSO 38 mQ
Nominal load current (Ta=85 °C) I (nom) 3A
Typical current sense ratio at /. = linowm) Kius 2000
Serial Clock Frequency fSCLK(max) 5 MHz

3 Rev.1.10
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Table 2 Pin Definition
Pin Symbol 1/0 |Function
EP VS - Power Supply Voltage
(exposed pad) Battery voltage
1 GND - Ground
2 VDD - Digital Supply Voltage
3 SO 0 Serial output of SPIl interface
4 Sl I Serialinput of SPI interface (“high” active)
5 SCLK I Serial clock of SPI interface (“high” active)
6 CSN I Chip select of SPI interface (“low” active); integrated pull up to VDD
7 LHI I Limp Home activation signal (“high” active)
8,9 INn I Input Channeln
10,11 Digital signal to switch ON the channel n (“high” active)
If not used: connect with a 10 kQ resistor either to GND pin or to module
ground
12 IS ) Current sense output signal
23-24 |n.c. - Not connected, internally not bonded, shorted together
21-22 |OUTn 0 Outputn
19-20 Protected high-side power output of channel n
17-18
15-16
13-14 |n.c. - Not connected, internally not bonded, shorted together

1) BEFIERL S BT PCB EERTE—iE, BENFTEML S IYEAERE . PCBELLIILITK

REIS AR IR Ao

BIEFH
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Table3  Absolute Maximum Ratings?

T,=-40°C E +150 °C; A B EH U AESE, ERRANIE (FESENE)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Supply pins
Power Supply Voltage Vs -0.3 - 28 \Y - P_4.1.0.1
Digital Supply Voltage Voo 03 |- 5.5 v - P_4.1.0.29
Load Dump Voltage VaaT(Lo) - - 35 Y suppressed P_4.1.0.3
Load Dump
acc. to
ISO16750-2
(2010).
R=2 Q
Supply Voltage for Short Circuit| Vgarsc) 0 - 24 Y Setupacc.to [P_4.1.0.25
Protection AEC-Q100-012
Reverse Polarity Voltage Veat(rew) - - 16 % t<2min P_4.1.0.5
Ta=+25°C
Setup as
described in
Chapter 11
Current through GND Pin leno -50 - 50 mA  |Renpaccording |P_4.1.0.9
to Chapter 11
Current through VDD Pin I\pp(rev) -10 - 30 mA t<2 min P_4.1.0.10
Counter Reset Delay Time after | tyerry 50 - - ms |- P_4.1.0.35
Fault Condition

Logic & control pins (Digital Input = DI)
DI =INn, CS, SCLK, SI, LHI

Current through DI Pin Io, -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

Logic & control pins (Digital Output = DO)

DO=SO0

Current through DO Pin Ino 2 - 1 mA |2 P_4.1.0.33
Current through DO Pin Ibo(rev) -10 - 1 mA |2 P_4.1.0.37
Reverse Battery Condition t<2min

HUIREAR 8 Rev. 1.10
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Table3  Absolute Maximum Ratings! (continued)

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

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

IS pin

Voltage at IS Pin Vis ‘15 |- Vs Vv ls=10 pA P_4.1.0.16

Current through IS Pin ls -25 - lssamm [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

ESD Susceptibility

ESD Susceptibility all Pins Vesp(am) -2 - 2 kV HBM? P_4.1.0.21

(HBM)

ESD Susceptibility OUTnvs | Vesppgm_out |4 - 4 kv HBM? P_4.1.0.22

GND and VS connected

(HBM)

ESD Susceptibility all Pins Vesoicom) -500 |- 500 |V CDM? P_4.1.0.23

(CDM)

ESD Susceptibility Corner Pins| Vespcpmy crv |-750 |- 750 % CDM? P_4.1.0.24

(pins 1, 12,13, 24)

1) REIESMR, RIGIHEE,

2) ARSI Vy AT Latch-Upilllid: 5.5V,

3) BREEINERESD, AKIEEI“HBM”, FREBAEC Q100-0021F
4) EREBRNEBESD, FEEEIREL“CDM”, FRERAEC Q100-0114R/E,

AR

1. UL FTFYRII 7T A FE R XI5 FE AR L HT e AT IEITEEXTRABE (EZ 1 T LIFATFE
=y g T 2

2. BERHIRFTIEE S TERLLIC TEHE F RIS TR ZH o BB IE UL TIEETIEE
B> RIFTIEETES T IELEE B HTIRIEMTIR 1T H

HUIREAR 9 Rev. 1.10
2021-03-23



BTS -4ESA i
BTS71040-4 (infineon

R

4.2 %3 R AKEIEE - ThELE

4.2.1  ITHEELR -22.5 mOiFEE

Table4  Absolute Maximum Ratings - 22.5 mQ channels?

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

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

Maximum Energy Dissipation |E,g - - 28 mJ | =2 yom) P_4.2.16.1
Single Pulse Ty0=150°C

Vs=28V
Maximum Energy Dissipation |Ey, - - 8.5 mJ 1= nowm P_4.2.16.2
Repetitive Pulse Ty0=85°C

Vs=13.5V

1M cycles
Load Current II] - - I ovymax | A - P_4.2.16.3

1) RESEFR, HIRHEE,

#iE A7 10 Rev. 1.10
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Table 5 Functional Range - Supply Voltages and Temperature?

Parameter Symbol Values Unit |Noteor Number
Power Supply Voltage Range | Vgyor) 6 135 |18 v - P_4.3.0.1
for Normal Operation

Lower Extended Power Vs(ext.Low) 31 |- 6 ' 23) P_4.3.0.2
Supply Voltage Range for (parameter

Operation deviations possible)

Upper Extended Power Vs(ext.up) 18 - 28 |V 3 P_4.3.0.3
Supply Voltage Range for (parameter

Operation deviations possible)

Digital Supply Voltage Vooor) 3.0 - 55 |V - P_4.3.04
Range

Junction Temperature T, -40 - 150 |°C - P_4.3.0.5

1) REIEFMR, BIRITEE.
2) WMRBE VoL Voemiommn=3-1Vo FIREBE VBN Vexrommn =41 Vo
3) fRIFTIREID IR,

JERE ELIEREA, IC ZIEBEIEBIRER T, B EEEESIF A TERIR I 75
EHs
4.4 #pEBY

SLRE WA F L ERYE JEDEC JESD51 P/t b HY, M THEEZISE, 151h/A]

www.jedec.org.

Table 6 Thermal Resistance?
Parameter Symbol Values Unit |Noteor Number
Thermal Characterization |Y¥ j1op - 0.9 1.5 Kw |2 P_4.4.0.17
Parameter Junction-Top
Thermal Resistance Ric - 0.5 0.9 Kw |2 P_4.4.0.18
Junction-to-Case simulated

at exposed

pad
Thermal Resistance R - 265 |- Kw |2 P_4.4.0.10
Junction to Ambient

1) REIEFMR, RIGITEE.

2) 1R#E Jedec JESD51-2,-5,-7, TEEAXSMAY FRA2s2p iR ;5 =t (H +E%) HEBG 2 MAHEE (2x70
um Cus 2x35um Cu) HY76.2x114.3x 1.5 mm #R_E##ITIED, EEAMNBERT, RBENHRERETHNS
PUIFLIESI 5 E— N RRRER. BINETET, = 105°C. Poisspanon = 1 W R F FHITHY,

HUIREAR 11 Rev. 1.10
2021-03-23


http://www.jedec.org/

o _.
BTS71040-4ESA Infineon
SPOC™ +2

R

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_1s0p.emf

Figure5 1sOp PCB Cross Section

70 um modeled (traces)

35 um, 90% metalization*

1,5mm

35 um, 90% metalization*

»

70 um, 5% metalization™

*: means percentual Cu metalization on each layer

PCB_zZth_2s2p.emf

Figure6 2s2p PCB Cross Section

= SR Gl T =

Flﬁ

JEDEC 1s0p / footprint
JEDEC 150p / 600mm# JEDEC 252p

PCB 1s0p + 600 mm? cooling PCB 2s2p / 1s0p footprint

PCB_sim_setup_TSDSO24.emf

Figure7 PCB setup for thermal simulations

Solder Pads and Vias

PCB_2s2p_vias_TSDS024.emf

Figure8 Thermalvias on PCB for 2s2p PCB setup

HUIREAR 12 Rev. 1.10
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5.3 ESKMHZES| M

Vop=3.0V :ZF: 5.5 V, Vs=6V :ZIK: 18 V, T,=-40°C ?: +150°C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C
=4I\ (D) 5B = IN

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 Clamping Vouctawey |- 7 - Vv b P_5.4.0.2
Voltage Io=1mA
See Figure 11 and
Figure 12
Digital Input Clamping Voicampz) |65 7.5 8.5 v In=2mA P_5.4.0.3
Voltage See Figure 11 and
Figure 12
Digital Input Hysteresis Voivs) - 025 |- v b P_5.4.0.4
See Figure 11 and
Figure 12
Digital Input Current Iiw) 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) RESEFR, HIRHEE,

5.4 BSFIEZES | - BRINEE

Table 8 Electrical Characteristics: Logic Pins - Advanced

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

Condition
SPI pins
Digital Input Voltage Vesneh) 0.8 13 2 % - P_5.5.0.1
Threshold of Pin CSN
Digital Input Voltage Vscrkrh) 0.8 13 2 Vv b P_5.5.0.2
Threshold of Pin SCLK
Digital Input Voltage Vi 0.8 13 2 v - P_5.5.0.3
Threshold of Pin SI
Digital Input Clamping  |Vesycawey |- 7 - v |2 P_5.5.0.4
Voltage of Pin CSN lesn=1mA
Digital Input Clamping Vesnciampy | 6-5 7.5 8.5 Y lesn=2 mA P_5.5.0.5
Voltage of Pin CSN

