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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
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
10 EDD 0 External driver diagnosis enable signal
Digital signal to activate the diagnosis of an external controlled device
11 EDO 0 External driver output enable signal
Digital signal to activate the output of an external controlled device
12 IS 0] 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) BERFTERL SIS ATE PCB EIERE—E, BERFERLSIISEREERTE &, PCBELLIILITA

RES AR B Ao
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Table 3 Absolute Maximum Ratings®

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

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Supply pins
Power Supply Voltage Vs -0.3 - 28 v - P_4.1.0.1
Digital Supply Voltage Voo 03 |- 5.5 Y - P_4.1.0.29
Load Dump Voltage Veat(Lp) - - 35 \ suppressed P_4.1.0.3
Load Dump
acc. to
ISO16750-2
(2010).
Ri: 20
Supply Voltage for Short Circuit| Vgar(sc) 0 - 24 \% Setupacc.to |[P_4.1.0.25
Protection AEC-Q100-012
Reverse Polarity Voltage Veatrey) - - 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 Ipp(rev) -10 - 30 mA  |[t<2min 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 Iy -1 - 2 mA |2 P_4.1.0.14
Current through DI Pin IoiRev) -1 - 10 mA |? P_4.1.0.36
Reverse Battery Condition t<2min

Logic & control pins (Digital Output = DO)
DO =S0O, EDO, EDD

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

R 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 Vesppam) | -2 - 2 kV HBM? P_4.1.0.21

(HBM)

ESD Susceptibility OUTn vs Vespmem)_out| 4 - 4 kv HBM? P_4.1.0.22

GND and VS connected (HBM)

ESD Susceptibility all Pins Vespcowy ~ |-500 |- 500 v CDM? P_4.1.0.23

(CDM)

ESD Susceptibility Corner Pins | Vespcpm) cry|-750 |- 750 % CDM? P_4.1.0.24

(pins 1, 12,13, 24)

1) ZF&NE - \RigiRIt.

2) RAAVFHIV, BT Latch-Up Mk 5.5V,

3) BREEIERESD, AKIEEI“HBM”, FRFRAEC Q100-0021F
4) BREBINEBESD, FEEBIREI“CDM”, $RERAEC Q100-0114FE,

*

1. EIUR )L, 77 ATGE S XT 25 (IR MR E o (KT B R ETE LN RATE 7 FAIGES
bk T

2. BERHIRFPIIEES TERILL IC TEEHEF T BES 1 TR ARG RRIANE L TIEETIEE
B> RIFTIEETES T IELEE B HIIRIETTIR 1T H
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4.2.1  ITHEELR -22.5 mOiFEE

Table4  Absolute Maximum Ratings - 22.5 mQ channels?

T,=-40°C E +150 °C; FTEBEH UM AESE, ERRANIE (FESENE)

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) TBF&R - RIER T

R 10 Rev. 1.10
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Table 5 Functional Range - Supply Voltages and Temperature®

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

Power Supply Voltage Vsinor) |6 135 |18 v - P_4.3.0.1

Range for Normal Operation

Lower Extended Power Vsxiom|31 |- 6 Vv 23) P_4.3.0.2

Supply Voltage Range for (parameter

Operation deviations possible)

Upper Extended Power Vsexrue) |18 - 28 |V 3 P_4.3.0.3

Supply Voltage Range for (parameter

Operation deviations possible)

Digital Supply Voltage Vopior) | 3:0 - 55 |V - P_4.3.04

Range

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

1) TF&Mi - IRIB% It
2) WMRBE VoL Voeriommn=3-1Vo FIREBE VBN Vexrowmn =41 Vo
3) RIFTHEEI 1%,

G TELIEEEIR, IC IR B FEERET. B IEEEE SIFIERF 0I5 F T#5
E Yo

4.4 praszl

2 U F B NRYE JEDEC JESDS] Fr/EE /Y. X THEEZ 15, 15/8]
www.jedec.org.

Table 6 Thermal Resistance®

Parameter Symbol Values Unit |Noteor Number
Min. |[Typ. |Max. Test Condition
Thermal Characterization  |¥ ;op - 0.9 15 Kw |2 P_4.4.0.17
Parameter Junction-Top
Thermal Riyc - 0.5 0.9 Kw | P_4.4.0.18
Resistance simulated
Junction-to-Case at exposed
pad
Thermal Ry a - 265 |- Kw |2 P_4.4.0.10
Resistance
Junction to
Ambient

1) T - iRIEg T,

2) #R#E Jedec JESD51-2,-5,-7, TEESANAAIFRA252p R E; =&t (BH + %) H#EAB 2 MRHEE 2x70
um Cu. 2x35um Cu) BY76.2x114.3x 1.5 mm iR _E#HITIEM,. EEANBERT, BRENBEE TS
IS FLIESI S E— P AAEEM. BINRTE Ta=105°C. Posseanon = 1 W S F#HITH,

R 11 Rev. 1.10
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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_1s0p.emf

Figure5 1sOp PCB Cross Section

70 um modeled (traces)

35 um, 90% metalization*

*

1,5 mm

35 um, 90% metalization

>

70 um, 5% metalization™

*: means percentual Cu metalization on each layer

PCB_zth_2s2p.emf

Figure6 2s2p PCB Cross Section

=

JEDEC 150p / footprint
JEDEC 252p

JEDEC 1s0p / 600mm?

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

PCB sim setup TSDS0O24.emf

Figure7 PCB setup for thermal simulations

Solder Pads and Vias

PCB_2s2p_vias_TSDS024.emf

Figure8 Thermalvias on PCB for 2s2p PCB setup

R 12 Rev. 1.10
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5.3 BSIFIEZES|

Voo=3.0VES55V,Vs=6V ZE 18V, T,=-40°C & +150 °C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C
=4I\ (D) 5B = IN

Table7 Electrical Characteristics: Logic Pins - General

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Digital Input Voltage Vi) 0.8 13 2 % See Figure1land|P_5.4.0.1
Threshold Figure 12
Digital Input Clamping Vocamey |- 7 - v b P_5.4.0.2
Voltage Im=1mA
See Figure 11 and
Figure 12
Digital Input Clamping VoicLampa) | 6-5 7.5 8.5 % Io=2 mA P_5.4.0.3
Voltage See Figure 11 and
Figure 12
Digital Input Hysteresis Vouvs) - 025 |- Vv 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”) |/ 2 10 25 HA Voi=0.8V P_5.4.0.6
See Figure 11 and
Figure 12

1) TPl - RiIERIT.

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 Vesneh) 0.8 13 2 \ - P_5.5.0.1
Voltage Threshold
of Pin CSN
Digital Input Voltage Vserk(h) 0.8 13 2 Vv Y P_5.5.0.2
Threshold of Pin SCLK
Digital Input Voltage Vsiith) 0.8 13 2 v - P_5.5.0.3
Threshold of Pin SI
Digital Input Clamping Vesneampy |- 7 - Vv 2 P_5.5.0.4
Voltage of Pin CSN lesn=1mA
Digital Input Clamping Vesniciampy) |65 7.5 8.5 \Y lesn=2mA P_5.5.0.5
Voltage of Pin CSN

