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BTS71033 - 6ESP

Infineon

SPOCTM+2

Overview

Table1 Product Summary

Parameter Symbol Values

Minimum Operating voltage (at switch ON) Vsiop) 4.1V

Minimum Operating voltage (cranking) Vsuy) 3.1V

Maximum Operating voltage Vs 28V

Digital Supply voltage Voo 3.3Vor5v

Minimum Overvoltage protection (7, 25 °C) Vbs(cLamp)_25 35V

Maximum current in Sleep mode (7,< 85 °C) Is(sLeep)_ss 0.6 A

Maximum operative current lanpacTive) 8.5mA

Maximum ON-state resistance (7, =150 °C) Rosion)_ 150 38mQ

channels 1 thru 3

Maximum ON-state resistance (7, =150 °C) Ros(on)_150 110 mQ

channels 0,4 and 5

Nominal load current (Ta =85 °C) I (vom) 3A

channels 1 thru 3

Nominal load current (7a=85 °C) I vomy 15A

channels 0,4 and 5

Typical current sense ratio at /.= linowm) Kus 2000

channels 1 thru 3

Typical current sense ratio at /.= Inom) ks 670

channels 0,4 and 5

Serial Clock Frequency fScik(max 5MHz
3
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Block Diagram and Terms
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Figure2 Block Diagram of BTS71033-6ESP
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Block Diagram and Terms
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Pin Configuration

3 5| EE
3.1 3| 53 B
(top view)
GND [T ]{1 @ 24 T 1 ouTo
vDD [1 |2 : _____ 12311 outo
so 1|3 122 T 1 ouTt1
si 1|4 ! :21:|:1 OUT1
sclk 1|5 | | 2011 out2
csSN [I]|e s :19:I:I OUT2
LHI |7 | | 1811 ouTs
INo (1|8 | :17:I:1 OUT3
INL T fo | | 1611 ouT4
IN2 [T {10 I 15 _1 ] ouT4
N3 T[22 _ ___ 1413 ours
Is 1|12 131 1 ouTs
exposed pad (bottom)
PinOut_SPOC_033.emf
Figure4 Pin Configuration
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Pin Configuration

3.2 5| E X FIThAE

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 SPl interface

4 Sl I Serial input 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 0] Current sense output signal

23-24 |OUTn 0] Outputn

21-22 Protected high-side power output of channel n?

19-20

17-18

15-16

13-14

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

REIS AR IR Ao
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General Product Characteristics

4 = m— R
4.1 B RABER - BE

Table3  Absolute Maximum Ratings?

T,=-40°C £ +150°C; FREBEYUMASE, EERANSIH GRIEZSEME)

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 -0.3 - 5.5 v - P_4.1.0.29
Load Dump Voltage Veat(Lo) - - 35 \% suppressed P_4.1.0.3
Load Dump
acc. to
1SO16750-2
(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 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 N\pp(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 IoiRew) -1 - 10 mA |? P_4.1.0.36
Reverse Battery Condition t<2min
Logic & control pins (Digital Output = DO)
DO =SO
Current through DO Pin Ioo 2 - 1 mA |2 P_4.1.0.33
Current through DO Pin Iogev) -10 - 1 mA |2 P_4.1.0.37
Reverse Battery Condition t<2min
8
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General Product Characteristics

Table 3 Absolute Maximum Ratings® (continued)

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

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 - lssanm |[MA |- P_4.1.0.18

AX

Temperatures

Junction Temperature T, -40 - 150 °C - P_4.1.0.19

Storage Temperature Tse -55 - 150 |°C - P_4.1.0.20

ESD Susceptibility

ESD Susceptibility all Pins Vesp(Hem) -2 - 2 kv HBM? P_4.1.0.21

(HBM)

ESD Susceptibility OUTnvs | Vesppmy_out |4 - 4 kV HBM? P_4.1.0.22

GND and VS connected

(HBM)

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

(CDM)

ESD Susceptibility Corner Pins| Vespicpm) cry [-750 |- 750 % CDM¥ P_4.1.0.24

(pins 1, 12,13, 24)

1) TF&M - IRIEIL It

2) WAV, AT Latch-Up Misk: 5.5V,

3) BREEINERESD, AKIEEI“HBM”, FRERAEC Q100-0024F
4) BREBIKEBESD, FEEIREI“CDM”, 3REBAEC Q100-0114FE,

AR

1. UL )L 7T A RER KT ES FE AR A LR (AT e RN RABE S F A=
b T

2. FERBIRFPIIEESTERLE IC TEEHEF M KIET 1 TR KB IE SN L TIEELIEE
Bl RIPTIEETES T IELLE B HTIRIEMIR 115
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General Product Characteristics

4.2 BITRATEE - ThEE
4.2.1 ThERL - 22.5 mQiEE

Table4  Absolute Maximum Ratings - 22.5 mQ channels?

T,=-40°C £ +150°C; FREBEHUMASE, EERANSIH (FRIEZSEME)

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

Maximum Energy Dissipation |E,g - - 28 mJ | 1.=2 (nowm) P_4.2.16.1
Single Pulse Ty09=150°C

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

Vs=13.5V

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

1) Tl - RiIERIT.

4.2.2 ThEEL - 70 mQiBE

Table5  Absolute Maximum Ratings - 70 mQ channels?

T,=-40°C £ +150°C; FREBEYUMASE, EERANSIH (FRIEZSEME)

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

Maximum Energy Dissipation |E,g - - 9 mJ  ([1.=2%] (yom P_4.2.18.1
Single Pulse Ty0)=150 °C

Vs=28V
Maximum Energy Dissipation |E,g - - 3 mJ .= (now) P_4.2.18.2
Repetitive Pulse Ty0=85°C

Vs=13.5V

1M cycles
Maximum Energy Dissipation |Eppreiay) |~ - 10 mJ  [[L=220 mA P_4.2.18.4
Repetitive Pulse - Relay Ty =85 °C

Vs=13.5V

2M cycles
Load Current II] - - I oviymax | A - P_4.2.183

1) TBF&R - RIER T

10
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General Product Characteristics

4.3 T{ESEE

Table 6 Functional Range - Supply Voltages and Temperature®

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

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

Range for Normal

Operation

Lower Extended Power Vs(ext.Low) 31 |- 6 Vv 23) P_4.3.0.2

Supply Voltage Range for (parameter

Operation deviations possible)

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

Supply Voltage Range for (parameter

Operation deviations possible)

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

Range

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

1) T - iRIER T

2) WIREBE Vs R Vs(exr,Lowp,min = 3.1 Vo YOSREBIE v B 0. VsextLowmin = 4.1 Vo

3) RIFTHREI TR

EFE TEDRERETIERBE, DAICIKEREBEEPIEETIE, ESIFLETESIFHRT L6

FE THEEH
4.4 B
AR UEFF I ERYE JEDEC JESDS1 #i/ LR, B0 THEE 2155, 181518/

www.jedec.org.
Table 7 Thermal Resistance?
Parameter Symbol Values Unit |Noteor Number

Min Typ Max Test Condition
Thermal Characterization |Y¥ j10p - 1.7 29 K/w |2 P_4.4.0.19
Parameter Junction-Top
Thermal Rinsc - 14 2.4 Kw |2 P_4.4.0.20
Resistance simulated
Junction-to-Case at exposed
pad

Thermal Riun - 265 |- K/w |2 P_4.4.0.10
Resistance
Junction to
Ambient

1) &R - RiIEigit.

2) #R#E Jedec JESD51-2,-5,-7, TEEZATHRBIFR4 252p R L5 Fo@m (B4 + %) H#EB 2 MRHEE (2x70
um Cu. 2x35um Cu) BY76.2x114.3x 1.5 mm iR _E#H1TIEM,. EERANBERT, BRENBEE TS
P FLIES| 5 E— 1PN EER, RINEE Tpo=105°C. Ppissipation =1 W FHFTRHITHY

11
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BTS71033 - GESP 1
BTS7103: Infineon

General Product Characteristics

4.4.1 PCBI&E

70 um modeled (traces, cooling area)

1,5mm

70 um, 5% metalization*

*: means percentual Cu metalization on each layer
PCB_Zth_1sop.emf

Figure5 1sOp PCB Cross Section

70 um modeled (traces)

35 um, 90% metalization™

*

35 um, 90% metalization

1,5mm

70 um, 5% metalization*

*: means percentual Cu metalization on each layer

PCB_zth_2s2p.emf

Figure6 2s2p PCB Cross Section

——

JEDEC 1s0p / foctprint
JEDEC 10p / 600mir? JEDEC 2520

PCB 1s0p +600 mm? cooling PCB 2s2p / 1s0p footprint
PCB_sim_setup_TSDS024.emf

Figure7 PCB setup for thermal simulations

Solder Pads and Vias

PCB_2s2p_vias_TSDS024.emf

Figure8 Thermalvias on PCB for 2s2p PCB setup

12
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General Product Characteristics

4.4.2 Yzl

BTS71033-6ESx

100

10

Zyy,a [K/W]
TAMEIENT= 105°C
.

0.1 -

—152D

1 50p - 600 mm?
1s0p - 300 mm?

——150p - footprint

0.01 T T T T
0.0001 0.001 0.01 0.1 1 10

100 1000

Time [s]

Figure9 Typical ThermalImpedance. PCB setup according Chapter 4.4.1

BTS71033-6ESx

90

\ e 150p - Ta = 105 °C
’ \

0 AN

LN

\

40

Rinsa [KIW]

30

0 100 200 300 400 500 600
Cooling area [mm?]