HUIREAR 17 Rev. 1.10
2021-03-23
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EX] Electrical Characteristics: Logic Pins - Advanced (continued)
Parameter Symbol Values Unit | Note or Number
Min. Typ. Max. Test Condition

Digital Input Clamping | Vscixcampy |- 7 - v |2 P_5.5.0.6
Voltage of Pin SCLK Isck=1 mA
Digital Input Clamping Vscikciamps) | 6-5 7.5 8.5 \% Iscik=2 mA P_5.5.0.7
Voltage of Pin SCLK
Digital Input Clamping | VgycLamey) - 7 - v |2 P_5.5.0.8
Voltage of Pin SI Iss=1mA
Digital Input Clamping VsiicLampa) 6.5 7.5 8.5 \ lsi=2 mA P_5.5.0.9
Voltage of Pin SI
Digital Input Hysteresis of | Vesyuys) - 0.25 - \Y 2 P_5.5.0.11
Pin CSN See Figure 12
Digital Input Hysteresis of | V¢ s - 0.25 - \Y 2 P_5.5.0.13
Pin SCLK See Figure 12
Digital Input Hysteresis of | Vg - 0.25 - v |2 P_5.5.0.15
Pin SI See Figure 12
Digital Input Current “lesnq 2 10 25 MA | Vesn=0.5V P_5.5.0.10
(“low”) of Pin CSN
Digital Input Current “lesnm) 2 10 25 MA | Vesn=2.6V P_5.5.0.12
(“high”) of Pin CSN
Digital Input Current Iscik) 2 10 25 MA  |Vscak=0.5V P_5.5.0.14
(“low”) of Pin SCLK
Digital Input Current Iscikm 2 10 25 MA  |Vscak=2.6V P_5.5.0.16
(“high”) of Pin SCLK
Digital Input Current lsiw 2 10 25 MA  |V5=0.5V P_5.5.0.18
(“low”) of Pin SI
Digital Input Current Isim) 2 10 25 HA  |V5=2.6V P_5.5.0.20
(“high”) of Pin SI
Digital Output Voltage Vsow 0 - 0.5 \ lso=-0.5mA P_5.5.0.22
(“low”) of Pin SO
Digital Output Voltage Vsom) Voo- - Voo \% lso=0.5 mA P_5.5.0.23
(“high”) of Pin SO 0.5V
Output Tristate Leakage |/so(orp) -1 - 1 MA | Vesn=Vop Ve P_5.5.0.24
Current of Pin SO =0VorYesn

= Voo

Vso=Vop
LHI pin
Digital Input Voltage Vimen) 14 19 2.6 Y - P_5.5.0.25
Threshold of Pin LHI
Digital Input Clamping | Viuweianry |- 7 - v |2 P_5.5.0.27
Voltage of Pin LHI Iltw=1 mA
Digital Input Clamping Vi hiccLame) 6.5 7.5 8.5 \ Iltw=2 mA P_5.5.0.28
Voltage of Pin LHI
BIEF A 18 Rev. 1.10
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EX] Electrical Characteristics: Logic Pins - Advanced (continued)
Parameter Symbol Values Unit |Noteor Number
Min. Typ. |Max. Test
Condition
Digital Input Hysteresis of |V, yuys) - 0.25 - v 2 P_5.5.0.29
Pin LHI
Digital Input Current L) 10 32 65 MA  |Viw=5V P_5.5.0.30
(“high”) of Pin LHI Vop=0V
Digital Input Current L 10 24 45 MA  [Vm=0.8V P_5.5.0.32
(“low”) of Pin LHI Vop=0V
1) 1XThEEM,
2) REFEFMRA, HIZITEE
BIRFM 19 Rev. 1.10
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Table9 Device capability as function of Vsand Vpp
Voo = Vop(po) Voo> Vooipo)
(Voopoysee P_6.4.1.1)

Vo= Vgrp) Channels are OFF Channels are OFF

(Vsireysee P_6.4.0.5)

SPI registers reset

SPI registers protected

SPlI communication not available
(fSCLK =0 MHZ)

SPI communication available?
(fSCLK =5 MHZ)

Limp Home mode not available

Limp Home mode not available

Voirpy < Vs = Vsuy
(Vv see P_6.4.0.1)

Channels are OFF

Channels are OFF

SPI registers reset

SPI registers available

SPlI communication not available
(fSCLK =0 MHZ)

SPI communication available
(fscu( =5 MHZ)

Limp Home mode available
(channels are OFF)

Limp Home mode available
(channels are OFF)

Vs> Vsuv)

Channels cannot be controlled by SPI

Channels can be controlled by SPI

SPI registers reset

SPI registers available

SPlI communication not available
(fSCLK =0 MHZ)

SPI communication available
(fSCLK =5 MHZ)

Limp Home mode available

Limp Home mode available

1) ERINEBEEARER.

2) EAERBE, THR

AR STDDIAG o

3) VSR LR ELXHEREE, BE ET 6.2
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A : : F T T X g
| |
OUT.OUTn = 1 | I I I
or INn ="high" | | | I
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LHI = "high" & INn = "low"
INn ="high"
A | Y
LHI ="high" & INn = "high > Limp Home
LHI ="low" & INn ="high" A .
ctive
Note: SPI bits which are not stated are considered to have the default value or are unchanged compared to the previous state. Supply voltages are
considered to be in operative range if not specified different. SPI_Reset is p erformed if Vpp < Vpp(po) Or HNCR.RST = 1.
Dashed lines indicatetransitions between modes which should not be used for normal operation.
PowerSupply_OpModes.emf

Figure 14 Operation Mode state diagram
Table 10 Device function in relation to operation modes, Vypand Vsvoltages

Operative Mode | Function | Vs= Vgp) Vsirp) = Vs = Vgiuy) Vs> Vg
Sleep Channels OFF OFF OFF
SPI registers | available? available? available?
SPIcomm. |available? available? available?
Stand-by Channels OFF OFF OFF
SPI registers | protected” available? available?
SPIcomm. |all commands available? available?
rejected?
Ready Channels OFF OFF OFF
SPI registers | protected” available? available?
SPIcomm. |all commands available? available?
rejected?
Active Channels OFF OFF follow SPI and/or Input
pins
SPI registers | protected” available? available?
SPIcomm. |all commands available? available?
rejected?
Limp Home/ Channels OFF OFF follow Input pins
Limp Home SPI registers | protected” reset reset
Active (Diagnosis available)? | (Diagnosis available)®
SPIcomm. |all read-only? read-only"
commands
rejected??

1) R Vop> Voppo EUARRTAREE R,
2) MRFABWMANSIENIEE AR, SPIBENRIEE.
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Figure 15 Limp Home Activation as function of Vs
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Figure 16 Transition Time diagram
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Figure 17 Vsundervoltage behavior
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Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150°C

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 HB R R EERERE. (RIERIMNAER): 225mQ:R =480

Table 11 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 % Vsdecreasing P_6.4.0.1
Shutdown IN = “high” or

OUT.OUTn =13

From Vps< 0.5V to

Vps= Vs

See Figure 17
Power Supply Minimum Vsiop) 2.0 3.0 41 \Y Vsincreasing P_6.4.0.3
Operating Voltage IN = “high”or

OUT.OUTn =1;

From Vps=Vsto

Vps<0.5V

See Figure 17
Power Supply Voltage Vsirp) 0.6 1.0 1.8 % Vsdecreasing P_6.4.0.5
Threshold for Battery STDDIAG.VSMON=1;
Transients Protection STDDIAG.TER = 1z

DCR.MUX #111g

See Figure 17
Power Supply Undervoltage | Vs - 0.7 - v b P_6.4.0.6
Shutdown Hysteresis Vsiop)~ Vsuy)

See Figure 17
Power Supply Undervoltage | tpe ayy)  |2-5 4 5.5 ms | P_6.4.0.10
Recovery Time dVs/dt<0.5V/us

Vs= 0V

See Figure 17
Breakdown Voltage between| -Vg ey 16 - 30 v Y P_6.4.0.9
GND and VS Pins in Reverse lenp(rRev) = 14 MA
Battery T,=150°C
D) REEFMR, BigIHEE.
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Table 12 Electrical Characteristics: Power Supply - SPOC™
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
VDD pin
Digital Supply Operating | Vpp0p) 245 |43 5.5 Vv b P_6.4.1.1
VOltage fscik=5 MHz
Digital Supply Power-On | Vype0) 14 19 2.3 v 2 P_6.4.1.9
Reset Threshold Voltage Vopincreasing
Digital Supply Undervoltage| Vppy 13 1.8 22 \ Voodecreasing P_6.4.1.2
Shutdown OUT.OUTn =1;
From Vps<0.5V to
Vos= Vs
Digital Supply Undervoltage| Vypys) - 0.1 - v b P_6.4.1.3
Shutdown Hysteresis
Digital Supply Clamping | Vppciawpy |- 6.5 - Vv b P_6.4.1.11
Voltage Ioo=1 mA
Digital Supply Clamping | Vppciaupy |6 7 8 \% Iop=20 MmA P_6.4.1.12
Voltage
Power-On Wake Up Time | twuro) - 10 30 us |V P_6.4.1.13
Transition Time to Stand-by| trgansastey |5 10 30 us |V P_6.4.1.4
Mode
Transition Timeto Sleep  |trpansose |1 5 60 us |2 P_6.4.1.5
Mode
Limp Home thiag) 10 20 40 us |V P_6.4.1.6
Acknowledgement Time
1) REZEFMR, HIZIHEE.
2) WNRimEEH R AL SHARBEIEREMN.
28 Rev. 1.10
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BRI - T RSE