R 17 Rev. 1.10
2021-03-23
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Table 8 Electrical Characteristics: Logic Pins - Advanced (continued)
Parameter Symbol Values Unit |Note or Number
Min. Typ. Max. Test Condition
Digital Input Clamping Vsewxicamey | - 7 - v 2 P_5.5.0.6
Voltage of Pin SCLK Iscck =1 mA
Digital Input Clamping VscikicLampz) | 6-5 75 8.5 \Y Isclk =2 MA P_5.5.0.7
Voltage of Pin SCLK
Digital Input Clamping Vocamry |- 7 - v 2 P_5.5.0.8
Voltage of Pin SI Isi=1mA
Digital Input Clamping VsicLampz)  |6-5 7.5 8.5 \% Isi=2 mA P_5.5.0.9
Voltage of Pin SI
Digital Input Hysteresis of | Vesyuys) |- 0.25 - v 2 P_5.5.0.11
Pin CSN See Figure 12
Digital InputHysteresisof Ve wpys) |- 0.25 - v o2 P_5.5.0.13
Pin SCLK See Figure 12
Digital Input Hysteresis of | Vg, ys) - 0.25 - \Y 2 P_5.5.0.15
Pin SI See Figure 12
Digital Input Current “lesn) 2 10 25 MA  [Vesn=0.5V P_5.5.0.10
(“low”) of Pin CSN
Digital Input Current s 2 10 25 LA | Vesn=2.6V P_5.5.0.12
(“high”) of Pin CSN
Digital Input Current Iscik) 2 10 25 MA | Vsak=0.5V P_5.5.0.14
(“low”) of Pin SCLK
Digital Input Current IscLkm 2 10 25 VA |[Vsak=2.6V P_5.5.0.16
(“high”) of Pin SCLK
Digital Input Current lsi 2 10 25 MA | Vs=0.5V P_5.5.0.18
(“low”) of Pin Sl
Digital Input Current Isih) 2 10 25 MA  [V5=2.6V P_5.5.0.20
(“high”) of Pin SI
Digital Output Voltage Vsow 0 - 0.5 \% Iso=-0.5mA P_5.5.0.22
(“low”) of Pin SO
Digital Output Voltage Vsom) Voo - - Voo v Iso=0.5mA P_5.5.0.23
(“high”) of Pin SO 0.5V
Output Tristate Leakage Iso(oFF) -1 - 1 HA | Vesn=Vpp P_5.5.0.24
Current of Pin SO Vso=0Vor
Vesn= Voo
Vso=Vop
LHI pin
Digital Input Voltage Viih) 14 1.9 2.6 v - P_5.5.0.25
Threshold of Pin LHI
Digital Input Clamping Vimeawey |- 7 - Vv 2 P_5.5.0.27
Voltage of Pin LHI lim=1mA
Digital Input Vi hiccLame) 6.5 7.5 8.5 v lw=2mA P_5.5.0.28
Clamping Voltage of
Pin LHI
18 Rev. 1.10
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Table 8 Electrical Characteristics: Logic Pins - Advanced (continued)

Parameter Symbol Values Unit |Noteor Number

Min. Typ. |Max. Test

Condition

Digital Input Hysteresis of |V, s - 0.25 - v o2 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 Lwi 10 24 45 PA  |Viw=0.8V P_5.5.0.32
(“low”) of Pin LHI Vop=0V
External Driver Pins
Digital Output Voltage Veporw) 0 - 0.5 \% leoo=-0.2mA  |P_5.5.0.33
(“low”) of Pin EDO
Digital Output Voltage Vepon) Voo~ - Voo \% lepo=0.2 MA P_5.5.0.34
(“high”) of Pin EDO 0.5V
Digital Output Voltage Vepog) 0 - 0.5 \ leop=-0.2mA  |P_5.5.0.36
(“low”) of Pin EDD
Digital Output Voltage VeppH) Voo~ - Voo \ lepp=0.2 mA P_5.5.0.37
(“high”) of Pin EDD 0.5V

1) XTnEEMisto
2) TN - RIS,

R 19 Rev. 1.10
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BTS71040-4ESE B MNEEIREE A
o DhEMEBEBE (k)

o EFHEEEBE (Vo)

Vs BEIRGERREI Bt H R TINRRAIIXENEBER, M Voo BT SPI ZEMIKENSOS M, Vs M Voo FBIREE
EEEXRBEQNER, AIMIEENEBERTRERERBEERIEE, FARR:

v REVoBIRSFLESPIEM. SPIEFRIFIENFMINE
v VIR ENREZXFFEREE, BMEERITRATEEN. —B V2 Vsor , BEMZHER

T

SR s BEHBR B i

WRATERERERXT, Vo EHIBESHE, SE Vs < Vo, NWRRKXRE
fAsPImE (BEHETN6.2MET10.5 THREZFEER) . &9 BR TIRERRER Vs F Vo, BBIREBE
T RYBEIT AR,

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

SPI communication not
available (fscik = 0 MHz)

SPI communication
available? (fsck =5 MHz)

Limp Home mode not available

Limp Home mode not available

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

Channels are OFF

Channels are OFF

SPI registers reset

SPI registers available

SPI communication not
available (fscik = 0 MHz)

SPI communication
available (fsc.k =5 MHz)

Limp Home mode available
(channels are OFF)

Limp Home mode available
(channels are OFF)

Vs> Vsuvy3)

Channels cannot be controlled by SPI

Channels can be controlled by SPI

SPIregisters reset

SPI registers available

SPI communication not
available (fsc.k = 0 MHz)

SPI communication
available (fsc.k =5 MHz)

Limp Home mode available

Limp Home mode available

1) ERIINBELEAEER.
2) AR, A RMIL STDDIAG,

3) VSR LR ELXHEREE, BE ET 6.2
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BEERIRTU
TEEIIRT
FHFIIRTC
HEERT
BATIRT
BATRUERT

BRI Z BRARIRIE A TR EHE |

#F IR (Voo)

INn5 |12 %8

LHI5 | B2 %8

& R%2} SR E AR (DCR. MUX)
i FFE3R7S (ouT . oUTn)
REHFFHRRE

E 14 ER T ESRMAVASE o BTS71040-4ESE 1THMUN—ESHSIRIESRAIIRFENMAZ, Lt
5, BATFRIERNER SN HEEE, FItATUERERRFR T —ET,

B RN SEIHIABTS71040-4ESERY SR IERER ;

T B E RS

SPI HFERE

SPIETURES

Vs 5| EREFERR (EEREX TEIANE, HMAE TERL TR 0ollE) -
VDD 5 |BEFERTR (oo )

R 10 B 7B MREER, Vs Voo (EEEBE, MR TREZENIIE (BB, sSPIBEMSPIFE
2] o
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iR
LHI = "high"
. Power-up
Unsupplied
Y
DCR.MUX = 111, or SPI_Reset N » LHI = "low"
Ll -
Stand-by |, Sleep
b DCR.MUX # 111 LHI = "high"
X : : FTr o1 a =hg
| |
OUT.OUTn - 1, | | l |
or INn="high" | I
| [ |
INR = "low" & — — INn="low" orINn="low" & SPI_Reset __ __ | I | | our.oun = 0,0r A r
OUT.OUTn = 0 | | | SPI_Reset .
: : o mzthgw 1 Limp Home
y | ¥ our.outa - 1.1 | LS A
|
DCR.MUX_# 111, or INn="high" |
g — === < —— — —d Read LHI = "high” ]
H DCR.MUX = 111, &INn="low" | REAUYy r—=—=—=—= ===
Actlve _______ L 2NN E_0W y INn = "low"
LHI ="high" & INn = "low"
INn = "high"
A | A
LHI = "high" & INn = "high" » Li
> Limp Home
LHI ="low" & INn = "high" A H
ctive
Note: SP! 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 performed if Vpp < Vpp(pc) or HWCR.RST = 1,
Dashed lines indicate transitions 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 | Vg= Vg Vsrp) < Vs = Viuy) Vs> Vyy)
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
,I&IcTi\eeHome SPI registers | protected” reset reset
(Diagnosis available)? | (Diagnosis available)®
SPIcomm. |all read-only? read-only”
commands
rejected??

1) yﬂ% VDD> VDD(po)E:UJUZ:E_[ﬂa ﬁ%gﬁio
2) WIRFIBWASIEIZE AR, SPIBERRIEE.
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EXMIRET, SSELRLERE (vs SIAA voD S| ERIEMEE) , BEAHBBEEYRFHARHR
[E=HE,

6.1.2 il

LUHEHP—PERBE (Vs 3K Voo ) FEINEIZSME LR, HALBERG, RIERY LA, BFIE(S
FRIEHE Vsor) F0 Voopo) , HItRELEBESE N, MEEEAT(E] twupo) f& > BT LAIAIR] SPI O,

6.1.3 BEIEAR T

LRSS IB#I(IN, LHI) IREANREF”, HEDCR.MUXIEE N111s, oA TFEERIED, &
BTS71040-4ESETEEEIRIE T, PRE LR Z X AR MR Voo

> Voopo), SPIBT 725 FIRIE, JHIEBARER/) (BRE hsswr ) o HesFAOTFEEERERINN, B IDRNT
AR HLE, IV-?IVSGVS(UV) ARz Vs5 Vse) A ER R A, BNfE Vs < Vsrry, X AR F e H TRz,

6.1.4 FNER

% DCR. MUX # 111:HBXRIKEHFTHEEMNSGS (GBI sPizi@d MmN i) , SEATFEFEVER. Fr
BEEYXHA, BAMEBFEERNELE, Rt EEREREN. AFIIHA—1MHZ ML eGSR
BSHNIT, FESREHENEER. I LU#ITSPIE .