Figure 10 Thermal Resistance on 1s0p PCB with various cooling surfaces
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Logic Pins

5 ZEES |
RAHE o M MREBIESIRG. TITRLURIEIIEESE, HNMNSIE. SPI3IBIFTSIM,

5.1 S| (INn)

WRBBHETFAREER. FHEL. HEZFERLBITIEN, WA IN0 E IN3 SBUEHEMN Y HIEE,
BN RAI.IVAISVAIMCUIE 23, M NBENBSENWE 117, WNRZ5IAEA, WA
{8 10 kQ EBFEE EiE1ZE GND 5| ISR R,

T’INEQ — b AN
YS\ESD iml@ \ZS\

VoijcLamp)

Input_IN_INTDIO.emf

Figure 11 Input circuitry

A EB TR RS FR P OB AR B Vour T Vo BN e XPEMEZ IAHIE AL B 12FT. HIRE
B IRAS R B BB Vi AR TR (R BB T RSP TR 9 B
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Logic Pins

VD| A

Voirhymax
Voim)

; Vbinys)
VDI{TH LMIN

v

A
Internal channel 0 " 1 " 0

activation signal >
t

Input VDITH_2.emf

Figure12 Input Threshold voltages and hysteresis

BT AER LUSE NG | 557228 ouT & 1EHR,
1Bid Z 77 28HWCR PHWCR . COL KR 5 (B I3R34),

* HWCR.COL = 0g: JBERYFTFF Al i1 F 7 830UT . OUTn 1ZHIS & 1B Hi\ 5 | =

+ HWCR.COL= lg: HHRINSIHIAE B, @ENFTHXEERE FF250UT . oUTn KITH, 7EXFH
FEEH, RSP FFsRouT ITHHEE, EMASIH LLPWMES, AIRIEmENPWMES,
(B0 3R 34),

ZMIAIRZS (HWCR.COL =0z) RHWNSSHMSPIIAI ORES, 7ELimp HometEX T (LHISIHIE (I
“B7) , AEEEATRINRES, ReEBEdmAS MBS EE, B 13 BRI X%,

MWANSIHNEZEBFAILEIMNASETEN. WREASIHM LN T EF, BHEB

ICS.INSTn {2 & I FE IR ERR.
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Logic Pins
‘MUX#111|OUT5‘ OUT4| OUT3| OUT2| OUT1| OUTO|
A Y Y A h 4
o [ef [&f [a] [&f [&]
» OR[3
INO AT T » Gate Control 0
Invo & |-

*—»
IN1 » ORI,
L
s L» & | N
u—: OR ’—b
¥ &

Gate Control 1
Gate Control 2

<l
—»

IN2

L
N
|

IIN2

IN3

IINS

~| or
i > T} » Gate Control 3
3 » Gate Control 4
» Gate Control 5

piel

COL PCC1

LogicPins_InputMatrix_6ch_PCC.emf

Figure 13  Input Switch Matrix
5.2 BRINEES| Y

5.2.1 SPIS| B

BITIMEIEO (SPI) B— 1NN TRIFHEITMVIEO, FERAMERL: SO SI. SCLKFICSN, &R
FIL0E THREZEE,

5.2.2 BATIEIUHAN (LHI) 5|8

AT HoEfail-safelkZ, BFHRM TIRITENBASIE, H5IHEM S R EBE thnolt, BT
BT, EET6.1.7HMET6.1.8 THRESER,
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Logic Pins

5.3

BSFEEESIH

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

=4I\ (D) 5B = IN

Table 8 Electrical Characteristics: Logic Pins - General
Parameter Symbol Values Unit | Note or Number
. Test Condition
Min. Typ. |Max.

Di%ital Input Voierh) 0.8 13 2 vV See Figure 11and |P_5.4.0.1
Voltage Threshold Figure 12
Digital Input AT 7 - v Y P_5.4.0.2
Clamping Voltage I=1mA

See Figure 11 and

Figure 12
Di%ital Input Clamping VoicLampz) | 6-5 7.5 8.5 \Y Ioi=2 mA P_5.4.0.3
Voltage See Figure 11 and

Figure 12
Digital Input Hysteresis Voimvs) - 025 |- Y 1) P_5.4.0.4

See Figure 11 and

Figure 12
Digital Input Current Iy 2 10 25 HA V=2V P_5.4.0.5
(“high”) See Figure 11 and

Figure 12
Digital Input Current (“low”) | I, 2 10 25 HA Voi=0.8V P_5.4.0.6

See Figure 11 and

Figure 12
1) TFlhis - \RIE1g It
5.4 BSEIZIES| M - 4 ThEE
Table 9 Electrical Characteristics: Logic Pins - Advanced
Parameter Symbol Values Unit |Noteor Number

- Test
Min. Typ. Max. Condition
SPI pins
Digital Input V 0.8 13 2 \" - P_5.5.0.1
Vo%tage hreshold CONTH)
of Pin CSN
Digital Input Voltage V. 0.8 13 2 v 1) P_5.5.0.2
Threshold of Pin S%LK SCLK(TH)
Digital Input Voltage V. 0.8 1.3 2 Vv - P 55.0.3
Threshold of Pin S% SITH
Digital Input Clamping V, - 7 - Y 2 P_5.5.0.4
Vo%tage of Pin CS CON(CLAMPY lesn=1mA
Digital Input Clamping V 6.5 7.5 8.5 v lesn=2 mA P_5.5.0.5
Vo%tage of Pin CSN CON(CLAMP2)
17
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Logic Pins
Table9 Electrical Characteristics: Logic Pins - Advanced (continued)
Parameter Symbol Values Unit |Noteor Number
- Test
Min. Typ. Max. Condition
Digital Input Clamping V. - 7 - Y 2 P_5.5.0.6
Vo%tage of Pin SCL& ScL(cLAMPy lsek=1 MA
Digital Input Clamping V. 6.5 7.5 8.5 v Iscik=2 MA P_5.5.0.7
Vo%tage of Pin SCLK sc(cLAP)
Digital Input Clamping V. - 7 - v 2) P_5.5.0.8
Vo%tage of Pin SI slcLAMPY) ls=1mA
Digital Input Voicawrs) |65 75 8.5 V. [ls=2mA P_5.5.0.9
Clamping Voltage of
Pin SI
Digital Input Hysteresis of | Vesynys) - 0.25 - v 2 P_5.5.0.11
Pin CSN See Figure 12
Digital Input Hysteresis of | V¢ ks - 0.25 - v 2 P_5.5.0.13
Pin SCLK See Figure 12
Digital Input Hysteresis of | Vg5 - 0.25 - v 2 P_5.5.0.15
Pin SI See Figure 12
Digital Input Current -1 2 10 25 PA Vesn=0.5V P_5.5.0.10
(“low”) of Pin CSN CSNb)
Digital Input Current -l 2 10 25 MA | Vesn=2.6V P_5.5.0.12
(“Righ”) of Pin CSN CSN)
Digital Input Current / 2 10 25 MA | Vsak=0.5V P_5.5.0.14
(“low”) of Pin SCLK SCH®
Digital Input Current / 2 10 25 PA Vsck=2.6V P_5.5.0.16
(“high”) of Pin SCLK SCLK(H)
Digital Input Current lsiy 2 10 25 MA  [V5=0.5V P_5.5.0.18
(“low”) of Pin SI
Digital Input Current / 2 10 25 PA Vs=2.6V P_5.5.0.20
(“high”) of Pin SI S
Digital Output Voltage V. 0 - 0.5 v Iso=-0.5mA P_5.5.0.22
(“low”) of Ifin SO o)
Digital Output Voltage V. Voo- - V v Iso=0.5 mA P_5.5.0.23
(“igh”) of Pin SO S0 0.5V %
Output Tristate Leakage |/so(orp) -1 - 1 HA | Vesn=Vpp P_5.5.0.24
Current of Pin SO Vso=0V or
Vesn=Vop
Vso=Vp
LHI pin
Digital Input Voltage 7 14 1.9 2.6 v - P_5.5.0.25
Threshold of Pin LEH LT
Digital Input Clamping % - 7 - v 2 P_5.5.0.27
Voltage of Pin LHI HH(CLAPY Jo= 1 mA
Digital Input Vincianps) |65 75 8.5 V. [lw=2mA P_5.5.0.28
Clamping Voltage of
Pin LHI
18
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Logic Pins

Table 9 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 - Vv 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 MHA  [Vim=0.8V P_5.5.0.32
(“low”) of Pin LHI Vop=0V

1) 1XZpEEMIE.
2) TN - RIS,

19
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Power Supply

6 R R

BTS71033-6ESP AR MEEIREBEMEE:

v IDHERMEEBE (V)

v BFHEEBEBE (Vo)

Vs BB IRELIERE R Bt H B FINRRAVIRTH B ER, 1T Voo AT SPIZAEMIKENSOS M. Vs F Voo FRIREEIE

BEBEXBEKRNBE, rfhEENSBERTRESENBUEHEXINEE, FHAK5:
v REVEBERELESPIBN, SPIFFSRFME REAE
o VsEBIREMRESXAFMEEE, BMEERITEX THEEMLtt. —B V= Vo , BEBEMSHX

17

S v BEHRZESIT, NRAEERERXT, v EBMBRESAE, S Vs<Var, NWZRBAIZNE
A SPI&% (BEHET 6.2 1ET 10.5 THREZER) . &R 10 ERTIRERRER Vs F Voo EBIRE
[EMZ AEETT IR,

Table 10 Device capability as function of Vsand Vpp?