VDD:3OV:Z|::55 V, Vs= 6V:z|:: 18 V, T,=-40°C ?: +150°C
BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

MR 2 HA R A EERERE. (RIERIMNABR): 225m:R =480

6.5.1 BTS71040-4ESA
Table 13 Electrical Characteristics: Power Supply BTS71040-4ESA
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Digital Supply Current Iop - 80 200 HA fsck=0 MHz P_6.5.32.1
Consumption in Normal Vs> Vsuy)
Operation Vesn=Vop=5V

DCR.MUX #111;
Digital Supply Current lopcve) |- 2.5 - mA |2 P_6.5.32.2
Consumption in Normal fscik =5 MHz
Operation during SPI Vs> Vsyy)
Traffic (Average) Voo =5V

Vesn=0V

CL(so) =50 pF

DCR.MUX %111
Digital Supply Current Ipp(sLeep) - 17 50 HA fscik=0 MHz P_6.5.32.3
Consumption in Sleep Vs> Vsuy)
Mode Vesn=Vop=5V

DCR.MUX =111
Digital Supply Current Ion(steep) - 17 35 MA | fsck=0MHz P_6.5.32.12
Consumption in Sleep Vs> Vsuy
Mode Vesn=Vop=5V

DCR.MUX =111

T,=85°C
Power Supply Current lys(sieep) ss |- 0.05 |04 nA |29 P_6.5.32.4
Consumption in Sleep Vs=18V
Mode with Loads at Vour=0V
T,<85°C INX = “low”

T,=85°C
Power Supply Current Iys(sLeep) 150 |~ 2 100 HA Vs=18V P_6.5.32.5
Consumption in Sleep Vour=0V
Mode with Loads at INXx = “low”
T,=150°C T,=150°C
Operating Currentin Active |lg\ppactive |~ 5 7 mA |Vs=18V P_6.5.32.6
Mode (all Channels ON) Vop=5V

INx =“high” or

OUT.OUTn =15

29 Rev. 1.10
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Table 13 Electrical Characteristics: Power Supply BTS71040-4ESA (continued)
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Operating Currentin Ready |/g\prenpy) |- 80 200 MA Vs=18V P_6.5.32.8
Mode Vesn=Vop =5V
fSCLK =0MHz

DCR.MUX=111;
OUT.OUTn =1s
Operating Currentin Stand- | Igyp(stay) 1.25 2 mA |Vs=18V P_6.5.32.9

by Mode Vob=5V
DCR.MUX #111s

-~
|

1) SEUEfAE=: 0101010101010101%0 1010101010101010,
2) REZSEFMIK, HIZIHEE,
3) AR Voo < Voppoy LHI ="low” F EERIEZ 1588 > 0, Ionp(sray) T 225 o

HUIREAR 30 Rev. 1.10
2021-03-23



o~ _.
BTS71040-4ESA Infineon
SPOC™ +2
TR

7 ThELE

ST RKAFHEBERERAN B EEINZE MOSFET 19,

7.1 M S@EBrE
SEEPE Rosony FEBURTFLEET) o 18 BREN T, SEEM Roson BV X6 y HhH ERIE“2"IT R F

1£ 7,=150 °C B NS R K Rbs(on) o

Rps(on) Variation overT,
2.20 l I I I
Reference value:
AR
2.00 "2" = Rysionunx @ 150°C U
1.80 /,4
/
1.60 —
/
5 140 —
o 5 =
8 —
& —
c ——
© 1.20 —
o —
> 100
F4 /
% —, —
& 080
0.60
0.40
0.20 emmmTypical
0.00
40 30 20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Junction Temperature (°C)

Figure 18 Rpson Variation factor

RERMEITHERIER F 8.4.1 5,

7.2 IR mh 61 %

7.2.1 IR =h PR M4 72

IXshFEME A ERY, B 19 FrnRU T KA BFFEIREREE, FXREEEE Eon« Eorr STAZERE. AYE)
ton~  torr FXIEEES

IR 31 Rev. 1.10
2021-03-23



BTS71040-4ESA

SPOC™ +2

ThEL

(infineon

IN/4
OUT.OUTn

Vingh)

\
\

Vinguys)

A
VOUT

ton

90% of Vs

70% of Vs

30% of Vs

/ l (dV/dtion

10% of Vs

ton(DELAY)

toFF(DELAY)

TN

~(dV/dt)orr

torr

\/

70% of Vs

30% of Vs

A
PD MOS

EON

Eorr

\4

A 4

Figure 19 Switching a Resistive Load
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Figure 20 Output Clamp concept

BIEFH

Rev. 1.10

2021-03-23




BTS -4ESA fir
BTS71040-4 (Infineon

ThEL

TR EHEITIEE, BEETEBTST1040-4ESAFERN, BEEITE AT (7.1):

Vg _VDS(CLAMP) IS IL L

Ry Vs—=VbscLampy L
RABEE, UMEATERRNRABRE, ZETHRILITIRS.

7.2.3 it FB & PR
ATIREERRERE, FTENE Vs BE. HRHER O], MBEWRIZEN (83 pcrMux iEEF
BiE - 21E 21) {F Vos FFHETF VDS(SLC)ET.]-’ HitH DMOS M EBD B, Xtgiat S@EE, Eitb
BRI ERIRAER N, Vos=Vossio o Vos IEIIEERIRIQNEBEREEBREE XM T(E, MMERBIEKER
SEEIRREEITF ks 15E

IN/
OUT.OUTn I I

i 4

CS
DCR . MUX 110 | 000 110

t'

LA

ya \ >

t

Vos A tsision) tsisioF)

Vs —\

Vbs(sie) L} Ve —— J

t

PowerStage_GBR_diag.emf

Figure 21 Output Voltage Limitation activation during diagnosis
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Figure 22 Inverse Current Circuitry
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Figure 23 InverseON - Channel behavior in case of applied Inverse Current
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Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150°C

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 HB R R EERERE. (RIERIMNAER): 225mQ:R =480

Table 14 Electrical Characteristics: Power Stages - General

Parameter Symbol Values Unit |Noteor Number
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 20
Drain to Source Clamping | Vpsciavp) 25 |35 38 44 \Y Y P_7.4.0.2
Voltage at 7,225 °C IL=5mA
T,=25°C
See Figure 20
1) MK T,=150°C.
7.41  IWERFBHIKE - spoc™
Table 15 Electrical Characteristics: Power Stages - SPOC™
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Timings
Switch-ON Delay tonELAY) 10 30 60 us Vs=13.5V P_74.21
VOUT =10% Vs
PCS.PCCn=0s
Switch-ON Delay tonperay | 10 40 80 us |2 P_7.4.2.16
(parallel mode) Vs=13.5V
VOUT =10% Vs
PCS.PCCn=1;s
Switch-OFF Delay torrDELAY) 10 30 60 us Vs=13.5V P_7.422
Vour =90% Vs
Switch-ON Time ton 20 55 100 ps Vs=13.5V P_7.4.2.3
VOUT =90% Vs
SRC.SRCn=0g
PCS.PCCn=0g
Switch-ON ton 20 70 125  |ps |? P_7.4.2.20
Time (parallel Vs=13.5V
mode) Vour =90% Vs
SRC.SRCn=0g
PCS.PCCn=1;5
Rev. 1.10
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Table 15 Electrical Characteristics: Power Stages - SPOC™ (continued)
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Switch-ON Time ton 30 75 150 us Vs=13.5V P_7.424
Vour =90% Vs
SRC.SRCn =13
Switch-OFF Time torr 20 55 100 |ps  |Vs=13.5V P_7.4.26
Vour =10% Vs
SRC.SRCn =0g
Switch-OFF Time torr 30 75 150 s Vs=13.5V P_7.427
Vour =10% Vs
SRC.SRCn=1s
Switch-ON/OFF Matching Atsw -50 0 50 us Vs=13.5V P 7.4.2.9
ton - torr PCS.PCCn=0s
Voltage Slope
Switch-ON Slew Rate (dV/dt)on 0.3 0.6 0.9 V/us [Vs=13.5V P_7.4.211
Vour=30% to 70%
of Vs
SRC.SRCn=0s
Switch-ON Slew Rate (dV/dt)on 0.15 0.3 0.45 V/us |[Vs=13.5V P_7.4.2.12
Vour=30% to 70%
of Vs
SRC.SRCn =13
Switch-OFF Slew Rate -(dV/dt)orr |0.3 0.6 0.9 V/us [Vs=13.5V P_7.4.2.14
Vour=70% to 30%
of Vs
SRC.SRCn =0g
Switch-OFF Slew Rate -(dV/dt)orr |0.125 |0.3 0.45 V/us |Vs=13.5V P_7.4.2.15
Vour=70% to 30%
of Vs
SRC.SRCn =13
Slew Rate Matching A(dV/dt)sw |-30 0 30 % Y P 7.42.17
Vs=13.5V
Voltages
Output Voltage Drop Vos(sio) 2 10 18 mv |2 P_7.4.2.18
Limitation at Small Load IL=Ioy=20mA
Currents

1) A(dV/dt)sw= ((dV/dt)on- (dV/dt)ore) / (((dV/dt)on+ (dV/dt)ore)/ 2).
2) RESEFMRA, HIZITEE.
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Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150°C

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 HB R R EERERE. (RIERIMNAER): 225mQ:R =480