6.1.5 HEFERX
TESEERXT, — M ZIMEEFEGSRAREE (BiISPIEEIHNSIM, NERHEWCR.COL =15 ).
REIt, BFDCR.MUX=111;, FIERMHEXT, BHEEHX LA HE UERSSMH BRI FFT
FiEiE,
P HFDCR. MUX=111,,0UT & 7725 WV TH, 0/ T 2E FRIGE AN Tzt

HWCR. COL =15,

6.1.6 JERNIET

HEBTEAZHEMR— MRS MaHFTAR, BTST1040-4ESETEERI TIFIRER. i HFERRAS
%&IGNDACTIVE?EI/:EO Voo 1ﬂ:%%J__tElJA}_&\ﬁ:fﬁ%gﬁ:l&)\EEEE*ETEHU)\'U(/U, Fﬁﬁ&ﬁu)\glﬂfﬂgﬁ'l&%jj
“IREBTFE",

6.1.7 BITIRI

Y LHI SIIEGMIAEHIFE t> tiino B, BIEHNBITIER, SPIFERSEMNRKINE. WE2
i ( sTDDIAG.LHI )FHVMEMNAIKEMN 1. HPIFEEREIT— sToDIAG B &1 B 15 17T
REZEE, SPI 17850 BT i5EY/iAi8), ERRDIAG. STDDIAG. WRNDIAG 1 ICS A] B FERITIE T
BYIZ B,

LUBHFATFHREHFRP (Vs < Vsar ) B LHI SIHIE(I NS, STDDIAG.LHI (iREN, ESHFR=E
HEREERNNBEITIER . ILIPsTDDIAG. VSMON FISTDDIAG. TER 14§ B LIRS B MBRSRIF
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t
LHI 4 t<tining)
pin
t
STDDIAG 4
.LHT
>
Read STDDIAG % Read STDDIAG Read STDDIAG t
SPI 4 tLH\(AC) | EtLH“M]E | EtLH\(AC)El
comm. | available read-only available all command rejected |
1
registers | available rest available protected |
L =
I »
Note: Device out o fSleep mode when SPIcomm. ,availab le* ) ) t
Power Supply_LimpHomeActive.emf

Figure 15 Limp Home Activation as function of Vs

6.1.8 BITEGEIRT

HEHFLTRTRABEE IN SIHEM SN, EANBITENRI. I
EH. BT SPIFFRLESN, RILLERERNARTA.

IR 24

A LERMISERPEBEE

Rev. 1.10
2021-03-23



BTS -4ESE e
bt (Infineon

ERIR

6.1.9 E X R Bz A ia)
HBTS71040-4ESE F AR NS BRI TIRIUAY, 1818 SBAY B S tonE Xo BTST1040-4ESEEEIER
TN E#E N ERFRFNE(EER 2 —FrERT BT E] (0B 16FA7R) o

tuumcy
- twu[PO}
Unsupplied
tTRANSzSLP oy P tLH\EAC)+ Creansasie
Stand-by |, Sleep
tTRAstSTBv | A | A tLHl(Ac)"‘ tTRANS2STBY
ton [ B B !
e _totlmmessy 1 1§ B :
tore [ F ot IS S Limp Home
+ o O
R oret lmanvsaste boal &l 7 7'y
X L |
on+ brransastey t t
—--—--- ot T T Ready | —-2olmmeme_
H off T_LTRANS25LP
Active [——————F-"EEE———— > toat N -
OFF LHI(AC) S| 45
B ¢ \ 4
LHI(AC) H
: Limp Home
LHI(AC) > 1
> Active
Note: Dashed lines indicate transition timings between modes which should not be used for normal operation.
PowerSupply_OpModes_Timings.emf

Figure 16 Transition Time diagram

6.2 Vs R [E

TE Vsior) M Vov) Z18] , RIENGIHR AR, NRBOTIE (OEMRNHBATEE) HEHEBER
FRIERE Vs > MASZEGXARLBE, HRHLFHIER. SR RITEH,
STDDIAG.VSMON B HBIFEEEH, SKEMNERRA T AERMEMIRSE, BAEE t =
trranszsteyBVZEIR, EE STDDIAG.VSMON 28 &M HY,

—BHBBE Vs BT IERE Vsor » BNENSIHEM NS HEES ouT FFasPIMIENA 1s ,
BHEBFRFAB. ERLEIRETE toeavwy, URIPEGREREGFSBRERY (IRIBAEC -Q100-012) ,

W B 17 Firo
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Vsiuv)
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LDELAY(UY)

N /

Vour

A J

STDDIAG.
VSMON

| t'

Read STDDIAG %+ Read STDDIAG ¥

STDDIAG.
TER

Read STDDIAG < Read STDDIAG 4+ t
Operation

Mode || Stand-by Active Sleep Ready Active |
1 1 1 .
1 | I L

t
Power Supply_UVRVS.emf

Figure 17 Vsundervoltage behavior

6.3 ERFH
UT &Gz ISP EREMNERIAE:
v Voo NFESUR T RIEEEVooeo)
- SPIFFSRRBHEMNEHRINME (EEMENE—@ITA,
STDDIAG.TER FEE 1),
- MR V:AAH LHIAE, NERIHISEERRE L
o LHISIFTE t> tiweg B Vs> Vspn BRIBI B U NS
- BREFEREMENEIAME. ERRDIAG HIWRNDIAG BREE,
- ERITHESEEREL
+ E1If< (HWCR.RST = 1) #MBITEV: > Vs
- MREFESREWEENERINME, ERRDIAG. WRNDIAGAH] STDDIAG FARE{,
- BERITHSBAREL
MREEAEMFGERERANS I HEEC N RBE, NG BREEHREXH.,
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Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150 °C

HAYE: Vpp=5.0V, Vs=13.5V,

TJ: 25°C

MRS 2 BRI A BER T it (FRIEFIMAER):

22.5mQ:R=4.80Q

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=1g

From Vps<0.5V to

Vos=Vs

See Figure 17
Power Supply Minimum Vsory |2:0 3.0 4.1 \Y Vsincreasing P_6.4.0.3
Operating Voltage IN = “high”or

OUT.OUTn =1

From Vps= Vsto

Vbs< 0.5V

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

DCR.MUX #111g

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

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

Vs= 0V

See Figure 17
Breakdown Voltage between | -Vggg, |16 - 30 v b P_6.4.0.9
GND and VS Pins in Reverse lonp(rey) = 14 MA
Battery T,=150°C
1) i - RIERIT.

27 Rev. 1.10
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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 fsck=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 =15
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 - v Y 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 | twurpo) - 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) &R - RiIEigit.
2) IR EEF NRMEHAL, HOEEFEZEMN,
28 Rev. 1.10
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Voo=3.0VES55V,Vs=6V ZE 18V, T,=-40°C & +150 °C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 AR A EER TR, (FRIEZIMRER):

22.5mQ:R=4.80Q

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

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

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

Vesn=0V

CL(so) =50 pF

DCR.MUX # 111
Digital Supply Current Ioo(sieer) |~ 17 50 MA | fsck=0MHz P_6.5.32.3
Consumption in Sleep Mode Vs> Vsuy

Vesn=Vop=5V

DCR.MUX =111
Digital Supply Current Iop(sieep) | = 17 35 HA fseik=0 MHz P_6.5.32.12
Consumption in Sleep Mode Vs> Vsuy

Vesn=Vop=5V

DCR.MUX=111;

T,=85°C
Power Supply Current lys(sLeer) 85| - 0.05 (0.4 uA | P_6.5.32.4
Consumption in Sleep Mode Vs=18V
with Loads at T, <85 °C Vour=0V

INX = “low”

T,=85°C
Power Supply Current Iys(sLeep) 15|~ 2 100 HA Vs=18V P_6.5.32.5
Consumption in Sleep Mode |© Vour=0V
with Loads at T, =150 °C INXx = “low”

T,=150°C
Operating Currentin Active | Ig\pacTive) 5 7 mA |Vs=18V P_6.5.32.6
Mode (all Channels ON) Vop=5V

INx = “high” or

OUT.OUTn =1;

29 Rev. 1.10
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Table 13 Electrical Characteristics: Power Supply BTS71040-4ESE (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) SEME#EZ: 0101010101010101F0 1010101010101010
2) EFELIEFNE - BI&IHERE

3) U Vo< Voppeop LHI = “low” FEERERFITEER > 0, lowp(sray) e 25 fSo
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SIBEEPE Roson) FEBURTLERT, o 18 BREAN T, SEERN Roson FIZ K. y I ERVE2"XNF
1£ 7,=150 °C B NS R K Rbs(on) o

Rps(on) variation over T,
2.20

i || Referencevalue: |
2.00 t 1 I I "2" = Rpsonmax @ 150 °C 9( )
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0.40
0.20 | 1 1 | | | emmmmTypical
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Figure 18 Rps(on Variation factor
RERMEITAEREL % 8.4.1 5,

7.2 IXEhth #
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Figure 19 Switching a Resistive Load

7.22  RzhBMERE

HEEBARXARM AT, BE Voor IBEEMEBAILUT, ENBRSMEIRTIER. 7T LS4
R EMmias, RETBEHUNG, USRI GmHBE, 6 Vos = Vos cavp) o B 20 ERT (L
M E, HAULEWEET 6.157HIFEIRIERT T RIPE8T.