Voo = Vooipo) Voo> Voo(po)
(VDD(po)See P_6411)
Vo< Vsirp Channels are OFF Channels are OFF

(Vsireysee P_6.4.0.5)

SPIregisters 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

Voirpy < 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) ENERREE, AR ML STDDIAG,
3) VSEBIREHNREZHFZEEZR, ST EW 6.2
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6.1 BRIERET

BTS71033-6ESPERA LI T FiE=:

v PRERAREC

o SEERR

v R

;3= y

v BATIRR

v BATHUEER

IRFRZ BV IRIRIE A TEBHAE

v HFEIR (Voo)

+ INn5|fliZ4E

« LHIZ|Z4E

o (BERRES SR E 2R (DCR. MUX)

+ HtHEFFERIRE (ouT. 0UTn)

v EREFTHERNRS

B 14 2R 7 B FIEMIRSE, BTS71033-6ESPITAMN—LEESHAIRIBRHAVIRIEERMNE, LIk,
RFREN BN HEBEE, FLATUERHEERERT TH—LTX,

B RN BEIIARBTS71033-6ESPHY SR IFIER :

v RHBERS

¢ SPIFEFSHRUE

o SPUBIIIRT

o VSR ERERERR (EEEREX TEINNE, HtFE TERX B ollE) .
+ VDD 5|BEFERTR (hoo)

K1 ETTEMREER, Vs Voo HEBE, MR TREZEMNIIGE (BERE, sSPIBEMSPIFE
2) o

21

Datasheet Rev. 1.00
2022-04-05



BTS71033 - 6ESP

infineon

SPOCTM+2
Power Supply
LHI = "high"
= Power-up
Unsupplied
DCR.MUX = 111;o0r SPI_Reset o P LHI ="low"
Stand-by Sleep
A DCR.MUX # 111 LHI ="high"
A N ® * T 1T A g
| |
OUT.OUTn = 1s | I : I
or INn = "high" | | I
' | Y A 4
INn = "low" & o — — JNn="low"or INn="low" &SP Reset_ _ 3 | | | our.ovta = o.or
OUT.OUTn = 0 | | | SPLReset .
: : o MNnzhgh I Limp Home
viv ouT.ouTn = 1, | : R A
A 4
| ¢ — DCRMUX_# 111, or INn = "high" |
__________ b LHI ="high"
. DCR.MUX = 111,&INn="low" Ready ______ S o
Active F——===—===2—=—"=— > INn ="low
LHI = "high" & INn = "low"
INn="high"
A | Y
LHI ="high" & INn="high" - lep Home
LHI ="low" & INn = "high" A -
ctive
Note: SPI bits which are not stated are considered to havethe 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 Vop < Vppipo) or HRCR.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 11 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&lcr?ieeHome SPI registers | protected” reset reset
(Diagnosis available)? | (Diagnosis available)
SPlcomm. |all read-only? read-only?
commands
rejected??

1) e Voo > VDD(po) BNARTAHEEE (L
2) MNRFAEWMASIIZE AR, SPIBERNRIEER,
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6.1.1 kR EH

EXMRET, SHEAKRLE (vs 515030 voD SIM EKRMEMBE) , BAHBEEIRTFHERBR
E=E,

6.1.2 il

UHA—PMEJREBE (VB Vo) FEMZEISSHE LR, HALBEZE, mMNEFRYEH, HEFIEl]S
FREBE Vsor) F Voopo) » EUMELAREB LBIESE L. MEERYIE] twuro) &, PILAIAIR SPI#E,

6.1.3 KREEET

LR HFHNSIBI(NND, LH) IEEAREF”, FHEDCR.MUXIREN111s, O TFRERER,
BTS71033-6ESPTEREEIR T, FiBE I E X AR R Vo> Vooro), SPIZT 1728 A1 JRIE, HFIER M=/
(BB hssier ) o HesFRFERERE, EESBRITREIPVE. BWIEVS Vs AR VsS5 Vs
RYEBERR Ao BIME Vs < Vsire, X AT HFERH1THRIZ.

6.1.4 FHER

Y DCR. MUX #1117 BREFTHBEENES (EIsPiso@ITHmAGIH) , BELTHIUER. FrE
BEXHE, EREERBERMETELIRE, FiLSEEEREREN. BTHA—THS M ahAE <8Iz
RHHNIT, ERGHENEMER. ATLUHITSPIE .

6.1.5 HEER

TASEAT, — P HSMREARESIABREE (BESPIEEIMWASIM, SNRHWCR.COL =15).
REWLL, MFDCR.MUX=111;, FREMLEXTE, BYUEEUXEMREUESFHENENERFHT
FBiE,

SRR A FDCR. MUX=1113,0UT & /7es T H, 0/ TATE FRIGZHN Tzt
HWCR. COL =140

6.1.6 JERNIET

UERTRARABAE— RS NBLITIF, BISTI0-6ESPIEEM LT, DHBHERES
HlowoncreHEEo Voo B FIE LRIRIER SRR ANIRRIART, FIEHAS BIBRES
T,

6.1.7 BITIRI

Y LHI SIIEM S FHIFLE t> tiuno BY, SEFHANBITER, SPIHFEFEREMUARIAE, &2
7 ( sTDDIAG.LHI) FHVMEMNIEENN 1. HHHFESFI T— sTpDIAGIEEL. &N E15 LT
MREZEE, SPI H1FnI AT i%£EY/ih18, ERRDIAG. STDDIAG. WRNDIAG #] ICS B] B FBRITIER,
B2k,

LB TBISRIP (Vs < Voar ) B LHI SIBIE (I 7“2 "BY, STDDIAG.LHI (i EN, ERHFFASE
HEREERNBITIE, LIPSTDDIAG. VSMON FISTDDIAG. TER 11145 & i AR & Bt BR SR IP
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BTS71033 - 6ESP
SPOCTM+2
Power Supply
Vo A
Vs(re)
t
LHI 4 €< tinigac)
pin
t
STDDIAG 4
.LHT
Read STDDIAG Read STDDIAG # Read STDDIAG # t
SPI 4 timi(ac) Emigac) Eiiac)
comm. | available read-only available all command rejected I
1
registers | available reset available protected I
L .
T >
Note: Device out ofSleep mode when SPIcomm. ,available“ ) ot
Power Supply_LimpHomeActive.emf
Figure15 Limp Home Activation as function of Vs
I_\ ~'
6.1.8  ERITEUEEREI

HEFLATERATRIVESE INSIMBU N B, HEARITEMNEN.

B9, BT SPIFEFRLESN, RILERBNAAA.
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6.1.9 7E MR Bk B ia]
2BTS71033-6ESPAN F AR S B TIR LAY, 1818 S@EAT BB toniE X o BTS71033-6ESPEEIE IR
=N E#H N EIRRFMEER 2 —FrEErd B e (W0E 16FAXR) o

tLHI(AC)
. i:vvucpo)
Unsupplied
Y
tTRAstsLP N tLH\(AC}+ tTRANSZSLP
Stand-by |, Sleep
Y tTRANSZSTBY 1 A 1 A tLHI(AC} + tTRANSlSTBY
ton | ool gl y y
e bt topeme 11§ ;
tore I [ Limp Home
| Corr+ Lrransasir | 83| Q|
F———— e e e e ———— w A A A
h 4 ]
Lo+ Lrransastey t t
=== ——— t_ _t ———————— Read tHiac) T Liransastay 1
2 ortlipansese | Redly F—=—===—===—=—7=
Active F——————=-"EE-———— > y boat -
orf T Liniag 3| .5
4+ v
tLHI
(AC) g
; Limp Home
LHI(AC) » H
> Active
Note: Dashed lines indicate transition timing s between modes which sho uld not be used for normal o peration.
PowerSupply_OpModes_Timings.emf

Figure16 Transition Time diagram

6.2 VsRE

TE Vsor M Vo) 2181 , RIENHIHRAL LR, MRBETIF (REMRKBAITENRT) HEMEBEER
FREBE Vsoy » WAERZER XA @S, HEFATFHEVIERR. SR SERITRRE,
STDDIAG.VSMON BUHBIEHEIHE, HRESMEREXTAERIEMIRESE, BTEE t> travsaster
BYFEIR, HZE| STDDIAG.VSMON 28 MM,

—BHBBE VST ITERE Vsor » BNBASIHE NS M@ED ouT R EMEMNE 1.5

RFFBo
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A

VS\
A

Vsiop)

%mm)‘

Vs

Vs (e

A\

VO ut

NIIna /-

A\

STODIAG.
VSMON
A -
»
Read STDDIAG< Read STDDIAG < t
STDDIAG.
TER
>
Read STDDIAG < Read STODIAG < t
Operation
Mode || Stand-by Active Sleep Ready Active
| | | -
1 ] 1 L

t
Power Supply_UVRVS_ESP.emf

Figure 17 Vsundervoltage behavior

6.3 BERF N
UTEMHMZ—aIESPIFFSREMNEHRINME:
¢ Mmﬂ<¢?%£EiﬁiﬂzﬁlEEEﬂﬁEMwmm

- SPIFFSRRBHEMNEHRINME (EEMENE—@ITA,
STDDIAG.TER B E U E 1s)o

- MR Vs HAZH LHAE, WERITHHSEEFRRE L
o LHIZIBITE t > tiwne B Vs> Vs BRIBI B LR R
- BEFTEFREMENIIAE. ERRDIAG HIWRNDIAG BREE,
- ERITHESEEREL
+ E1If< (HWCR.RST = 1p ) #MBITEV: > Vs
- BEESEREHEENHIIAME, ERRDIAG. WRNDIAGH] STDDIAG AeE il

- ERITHSEIRELL
MRERMEMZGEFERNSIHEBEMRET, NFAEBEER XA,
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6.4

B IR FE S

VDD:3OV:2|::55 V, Vs= 6V:z|:: 18 V, T,=-40°C §:+150 °C

HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C

MR 2 HB R R EERTE. (RIE5RIMAER):

22.5mQ:R=4.80Q

7T0mQ:R=180Q
Table 12 Electrical Characteristics: Power Supply - General
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
VS pin
Power Supply Undervoltage | Vg 1.8 2.3 31 \ Vsdecreasing P_6.4.0.1
Shutdown IN =“high” or
OUT.OUTn =13
From Vps< 0.5V to
Vbs= 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 Vsire) 0.6 1.0 1.8 % Vsdecreasing P_6.4.0.5
Voltage Threshold for STDDIAG.VSMON= 1;
Battery  Transients STDDIAG.TER =15
Protection DCR.MUX #111s
See Figure 17
Power Supply Undervoltage |Vsys) - 0.7 |- v b P_6.4.0.6
Shutdown Hysteresis Vsiop)~ Vsuy)
See Figure 17
Breakdown Voltage Vs (rey) 6 |- 30 |V b P_6.4.0.9
between GND and VS Pins lonp(rRey) = 14 MA
in Reverse Battery T,=150°C
1) TFlhis - \RIE1g It
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Power Supply
6.4.1  HRBSKHYE
Table 13 Electrical Characteristics: Power Supply
Parameter Symbol Values Unit | Note or Number
VDD pin
Digital Supply Operating | Vpp(op) 245 |43 55 Vv Y P_6.4.1.1
Voltage fsck=5 MHz
Digital Supply Power-On | Vyp0) 1.4 1.9 2.3 Vv b P_6.4.1.9
Reset Threshold Voltage Vopincreasing
Digital Supply Undervoltage| V) 13 1.8 22 \% Voo decreasing P_6.4.1.2
Shutdown OUT .OUTn = 15