751  DOEEHHE -22.5m0
Table 16 Electrical Characteristics: Power Stages - 22.5 mQ
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Output characteristics
ON-State Resistance at Rosony2s |- 25 |- mQ | P_7.5.16.1
T,=25°C T,=25°C
ON-State Resistance at Rosiony 150 |~ - 38 mQ |T,=150°C P_7.5.16.2
T,=150 °C
ON-State Resistance in Rosion) crank |~ - 44 mQ |T,=150°C P_7.5.16.3
Cranking Vs=3.1V
ON-State Resistance in Rosiw.2s |- 25 |- mQ | P_7.5.16.4
Inverse Current at 7,=25°C T,=25°C

I, =1 (vowm)
ON-State Resistance in Rosinv_ 150 |- - 44 mQ | P_7.5.16.5
Inverse Current at T,= 150 °C T,=150°C

I =1 (vowm)
ON-State Resistance in Rosmev.25 |- 45 - mQ |V P_7.5.16.6
Reverse Polarity at T,=25°C T,=25°C

Vs=-13.5V

I =1 (vowm)

RSENSE: 1.2 kQ
ON-State Resistance in Rosmev, 150 |~ - 70 mQ | P_7.5.16.7
Reverse Polarity at T,=150°C
T,=150°C Vs=-13.5V

I.= -1\ (nowm)

Rsense=1.2 kQ
Nominal Load Current per |/ yom) - 3 - A Y P_7.5.16.8
Channel (all Channels Ta=85°C
Active) T,<150°C
Output Leakage Currentat |/ orp) gs - 003 015 |pA [V P_7.5.16.9
T,<85°C Vour=0V

Vin = “low” and

OUT.OUTn = 0g

Ta<85°C
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BIEFH

2021-03-23



BTS -4ESA Fir
BTS71040-4 (Infineon

IhERE
Table 16 Electrical Characteristics: Power Stages - 22.5 mQ (continued)
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Output Leakage Currentat |/ o) 150 - - 10 HA Vour=0V P_7.5.16.10
T,=150°C Vin=“low” and
OUT.OUTn =0g
Ta=150°C
Inverse Current Capability |/ jyy - 3 - A b P_7.5.16.11
Vs<Vour
IN = “high” or
OUT.OUTn =1;
Voltage Slope
Passive Slew Rate (e.g. for ||dVour/dt| |- - 10 Vius |V P_7.5.16.12
Half Bridge Configuration) Vs=13.5V
Voltages
Drain Source Diode Voltage ||Vpspiopyl |- 500 |600 |[mv |Y P_7.5.16.13
[.=-190 mA
T,=150 °C
Switching Energy
Switch-ON Energy Eon - 030 |- mJ | P_7.5.16.14
Vs =18V

SRC.SRCn=0g
PCS.PCCn=0g
Switch-OFF Energy Eore - 038 |- mJ |V P_7.5.16.15
Vs=18V

SRC.SRCn =03
PCS.PCCn=0g

1) REISEFNIH, HIZIHEE.
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Figure 25 Overtemperature Protection (Absolute)
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Figure 26 Overtemperature Protection (Dynamic)

LLRFRIFERATFEBERXRAB, KBXRASE 8.3.1F RHARNERRIEZMEHE.
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¢ /L(o\/Lo)When Vos<13V

U /L(OVLl) when Vps>22V
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Overload threshold variation ("1" =1 5y, o) @ Vps = 5 V)
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oo { OCR.OCTn =0
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Figure 27 Overload current thresholds

Lh=low (HyowoTliowy) BT, BEXF, BEA LIRIESE 8.3.1 EHH AN E R RIRER B,

8.3 R ERRNFRIPAIZERH S

EEMARPNEINSESE (FRIIE) H=E3MITRH:

o ZRMAVEEXHE, NPT EE

¢ ZRMBENEBRFILENSES

+ HEMNAIWRNDIAG.WRNn #WEUE L FHHIFERIRE,
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Table 17 Protection “Restart” Condition

Fault condition Switch OFF event “Restart” Condition

Overtemperature Ty2 Tynes) O (T)- Tyer) 2 Tyom Ty<Taps)@nd (T, - Typer) < Typwy)
(including hysteresis)

NResTART < MRESTART(CR)

RCD.RCDn =0

Overload Iz 1wy I.<50 mA

T, within Tyass) and Typw) ranges
(including hysteresis)

NResTART < MRESTART(CR)
RCD.RCDn =0

8.3.1 =k

4 INx S{ouT.ouTn BIN“E", HUABEITF. EHERGT, BHAXH, BERBETHEHRF
MFINER"EHRAAFER (WF 17 )o WRNDIAG.WRNn E7XEHAEI BN, HAZHPEESH
ERH EWRNDIAGHE R 1%, MIWRNDIAGHIERR, BRIEBIT neesrarrcn ERNPIERTS, FT—MNTREH
WRNDIAG.WRNnE/RE (L, MNIRAFEBHER, FJLUBIIKERCD.RCOnA 1 RIEAE(T. H
RCD.RCDONEUA 10, BEFITHBR/WE (L. HBEAXTPFIRESE, HYAERRDIAG. ERRn{l
WE, BIIKE SPI IHWCR.CLCRFRERYUF[MITHBE L - WRBWASIH T
OUT.OUTn{AEIA 1; , BETEE(IHWCR. CLCELIELHEIENITH. NARBEXAZHEER
BERVPERETIE], NARHRESRT> e BEERBONE

BRI B 28FfT.
IN/ -
OUT.OUTn
t’
Short circuit I -
to ground | | >
t
Y t> trerry
fl:ovu A
L L JL [ ,
0 1} t
'3:5;2:: m 0 I 1 | 2 l 3 | 4 I 5 [ 6 | P— | 2 |‘ Neestannicr) +1 1 0 |
0 0 t
. 7
WRNDIAG.WRNn | 0 | 1 0| 1 | 1 1 0 |
y Read WRNDIAG < 0 0 t
A
resmes [ 0 [alzlalalsle] + Wil - : : |
HWCR.CLC = 1,4 RCD.RCDn = 1; € HWCR.CLC = 1,4 t
U Note: Maxim um peak current depending onsystem impedance Protection_Restart.emf
Figure 28 Restart Strategy timing diagram
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1 Note: Maximum peak current depending onsystem impeda nce

Figure 29 Restart Strategy timing diagram in Limp Home
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Figure 30 Reverse Battery Protection (application example)
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TEN A RiBid B Al /2 R B Rk RS, BRI SMBIHIR —IRE (MNBUEFFRHN_RED,) R
B EH N M HBERRHEBHIREIZ,

A HIREHEIZZERLX, SHFETTEMIETT, VS IR IERL SR SPI B it X KE X XEIE AT
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8.5.2 MHZEK
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RIPFBSFHESE

Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150°C

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 HB R R EERERE. (RIERIMNAER): 225mQ:R =480

Table 18 Electrical Characteristics: Protection - General
Parameter Symbol Values Unit | Note or Number
Thermal Shutdown Tynes) 150 [175 [200 |°C |Y? P_8.6.0.1
Temperature (Absolute) See Figure 25
Thermal Shutdown Tivspes) |- 30 - K 3 P_8.6.0.2
Hysteresis (Absolute) See Figure 25
Thermal Shutdown Tiom) - 80 - K 3 P_8.6.0.3
Temperature (Dynamic) See Figure 26
Power Supply Clamping | Vsciaup) 40 |33 36.5 42 % lis=5mA P_8.6.0.6
Voltage at T,=-40°C T,=-40°C

See Figure 20
Power Supply Clamping VscLamp) 25 |35 38 44 % 2 P_8.6.0.7
Voltage at 7,225 °C ls=5 mA

T,=25°C

See Figure 20
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) 1XThEEM,
2) RFE T,=150°C B Mo
3) RELEFMA, HIZITEE
8.6.1 {RIFEBSKFMESE - spoc™
Table 19 Electrical Characteristics: Protection - SPOC™
Parameter Symbol Values Unit | Note or Number

Min. |Typ. |Max. Test Condition
Counter Reset Delay Time |ty ay(cr) 40 70 100 ms b P_8.6.2.1
after Fault Condition in LHI =“high”
Limp Home INx = “low”
Automatic Restarts in Case | Ngestarricr) |- 6 - - b P_8.6.2.2
of Fault after a Counter
Reset
1) REZSEFMRK, HIITIEE,
48 Rev.1.10
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Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150°C

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 HB R R EERERE. (RIERIMNAER): 225mQ:R =480

8.7.1  fRIPIHEWIHLE - 22.5 mQ
Table 20 Electrical Characteristics: Protection - 22.5 mQ
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Overload Detection Current |/ oy 44 48 53 A b P_8.7.16.3
High Level OCR.OCTn= 0g
T,=-40°Cto50°C
d//dt=0.2 A/us
Overload Detection Current |/ oy 35 39 44 A 2 P_8.7.16.4
High Level OCR.OCTn= 0g
T,=150 °C
d//dt=0.2 A/us
Overload Detection Current |/ gy 5 19 24 29 A 2 P_8.7.16.2
Low Level OCR.OCTn= 15
d//dt=0.2 A/us
Overload Detection Current |/ oy3) 22 31 36 A 23 P_8.7.16.6
High Level (parallel mode) OCR.OCTn=0s
PCS.PCCn=1;
d//dt=0.2 A/us
Overload Detection lowy - 29 - A 2 P_8.7.16.5
Current at High Vps di/dt=0.2 A/ps
Overload Detection Current |/ oy js |- 29 - A 2 P_8.7.16.7
Jump Start Condition OCR.OCTn=0g
Vs> Vsys)
d//dt=0.2 A/us
1) MR E T,=-40°Co
2) REIEFMK, HIIHER.
3) /|_(ov|_3) Eﬁ :,F_/I\iéiao #E*Ejﬁ/l\i%iélé\ EE,;}’I_E /L(OVL) < 2 X /L(OVL3>°
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Figure 31 Diagnosis block diagram
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Table21 Diagnosis feedback, Function of Operation Mode
Operation Mode |Input level |V, Current sense /g WRNDIAG STDDIAG
OUT.OUTn .WRNn . SBM