Vs —
High-side
Channel

-
L
Vs Vbs
’ZS’ VsisicLamp) Vos(cLamp)
p— l‘-
Is —
— v I
Mn—
VsicLamp) OUTn T
SZ’ VouTtn
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[ Roeuse |
1
p
i
I
;UI"—
E

1 Row |

PowerStage_Clamp_INTDIO.emf

Figure 20 Output Clamp concept
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R RS IED, BEETE BTST1040-4ESE 3588, BEEITEARIT (7.1):

Vg-V R, -1
S~ VDS(CLAMP) ln(l L L J+ILj|' L 7.1)

E = VpscLame) [ - o
( ) Ry Vs = VpscLampy Ry

RAREE, UIMRATERRIRAER, RETHMILITIRE.

7.2.3 %A1 tH BB & PR W1

ATIREBERRERE, TERE Vos BE. SMLBER R, MEERKIZERY (@Y DCR.MUX it
Rl - 20 21) F Vos FTRT VossofT, Hith DMOS BRI, XRIE ML SEEE,
HERMEARH BRI N, Vos = Vossig o Vos IBINEERRAC IR AESS E AR T (E, MM7EimL(RE
ASEEARR HELFRY kus FEE.
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A 4
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CcS
DCR.MUX 110 I 000 110

g
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S AN >

t
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Vs j
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t

PowerStage_GBR_diag.emf

Figure 21 Output Voltage Limitation activation during diagnosis
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SITABREAEN, BESFESRAER. BABRTERE. ESR. REENMRENRAIFIE,
AT IRENHIXTNEES), BTS71040-4ESE Rt 7 RIZITHITHAE, HFZAISRC. sRcn NESIRY, 16
Ro@ERR Y (I ETH7.4.1)
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FEZEmpBEEREEAMmXF. NRBEELT ON RE, MWATLFAER Ros v BHIHEPRINRIERS
Ros on) FHYIE & IE1THE Ho

EFERBEREZET, RBlw<ln, BEMSFRFFBIXFRS.

M InverseON, RE/w <, FLEIAEE R ERF AT HEE (20 B 23),

Gate I_
Driver I‘_}
|_ Vinv = Vour> Vs

Device INV i
Logic Comp. ouT I —

GND
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Figure 22 Inverse Current Circuitry
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Figure 23 InverseON - Channel behavior in case of applied Inverse Current

b LB B i bIE], BRI T RS I E22 Y.
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HHEZMBEERSNRE N AR, KERERN, mMBERREHIIAERTS XF, XTMEMEXHA
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HEANGEER, SERES wowtBIN—F. BIRERHKEI R ETPCB LR FBIRE
BREBFRRTERR EERTE i,

7.3.3 H I ENERREEFEYE

ENRECE P BTS71040-4ESERE= AT XY (ALt SEBF KBS, WNE24FFR) , KIOFXIE
MEEEHRARIZESNITET| dVour/ dtle TN, HEAOFXEEE, MHATEIEZMEEXTH
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Figure 24 High-Side switch used in Bridge configuration
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ThE KBS Y
Voo=3.0VES55V,Vs=6V E 18V, T)=-40 °C & +150°C
HAME: Vop=5.0V, Vs=13.5V, T,=25°C

M2 AR A EER TR, (FRIEZIMRER):
22.5mQ:R=4.80Q

7.4

Table 14 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 20
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 20
1) MK 7,=150°Co
7.41  DhERFEBSKE - spoc™
Table 15 Electrical Characteristics: Power Stages - SPOC™
Parameter Symbol Values Unit | Note or Number
Timings
Switch-ON Delay ton(ELAY) 10 30 60 us Vs=13.5V P_7.421
VOUT =10% Vs
PCS.PCCn=0s
Switch-ON Delay tonpeLay | 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 ys Vs=13.5V P_7.422
VOUT =90% Vs
Switch-ON Time ton 20 55 100 us Vs=13.5V P_7.4.23
Vour =90% Vs
SRC.SRCn =03
PCS.PCCn=0;s
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;s
R 37 Rev. 1.10

2021-03-23



s _4ES oy
DTS T IO 0-qESE (Infineon

hERLE

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)ors)/ 2).
2) Tk - iR,
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IHERE
7.5 S - ThERRBHER

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

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

M SR 2 AR A EERE R i (FRIEZIMRER):

22.5mQ:R=4.8Q

751  DOFEEHE -22.5mQ
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 Roson.2s |- 225 |- mQ |V P_7.5.16.1
T,=25°C T,=25°C
ON-State Resistance at Rosion) 150 |~ - 38 mQ |7,=150°C P_7.5.16.2
T,=150 °C
ON-State Resistance in Rosion)_crank |~ - 44 mQ |T7,=150°C P_7.5.16.3
Cranking Vs=3.1V
ON-State Resistance in Rosini.2s |- 25 |- mQ |V P_7.5.16.4
Inverse Current at T,=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,= T,=150°C
150°C I.= -l nowm)
ON-State Resistance in Rosrev) 25 |- 45 - mQ | P_7.5.16.6
Reverse Polarity at T,= T,=25°C

Vs=-13.5V

I, =1 (vowm)

RSENSE: 1.2 kQ
ON-State Resistance in Roswev. 150 |- - 70 mQ |V P_7.5.16.7
Reverse Polarity at T,=150°C
T,=150°C Vs=-135V

I.= -1 (nowm)

RSENSE: 1.2 kQ
Nominal Load Current per |/, yom) - 3 - A b P_7.5.16.8
Channel (all Channels Ta=85°C
Active) T,=150°C
Output Leakage Currentat |/ o) g5 - 0.03 0.15 pA b P_7.5.16.9
T,<85°C Vour=0V

Vin = “low” and

OUT.OUTn = 0g

Ta<85°C
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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) TPl - RiIERIT.
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Figure 25 Overtemperature Protection (Absolute)
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Figure 26 Overtemperature Protection (Dynamic)
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BTS71040-4ESE 713 RSk AT B E BT R BIRIF. EX TR N REE (B 27), HiRIEIHZEDMOS
FRIRBYERE Vos B ThIESE
¢l ovgwhen Vps<13V

U /L(OVLl) when Vps>22V

k5, PILUET IZ B OCR . OCTn KPR AR ENE,

= . AN o
Overload threshold variation ("1" =l gy, o @ Vps =5 V)
11
lovio) OCR.OCTn =0
1= —— | === OCROCTN=1
0.9
0.8
0.7 1 t 1
. . | ‘ [ oy
0 | | | —_———
0.5 o e e e e e e e e e
0.4
03
0.2
0.1
0 t }
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Drain Source Voltage (V)

Figure 27 Overload current thresholds
iz how (lowgFhowy) BY, BEXF, BERURESE 8.3.1 EFFHRNE R RIEEH B,

8.3 RERIRN RIS TS
EEfAFRIPNEINSES (ERIEE) B=E3MTH:
v ZEMAGEEXE, WNERITERESEIE

v RRIMBENRRRFISENEES

+  HEMAIWRNDIAG.WRNn W E U E L H W FEIIEL,
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EA#” (RCD.RCDn B ZE0:)o
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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 BERER
% INx Z{ouT.ouTn BUN“E”, HNIEETF. ERERHET, MHEAEXF, BERBERERF
MEIRNER"E&ENAAEER (WWFR 17 ) WRNDIAG.WRNn LN AUTHAEIE L, LUNIFHRIEESH
‘;%Elzﬁ#E.WRNDIAG %&qkﬁg; )UUWRNDMG?&;%B/%, B/%E”Eh:tﬁ nRESTARTCR Elﬁﬁ"ﬂi’lﬂ(:u; Ali/}ilf,

fWRNDIAG.WRNn BRE(L, MNRAFEENER, AJLUBETISERCD.RCDn A 15 REAE(
ZRCD.RCDn BN 18, BERITHRIERE (L, JBEXFBFIKSE, 1HNAYERRDIAG. ERRn
U B, BEIIKE SPI {iHWCR.CLC XEMREFUESRNITHRBE 1. - MRBASIBAF
OUT.OUTn &N 1s , BETEEIHWCR.CLC E1 MG TH. NARIEXAZGEE
TOERIPEIRETIE], NARHRESFF> e BREMBohEE