From Vps=< 0.5V to
Vbs= Vs
Digital Supply Undervoltage| Vopys) - 0.1 - Vv b P_6.4.13
Shutdown Hysteresis
Digital Supply Clamping  |Vopcawpy |- 6.5 - v b P_6.4.1.11
Voltage Iop=1 mA
Digital Supply Clamping | Vppciampy |6 7 8 \ Iop=20 MmA P_6.4.1.12
Voltage
Power-On Wake Up Time | twu(ro) - 10 30 pus | Y P 6.4.1.13
Transition Time to Stand-by| trgansostey |5 10 30 s b P_6.4.14
Mode
Transition Timeto Sleep | trpansasie |1 5 60 us |V P_6.4.1.5
Mode
Limp Home t i) 10 20 40 us |V P_6.4.16
Acknowledgement Time
1) &l - Rt
2) R IEEF R, sHOIEEIFEZEMAN,
28
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6.5 BRI - i

VDD:3OV:Z|::55 V, Vs= 6V:z|:: 18 V, T,=-40°C ?: +150°C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C
Mt S HB AN A HIEZET L. FRIESIMEER):

22.5mQ: R =4.80Q
70mQ:R =180

6.5.1 BTS71033-6ESP

Table 14 Electrical Characteristics: Power Supply BTS71033-6ESP

Parameter Symbol Values Unit |Noteor Number
Min. |[Typ. |Max. Test Condition
Digital Supply Current Iop - 80 200 MA | fsak=0MHz P_6.5.33.1
Consumption in Normal Vs> Vsuy)
Operation Vesn=Vop=5V
DCR.MUX #111p
Digital Supply Current lopctve) |- 2.5 - mA |2 P_6.5.33.2
Consumption in Normal fscik =5 MHz
Operation during SPI Vs> Vv Voo
Traffic (Average) =5V Vesn=0
V Cis0) =50
pF
DCR.MUX # 111
Digital Supply Current Ipp(sLeEp) - 25 100 HA fscik=0 MHz P_6.5.33.3
Consumption in Sleep Vs> Vsuy
Mode Vesn=Vop=5V
DCR.MUX =111
Power Supply Current lyssLeep) 85 |- 0.05 |06 uA | P_6.5.33.4
Consumption in Sleep Vs=18V
Mode with Loads at T, < Vour=0V
85°C INXx = “low”
T,=85°C
Power Supply Current Iys(sLeep) 150 |~ 2 100 HA Vs=18V P_6.5.33.5
Consumption in Sleep Vour=0V
Mode with Loads at T, = INXx = “low”
150°C T,=150°C
Operating Currentin Active |lgnpactive |~ 6.5 8.5 mA  [Vs=18V P_6.5.33.7
Mode (all Channels ON) Vop=5V
INx = “high” or
OUT.OUTn =1;
29
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Table 14 Electrical Characteristics: Power Supply BTS71033-6ESP (continued)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Operating Currentin Ready |lg\preapy) |- 80 200 HA Vs=18V P_6.5.33.8
Mode Vesn=Vop=5V
fSCLK =0 MHz

DCR.MUX=111g
OUT.OUTn =1s
Operating Currentin Stand- | Igyp(stay) - 21 3 mA  [Vs=18V P_6.5.33.9

by Mode Voo=5V
DCR.MUX # 111

1) SEMRAEZL: 0101010101010101F0 10101010101010100
2) LA - IRIEKIT,
3) NR Voo < Voo LHI ="low” FH BRI E S 1TEEE > 0, Iowp(stay) To 228 o
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7 ThELE

ST R KAFHEBEERAN B EEINZE MOSFET 19,

7.1 i SE B

S@EBH Rbs(on) FEEURTFLEET . B 18 B REAN T, EA Rbs(on) 1k, y h FRE2" N T
£ T,=150 °C BHMUIERYER K Roson o

Rps(on) variation over T,

220
‘ ‘ \ |

Reference value:
2.00 ! ! 1 72" = Rogionm @ 150°C “C)

1.80

\

1.60

1.40 i I I 1 /

Rys(on) Variation factor
-
]

1.00 /.———'
0.80 1 T

0.60

0.40

0.20 ! 1 | I ! I —Typical |

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

RERMETAHERER S 8.4.1 &,

7.2 IXEhth #

7.2.1 IX =h PR £ 2

IXSHRE M A ERY, B 19 FRRBSFT AKX AR B f1R iR E, FXBEEME Fon« Eorr STAEFERE. AT[E]
ton~ torr BRIEEES
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IN /Jl
OUT.OUTn \
VIN(THJ ‘rl VIN[H\'S)
>
Vour 4
90% of V. fon
o s
LorF(DELAY)
70% of Vs \ 70% of Vs
/ l (dV/dtlon -(dV/dt)os
30% of Vs 30% of Vs
10% of Vs ton(DELAY) torr
>
Powmos
E, /
ON Eorr
/ \ >
t
Figure19 Switching a Resistive Load
7.2.2 ERMEHE

HESOARKARMEREE, BE Vour

ZEEEMBAUT, RNBRSBEKENER. N7 LM

ES EMRE, RAT BEHAUNG, sHAULHRE AAMEEE, € Vos=Voscuwn o B 20 R T HIUL

N E, HIULEMTEET 6.15 HAVFT B RIFEN T RIFEE M-

Vs

High-side
Channel
_ r
L
VS Vos
78 | Veisiciawe X — VbsicLane)
p— I<_
I: 1S
]_ I_' ! Y I
r
VsicLamp) OUTn T
,SZ: VouTn
4
L GND

[ Remnse ||

L Renp

PowerStage_Clamp_INTDIO.emf

Figure 20
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IR I IEP, BEETE BTST1033-6ESA FEB, BEEE AT (7.1):

Vg - VDS(CLAMP) R - IL L
E=V - -1(1— j+1 = 71
DS(CLAMP) [ Ry ' Vs = Vbs(cLamp) L} Ry -

RAREE, MWAMBATERRNRAER, REITHMILITIRS,

7.2.3 %A1 EB = PR &1l

AT RESERRERE, FTEEE Vos BE. ZHHER B, MBERIZERT (&d DCrRMUX EF
BIE - 20 21) 6 Vos FFEART Vossiofd, HitH DMOS B DK, X=tE N4 S@ER, Fit
BRER L ERIRARE /N, Vos=Vossio o Vos IEINTEFRFQN EBERREBSE A RO TIE, M et KR
SEEIRIRHELFRY ks FEE.

IN/
OUT.OUTn I

~ v

CS
DCR . MUX 110 I 000 110
>
t
I A
J \ »
t
A
Vos stls(om\ Jts\S(OF A
VS _\
VbsisLo
\ TN } s

t
PowerStage_GBR_diag.emf

Figure21 Output Voltage Limitation activation during diagnosis

7.2.4 REh BN EH

LITHAAMAEN, BREFASREER. BRBUVATESRE. ESR. RFEMMIREIESHIRIE,
NT RSN EIXTNEEST, BTS71033-6ESP IR T RIXITHITHEE, HFZFE[ SrRc.SRcn NEI,
HMEENRN Y (WEHT7.4.1)
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7.3 BEFF R

7.3.1 HRBRTH

LlVour> VsBY, BBRWAANDIRBHE (WE22) , XMEGRITAEEEBR
MRBERTFRARS, BAREEZIRE, mESHERGE, AIERHEEEEAS. XOERSH
IR MAEEREE AMXF. tARBELTF ONIKE, WBT LAFIHA Ros vy BHIE R RITHERFEES Ros
on PHIEEIEITHEE,

EFRABEREZET, RBlw<lnw, BEMSERFFBIXFRS.

£ InverseON, RE/w < g, FUAATES M EBERZ4HAETFEE (S B 23),

Gate ||_‘
Driver ||‘_
I_‘ Vinv = Vout> Vs

Device INV Iy
Logic Comp. ouT -—

L

GND

[ Reno |

PowerStage_InvCurr_INTDIO.emf

Figure 22 Inverse Current Circuitry
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/ IN CASE 1: Switch is ON \ / IN CASE2: Switch is OFF \
L 4
ON OFF
>t >t
\IL 'IL
NORMAL NORMAL NORMAL NORMAL
>t >t
INVERSE INVERSE
DMOS state DMOS state
A A
ON OFF
-t > {
o / o /
/ CASE 3 : Switch ONinto Inverse Current \ / CASE 4: Switch OFF into Inverse Current \
IN
/
“ OFF ON ON OFF
>t >t
I
A
[ NORMAL NORMAL NORMAL NORMAL
>t >t
INVERSE INVERSE
DMOS state DMOS state
\ A
OFF ON ON OFF
> >
\- AN /
PowerStage_InvCurr_INVON.emf

Figure23 InverseON - Channel behavior in case of applied Inverse Current

b LR B HEIE], m R A TR S W E 22

7.3.2 HiTUREE

HHEXZMBEIRh RN R, REWEN, M MBERREHIITERLS XA, XITREMEXHF]
FBEAZEANGESE, NTERXMERL, NREAVBEES, FEWHRBEERL, ESPIF
B—M (PCs. Pccn), AliEH@E 1827 BX. &Y PCS. pcen WEL BENXAMNERH2RALH A
SRR EERER A L ovzo MR—HBERND RGP EEIRE SRR (OCR. OCTn = 1,), M MBE
BT RAARIPEEIIFERR Lowye HEOBEMERBRMITHEEERDIH, REE— M8 nresrarrcn)
RE, mMBEHEXE. BT, BNEEEHKERREMRITEHE, NR—MEEFERIRE
JAZE, (SRC. SRCn = 1), BAHBER TR EEHLEER T ARG, JWEHEHE (PCs. PCCn = 13),
INERRIER TR BBEECETHRE R . ELE/ R TR FISHBETER. &% EF 9.7 THRE
Zi¥1E. N T EUOHHBR TRERREE, BRHEEI (Pcs. pcCn =0g)o FHEOBERTEBIMRIETRE
B NREETELSBEREERS MEERMERMMITE, HEOBERE, E@EHEKEE, &