Normal operation |Low /0g ~GND Z 0 1
Short circuit to GND | OFF ~GND z 0 1
Overtemperature zZ z 1 X
Short circuit to Vg Vs Z 0 0
Open Load <Vs - Vpg(sp) Z 0 1

> Vs - Vps(sp)” z 0 0
Sense verification? X hswer) X 0
Normal operation |High/1; ~ Ve hs = Iunomy / Kiuis 0 0
Overload ON <V hs=1/ ks 0 X
Short circuit to GND ~GND zZ 1 1
Overtemperature zZ zZ 1 X
Short circuit to Vg Vs hs<I [ ks 0 0
Open Load ~ V3 hs = hsen) 0 0
Sense verification? X hswver) X 0
Under load (e.g. ~ VY hseny <hs <Iunom / ks | O 0
Output Voltage
Limitation
condition)
1) ESMY EhiesrE,
2) DCR.MUX =101g
3) BRI liovo
4) HHERGAKRT I oo
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ARSI E S BFTWRNDIAG. WRNn i, FHi@idSPIEEUERRS AWRNDIAG, FRIEAFIRKERKXE,
HHBEEFERFRIP, RIPBIFESHSPIFESLHWCR . CLC/ERR.

9.3 ON RS TiZHR

HAHB U TR, SIS ARRMESHEBRALLHIER (BbFkus=1/1s) -

v BAEEITH, HE Vos < Vosss BT,

v ZEERIZETZERER

v RBEHEE (305 8.3 E i)

YNSR{EF DCR . MUX ILIEFRRVBEFES AR £ B HIE, IS SIEMRIFHE N SRS KT,

9.3.1 BRI (kus)

CNERIEEBRRTREMAZTEM. s b/ b EREEIEM, BEEEIEHER lsom o IR
HEBRBEFE (LA 0A) , WIBERAWMER sey (TE. PWBRAN) . ZZMHWE 33 Fik.
B RRIBAER kus 28, MLLLEN BREEF@BIVITH.

E2INTE 1S 5IRIA0 MCU BY ADC 3N S IR Z BIEFSMERPR R ISR 2R, LURBIME S SURMIIR: (RINFERIE
RESHER/\ET{E] 1 HS) °

Kus REXRITE /'_:EIZE{E.%FET/ME\ HEBBEMEFIETZHEMm, EENERXIHA, afLUERE
A& PRERR

¢ BRI E’JF*&@MHH@ i im R FARRHAE X BASHERY R (fucav)o

o E IS SIS BV ER R T E ks (kius @ fica)

v TEM e B fueay nw BIBBTASEEIN, ks FTF kius @ Iucays PRIBTE X 9 A0Kws

RAHEG kus FBREERE 32 AXNHE, H AkustEE-

kips@I kiis@I
Akjyys pax = 100 MAX( s @lucan L 1is@lycar) 1 1)

kiLis@Iycar) klus@[L(CAL)

ki is@1 k@1
Akyprs iy = 100 - MIN( ILIST LCADL ILISTIL(CAL) H 1)

kILIS@IL(CAL) ' kILIS@IL(CAL)

Figure 32 Akscalculation formulas

RAERZTE Tacany = 25°C B 1To BEA ks BIE Mivcay  Bcay vem 2B M BETR,
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Figure 33 Current Sense Ratio in Open Load at ON condition
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DCR . MUX=101; BY/3 A B SRR AN B IEAZE Ko

FrE#IThAEATE < DCR . MUX (B RBXAVU0T:
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Figure 34 Current Sense Multiplexer Timings
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Figure 35 SENSE Settling / Disabling Timing
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YLt
9.6 LHBESEH

Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150°C

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 HB R R EERERE. (RIERIMNAER): 225mQ:R =480

Table 22 Electrical Characteristics: Diagnosis - General
Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition
SENSE Saturation Current | /igsar) 4.2 - 15 mA | P_9.6.0.12
Rsense= 1.2 kQ
SENSE Saturation Current | /gsan 5 - 15 mA |V P_9.6.0.17
RSENSE: 1.2 kQ
Vs=8Vto18YV
SENSE Leakage Current lis(oFf) - 0.01 |05 MA 1 21 vom P_9.6.0.2
when Disabled Vis=0V
DCR.MUX=110g
SENSE Leakage Current hsenss |- 0.2 1 uA | P_9.6.0.3
when Enabled at T,<85°C T7,=85°C
DCR.MUX #
<110g,1115>
See Figure 33
SENSE Leakage Current lseny 150 |- 1 2 MA | T,=150°C P_9.6.0.11
when Enabled at T,=150 °C DCR.MUX #
<110g,1115>
See Figure 33
Saturation Voltage in ks Vsis « - 0.5 1 Vv b P_9.6.0.6
Operation Vs=6V
(Vs - Vis)
INx = “high” or
OUT.OUTn =1
[.=2" I now)
Power Supply to IS Pin Vsisicamp)_- |33 36.5 42 \% hs=1mA P_9.6.0.9
Clamping Voltage at 40 T,=-40°C
T,=-40°C See Figure 20
Power Supply to IS Pin VeisicLaup)_23 35 38 44 Vv 2 P_9.6.0.10
Clamping Voltage at lis=1mA
T,225°C T,225°C
See Figure 20
1) REZEFMR, HIIHEE.
2) MR T,=150°Co
55 Rev. 1.10
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Table 23 Electrical Characteristics: Diagnosis - Thresholds, Timings
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition

Switch Bypass Monitor Vbs(sg) 13 1.9 25 v OFF state P_9.6.2.1
Threshold
SENSE Settling Time with | tys o) - 8 20 us  |Vs=13.5V P_9.6.2.2
Nominal Load Current 1= 1 vom)
Stable DCR.MUX: 1105>

001g
SENSE Settling Time with | tyson sic |- - 60 us |2 P_9.6.2.10
Small Load Current Stable Vs=13.5V

I=1can_o

DCR.MUX: 110>

001g
SENSE Settling Time after |t,gcq - - 20 us Y P_9.6.2.4
Channel Change Vs=13.5V

.= nowm)

DCR.MUX: 001>

0108
SENSE Settling Time after |tyscq) sic |- - 60 us |2 P_9.6.2.11
Channel Change with Vs=13.5V
Small Load Current Start channel:

IL=1 can

End channel:

I=1can_o

DCR.MUX: 001>

0108
SENSE Disable Time tasiorn) - - 20 us Y P_9.6.2.5

Vs=13.5V

1= (nomy

DCR.MUX: 010s~>

110s
SENSE Settling Time after | tys.q - - 20 us |2 P_9.6.2.6
Load Change
SENSE Settling Time after |tysiq sic |- 250  |400 us |2 P_9.6.2.12
Load Change with Small Vs=13.5V
Load Current from /.= cayto

IL=1can oo
SENSE Disable Time after | tysor - - 20 us |2 P_9.6.2.7
Channel Deactivation
SENSE Current in Sense hsvery 400 500 600 HA DCR.MUX=101zg |P_9.6.2.8
Verification Mode
1) ESHCCER#HITHEEE =M1,
2) RELEFMRA, HIZITEE.

56 Rev. 1.10

BIEF A

2021-03-23



BTS71040-4ESA
SPOC™ +2

(infineon

0

9.7

IZETERSE - ThERmHE

Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150°C

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 HB R R EERERE. (RIERIMNAER): 225mQ:R =480

9.7.1

ICERTh RN - 22.5 mQ

Table 24 Electrical Characteristics: Diagnosis - 22.5 mQ - high range?

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

Open Load Output Current |/ o) 4, 2 7 15 mA |2 P_9.7.16.1
aths =4 pA hs=lso=4 A
Current Sense Ratio at Kiiso1 -65% 2000 |+65% 2 P_9.7.16.3
I =l lo1=10 mA
Current Sense Ratio at KiLisos -60% 2000 |+60% 2 P_9.7.16.5
I =l ls=30 mA
Current Sense Ratio at KiLisos -55% |2000 |+55% 2 P_9.7.16.7
I =1l lLos=100 mA
Current Sense Ratio at K isor -45% (2000 |+45% 2 P_9.7.16.9
I =l lo7=250 mA
Current Sense Ratio at Kiis1o -24% |2000 [+24% lo=1A P_9.7.16.12
I.= o
Current Sense Ratio at Kiisio -8% 2000 |[+8% h=2A P_9.7.16.14
I =y,
Current Sense Ratio at Kiisis -8% 2000 |[+8% lus=5.5A P_9.7.16.17
I =15
SENSE Current Derating | Akysoy  |-30 0 +30  |% [P P_9.7.16.37
with Low Current I (ca) oL= o3
Calibration lcan_o_n=lLos

lcay o L= ho

Tacan=25°C
SENSE Current Derating Ak swony |9 0 +9 % |2 P_9.7.16.38
with Nominal Current Icay=laa
Calibration I cay_n=liis