BRI E 28FR o
IN/ ase —
OUT.OUTn I
t
Short circuit T === —_—
to ground | I
t
I 1 1 > toeTry
hiow) A
LJL L] . JL [ .
0 1] t
A . L
|
L:::;::r | 0 | 1 | 2 | 3 ‘ 4 | 5 | 6 | AResTarT(cR) + 1 1 | 2 | . | PrestarT(cR) + 1 1 0 ‘
»
t
‘ K K
WRNDIAG.WRNn | 0 | 1 Ul 1 1 1 0 ‘
y Read WRNDIAG 4 0 0 t
[
RCS.RCSn | 0 | 1 | 2 | 3 l 4 | 5 | 6 | 7 1 | 2 || 7 1 0 ‘
HWCR.CLC = 1,4 RCD.RCDn = 1,4 HWCR.CLC = 1,4« t
1 Note: Maximum peak current depending onsystem impedance Protection_Restart.emf
Figure 28 Restart Strategy timing diagram
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Figure 29 Restart Strategy timing diagram in Limp Home
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8.6 RIFESIE

2%

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

HAYE: Vpp=5.0V, Vs=13.5V,

TJ: 25°C

M2 AR A EER TR, (FRIEZIMRER):

22.5mQ:R=4.80Q

Table 18 Electrical Characteristics: Protection - General

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

Thermal Shutdown Tyass) |150 |175  |200 |°c |™ P_8.6.0.1
Temperature (Absolute) See Figure 25
Thermal Shutdown Thvsass) |- 30 - K 3 P_8.6.0.2
Hysteresis (Absolute) See Figure 25
Thermal Shutdown Tiow |- 80 - K 3 P_8.6.0.3
Temperature (Dynamic) See Figure 26
Power Supply Clamping VsicLamp) - | 33 36.5 42 % lis=5mA P_8.6.0.6
Voltage at T,=-40 °C 40 T,=-40°C

See Figure 20
Power Supply Clamping Vs(cLamp) 2|35 38 44 Y 2 P_8.6.0.7
Voltage at 7,225 °C 5 ls=5mA

T,225°C

See Figure 20
Power Supply Voltage Vsis) 205 (225 |245 |V 3 P_8.6.0.8
Threshold for Overcurrent Setup acc. to AEC-
Threshold Reduction in case Q100-012
of Short Circuit
1) 1XThaeli.
2) N1E T,=150°C B,
3) TFEMi - RIBIZIT,
8.6.1 {RIFHESKMESE - spoc™
Table19 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 | Npesrarticr) |~ 6 - - b P_8.6.2.2
of Fault after a Counter
Reset
1) &N - \RIERIt.
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8.7 RIFBSFFUSH - ThR@MHE
Voo=3.0VES55V,Vs=6V ZE 18V, T,=-40°C & +150 °C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 AR A EER TR, (FRIEZIMRER):
22.5mQ:R=4.80Q

8.71  RIFTHEHHL - 22.5 mQ
Table 20 Electrical Characteristics: Protection - 22.5 mQ
Parameter Symbol Values Unit | Note or Number
Overload Detection Current |/ oy 44 48 53 A b P_8.7.16.3
High Level OCR.OCTn= 0

T,=-40°Cto 50°C

d//dt=0.2 A/us
Overload Detection Current |/, gy 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= 1g

d//dt=0.2 A/us
Overload Detection Current |/ oy 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 ILovLy - 29 - A 2 P_8.7.16.5
Current at High Vps dl/dt=0.2 A/us
Overload Detection Current |/ oy 45 |- 29 - A 2 P_8.7.16.7
Jump Start Condition OCR.OCTn= 0g

Vs> Vsyg)

d//dt=0.2 A/us
1) MiRRE T,=-40°Co
2) Tl - BRI\,
3) /|_(ov|_3) Eﬁ :,F_/I\Eiao #E*Ejﬁ/l\iéiglé\ %5ﬁ /L(OVL) < 2 X /L(OVL3)°

Rev.1.10
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Table 21 Diagnosis feedback, Function of Operation Mode
Operation Mode |Input level |V, Current sense /s WRNDIAG |STDDIAG
OUT.OUTn .WRNn .SBM

Normal operation |Low /0s ~GND Z 0 1
Short circuit to GND | OFF ~GND z 0 1
Overtemperature Z Z 1 X
Short circuit to Vs Vs z 0 0
Open Load <Vs-Vpsise) Z 0 1

> Vs- Vps(se) Y Y4 0 0
Sense verification? X lswer) X 0
Normal operation |High/1s [~Vs hs= unom / Kius 0 0
Overload ON <Vs hs=1/ ks 0 X
Short circuit to GND ~GND Z 1 1
Overtemperature Z Z 1 X
Short circuit to Vs Vs hs<I./ ks 0 0
Open Load ~ Vs3) hs=lsen) 0 0
Sense verification? X lswery X 0
Under load (e.g. A hs@en < hs <L wom/ ks |0 0
Output Voltage
Limitation
condition)
1) I _ERIEEPE,
2) DCR.MUX =101g
3) HHBRBIUNT Loye
4) HHERGBRAKRT I oo
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lé SPI ?Eﬁiﬁ;é"éﬂ\ﬁﬁ&%t\ﬂq li:ﬁﬁ; =0 WRNDIAG EP$E1ﬁT$&|}$$-.r\IL:\\ li?j:L*T\n_,\jz%l_l)lh*T\lp\ D%O

TR iE{E S PifZFTWRNDIAG. WRNn fiI, FiEESPIIEEUERRE/XWRNDIAG , BRIEARBIRKERR
, HHBEBKFRIF. RIPPiIFE3HSPITFSTHWCR . CLC/AR.

9.3 ON IRE T IZH

LHRE T RMEE, SIS R ERESHBERBELFINER bR kus=1/1s) -
=T, B Vos < Vosss BT,

v ZBERIZETEERERN

v REHPE (0% 8.3 F FAiIR)

WNREF DCR . MUX iAFERIBEFESR A L B HIE, IS 5IHRFHE NSRS K.

9.3.1 BRI (kius)

CNERIEEBRA T REMAZTEM. s b/ b EREEIEM, BEEEIEHER lsom o IR
HEBHREFE (LA 0A) , MEERAKMER sey (TE. 2WBRAN) . ZFHWE 33 Fimr.
R RIBARRY ks £, LN 2RBE = GH1T .

E2INAE 1S 51RA0 MCU B9 ADC 3N |l Z [BI{E AR IMNBIE ISR 2S, LURIME S SURMIR7 (BINERIS
HasaIER/NET{E] 1 ps) o

kus REVIEEREZ R TRE. HBBEENFIETZHEM,. EMNENBRXIRHA, AUERE
MBI PREROE:

o EERFPIRNFENRHERE, 725t iR FARRRE X BASHRYER (luca)o

o ME IS SIS RZBY BRI TR ks (kius @ fycan)

v TEM lieant B ey w IBBFESBEIR, ks FTF ks @ hicays PRIETE X I Dkis

RAESS ks FEEVERE 32 ATCIHTE, H AkustEEo

kiis@I Kiis@I
Nepurs ax = 100-MAX( 1is@lycan) L —1 1wis@lycar) v 1)

kiLis@IycaL) kiLis@Iycar)

ki s@I kis@I
Ak,L,g‘M[N=100'MIN([uS L(CAL)_L -1 1L1s@lyca H 1)

kiLis@Iycar) kiLis@Iycar)

Figure 32 Akscalculation formulas

BAERITE Taeay = 25°C BYEFTo BEL A kusBIE Miucan  Bllcay « BV B R M BT S.
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Figure 33 Current Sense Ratio in Open Load at ON condition