LESWERE,
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HERNCEERN, BRI wowtEIN—EF. AAHRFERHBEIAYE L EEPCB AR P AYIRIE
BRE T RERHERTE I,

7.3.3 H I ENERREEFEYE

EHRECEHBTS71033-6ESPRERIBA XN (At SEIOH XEXT, WE24FFR) , KIAFXIE
MMEGR AR AR RN ITET| dVour/ dt|e BN, HEBFXIREEY, MHEAATESTELEERXTH
B (MARERs BN THRE) -« XEFARXIESERMSH DMOS TH, BARZRF,

Veat
R/L cable
VS
i 7
oN (D) { INx Hiq & & pitt Ny~ OFF
1h il
OUTx OUTy | dVour/ |
Current through Mot cross
urrent through Motor Current
o—®7|
ON (PWM)
oFf Hq B Apdr UL
J7 Power Stage_Passive Slew_SPOC.emf

Figure24 High-Side switch used in Bridge configuration
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7.4 ThER K BSEFY

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

MR 2B R A EER T . (FRIEZIMRER):

22.5mQ:R=4.8Q

70mQ:R=180Q
Table 15 Electrical Characteristics: Power Stages - General
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Voltages
Drain to Source Clamping | Vpg(ciamp) 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 | Vpsciamp) 25 |35 38 44 v b P_7.4.0.2
Voltage at 7,225 °C IL=5mA
T,=25°C
See Figure 20
1)WiERE T,=150°C.
7.41  INRFHFRFHE
Table 16 Electrical Characteristics: Power Stages
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Timings
VOUT =10% Vs
PCS.PCCn=0s
Switch-ON Delay tON(DELAY) 10 40 80 us |2 P_7.4.2.16
(parallel mode) Vs=13.5V
VOUT =10% Vs
PCS.PCCn=1;5
SW'tCh‘OFF Delay tOFF(DELAY) 10 30 60 IJ.S VSZ 13.5 V P_7.4.2.2
Vour =90% Vs
Switch-ON Time ton 20 55 100 ys Vs=13.5V P_7.423
Vour =90% Vs
SRC.SRCn=0g
PCS.PCCn=0s
Switch-ON ton 20 70 125 us |2 P_7.4.2.20
Time (parallel Vs=13.5V
mode) Vour =90% Vs
SRC.SRCn =03
PCS.PCCn=1;5
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Table 16 Electrical Characteristics: Power Stages (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_7.42.4
Vour =90% Vs
SRC.SRCn =13
Switch-OFF Time tore 20 55 100 us Vs=13.5V P_7.4.2.6
Vour =10% Vs
SRC.SRCn=0s
Switch-OFF Time torr 30 75 150 |us  |Vs=13.5V P_7.4.2.7
Vour =10% Vs
SRC.SRCn =13
Switch-ON/OFF Matching | Atsw -50 0 50 ys Vs=13.5V P_7.4.2.9
ton~ torr PCS.PCCn =0
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 =0g
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=0s
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=1s
Slew Rate Matching AdV/dt)sw |-30 0 30 % b P_7.4.2.17
Vs=13.5V
Voltages
Output Voltage Drop VossLo) 2 10 18 mv |2 P_7.4.2.18
Limitation at Small Load I.=1loy=20mA
Currents

1) A(dV/dt)sw= ((dV/dt)on- (dV/dt)ore) / (((dV/dt)on + (dV/dt)orr)/ 2).
2) TN - RIS,
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7.5

BT - THRBHER

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

MR 2B R A EER T . (FRIEZIMRER):

22.5mQ:R=4.8Q

70mQ:R=180Q
751  DOEEHHE -22.5m0
Table 17 Electrical Characteristics: Power Stages - 22.5 mQ
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Output characteristics
ON-State Resistance at Rbs(on)_25 - 225 |- mQ |V 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 Rosiwg.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_1s0 |- - 44 mQ |V P_7.5.16.5
Inverse Current at T,= T,=150°C
150 °C I, =1 (nom)
ON-State Resistance in Roswev) s |- 45 - mQ |V P_7.5.16.6
Reverse Polarity at T,= T,=25°C
25°C

Vs=-135V

I, =1 (vowm)

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

I =1 (vowm)

Rsense=1.2 kQ
Nominal Load Current per |/, youm) - 3 - A Y P_7.5.16.8
Channel (all Channels T,=85°C
Active) T,<150°C
Output Leakage Currentat |/ orp g5 - 0.03 0.15 HA b P_7.5.16.9
TJS 85 OC VOUT:OV

Vin=“low” and

OUT.OUTn = 0g

Ta<85°C
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Table 17 Electrical Characteristics: Power Stages - 22.5 mQ (continued)
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Output Leakage Currentat |/, orr 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 |/ ) - 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 Vips |V P_7.5.16.12
Half Bridge Configuration) Vs=13.5V
Voltages
Drain Source Diode Voltage |[Vpspiope| |- 500 600 mv | P_7.5.16.13
[.=-190 mA
T,=150 °C
Switching Energy
Switch-ON Energy Eon - 030 |- mJ |V P_7.5.16.14
Vs =18V
SRC.SRCn =03
PCS.PCCn=0g
Switch-OFF Energy Eorr - 038 |- mJ | P_7.5.16.15
Vs =18V
SRC.SRCn=0g
PCS.PCCn=0g
1) &N - BRIt
7.5.2  IHFEEHE -70 mO
Table 18 Electrical Characteristics: Power Stages - 70 mQ
Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition
Output characteristics
ON-State Resistance at Ros(on). 25 - 70 - mQ |V P_7.5.18.1
T,=25°C T,=25°C
ON-State Resistance at Ros(on)_150 - - 110 mQ | T,=150°C P_7.5.18.2
T,=150 °C
ON-State Resistance in Rosion)_crank |~ - 135 mQ | T,=150°C P_7.5.18.3
Cranking Vs=3.1V
ON-State Resistance in Rosny)._25 - 80 - mQ | P_7.5.18.4
Inverse Currentat 7,=25°C T,=25°C
1=l (now)
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Table 18 Electrical Characteristics: Power Stages - 70 mQ (continued)
Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition
ON-State Resistance in Rosiny_ 150 |- - 150 |mQ |V P_7.5.185
Inverse Currentat T,= T,=150°C
150 °C I, =-Inowm)
Nominal Load Current per |/, yom - 15 - A b P_7.5.18.8
Channel (all Channels Ta=85°C
Active) T,<150°C
Output Leakage Currentat |/ oep) gs - 0.01 |01 uA |V P_7.5.18.9
T,=85°C Vour=0V
Vin=“low” and
OUT .OUTn =0g
Ta<85°C
Output Leakage Currentat |/, orr 150 - - 5 HA Vour=0V P_7.5.18.10
T,=150°C Vin =“low” and
OUT .OUTn =0g
Ta=150°C
Inverse Current Capability |/ ) - 15 - A b P_7.5.18.11
Vs<Vour
IN = “high” or
OUT.OUTn = 1g
Voltage Slope
Passive Slew Rate (e.g. for ||dVour/dt| |- - 10 Vius | P_7.5.18.12
Half Bridge Configuration) Vs=13.5V
Voltages
Drain Source Diode Voltage ||Vospiopyl |- 500 (600 |mv [V P_7.5.18.13
[.=-190 mA
T,=150°C
Switching Energy
Switch-ON Energy Eon - 090 |- mJ | P_7.5.18.14
Vs=18V
SRC.SRCn =0g
Switch-OFF Energy Eore - 094 |- mJ |V P_7.5.18.15
Vs=18V
SRC.SRCn =0g
1) TF&lis - \RIEIR I
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8 RiP

BTS71033-6ESP EBIIBRIF. iIRARIF. RMEEM (5 ReverseON) FTEMRIF, H23H R T EER
B, SRR EIPEER, SEFRIPEREZREEXTEEER,. 2 GND # vs 5|k @HERN,
= B BRI ER,

8.1 TR R

RS A TEEERE T AT IRERIFEBE (T)nes) MEBETRRIFEER (T)on)e HRE T, BIEP—
NEME (Trnes T Tom ) B, HEREERFWKHE, LABILERIF, MHNVAY WRNDIAG.WRNn (& (IFHTEIR
ENEERR. BERFEXARES, HIEILE THEIIR 19 RN ER &M, 1THWME 25 Fiir (454l
BIRP) ME 26 GIRTERFRF) o e RRISTEFRIPHEERE,

A
IN/
OUT.OUTn
t
IL A
’L(OVL)
t
A
T,
TJ(ABS)
'
A t
I\S [ [_\ ﬂ
J
t
A
Internal
counter 0 ! 2 >
t
A
WRNDIAG.WRNn 0 1 0
Read WRNDIAG -— t
Protection_OT_Restart.emf

Figure25 Overtemperature Protection (Absolute)
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IN/ R
OUT.OUTn
»
t
A
oh
“TRAANAAT i
A .
»
t
A
T,
Tass)
—
5
N
TJ[startJ
Trer)

1 O O O I I nn_.,

Internal
counter

—> —>
v

| o o233 4] 5|6 |nemmwrt| o [ 1 |

WRNDIAG.WRNn

-
o
=
-

0 | 1 Ol 1

Read WRNDIAG -+ Read WRNDIAG - t

ERRDIAG.ERRn

—>
v

0 1 0 |

HWCR.CLC = 1; < t
Protection_dT_Restart.emf

Figure 26 Overtemperature Protection (Dynamic)