lcay L= o

Tacan=25°C
1) 3R KRC.KRCn =0y, XEHEXK,
2) MR pPCS.PCCn=0s, XEHEX,
3) REIEFMK, HIRIHEE,
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Table 25 Electrical Characteristics: Diagnosis - 22.5 mQ - low range?
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Open Load Output Current |/ o) 4, 0.5 3.2 6 mA |2 P_9.7.16.18
atls=4 pA hs=liso)=4 HA
Current Sense Ratio at K Lisoo 65% (660  |+65% 23 P_9.7.16.19
I =g lLloo=5 mA
Current Sense Ratio at K iso1 -60% |660  |+60% 23 P_9.7.16.20
I =l lo1=10 mA
Current Sense Ratio at K is03 -55% (660  |+55% 23 P_9.7.16.23
I = o3 lz=30 mA
Current Sense Ratio at K isos -45% 660  |+45% 23) P_9.7.16.26
I =1l lLos=100 mA
Current Sense Ratio at K Lisor 30% (660  |+30% 23 P_9.7.16.29
I =l lLo7=250 mA
Current Sense Ratio at K150 -20% 660  |+20% 3 P_9.7.16.31
I =l lLos =450 mA
Current Sense Ratio at Kiis1o -8% [660 |+8% 3 P_9.7.16.33
/L:/Llo lo=1A
Current Sense Ratio at Kiisio -8% [660 |+8% 3 P_9.7.16.35
I =y, ho=2A
SENSE Current Derating | Akjysoy  |-30 0 +30  |% |2 P_9.7.16.39
with Low Current I ca oL = oy
Calibration I can ot =103

lcan ot 1= oo

Tacan=25°C
SENSE Current Derating  [Akyswowy |9 0 +9 % |2 P_9.7.16.40
with Nominal Current I cany= 1o
Calibration I can n=l1

lcan L= los

Tacan=25°C
1) NS KRC.KRCn =15, (XBHEX.
2) #IR pcs.pcCn=05, XEHEK.
3) $NR1us FEBIEKEIRETADCHIAGG, Kus FBEBA.
4) REZEFME, HIKIHEE.
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BITIMEEO (SPI) B—1M2WIEDSHITMIED, FEHMMRL%: SO0 Sl SCLKFICSN, #K
1B SIF SO ZBE LA SCLK LATERVIRZEF 4, CSN BT FEAIERIAIRBIFF A, EIRTE SCLK BY TR
YR SI4RAE, FHTE SCLK MY EFHAIBE so &g, S MARIAIIR CSN B9 EFRLIE, 8fiIit
BRI ETR T 8 AIAVEERET A REVEIE, 1%Z3EO 2 ¥F 8 (i SPI G HIBHH TEHETIRE.

SO — N;ISBXGXSX4X3X2X1X;LSB:)—
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SCL SpEpEREREREREN

time >

Figure 36 Serial Peripheral Interface

10.1 SPI 5 5#diR

CSN- %8
RE5EIT CSN 5| BEIRBTS71040-4ESA » RES | FREFRES, MR LUBITEIEEH. 2 CSN &
FBE7IRESHE, SCLK#0 SI 5| EREMIESEE W Z2EE, FH SO #aEHH N SR RS,

CSN M“_I%'il_” §|J « ﬁ” BﬂKQ
¢ IERIEEREMIBAUFTESEF.
¢ SO H“EMAS"REZANREFE RS,

CSN M7 F«F 7Bk T

o {XHTE CSN TR ZIEEREFHME 8 NSCLKIESBIEEL (1. 2. 3. ...) BY, AEMIESHEE. R
SCLKIHEAAR1ERE, MiLiassiRinE (STDDIAG. TER) NE, FHBEIIESIERZER,
o REBRUSEFSNIIERE D FUTEST.

SCLK - SBfTHS$h

ZANS AR ERB AL T 72T, BRITHN (SI) £ SCLK N EAREIREREIBAFTFS, M
RITHWE (SO) FERITHHN L HHRIEIZHE BB, SHAE CSN #HTEMIZRHEE, SCLKS|RIAmAL
FYRBIERE, TS TRERHWIES,

SI- BITHEIA

BITIMANSIRMELS BN, REERMIMT. S| EETE SCLK N THEAIRE. MASIEHRMERS A
A, EHRAEIEG. BESAE 1055 TRESER.

HUIREAR 59 Rev. 1.10
2021-03-23



BTS -4ESA fir
BTS71040-4 (Infineon

EBITIMEIEO (SPI)

so R1THIH
PRTTILS I ER1TRRY, EeAMUELEB L, SO T “EEARE, EHE CSN 5| HEKEE”
KB ESCLKRI EFBZE, ARG LHINTE SO 5 k.

BHERET 105 TREZER,

10.2 WEPEThEE

SPIEYBTS71040-4ESA A 8 {iI SPI IR&FIEHHFETETNEE, FEULECEP, Z-M&EHHERER CSN 5
MCSN BUE, — 1 esFMISI 55— 1284 so XEE (BRE37) , UME—I %, HBIKED
FEZEREHRAFELE. MO M, EHRMEERT MCLK, ZBTEEIZESISE RS M ESMHAISCLK .

devicel device2 device3

Sl SO SI SO SI SO
MOS| — 1> SPI —>[}——A{1+—» SPl —>»[1—A1—» SPI —>[1—

MISO <«
MCSN
MCLK

Yy

SP_DaisyChain_l.emf

Figure 37 Daisy Chain Configuration

SPITEE T aFRVINEEIRP, BE— T BUFFES, S 1SCLKE, s e MIEIBL, IfE SO
I LB, Zd/\SCLK AR, — P esHEIEERTK. TR OHEER, CSN LT
NBE" A BeESHRIAMTRR IR, EREEEET, &0 1 BHENKIEEB NG 2, TRl
PEAZDSHE, BIESRHFFBU=R8 L, IttfE, MCSNZXME RN (WE38) o

MOSI —( frame device 3 X frame device 2 X frame device 1 >—

MISO —< response device 3 X response device 2 X response device 1 >—

MCSN _| r
MSCLK J 8 clocks I_I 8 clocks I_l 8 clocks |_

SPI_DaisyChain_2.emf

Figure 38 Data Transfer in Daisy Chain Configuration
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N S < N S
Vesnirn

CS N (TH), max

"o Vesn(Th), min
TSIk (H) fscik)
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Figure 39 Timing Diagram SPI Access
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ERITIMEIZO (SPI)

10.4 SIS

Voo=3.0VE| 5.5V, Vs=6V E 18V, T,=-40°C El +150 °C
BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

Table26 Electrical Characteristics Serial Peripheral Interface (SPI)

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

Timings

Enable Lead Time (falling tesniean) [200 |- - ns |V P_10.4.0.1

CSN to rising SCLK)

Enable Lag Time (falling tesniag 200 |- - ns |V P_10.4.0.2

SCLK to rising CSN)

Transfer Delay Time (rising CSN| tcsyrp) 500 - - ns b P_10.4.0.3

to falling CSN)

Output Enable Time (falling | tsoen) - 30 100 ns |V P_10.4.0.4

CSN to SO valid) Ciiso)=50 pF

Output Disable Time (rising | tso(ps) - 30 100 |ns |V P_10.4.0.5

CSN to SO tristate) Cis0)=50 pF

Serial Clock Frequency fsewk 0 - 5 MHz |V P_10.4.0.6

Serial Clock Period tscikp) 200 - - ns |V P_10.4.0.7

Serial Clock “High” Time tscikm) 90 - - ns |V P_10.4.0.8

Serial Clock “Low” Time tscikq) 90 - - ns |V P_10.4.0.9

Data Setup Time (required tsisu) 20 - - ns Y P_10.4.0.10

Time Sl to falling SCLK)

Data Hold Time (falling SCLK |ty 20 - - ns |Y P_10.4.0.11

to SlI)

Output Data Valid Time with |5, - - 60 ns |Y P_10.4.0.12

Capacitive Load Cuso)= 50 pF

1) REISEFNIA, HIRIHEE.
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EBITIMEIEO (SPI)

10.5 SPI Y

SPI i@fiE 25 SI #0 SO X AUNE 40FT~e S| 3R uC RiIREIMI, SO L EBTS71040-4ESAFR{H
NV, BIEmAINZ s R BIRAMAFT T 2 81 uC &I Ky 6s < hio

Sl —( frame A )—( frame B )—( frame C )—
previous response to response to

SO
response frame A frame B

SPI_SI2S0.emf

Figure 40 Relationship between Sl and SO during SPI communication

SPITMMANTE uC i &Z FT— o SmTRHNE . TIESHIN SWEMR, B LUARISISTDDIAGE
WRNDIAGH, ¥ FiREFESHIMN, #ANZE FEZ BiBVfERD,
B, RGN HFSNBIESEYNT:

read register A

register A
content

S| —( write register A )—( write register B new command )—

SPI_RWseq_a.emf

Figure 41 Register content sent back to uC (a)

new command

WRNDIAG )—

SPI_RWseq_b.emf

read register A write register B

S| —( write register A )—(
S0 —( previous )—( STDDIAG
response

register A
content

SO —( previous STDDIAG )—( WRNDIAG
response

LI LX

Figure 42 Register content sent back to uC (b)

B 3MUFIRIE, A&IX[E] uC BIMIARH T e Al E IR E I :
v NMRERI—MIRHIEER (B0, BEEORREsHEE) , WE43 Fim
+  ZBTST1040-4ESAMFHIRANHE LR EMURMAE, WE 44FA7R

o Y Vi<Vsom B DCR.MUX#111 , U1E 45FTR
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EBITIMEIEO (SPI)

frame A
S| . L (new command)
(errorin transmission)
SO —( (previous response) )—( STDDIAG + TER )—

SPI_SO_TER.emf

Figure 43 SPIlresponse after an error in transmission

VDD

Vbb(po)

S| —( frame A )—( )—( )—
SO —( (80=%Z%) )—( STDDIAG )—( response frame B )—

frame B frame C

+TER +SLP

SPI_SO_POR.emf

Figure 44 SPIlresponse after coming out of Power-On reset at Vi

A

Vs

VS(TP),max

VS(TP),min

A 4

A
STDDIAG. |
VSMON

0
t
(response to STDDIAG + TER STDDIAG + TER (response to
SO (response) frame A) +VSMON +VSMON frame D)

Note: Valid if the device is out of Sleep mode.