9.3.2 BAREZRE S

BTS71040-4ESE NEBEERL T — MNEEMRIE LR EASE, FIRFMEEENICN R R IEEDIZHSIHD 1S,
BB SPI 1728 DCR.MUXIEHE, HNEBRBAI LIS SPI & 7728 DCR.MUX 2, BRREZRER
J|FANRIESE B 34, b9, DCR.MUx SHM SPI (UL EFEAUIURMNELINEE. A TRIE
B MIER 272 ON Ml OFF AR THITHAE, /MM THNEIERT. FIHARHT, BRI LR
MIENEBIR fsver, SEFRBEMGEHFH T X, XEMCURE TS MBI IEBIRREREZ
DCR . MUX=1015 BY /5 FA BB SR SR AF A MBS SE AR 0,

FREBIIHAEFISn <1 DCR . MUX (I FEXBXAYE0TF:

+ DCR.MUXTFENRERIIREMEIF LIRS

+ IZEPCS.CLCS = 1 5;5RRITEER HRDCR . MUXIEAZ AUIEIE X ]

+ JRE PCS.SRCS=1;, DCR.MUX FERHEENRNEERINE,
BESRENET 741 THREZAT

+ JREY RCS.RCSnf{ifY, DCR.MUXEZEHVIBEMAZFITEESHRESREMEL
v JREDCR MUX =101, HRRIEXZEAN

¢ IGE PCS.SRCS=1b, DCR.MUXZEFHBENRERBESIFE
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Figure 34 Current Sense Multiplexer Timings

Y

t
Diagnosis_MuxTiming.emf

9.4 OFF K& TigHh

LINERBHRL FOFFIRZSEY, BTS71040-4ESE AJLUNIERE BEHIGESHEBEHITHR, X#,
ERA—LMmdIMNR T (FRIFEAMEIYIREY LHBRR) , MAILUGNAHRESEZRHESEEFEN
FE AR Ko

9.4.1 ERIBIEAFX

ATRMFEERE vs BB , RATSRENSETR. S5 ouT 5 vs & -F ON RS L EFE
EREY, HARBIAMEINRE, MRTER (B , MEZENMDIRE. Hit, BAXEFESER
BERTHREERTNANE. FOFPREST, BHBERIHZRL Vs, XSBUNEY Vos o FFXRFZEREN
G EME Vos sn) 5 FBMFATF ZEEE A28 ( DCR . MUX ) ZEAFHIIZ BB L) E R FB/E Vos HATELEL, ELARES
RAJATEIREIZET STDDIAG. SBM FIiREY. 5, FXRZE s BTN 4 FOFFIRZSRY fa #FF R,
EXMIERT, DIRE—NEIYIHREY LR B AR ouT HIZE VS B7ER.

9.5 SENSE BYF¢

35 27/RT SENSE BYERILBY(E] tuson FIZERBYIE] tusorn HABINEYF (BIEAHZUNER) . BF
EHHEBERIREZA (EULLTE ton ZHI) TEEBIIEHNES, Fit tsis(piac) = tsision) + tono

IN/T
OUT.OUTn OFF ON OFF

A 4

SENSE 4
ENABLE

on OFF(DELAY)
1 A
L

fonpeway \

Laisipiac) Lisie Las(orr) Lision) tasorp)

t

Diagnosis_SenseTiming.emf
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Figure 35 SENSE Settling / Disabling Timing
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9.6 IZETER ST

Voo=3.0VES55V,Vs=6V E 18V, T)=-40 °C & +150°C
HAME: Vop=5.0V, Vs=13.5V, T,=25°C

Mk S 2 AR A BERE . (FRIFFIMREA):

22.5mQ:R=4.80Q

Table 22 Electrical Characteristics: Diagnosis - General
Parameter Symbol Values Unit |Noteor Number
Min. | Typ. |Max. Test Condition
SENSE Saturation Current | /igsan) 42 |- 15 mA |V P_9.6.0.12
Rsense=1.2 kQ
SENSE Saturation Current | /igsan) 5 |- 15 mA |V P_9.6.0.17
Rsense= 1.2 kQ
Vs=8Vto 18V
SENSE Leakage Current hs(or) - 0.01 0.5 MA |1 =1 nom P_9.6.0.2
when Disabled Vs=0V
DCR.MUX =110s
SENSE Leakage Current hs(en)_ss - |02 1 uA (Y P_9.6.0.3
when Enabled at T,=<85°C T,=85°C
DCR.MUX #
<110g,1115>
See Figure 33
SENSE Leakage Current when| /sy 150 - 1 2 MA | T,=150°C P_9.6.0.11
Enabled at T,=150 °C DCR.MUX #
<110g,1115>
See Figure 33
Saturation Voltage in kus Vsis - |05 1 v b P_9.6.0.6
Operation Vs=6V
(Vs - Vis)
INx = “high” or
OUT.OUTn =1;
L2271 (nowm)
Power Supply to IS Pin VaisicLamp) 40 |33 |36.5 42 \Y ls=1mA P_9.6.0.9
Clamping Voltage at T,=-40°C
T,=-40°C See Figure 20
Power Supply to IS Pin Veisicuavp) 25 |35 |38 44 v 2 P_9.6.0.10
Clamping Voltage at ls=1mA
T,=25°C T,225°C
See Figure 20
1) EFREIEFNE - RIgIHER.
2) MIXEE T,=150°Co
55 Rev. 1.10
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9.6.1  IZETEBSYFE - spoc™
Table 23 Electrical Characteristics: Diagnosis - Thresholds, Timings
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition

Switch Bypass Monitor Vbs(se) 13 1.9 25 v OFF state P_9.6.2.1
Threshold
SENSE Settling Time with |50 - 8 20 us  |Vs=13.5V P_9.6.2.2
Nominal Load Current 1= 1 (nom)
Stable DCR.MUX: 1105

001s
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 |5 cq - - 20 us Y P_9.6.2.4
Channel Change Vs=13.5V

I.= 1 vow)

DCR.MUX: 001>

010s
SENSE Settling Time after |ty sic |- - 60 us |2 P_9.6.2.11
Channel Change with Small Vs=13.5V
Load Current Start channel:

IL=1cay

End channel:

I=1can_o

DCR.MUX: 001>

010s
SENSE Disable Time tasorr) |- - 20 us Y P_9.6.2.5

Vs=13.5V

I.=1 (vow)

DCR.MUX: 010s~>

110g
SENSE Settling Time after | tys.q - - 20 us |2 P_9.6.2.6
Load Change
SENSE Settling Time after | tys.c) sic |- 250  |400 us |2 P_9.6.2.12
Load Change with Small Vs=13.5V
Load Current from I.=1cayto

IL=1can oo
SENSE Disable Time after  |tysorr |- - 20 us |2 P_9.6.2.7
Channel Deactivation
SENSE Current in Sense lsvery 400 500 600 WA DCR.MUX=101zg |P_9.6.2.8
Verification Mode
1) ESYCCRER#ITIIREE =N,
2) Tl - BRI,
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9.7 IZETE SIS - ThERRMHE

Voo=3.0VES55V,Vs=6V E 18V, T)=-40 °C & +150°C
HAME: Vop=5.0V, Vs=13.5V, T,=25°C

M2 AR A EER TR, (FRIEZIMRER):
22.5mQ:R=4.80Q

9.7.1 PHThE LR - 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=4pA hs=lsoy=4HA
Current Sense Ratio at Kiso1 -65% 2000 |+65% 2 P_9.7.16.3
I =l lLo1=10 mA
Current Sense Ratio at KiLisos -60% 2000 |+60% 2 P_9.7.16.5
IL= o3 lLo3=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 Kisis -8% 2000 |[+8% lus=5.5A P_9.7.16.17
I =15
SENSE Current Derating | Akysoy  |-30 0 +30  |% |® P_9.7.16.37
with Low Current I (ca) oL= o3
Calibration lcan_o_n=lLos
lcan o L= ha
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
I ey L= o
Tacan=25°C
1) 3R KRC.KRCn =0y, XEHEXK,
2) MR pPCS.PCCn=0s, XEHEX,
3) T - RIERIT.
R 57 Rev. 1.10
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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) 3051 us FEBIEKSEBRETEADCHIANGG, kus FFEB .
4) FTFFNiE - \RIERIT.
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BIT/MEEDO (SPI) 2—1T2NIEPHITMNEO, FEHAMERLZ: SO. SI. SCLKFICSN, #§
1B SIF SO B LA SCLK LA TERVIRZRF M, CSN BT FEATERIAIRBIFIA. EIBTE SCLK BY TR
YT S| 4RAE, FHTE SCLK B EFAIBE SO &, S MARIAAIH CSN By EFALRIE, 8fiit
WEBAHRNHEETR T 8 AIAVEERBT A RENVEIE, %3O 2 ¥F 8 (i SPI G HIBHEHTETETRE.