LI ERFRIPEBATIEEEXFAR, FXAE 8.3.1E MEANERRIEEMBHEG,
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8.2 i H RIF

BTS71033-6ESPTE B AZER EIMBT R B(RIF. EX TR NIRHE (WE 27), FHIRIEHZERDMOS

FRIREY B E Vos B THIERE
¢ lowowhen Vps<13V
U I|_(o\/|_1) when Vbos>22V

k5, ATLUEE IR E 22.5 mQ @EAYOCR . oCTn R FERIT &= {E,

= = nwan -
Overload threshold variation ("1" =1, 5y, )@ Vps =5 V)
11 -
lovig) OCR.OCT =0
1 —_— === OCR.OCTn=1
0.9 -
08
0.7 |
lyowiy)
06 S —
R B i ettt e e s bt ettt
04
03 |
0.2
0.1 -
0
4 8 12 16 20 24 28
Drain Source Voltage (V)

Figure 27 Overload current thresholds

Lh=low (HiowoTliowy) BT, BEXF, BEA LIRIESE 8.3.1 BEHH AN E R RIREN B,
8.3 KA BRI RPHIZ B H
A RIPYGINSEYS (IRIFEEH) B=E3MHITH:

v REMBEEXHA, RERITRES®RE

v REIEERNERRIFIRENSES

+ tBANAIWRNDIAG.WRNn W E I E 1. HEBEFEEEIEE,
WMNRFFAERIPVIGIERH BT 19 PRI BB 4, NEER UBRITH. FERFERITHEEE

BRAK ( RCD.RCDn B ZE0:).
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Table 19 Protection “Restart” Condition

Fault condition Switch OFF event “Restart” Condition
Overtemperature TJE TJ(ABS) or (TJ - TJ(REF)) = TJ(DYN) TJ< TJ(ABS) and (TJ - T_J(REF)) < TJ(DYN)
(including hysteresis)
NResTART < MRESTART(CR)
RCD.RCDn =0
Overload I =1 oy l.<50 mA
T, within T nes) and Tyovy) ranges
(including hysteresis)
NResTART < MRESTART(CR)
RCD.RCDn=0
8.3.1 =9 =1- 1
4 INx ZouT.ouTn EfiNS”, HNANBEITH. EHERET, WHEXH, BERBEFHESHRP
MHEBER"EZHRAAFER (WWFE 19), WRNDIAG.WRNn IAxUrHfiE)&E (L, HHNIBHFEESSE
B3 HWRNDIAG *&tﬁé, JH\UWRND|AG*)§5%|K/%, PRIERE S 1 NResTART( CR AEBERS ) TmEH

WRNDIAG.WRNn FREfl, MRAFEBDER, AILUETIRE22.5 mQIBERRCD.RCDn A 1 K(Z
FAEfl. HRCD.RCDn BN 18T, ERITHBRWE[, HBEAIUFERSH, HEZH
ERRDIAG.ERRn (B, EiTi&E SPI iIHWCR.CLC FEMRERPIERITHRE 1., NRHENS|
i E gouT.ouTn MEMN 1. , BEEENHWCR.CLC E1I§LEILEITH. NMAFRBIEXAR
HEE EBNEENIE, NARGREESER> e EENBNEE

B HERW B 28FfT

IN/ A&
OUT.OUTn

e

Short circuit
to ground I |

I t> tpetry
L

Iow

HWCR.CLC = 1z 4

Y Note: Maximum peak current depending onsystem impedance

RCD.RCDn = 1z

HWCR.CLC = 1z

t
Y 0 !ZD
couer |L__0_[1[2[3[as]¢] 2] |
0 1 2 3 4 5 6 +1 1 2 |... +1 1 0
counter NRESTART(CR) NRESTART(CR) .
0 t
e s
WRNDIAG.WRNn | 0 | 1 O| 1 | 1 1 0 |
A Read WRNDIAG < 0 t
v
RCS.RCSn | 0 | 1 I 2 | 3 | 4 | 5 I 6 I 7 1 | 2 || 7 1 0 |
t

Protection_Restart.emf

Figure 28

Datasheet

Restart Strategy timing diagram

45

Rev. 1.00
2022-04-05




S oTL033 - 6ESP (infineon

Protection
t<toeimen) = toeLavicn) t2t tirag)
IN TJ
t
.=
LHI J
t
Short circuit T I .- o=
to ground o
t
R L/'A_A_A_A_A_A_A A_A_A_A_A_A_L A_A_A_A_A_A_A
t
Internal
counter 0 213(4]5]6 Neestarticr) T 1 0 1(2]3]|4]5]6 Ngestarticr) T 1 O 1(2]3]|4]5]| 6 |Neestarreyt1
t
WRNDIAG.WRNn h 0 I 0| 1 1 0| 1 1 0| 1 |
Read WRNDIAG 44— Read WRNDIAG<— 9 Read WRNDIAG Read WRNDIAG<4— ' Read WRNDIAG t
X ) ) Protection_Restart_LH.emf
Y Note: Maximum peak current depending onsystem impedance

Figure 29 Restart Strategy timing diagram in Limp Home

8.4 HhfRiF

8.4.1 R LRI

ERRMEFRG (BHRAREEM) B, BT ReverseON FFERH T B R PHNIHFRHEEDE, A
LA RIS ON (BB Ros rey ) o BRI ERENIF ZINET I T EDFETINER

S5 AR B =z ) B S b S S2 B P i 4% S BRYER o @I 2 FEIRFEIR Voo MIEFHINS | BIRY R 5
MR FIMBBEMNRE (BEHEE 4.1 F RIIENENEATERE) UK EBLENNAER) -

30 2R T 1R1PReverseONIHEERV BB W A, EBIMMAGND S| B (- fono ) 7E AR S5 14 o 3t FBUE
ReverseON B EHY, FUILIRREZMANZZH GND 5| 2 [B]ATZTE BB FRER R
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~Vaar(rev)
5V (reverse protected)
’VDD ]
VDD [
High-side Channel \&
puc
VDD
fD\ * *+
I
— ~ ReverseON |« $
% :
1
L J
OUTn
T .IO uT
GND I IL, CR
777
77 Protection_RevBatt_SPl.emf

Figure30 Reverse Battery Protection (application example)

8.4.2 o [ERIF

% Eﬁ.iﬁ %Eﬁ? Vs(ext,up) 0 Veat(Lp) ZlEﬂ B ’ Eﬁﬂj I?E{Zk%gj%ﬂl{’ﬁ; #EEIKJEE@)G IHEHEJZ ouT %ﬁ%&o
BRTY 56 7.2.2 E PR BRAFNEMEHMG 2SI, B —NHUVHI B FZENRE L EENE
[E1RIP, M53x VS F1 GND 5|z BlfVEE[E& (VsicLampy)o
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8.5 Bl EREXR

8.5.1 = MG EENA
QEBEAHNEZRESAEMND, EERENHERIARASE WSS FEN, NRIBNRERE, 12
FEEE T EEREMMAR, BPMEEEEENIE, BTS71033-6ESPEILIMESIX 10 pH FILRTREBRL fnomo
TER A8 B AN /g R B R, EINERSNEIGIZS —IRE (M08 11E PR _IREDL) Kb
IBREEH 1 B IR HERAY R R,

ARE HIREGFEZL, SHTEREIRTL, VS B EER S RSP B fras. XEHELEXE
BT ITIE S EIGIR B, H A& 1H1FIXL[BISTDDIAG » US), LHI Z/BIBIRENEA,
NFGETLZHAN BRI o

8.5.2 #gEL
MNRBEIFMEL, BNETEEFEASIBAMCUZ BLEE— B, URESEXK (0= 11
RFmR) o

AR HIRIEITHFIIN 5 IIRILEH (BT BAZEE) , HasHEXET, B—1 & LEPET
BBIE, RIZOAVIAILERIE X TTEH FSPISGE,
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8.6 RIFESIE

Voo=3.0VES55V,Vs=6V ZE 18V, T,=-40°C & +150 °C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C
Mt A 2B M A EEEE A, BRIESIMRER):

22.5mQ:R=4.8Q
70mQ:R=180Q

Table 20 Electrical Characteristics: Protection - General
Parameter Symbol Values Unit | Note or Number

Min. |Typ. |Max. Test Condition

Thermal Shutdown T ags) 150 175 200 °C 12 P_8.6.0.1
Temperature (Absolute) See Figure 25
Thermal Shutdown Thvs(aes) - 30 - K 3 P_8.6.0.2
Hysteresis (Absolute) See Figure 25
Thermal Shutdown Ty ovn) - 80 - K 3 P_8.6.0.3
Temperature (Dynamic) See Figure 26
Clamping Voltage at T, T,=-40°C
=-40°C See Figure 20
Power Supply VsicLamp) 25 |35 38 44 Vv 2 P_8.6.0.7
Clamping Voltage at T, hs=5mA
>25°C T,225°C

See Figure 20
Power Supply Voltage Vsis) 20.5 22.5 245 v 3 P_8.6.0.8
Threshold for Overcurrent Setup acc. to AEC-
Threshold Reduction in Q100-012
case of Short Circuit

1) 1XIhEEMIt,
2) XTE T,=150°C B,
3) T - IRIEIR It

8.6.1 RIFBSEFMN

Table 21 Electrical Characteristics: Protection

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

Counter Reset Delay Time | togav(cr) 40 70 100 ms |V P_8.6.2.1

after Fault Condition in LHI=“high”

Limp Home INx = “low”

Automatic Restarts in Case | Ngestart(cr) |~ 6 - - Y P_8.6.2.2

of Fault after a Counter

Reset

1) TF&s - RIER I
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RIFBSISE - IRRHEK