X 1 X 1 | 0 |

SPI_SO_VSMON.emf

Figure 45 SPIlresponse in case of voltage drop on battery
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Table27 SPI Command Summary

Requested Operation

Frame sent to SPOC™ (Sl pin)

Frame received from SPOC™
(SO pin) with the next
command

Write OUT register
DCR. SWR =Xz

100xddddg
where:

“xddddg” = new OUT register content
(“xg” =don't care)

00ddddddg- STDDIAG or
0lddddddg- WRNDIAG

(Standard Diagnosis or Warning
Diagnosis will be sent
alternating)

Read OUT register

Oxxxaaaag
where:

“aaaag” =ADDR1 Y
(“xg” =don't care)

1000dddd,
(“ddddg” = OUT register content)

Read RCS register

Oxxxaaaag
where:
“aaaag” =ADDR1 Y

(“xg” =don't care)

10000dddg
(“dddg” = RCS register content)

Write Configuration
registers

1laaddddg
where:

“aag”=ADDRO ¥

“ddddg” = new register content

00ddddddg- STDDIAG
0lddddddg- WRNDIAG
(Standard Diagnosis or Warning
Diagnosis will be sent
alternating)

Read Configuration registers

Oxxxaaaag
where:
“aaaag” =ADDR1 Y

(“xg” =don't care)

1laaddddg

where:

“aag”=ADDRO ¥
“ddddg” = register content

Read Warning Diagnosis

Oxxxx001g
(“xg” =don't care)

0100ddddg- WRNDIAG
(Warning Diagnosis)

Read Standard Diagnosis

O0xxxx010g
(“xg” =don't care)

00ddddddg- STDDIAG
(Standard Diagnosis)

Read Error Diagnosis

Oxxxx011p
(“xg” =don't care)

0100ddddg- ERRDIAG
(Error Diagnosis)

1) ADDRO #11 ADDR1 1R1E 38 287 Yo

BIEFH
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10.6

SPI iZUnZ 1728

10.6.1 ZHRFFR - IREUES
Name 7 5 4 3 2 1 0
WRNDIAG X X X 0
STDDIAG X X X 0
ERRDIAG X X X 1
10.6.2 ZURFTFER - AL
Name 7 6 5 4 3 2 1 0 Default
WRNDIAG |0 1 0 0 WRNDIAG.WRNn 404
STDDIAG |0 0 STDDIAG |STDDIAG |STDDIAG |STDDIAG |STDDIAG |STDDIAG |24
.TER .Csv .LHI .SLP .SBM . VSMON
ERRDIAG |0 1 0 0 ERRDIAG.ERRnN 404
Field Bits Type |Description
STDDIAG.TER 5 r Transmission Error
0z  Previous transmission was successful (modulo 8 clocks
received)
1z (default) Previous transmission failed or first transmission
after Power-On reset or Vs< V) if STDDIAG . VSMON = 15
STDDIAG.CSV 4 r Checksum Verification®
0 (default) Checksum verification was pass or no checksum
calculated
1l Previous checksum verification was fail
STDDIAG.LHI 3 r Limp Home monitor
0z (default) “Low” level at pin LHI
1z “High” level at pin LHI
STDDIAG.SLP 2 r Sleep mode monitor
0s  Device out of Sleep mode
1l (default) Deviceisin Sleep mode
STDDIAG.SBM 1 r Switch Bypass Monitor?
O Vps<Vosse)
1, Vps™> Vpssp)
STDDIAG.VSMON |0 r Vs monitor
0s (default) Vs always > Vs since last Standard Diagnosis
readout
1z Vs<Vsuyatleast once or Vs< Vsqp)if STDDIAG. TER = 1
BIBF M 66 Rev. 1.10
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BRITIMEIEDO (sPI)
Field Bits Type |Description
WRNDIAG.WRNn |3:0 r Warning Diagnosis of Channel n
n=3to0 0z (default) No failure
1z Overcurrent, Overtemperature or delta T detected
ERRDIAG.ERRn |3:0 r Error Diagnosis of Channeln
n=3to0 0z (default) No failure
1z Channel latched OFF

B

1) &0 &5 10.8 LT B XREAITEIFHARE S

2) FFHEEBRUSTIIGHE Vos <o 5 FETRRAE 2255 FI28( DR . MUX ) HERM R BE R EFRHIBE Vos i
1T,

10.7 SPI i E&H7FE8

TRIEHT FESRNFEHIMUMNZR R,

28 BFFERER

\

H

Name SWR?Y RB ADDRO ADDR1 Content

ouT x/0? 0 (na) 0000 Output configuration

RCS 1 0 (na) 1000 Restart counter status (read-only)
SRC 1 0 (na) 1001 Slew Rate Control register (read-only)
OCR 0 1 00 0100 Overcurrent threshold configuration
RCD 1 1 00 1100 Restart counter disable

KRC 0 1 01 0101 KILIS range control

PCS 1 1 01 1101 Parallel channel and Slew Rate control
HWCR 0 1 10 0110 Hardware configuration

ICS 1 1 10 1110 Input status & checksum input

DCR X 1 11 x111 Diagnostic configuration and Swap bit

1) DCR.SWR {UfX M EIELEN. M TREUE<L, ERMFREUHIEI—I7,

2) ¥$FE5N\OUT ZF7F28DCR. SWR = X, XF FiZAMIHIDCR . SWR = 056
Table 29 Configuration Registers - Write Commands RB-0

Bit 7 6 5 4 3 2 1 0
Name |SWR 7 RB 5 4 3 2 1 0
OUT (x 1 0 0 X OUT.OUTn

Table 30 Configuration Registers - Write Commands RB-1

Bit 7 6 5 4 3 2 1 0
Name |SWR 7 RB ADDRO 3 2 1

OCR |0 1 1 0 0 OCR.OCTn

RCD 1 1 1 0 0 RCD.RCDn

KRC 0 1 1 0 1 KRC.KRCn

PCS 1 1 1 0 1 PCS.PCCn PCS.CLCS | PCS.SRCS
HUIREAR 67 Rev. 1.10
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Table 30 Configuration Registers - Write Commands RB-1

Bit 7 6 5 4 3 2 1 0
Name [SWR 7 RB ADDRO 3 2 1 0
HWCR |0 1 1 1 0 0 HWCR.COL | HWCR.RST | HWCR.CLC
Ics |1 1 1 1 0 ICS.CSRn?

DCR X 1 1 1 1 DCR.SWR |[DCR.MUX

1) &0 &5 10.8 LT A XM T BERIFAE .

Table 31 Configuration Registers - Read Commands

Bit 7 6 5 4 3 2 1 0
Name 7 6 5 4 ADDR1
ouT
RCS
SRC
OCR
RCD
KRC
PCS
HWCR
ICS
DCR

o

o|lo|lo|o|lo|lo|o|lo|o|o
< | x> [x[>x|x|x|[x[|x]|x
< | x> [x[>x|x|x|x[|x]|x
< [ x [x [>x [x|x|[x|{x|[x|x
X |m|lOo|lR|O|lR|lO|R|~|O
H R R R R R [OIO|O
~|lRr|lRr|lo|lo|lojo|o|o

~|lo|lo|rRr|—|lojlo|r—|o|o
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Table32 Configuration Registers - Responses

Bit 7 6 5 4 3 2 1 0
Name 7 6 5 4 3 Default
outT 1 0 0 X OUT.OUTn 80u
RCS 1 0 0 0 0 RCS.RCSn 80u
SRC 1 0 0 1 SRC.SRCn 90w
OCR 1 1 0 0 OCR.OCTn COx
RCD 1 1 0 0 RCD.RCDn COx
KRC 1 1 0 1 KRC.KRCn DOy
PCS 1 1 0 1 PCS.PCCn 0 DOy
HWCR 1 1 1 0 0 HWCR.COL [HWCR.SLP |0 E2n
ICS 1 1 1 0 ICS.INSTn EOn
DCR 1 1 1 1 DCR.SWR |DCR.MUX F7y
Field Bits Type |Description
RB 6 rw Register Bank

0z (default) Read/write to OUT/RCS register

1z Read/write to other registers
OUT.OUTn 3.0 rw Output Control Register of Channeln
n=3to0 0  (default) channelis OFF

1z Channelis ON
RCS.RCSn 2:0 r Restart Counter Status of Channel selected via MUX
n=2to0 000g (default) Restart counter value=0

001gRestart counter value=1

010g Restart counter value =2

011gRestart counter value = 3

100g Restart counter value = 4

101sRestart counter value = 5

110gRestart counter value = 6

111gRestart countervalue=7
SRC.SRCn 3:0 r Set Slew Rate control for Channel n (read only)
n=3to0 0z (default) Normal Slew Rate

1z Adjusted Slew Rate
OCR.OCTn 3:0 rw Set Overcurrent Level for Channeln
n=3to0 0s (default) High level of overcurrent threshold I v