so —| »isex6x5x4xsx2xlx:ms'lr
‘NI 3 € &5 &3 &3 &5 G
CSN

e | AU

time >

Figure 36 Serial Peripheral Interface

10.1 SPI 5 5#diR

CSN- Rixf55

Z4uEd CSN 5IMEREBTS71040-4ESE o RES I FRETIRT, #Me] LA TEHE S ). 2 CSN &
F B IRSES, SCLKA SI 51 L EAESEIFRZEE, H A SO WIRFIHNSET RS,

CSN M« Bl «i” BkEE
v IERBERREREBATESETR.
v SO H‘BESRESTERRBF RS,

CSN M7 F«F 7Bk T

o {XH7E CSN TG ZERFME 8 NSCLKIESHIEEL (1. 2. 3. ...) B, ASERm<EE, R
SCLKITH#A AR 1ERE, M{EiassiR4nE (STDDIAG. TER) NE{L, HBHGSIERAER,
o REBRUSEFSNHIERE D FUTEST.

SCLK - SBfTHS$h

ZRNS FIAREBUSEFSREMIT. BITHAN (S) £ SCLK TR AFHREREBUSES, M
BiTHt (SO) EHRITHHH EADRKISEERBH. SR IE CSN #EITEMZIREY, SCLKS|Rx Lt
FAREFRE, SRR RIZR,

Sl - BITHRIA

BITIMANSIRAELS BN, REERMIMT. S| EETE SCLK TR, MASIEHRMERSA
B, IERIUAEBIENL. FE% 10.5 8 TRESER.
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RITIMEIEDO (SPI)

so RiTHEH
PRTTILS I ER1TRRY, EeAMUELEB L, SO T “EEARE, EHE CSN 5| HEKEE”
KRS, ESCLKI EFRZE, FBVEIERFHINE SO 51 L,

BHERET 105 TREZER,

10.2 WEPEThEE

SPIEYBTS71040-4ESE A 8 {iI SPI IR&FIRHFETEINEE, FEILEEE P, Z-M&EHHERER CSN E5
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 sl SO sl SO
MOSI —»[}—>» SPI —>»[}—{1+—>» SPI —>[}——{1—>» SPI —>»[}—

MISO <
MCSN
MCLK

Y

Y

SP_DaisyChain_L.emf

Figure 37 Daisy Chain Configuration

SPIHEE M EFRVINEEIR P, B— P BUFEFES, B 1SCLKE, 1S RS MIHESEL, IE SO
SIE L. Z3/\1sCLK BAHilE, — M 8HNEIEERTH. EROHREER, CSN ZinE
A7 efESRHRINME MV EEE, EREEERER, 84 1 BHNMUEEBNSEMG 2, EHEHE
REER = 834EY, MMTESREPBA="R 8, It/E, MCSN &M TER“T” (WE38) .
MOsl —( frame device 3 X frame device 2 X frame device 1 )—
MISO —( response device 3 X response device 2 X response device 1 )—

MCSN —l |—
MSCLK J 8 clocks I_I 8 clocks |_| 8 clocks |_

SA_DaisyChain_2.emf

Figure 38 Data Transfer in Daisy Chain Configuration
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10.3 B
tesn(Leap) tscikip) tesniLas) tesniro)
< < > < > < >
CSN Visn(rn), max
N Vl SNI(TH), min
bscikm tscq
& 1 < 4
< > |«
p—
SCLK \ / l'/IS(LIK[TH),ma::
S — VSCLK (TH), min
ts\ESU] tSI(H]
L. wl
~ p —
S| X X VsirH), max
— N 7% VsirH), min
tSO(EN] tSD[VI tSDID\ S)
hl hl
SO ~ ‘X’ Vsom)
v 2 - 7 ~ VSO(LJ
SP_Timings.emf

Figure 39 Timing Diagram SPI Access
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10.4 BSR4

Voo=3.0VE| 5.5V, Vs=6V E 18V, T,=-40°C El +150 °C
BAYE: 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 CSN | tesniean)[200 |- - ns |V P_10.4.0.1

to rising SCLK)

Enable Lag Time (falling SCLK | tesying) [200 |- - ns |V P_10.4.0.2

to rising CSN)

Transfer Delay Time (rising CSN | tcgyp) | 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) Cuis0)=50 pF

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

CSN to SO tristate) Ciis0)=50 pF

Serial Clock Frequency fsax |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 tsak) |90 - - ns |Y P_10.4.0.9

Data Setup Time (required tysy |20 - - ns |Y P_10.4.0.10

Time Sl to falling SCLK)

Data Hold Time (falling SCLKto |tg, |20 - - ns |Y P_10.4.0.11

Sl)

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

Capacitive Load Cis0)= 50 pF

1) TBF&R - RIER T
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10.5 SPI Y

SPIBILEFZE SI 1 SO XA WNBE 40FfRo SI £kAFR nC &I 3RBIMI, SO £k EBTS71040-4ESE fefH
NV, sIEAINZE s KRB AT 2 81 uC &I Ry ds < hio

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

SO
response frame A frame B

SA_S2s0.emf

/)

Figure 40 Relationship between Sl and SO during SPI communication

SPHMYARTE uC it A F— e SN, Sin<SHMAEHE MR, B LUfRFSISTDDIAGE
WRNDIAGH, ¥FFiREXEn SIS, WANE FE 2 BiBIRERD,
BEiFgMR, 9REBUFMBEN HFFasNBNGSFFNT:

SI —( write register A )—( write register B
S0 —( previous )—( STDDIAG
response

Figure 41 Register content sent back to uC (a)

Si —( write register A )—( read register A )—( write register B )—( new command )—
so —( previous )—( STDDIAG )—( )—( WRNDIAG )—
response

SPI_RWseq_b.emf
Figure 42 Register content sent back to pC (b)

read register A new command

! s
)_( register A )_

content

I X

WRNDIAG

SPI_RWseq_a.emf

register A
content

B 3MFEHIBEN, AX(E] uC BN KR F S mi I I Bl -

v WIRTEFT—MR IR (B0, REERARESHEE) , WEA43 s
+  ZBTS71040-4ESE MF IR HE LBE KM, WME 44

v Y V<Vsory B DCR.MUX #1115 , WIE 45FR
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frame A
sl . - (new command)
(errorin transmission)
SO —( (previous response) )—( STDDIAG + TER )—

SA_SO_TER.emf

Figure 43 SPIlresponse after an error in transmission

A\

frame B frame C

sl —( frame A )—( )—( )—
o STDDIAG
SO —( (SO=“Z%) )—( +TER + SLP )—( response frame B)—

SA_SO_POR.emf

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

A

Vs

VS(TP},max

VS[TP),min

v

: |

STDDIAG. Tl 0 . 1 .

>

VSMON

SO (response) (rizl;rf:,w

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

0

STDDIAG + TER STDDIAG + TER (response to
+VSMON +VSMON frame D)

SPI1_SO_VSMON.emf

t

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 100dddddg 00ddddddg- STDDIAG or

DCR. SWR =Xs where: 01ddddddg- WRNDIAG

“dddddg” = new OUT register content | (Standard Diagnosis or Warning
Diagnosis will be sent
alternating)

Read OUT register Oxxxaaaag 100dddddg

where: (“dddddg” = OUT register content)
“aaaag” =ADDR1 Y

(“xg” =don't care)
Read RCS register Oxxxaaaag 10000dddg

where: (“dddg” = RCS register content)
“aaaag” =ADDR1 Y

(“xg” =don't care)

Write Configuration 1laaddddg 00ddddddg- STDDIAG
registers where: 01ddddddg- WRNDIAG
“aag”=ADDRO ¥ (Standard Diagnosis or Warning
“ddddg” = new register content Diagnosis will be sent
alternating)
Read Configuration registers| Oxxxaaaag 1laaddddg
where: where:
“aaaas” =ADDR1 Y “aag” =ADDRO Y
(“xg” =don't care) “ddddg” = register content
Read Warning Diagnosis Oxxxx001g 0100ddddg- WRNDIAG
(“xg” =don't care) (Warning Diagnosis)
Read Standard Diagnosis O0xxxx0104 00ddddddg- STDDIAG
(“xg” =don't care) (Standard Diagnosis)
Read Error Diagnosis Oxxxx011g 0100ddddg- ERRDIAG
(“xg” =don't care) (Error Diagnosis)