VDD:3.OV:Z|§5.5V, Vs:6V:z|K: 18V, T,=-40 °C§:+150 °C

8.7

HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C

M SR 2 BRI A EER R . (PRIEZIMRER):
225mO:R =480

70mQ: R=18Q
8.71  RIFTHFHHL - 22.5 mQ
Table 22 Electrical Characteristics: Protection - 22.5 mQ
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Overload Detection Current |/, qy.q 44 48 53 A b P_8.7.16.3
High Level OCR.OCTn= 0
T,=-40°Cto50°C
d//dt=0.2 A/us
Overload Detection Current |/, qyq 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_8.7.16.8
Low Level OCR.OCTn= 13
d//dt=0.1A/us
Overload Detection Current |/ gy 22 31 36 A 23) P_8.7.16.6
High Level (parallel mode) OCR.OCTn= 0z
PCS.PCCn=1;
d//dt=0.2 A/us
Overload Detection lowy - 29 - A 2 P_8.7.16.5
Current at High Vps d//dt=0.2 A/us
Overload Detection Current |l oy 45 |- 29 - A 2 P_8.7.16.7
Jump Start Condition OCR.OCTn=0g
Vs> Vgus)
dl/dt=0.2 A/us
1) MR 7,=-40 °Co
2) &M - RIBIZ T,
3) /|_(ov|_3) Eﬁ :,F_/I\Eiao #E*Ejﬁ/l\iéiglé\ %5ﬁ /L(OVL) < 2 X /L(OVL3)°
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8.7.2 RIPTHE S - TO0mQ

Table 23 Electrical Characteristics: Protection - 70 mQ

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

-

Overload Detection Current |/, gyq 15 18 22 A b P_8.7.18.3
T,=-40°Cto 50°C

di/dt=0.1A/ps

Overload Detection Current |/ oy 13 16 19 A 2 P_8.7.18.4
T,=150°C
d//dt=0.1A/us
Overload Detection ILowLy - 11 - A 2 P_8.7.18.5
Current at High Vps d//dt=0.1 A/us
Overload Detection Current |/ oy js) - 11 - A 2 P_8.7.18.7
Jump Start Condition Vs> Vss)

di/dt=0.1A/ps

1) MEXBRE T,=-40°C,
2) LN - IRIEIRIT.
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9 T

HFIZWTE R, BTS71033-6ESP 1£5IM] IS AR EEFRAE, FHiBEISPRMIZMTRIR. NREMAIZ

7, 1S SIS ZRNEMES. SERIIEMKIE S RE A3 Bt SPIHITIES,

NREABMEEIZET, WA IS 5IMIFRRIEN > BHEZACMEBPE Reensco Rsense BRI T 820 Q
(5% 400 Q , HEBM EFEPREBMFRZFEIPE) , LURGIRFREBEPNINERIRKL, BEER

Rsense = 1.2 kQ o

BT IS 5IHMV BB EZ ERIRERERE, NREMISERREREMHERERAREREIRMHE, N

FEWCE IS 51 NEZ D H i & a9t M e itk o

ZIE 31 BAERENER. BXAEETEA TSR, FSHET 9.2

—
VST
r .,?Q'T'
|I /T 1 L
liso Temperature
é Sensor
Gate |L__
Control I |
= |
Overcurrent ouTs
Protection ouT4
ouT3
ouT2
Load ouT1
Current - oUTo
L
Sense Channel o|F
YYVYVYYY YYVY
\ DCR.MUX
Current Sense Multiplexer
1S
1
ﬁ Rsense
Diagnosis_6ch.emf
Figure 31 Diagnosis block diagram
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9.1 B

—_ -

% 24 1B T BTS71033-6ESPIE{T

RILTF, IS5IH ERNSERE.

Table 24 Diagnosis feedback, Function of Operation Mode

Operation Mode |Input level |V, Current sense /s WRNDIAG |STDDIAG
OUT.OUTn .WRNn .SBM

Normal operation |Low /O0s ~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-Vpgsp) Z 0 1

> Vs- VDS(Sé} 7 0 0
Normal operation |High/1s [~ Vs hs=I.nom/ K 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 /kys 0 0
Open Load ~ Vy) hs=lsen 0 0
Under load (e.g. ~ Vg3 Lsen) < hs<Iunom/ ks |0 0
Output Voltage
Limitation
condition)
1) EASMY_ERIEBRE,
2) EﬁH:ll ﬁiﬁb\z\;ﬁ/]\a: IL(OL)Q
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9.2 SPIIZH#fT
lj. SP' ?Eﬁiﬁ*"é/l\léﬁ)lk/u\ﬂq li:ﬁ{; =0 WRNDIAG EP?E“‘*T&ﬁE*TIu\s li?j:l‘*]-\lu\jz%l_l)lh*]-\lu\ 1:1":50

ARSI S S HZFTWRNDIAG. WRNn fiI, Fi@idSPIIEEUERRE XWRNDIAG , FRIEARFIRAKERXE,
HEBEBHEFF. FIF8iFEESASPIFESHWCR . CLC/ER.

9.3 ON KRB Tiglr

LB LT EME, SIS ABRES AR LLFINER (EbFkus=1/1s) :

o BRI, FHHE Vos < Vossew,

v ZIBERIZETEFEREN

v REWME (49055 8.3 F FiR)

WNR{EFA DCR . MUX iLAFHIBBEFEE R AL TR HE, IS SIHFRFRTE N EEE KRS,

9.3.1 BRI (kius)

KM R ERR T EEMAEER. /s b\ WHEREMEEM, BEEARZIBFEBIR lssn o IR
HEBHEHFFER (LiEEoA) , NIEERRKENER lisen) (ZH. 1ZWTBAR) . ZEMHWE 33 Fimo
TR RIBARRY ks £, LN 2RBE = GE1T .

E2INTE 1S 5IRIF0 MCU BY ADC 3N S IR Z BIEFASMERPR R ISR 2R, LUBMESSURMIIR: (RINFERIE
A ER/NBY{E] 1 us) o

kus RERVIEERBEZETRE. HERENFIETZHEM, EMENERKIZAN, FTUERE
=SB PRERIE:

v EERPURRIFLNIRHERE, TR AR E X BEREHRIER (i) o

o NE IS 5T RZBVERIRFHITE kus (ks @ fucan)

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

KRAESS ks FEEERE 32 2R, M AkusfEEo

kys@l kis@I
Akyppsprax = 100- MAX( iwis@liccan b Kius@iiecan v 1)

kiis@lycary " ks @Iy cary

ki s@I k@]
Aleyppspn = 100 MIN( wis@lucany s o Kis@lucay 1)

kiLis@Ipcar) " K@l e

g et

Figure 32 Akuscalculation formulas

FRAERNTE Tacay = 25°C BT SR Akius BFEM lucan s Bl lucan n BUREZBH BBIRZES
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lis

hsiov /
hisen
d ,

Iyou) I

Di agnosis_OLON.emf

Figure 33 Current Sense Ratio in Open Load at ON condition

9.3.2 R ZRE RS

BTS71033-6ESP NEPER T — "B MXIFEZIREAZE, FIEMEEERQ B REEEZEIIIZHS |’
ISo BIEH SPI Z1F2§ DCR.MUXZEHE, MM A LB SPI & 7728 DCR.MUX 2, BERRFZER
SRR FMANEBIESE E 34, LS, DCR.Mux S5HEfM SPI 4 S ERIUI U R ENEZSINEE,

FRE MTHEERN$E < #0 DCR. MUX (X EXAYANT:

+ DCR.MUXTEINRERIMREMRIFZHEE FHE

+ IREPCS.CLCS = 1si5FRITEZRHISDCR . MUXIE BV IEIE K ]

+ I&E PCS.SRCS=1;, DCR.MUX IEFHBEENNEERNT, HSH
BNET 7.4.1 THRESHAT

+ J£EY RCs.Rcsn{ifY, DCR.MUXIEFRHIBEERINERITEESAVRZSIEER,

CSN
DCR.MUX | 110 I 001 I 010 IllO

L Lasion) tasico) Lo

A 4

t
Diagnosis_MuxTiming.emf

Figure 34 Current Sense Multiplexer Timings
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9.4 OFF K& T2l

LUIHERFH R T OFFIRZSEY, BTS71033-6ESP RILUNIEME EEHEHS SEBEH#HITHR. XiF,
ERA—LEEIMNIINER T (FRIEEFEM AR ERIERR) , el BT ERHRTEFEXS
BB AT ER

941 FRBEAFX

NTRNEEREE vs BIIER , RATEBENEEAX, S5 ouT 5 vs &F oN K& & EXE
BREY, ERBEMEINERE, NMEAEE (B) , MEBEZEINGBERE. Htk, BRAXREFEESER
HERTFAEERMEANE, TOFFRET, ML BEREHEE Vs, XSBVNHN Vos o FFXZER G
RIGBME Vos se) S EBMKIFZ IR E FI83( DCR. MUX ) A/EHVIZIBIE L) E 7l FB/E Vos HTLLIR. LEIREE
RAUTEAREIZET STDDIAG. SBM HIEEY, b, FXRFZEEIENEEAT A TN ForFFRER f1 BF K.
EXMERT, DINE— ARV ERIEBPERIE ouT HIZE VS BTERY.

9.5 SENSE Bt FE
& 35 /R T SENSE BYFE17BYg] Lsison) A2 Lsis(oFr) HAlEIENF (BEAETENER) - BF
ENHERBEZA (BT tov Z81) TEBILEHINES, FEL tasone = tason T ton o

IN/
OUT.OU’InT OFF oN OFF

A\ 4

SEnsE A
EN ABLE

A\ 4

tOFF(DELA\’]

I A

iIS

/ .
t

Diagnosis_SenseTiming.emf

Figure35 SENSE Settling / Disabling Timing
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9.6 IZETER ST

Voo=3.0VES55V,Vs=6V ZE 18V, T,=-40°C & +150 °C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C
Mid S HB AN A HEZET L. FRIESIMEER):

22.5mQO:R =480
70mQ:R =180

Table 25 Electrical Characteristics: Diagnosis - General

Parameter Symbol Values Unit |Noteor Number
Test Condition

Min. |Typ. |Max.