1z Low level of overcurrent threshold /i oviz)
RCD.RCDn 3:0 rw Set Restart Strategy for Channel n
n=3to0 0  (default) Automatic restart mode

lg  Latch mode
KRC.KRCn 3:.0 rw Set Current Sense Ratio Range for Channel n
n=3to0 0s (default) High range of current sense ratio

1g Low range of current sense ratio
BIBF M 69 Rev. 1.10
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Field Bits Type |Description

PCS.SRCS 0 w Set Slew Rate control for Channel selected by DCR . MUX
0z (default) Normal Slew Rate
1z Adjusted Slew Rate

PCS.CLCS 1 w Clear Restart Counters and Latches for Channel selected by
DCR.MUX
0z (default) Restart counters and latches are untouched
1z Restart counters and latches are reset

PCS.PCCn 32 rw Parallel Channel Configuration

n=1to0 00; (default) Channels are operating independent

01 OUTO+OUT3 arein parallel configuration

10s OUT1+OUT2 arein parallel configuration

11z OUTO0+OUT3 and OUT1 + OUT2 are in parallel configuration
HWCR.CLC 0 w Clear Restart Counters and Latches

0z (default) Restart counters and latches are untouched

1z Restart counters and latches are reset for all channels
HWCR.RST 1 w Reset Command

0s (default) Normal operation

ls  Execute reset command

HWCR.SLP 1 r Sleep Mode

0z Deviceis awake

1z (default) DCR.MUX=111;

HWCR.COL 2 rw Input Combinatorial Logic Configuration

0z (default) Input signal OR-combined with according OUT register bit
1z Inputsignal AND-combined with according OUT register bit

ICS.CSRn 3:0 w Checksum Input Register

n=3to0 4 bit Checksum is written to this register
ICS.INSTn |[3:0 r Input Status Monitor Channeln
n=3to0 0g (default) Inputsignal is “low”

1z Inputsignalis “high”
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Field Bits Type |Description
DCR.MUX 2:0 rw Set Current Sense Multiplexer Configuration in OFF state

000g IS pin is “high impedance”

001g1S pinis “high impedance”

010g1S pinis “high impedance”

011g1S pinis “high impedance”

100g1S pinis “high impedance”

101s Current sense verification mode

110g1S pin is “high impedance”

111gSleep mode (IS pinis “high impedance”)

Set Multiplexer Configuration in ON state

000; Current sense of channel 0 is routed to IS pin

001 Current sense of channel 1 is routed to IS pin

010; Current sense of channel 2 is routed to IS pin

011z Current sense of channel 3 is routed to IS pin

100z1S pinis “high impedance”

101gCurrent sense verification mode

110s1S pin is “high impedance”

111z Sleep mode (IS pinis “high impedance”)

DCR. SWR 3 rw Switch Register

0s (default) Registers OUT, OCR, KRC, HWCR and DCR can be written
1s Registers OUT, RCD, PCS, ICS and DCR can be written

1) ERITEXT (LHISIMEMNE) , AEaZEmRN oRRN,
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BTS71040-4ESARMH— PN EIRMFERLE, BATFIRINEEFERNEINBTHEINEN. WFRE
MitFES, FREEN, XERBUFARUEEN. REMITEE— M ERENTIFEREITE.
RAFITENEEEIWR 34 FiR. SPIENELEREANICS .CSRn, 4 iR ENICSs HFFEH, %
BHEETM—RLLR, HELERALUET— 1 sTDDIAG A% BY {ii STDDIAG.CSV H HIE 52,
STDDIAG.CSV F—""STDDIAG RBFFIIEE, WIRIcs FFHREN, NRKEMLEWER, HE
{iISTDDIAG.CSV =05, WIRIEICS .CSRn Z/G# Alimp hometZI{BE NBIESTDDIAG.CSV ZHl
IRENEY, RIGFIIET M. STDDIAG.TER HIE R —FASTDDIAG. VSMON BB T 1p o 1EIX
LIERT, REERNEER.

Table33 Conventions for parity calculation

Number of ‘1’ in a column Result with EVEN-parity Result with ODD-parity
EVEN 0 1

OoDD 1 0

Table34 Checksum calculation bit matrix

Name 3 2 1 0
OCR OCT3 OCT2 OCT1 OCTO
RCD RCD3 RCD2 RCD1 RCDO
KRC KRC3 KRC2 KRC1 KRCO
SRC SRC3 SRC2 SRC1 SRCO
HWCR/PCS 0 COL PCC PCCO
Parity even odd even odd
ICS CSR3 CSR2 CSR1 CSRO

Table35 Checksum calculation bit matrix example

Name

3

2

OCR

RCD

KRC

SRC

HWCR/PCS

0
1
0
0
0

OO |R|O|(K

ol r|lo|lo|lm

[N NelNelNolNolN-)

Parity

even

odd

even

odd

ICS

BIEFH
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Table36 SPlcommand quick list

Name “read” command " “write” command ? SWR?
ouT 0xxx0000; 10dddddds X
RCS 0xxx1000g

SRC 0xxx1001s

OCR 0xxx0100s 1100dddds 0
RCD 0xxx1100s 1100dddds 1
KRC 0xxx0101; 1101dddds 0
PCS 0xxx1101g 1101dddds 1
HWCR 0xxx0110s 1110dddds 0
ICS Oxxx1110g 1110dddds 1
DCR Oxxxx111g 1111dddds X
WRNDIAG 0xxx0001z

STDDIAG 0xxx0010g

ERRDIAG Oxxx0011s

1) x=don’t care bits.
2) d=data bits.

3) DCR.SWRbit EEHFREEIRE. X Ti%XZ 7723 DCR. SWR {2 titi—Ep 5.
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*See Chapter 1 ,Potential Applications”

**See Chapter 11.2 , External Components”

Figure 46 Application Diagram
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Table37 Suggested Component values

Reference Value Purpose

Ryop 470Q Device logic protection

Rin 4.7kQ Protection of the microcontroller during overvoltage, reverse polarity
Guarantee BTS71040-4ESA output OFF during Loss of Ground

Ris proT 4.7kQ Protection resistor for overvoltage, reverse polarity and Loss of Ground
Value to be tuned with uC specification

Rsense 1.2kQ Sense resistor

Ranc 4.7kQ LC-ADC voltage spikes filtering

Resn 1.2kQ Protection of the uC during overvoltage and reverse polarity

Rscik 1.2kQ Protection of the uC during overvoltage and reverse polarity

Rso 1.2kQ Protection of the uC during overvoltage and reverse polarity

Rs 1.2kQ Protection of the uC during overvoltage and reverse polarity

Rini 4.7kQ Protection of the uC during overvoltage and reverse polarity

Canc 220 pF MC-ADC voltage spikes filtering
Atime constant (Raoc * Canc) longer than 1 s is recommended

Cvop 470 nF Digital supply voltage spikes filtering and for improved robustness against
battery voltage transients

Cus1 100 nF Battery voltage spikes filtering

Cus2 - Filtering / buffer capacitor located at VBAT connector

Cusenp 22nF Battery voltage spikes filtering

Cour 10nF For improved electromagnetic compatibility (EMC)

Renp 47Q Ground voltage spikes filtering for improved robustness against battery
voltage transients

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

Rep 47 kQ Output polarization (pull-down)

Ensure polarization of BTS71040-4ESA output to distinguish between
Open Load and Short to Vs in OFF diagnosis

RoL 1.5kQ Output polarization (pull-up)
Ensure polarization of BTS71040-4ESA output during Open Load in OFF
diagnosis

E LRI BT a2 EE £ X [ P ESH 5 V i 25 H 18 A E B IRIER KA

JHRBEE LY RS ZEIBTST1040-4ESAHYTT a5 1, AIBEE BN L/ Z1EH, UMIRETELIE
=t (BIIREEY. BUhEE) THE TSI TETRRAIE,
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1) DOES NOT INCLUDE PLASTIC OR METAL PROTRUSION OF 0.15 MAX. PER SIDE
2) DAMBAR PROTUSION SHALL BE MAXIMUM 0.1MM TOTAL IN EXCESS OF LEAD WIDTH
3) DISTANCE FROM CENERLINE EXPOSED PAD TO PACKAGE CENTERLINE

ALL DIMENSIONS ARE IN UNITS MM
THE DRAWING IS IN COMPLIANCE WITH ISO 128 & PROJECTION METHOD 1 [—E—@ ]

Figure 47 PG-TSDSO0-24 (Thin (Slim) Dual Small Outline 24 pins) Package drawing
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D copper solder mask stencil apertures

ALL DIMENSIONS ARE IN UNITS MM

Figure 48 PG-TSDSO-24 (Thin (Slim) Dual Small Outline 24 pins) Package pads and stencil
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Table 38 BTS71040-4ESA - List of changes

Revision Changes

1.10,2021-03-23 | General: Datasheet quality improved General:

updated (ReverSave™ - ReverseON) General:

updated (channel description)

Icon “PRO-SIL™ ISO 26262-ready” added to front page
Chapter 1 updated (Potential Applications updated and Product Validation added)
Harmonization of Application Diagram (Figure 1, Figure 46)
P_4.4.0.17,P_4.4.0.18 updated (Typ. value and Max. value)
P_6.4.0.10 updated (Note or Test Condition)

P_6.4.1.5 updated (Note or Test Condition)

P_6.4.1.7 removed

P_6.5.32.2 added

P_9.6.0.6 updated parameter name

P_9.6.0.17 added

Figure 28 and Figure 29 updated

Figure 33 updated

Figure 37 and Figure 38 updated

Chapter 10.4 typical value for VDD harmonized

Chapter 11 updated (figures and descriptions)

1.00,2018-10-16 | Data Sheet available
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