1) ADDRO #11 ADDR1 1R1E 38 287 Yo
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10.6 SPI iZUnZ 1728

10.6.1 IZHrH7EES - RENE

Name 7 6 5 4 3 2 1 0
WRNDIAG |0 X X X 0
STDDIAG |0 X X X 0
ERRDIAG |0 X X X 1
10.6.2 IZHRFTFEE - MRS
Name 7 6 5 4 3 2 1 1] 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.ERRN 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
1z 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
1z (default) Deviceisin Sleep mode
STDDIAG.SBM 1 r Switch Bypass Monitor?
0g  Vps=<Vps(se)
Ig  Vos™>Vpgsp)
STDDIAG.VSMON |0 r Vs monitor
0z (default) Vs always > Vsuy) since last Standard Diagnosis
readout
1z Vs<Vsuyatleast once or Vs< Vsqp)if STDDIAG. TER = 15
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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 0s (default) No failure
1z Channel latched OFF

1) &0 &5 10.8 LT A XM T HERIFAE .
2) FFREEEUENBFEE Vos p 5 FRMKIFZIEE RS (DCR . MUX ) BEHIZBEHEEMIRHIERE Vos
TR

H

10.7 SPIEiE T FH
TR T RN MH RS,

)28 STESERER

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 XN EHLER, WFIEEH<S, ©RIEZHII—I5,
2) WFEANOUT ZF7Z2EDCR. SWR = x, X FIEENHIHIDCR . SWR = 05 6

Table 29 Configuration Registers - Write Commands RB-0

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

1) OUT.OUT43zH!| EDO 5|BHIRZEIRTS,

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

ocR [0 |1 1 0 0 OCR.OCTn

RCD |1 |1 1 0 0 RCD.RCDn

KRC [0 |1 1 0 1 KRC . KRCn
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Table 30 Configuration Registers - Write Commands RB-1

Bit 7 6 5 4 3 2 1 (]
Name |SWR 7 RB ADDRO 3 2 1 0
PCS |1 1 1 0 1 PCS.PCCn PCS.CLCS | PCS.SRCS
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) &0 875 10.8 LI T A XREBMITENIFHAE S

Table 31

Configuration Registers - Read Commands

Bit

7

6

5

4

Name

7

6

5

4

ADDR1

ouT

RCS

SRC

OCR

RCD

KRC

PCS

HWCR

ICs

DCR

oOjlolo|lo|jojlo|o|oo|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 [X [X |X|[X

x R OR [ O|F= | O|kFR|Fk|O

e N e e e Y k=R k= =)

R R |OlOlOjO|O|O

| O|O|Rr|H|O|lO|R|O|O
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Table32 Configuration Registers - Responses

Bit 7 6 5 4 3 2 1 (]

Name 7 6 5 4 3 2 1 0 Default
ouT 1 0 0 OUT.OUTn Y 804
RCS 1 0 0 0 0 RCS.RCSn 804
SRC 1 0 0 1 SRC.SRCn 904
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 0 DOy
HWCR |1 1 1 0 0 HWCR.COL |HWCR.SLP |0 E2x
ICS 1 1 1 0 0 0 ICS.INSTn EOx
DCR 1 1 1 1 DCR.SWR |DCR.MUX F7u

1) OUT.OUT43zH!| EDO 5|HIRZEIRTS,

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 4:0 rw Output Control Register of Channeln
n=4to0 0z (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

001 Restart counter value = 1
010s Restart counter value = 2
011 Restart counter value =
100 Restart counter value =
101 Restart counter value =
110s Restart counter value =
111 Restart counter value= 7

o 0w

SRC.SRCn 3:0 r Set Slew Rate control for Channel n (read only)
n=3to0 0z (default) Normal Slew Rate
lg  Adjusted Slew Rate
OCR.OCTn 3:0 rw Set Overcurrent Level for Channeln
n=3to0 0g (default) High level of overcurrent threshold / v
1z Low level of overcurrent threshold /i oviz)
RCD.RCDn 3:0 rw Set Restart Strategy for Channel n
n=3to0 0s (default) Automatic restart mode
lg  Latch mode
KRC.KRCn 3:0 rw Set Current Sense Ratio Range for Channel n
n=3to0 Os (default) High range of current sense ratio

1z Low range of current sense ratio
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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
lg  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

0l OUTO+OUT3 arein parallel configuration

10s OUT1+OUT2 arein parallel configuration

11g  OUTO+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

0 (default) Normal operation

1z  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 |1:0 r Input Status Monitor Channeln
n=1to0 0z (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

000z IS pin is “high impedance”

001g IS pin is “high impedance”

010s IS pin is “high impedance”

011g IS pinis “high impedance”

1005 Diagnosis enable of external driver activated (EDD set to “high”)
101g Current sense verification mode

110g IS pin is “high impedance”

111 Sleep mode (IS pin is “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

010s Current sense of channel 2 is routed to IS pin
011gCurrent sense of channel 3 is routed to IS pin

100s Diagnosis enable of external driver activated (EDD set to “high”)
101 Current sense verification mode

110g IS pin is “high impedance”

1115 Sleep mode (IS pinis “high impedance”)

DCR. SWR 3 rw Switch Register
0z (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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BTS71040-4ESE RME—MEIENFERE, AFIRFIEEFFRNRINANBTHEINESR NFRE
MitFESD, FREREN, XERBUFARUEEN. REMITEE— M ERENTIFEREITE.
BT itENEE IR 34 iR, SPIENIRLEREANICS.CSRn, 4 URIKENICS FHiFssH, %28
HIEEM—RR, HERAUAET—1sTDDIAG HIiRENiISTDDIAG. CSVAHIHESS, STDDIAG.CSV
T—-sTDDIAG RBMRILIEE, MNRIcSHFEB/BAREAN, WREMLLIHKEFR, HENISTDDIAG.CSV
= 0s o WISR7EICS.CSRn Z/EEHNBKITIRNESE NETESTDDIAG. CSVZHIIRENEY, RIS IETR.
STDDIAG.TER HIE R —1¥FSTDDIAG. VSMON BT 15 o EXLEBERT, RULRNIEE

2z
Fto

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

IR
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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.SWRIIEFFHRBEIRE, XWTFiEZ 728 DCR. SWR (iR —EF 5
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VBAT

.
Pochntroller

Microcoptroll

st ot

*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 BTS71040-4ESE 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 pC 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

Repo 4.7kQ Protection of the device during overvoltage, reverse polarity of external driver

Reop 4.7kQ Protection of the device during overvoltage, reverse polarity of external driver

Canc 220 pF MC-ADC voltage spikes filtering
A time constant (Raoc * Canc) longer than 1 ps is recommended

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

Cust 100 nF Battery voltage spikes filtering

Cus2 - Filtering / buffer capacitor located at VBAT connector

Cuss 100 nF Battery voltage spikes filtering

Cusenp 22 nF 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 BTS71040-4ESE output to distinguish between Open
Load and Short to Vs in OFF diagnosis

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

JE LB TT a5 1 S E (B £ T X B2 o fE R/ 5 V A2 s Y I8 e E B RSB IE A

FHBEEL R EFZFIBTST1040-4ESE HITas1H, AIEEE Bl L=, UFIRESTELIE
Rt (BIIRIEE BUESE) TR T IS TETERAITEE,

R 75 Rev. 1.10
2021-03-23



BTS -4ESE .
o4 (Infineon

MAER

11.3 EZWVRAER

v MFEBXSIHIFMEARIEE, BEBREEKL

v MTHREZEE, ERILUAIR http://www.infineon.com/

Rev. 1.10

HIEFH 76
2021-03-23


http://www.infineon.com/

BTS71040-4ESE
SPOC™ +2

HIEIME

12 HEIME

Infineon

i 2
o) 1) 1)

o ga 8.65:0.1 = [IPEEEE Wy,
= © o
S| 8|2 DJoa]ox = 5 ~—{ 0] 5 g 2%

S|w ) ol oa
: | A= \
] N
0.67:0.25 &
[ [0.08[C|o4x
SEATING COPLANARITY
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(Al K _
24 13 N 8
pnonanononn =
INDEX SUNRURURY R ITTTTNITTTTT
MARKING B 6.4:0.1 _
= QRS
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 [+ |

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

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