IS(SAT) 4.2 - 15 mA |V P 9.6.0.12
Rsense= 1.2 kQ

-~

SENSE Saturation Current

SENSE Saturation Current | /igsan 5 - 15 mA [V P_9.6.0.17
Rsense= 1.2 kQ
Vs=8Vto18YV
SENSE Leakage lisioFr) - 0.01 0.5 MA 1 =1 wom P_9.6.0.2
Current when Disabled Vis=0V
DCR.MUX =110
SENSE Leakage Current | /gen) gs - 0.2 1 wA Y P_9.6.0.3
when Enabled at T, < T,=85°C
85°C DCR.MUX #

<llOB,lllB>
See Figure 33

SENSE Leakage Current hs(en)_150 - 1 2 MA | T,=150°C P_9.6.0.11
when Enabled at 7,=150 °C - DCR.MUX #
<llOB,lllB>
See Figure 33

Saturation Voltage in kus | Vg - 0.5 1 Vv Y P_9.6.0.6
Operation - Vs=6V
(Vs - Vis)

INx = “high” or

OUT.OUTn =1;
L =271 yowm)

Power Supply to IS VaisicLamp)_40 | 33 36.5 42 v ls=1mA P_9.6.0.9
Pin Clamping Voltage - T,=-40°C

at7,=-40°C See Figure 20

Power Supply to IS VsiscLamp) 25 |35 38 44 Vv 2 P_9.6.0.10
Pin Clamping Voltage - lis=1mA

at7,=225°C T,>25°C

See Figure 20

1) & - \RiIE&it
2) MR T,=150°C,
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Table26 Electrical Characteristics: Diagnosis - Thresholds, Timings
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Switch Bypass Monitor Vbs(s) 13 1.9 25 v OFF state P_9.6.2.1
Threshold
SENSE Settling Time with | tyson) - 8 20 s Vs=13.5V P_9.6.2.2
Nominal Load Current 1= 1 (nowm)
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 =1 ey oo
DCR.MUX: 110>
001s
SENSE Settling Time after |t g - - 20 us Y P_9.6.2.4
Channel Change Vs=13.5V
.= nowm)
DCR.MUX: 001>
010s
SENSE Settling Time after |t gco sic |- - 60 us |2 P_9.6.2.11
Channel Change with Vs=13.5V
Small Load Current Start channel:
I =Tyeay
End channel:
I=1 Ao
DCR.MUX: 0015
0108
SENSE Disable Time tasorr) - - 20 us |V P_9.6.2.5
Vs=13.5V
1= inowm)
DCR.MUX: 010>
110g
SENSE Settling Time after |tysq - - 20 us |2 P_9.6.2.6
Load Change
SENSE Settling Time after |tysic sic |- 250 400 us 2 P_9.6.2.12
Load Change with Small Vs=13.5V
Load Current from /.=l cayto
=1 ca oL
SENSE Disable Time after  |tysoep - - 20 us |2 P_9.6.2.7
Channel Deactivation
1) ESHCCER#HITIEEE M1,
2) g - RIBIEIT.
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9.7 IZETER S - ThERRH A

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

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 H BB A HER R Fd. (FRIEZIMREA):

22.5mQ:R=4.8Q
7T0mQ:R=180Q

9.7.1 PHThE LR - 22.5 mQ

Table 27 Electrical Characteristics: Diagnosis - 22.5 mQ - high range?

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

Open Load Output Current |/, o) 4, 2 7 15 mA |2 P_9.7.16.1
atls=4 pA lis=lhson) =4 HA
Current Sense Ratio at KiLisol -65% |2000 |+65% 2 P_9.7.16.3
I =hg loi=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 K isos -55% (2000 |+55% 2 P_9.7.16.7
I.= s ILos=100 mA
Current Sense Ratio at K iso7 -45% 2000 |+45% 2 P_9.7.16.9
I =l lor=250 mA
Current Sense Ratio at KiLis1o -24% |2000 |+24% Io=1A P_9.7.16.12
I =10
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= s
SENSE Current Derating  |Ak, g0y |-30 0 +30  |% [P P_9.7.16.37
with Low Current I (ca) oL= o3
Calibration lcany or_n=los

Iiean) oL L= ho

Tacan=25°C
SENSE Current Derating | Akysomy |9 0 +9 % |2 P_9.7.16.38
with Nominal Current lcan™ i
Calibration lican_n= s

I (can L= o

Tacan=25°C
1) 3R KRC.KRCn =05, XEHEX,
2) R pcs.pcCn =05 NEHEK.
3) &M - RIERIT.
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Table 28 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 |23 P_9.7.16.18
at/s=4 pA hs=1lisi01)= 4 A
Current Sense Ratio at K, L1500 65% (660  |+65% 23 P_9.7.16.19
I =g lL.oo=5 mA
Current Sense Ratio at K iso1 60% (660  |+60% 23) P_9.7.16.20
I =hg lLo1=10 mA
Current Sense Ratio at K Liso3 -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.= s lLos=100 mA
Current Sense Ratio at K isor 30% (660  |+30% 23 P_9.7.16.29
I =l lLo7=250 mA
Current Sense Ratio at KiLisos -20% | 660 +20% 3 P_9.7.16.31
I =l lLos= 450 mA
Current Sense Ratio at K is1o 8% [660 |+8% 3 P_9.7.16.33
/L:/Llo lo=1A
Current Sense Ratio at Kis1o -8% |660 |+8% 3 P_9.7.16.35
/L:/le h=2A
SENSE Current Derating | Akjusoy | -30 0 +30  |% |2 P_9.7.16.39
with Low Current I ca oL = Loy
Calibration I ca ot n=lLo3

lca ot L= oo

Tacan=25°C
SENSE Current Derating | Ak somy |9 0 +9 % | P_9.7.16.40
with Nominal Current I can ™ lio
Calibration lcan n= e

lcany L= los

Tacan=25°C
1) 3R KRC.KRCn =1,, XREBHEK,
2) W28 pcs.pccn =05, NBEHEN.
3) #1E1 s AZE R ESHETFADC N T, | ILISFEEEK.
4) FTFFNiE - \RIERIT.
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9.7.2  IZHThEBWHE - TomQ

Table 29 Electrical Characteristics: Diagnosis - 70 mQ

Parameter Symbol Values Unit |Note or Number

Open Load Output Current |/ (o) 4, 0.5 - 6 mA | P_9.7.18.1

at/|s:4|J.A I|S:l|S(OL):4uA

Current Sense Ratio at KiLisoz -36% 670 +36% le2=20 mA P_9.7.18.4

I =l

Current Sense Ratio at KiLisos -30% | 670 +30% Ioa=50 MmA P_9.7.18.6

I =104

Current Sense Ratio at KiLisos -19% | 670 +19% los=250 mA P_9.7.18.10

I=1l s

Current Sense Ratio at Kiuisio -10% | 670 +10% l10=700 MmA P_9.7.18.12

I=1i0

Current Sense Ratio at Kiisia -8% 670 +8% lu=1A P_9.7.18.13

I=1ly

Current Sense Ratio at Kiisis -71% 670 +7% lis=2A P_9.7.18.15

I =13

1) TFlhis - \RIE1g It
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10 BR{TIMZIZO (SPI)

BITIMEENO (SPI) B— 1N TEFHEITMYIEA, FHEMEIEL: SO, SI. SCLKFICSN, #%
EIBIT SI F SO LXER LA SCLK LA ERIIRZF L, CSN B TREIAIERIFIRIFIA. $IETE SCLK BYTB%
VR SI483KAFE, H1E SCLK B EFAGEE SO &g, S MNAIRAAE CSN B EFARLRLE, 8fiit
AR E T T 8 AIRVZEET A IRENEUE, ZIEOZHF 8 i SPI I HIRHH EHEIIEE

so — Ikl\'iSBXBXSX4X3X2X1X:LSB:)—
sl MB X 6 ks X 4 X 3 )X 2X 1) s

CSN

SCLK ]

time

|
>

SPI_8bit.emf

Figure 36  Serial Peripheral Interface

10.1 SPI 5 5#diR

CSN- RixfE5
A4IEIT CSN 5| R)EEBTS71033-6ESPR E S| I F R BB FIRES, FETLUAITEIEE . = CSN AF
“SIREE, SCLK# SIS EREESEIG#H 2L, HE so #wEHHFENSEE KRS,

CSN M“_I%'il_” §|J “1&” BﬂKQ
o IERIVEEREMIBAUFTEFSEF.
¢ SO H“EMAS"REZANREFE RS,

CSN M7 F«F 7Bk T

o {YHTE CSN FREBZERFHME 8 NSCLKIE S BIEEL (1. 2. 3. ...) BY, ASERMIESHEE, R
SCLKIHEAAR1ERE, MiLiassiRinE (STDDIAG. TER) NEL, FHBEIIESIERZER,

v REBUFTESNBUERSEHE FUFERET.

SCLK - ER{THI$h

ZNS | A AR FESRIRMET . BITHAN (S) 7 SCLK W TFRAREBIREREIRUSFESE, M
BITHE (SO) ERITRHN EAABIZIERE LY. SUAE CSN HITEMEIRAY, SCLKSIRIAZL
FYRBIERE, BNIESTRERRIES,

Sl - BITHRIA

BITRNBURGIELSIMBN, REERUME. S| EETE SCLK FTMAIRE, MASIBEEI A
A, EHRASIEGL. BESAE 1055 TRESER.
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SO FR{THH
PARTEIS I ER1TRRY, REaAMUELEB L. SO AT “EEAERZE, EE CSN 3IHIZT KB
FRE. ESCLKB EFABZE, FEVEER HILTE SO 51k ko

10.2 HIEsEThEE

SPIAY BTS71033-6ESP 79 8 {iI SPI ig & iR EiEIhEE. EUACER, - MgEFHMEREN CSN 55
MCSN BUE, — 2SI E55— 84 S0 ZBiE (BRE37) , UHE—1 ik, HENERES
FEZDEGBANBEE. MO A M, EHRMEER MCLK, ZETHNEZ DTS DN ESFRISCLK %o

devicel device2 device3

Sl SO si SO S SO
MOSI —>{1—>» SPI SPl —>»[}+——{1—» SPI —>»[1—

:
I
!

MISO <
MCSN
MCLK

Yy VY

SP_DaisyChain_L.emf

Figure 37 Daisy Chain Configuration
SPITEE e HRIThEEIRP, B — 1B UFFSS, B ISCLKE, 81 S| REMIESBIL, {UTE SO

I B, 23/\NSCLK BffE, — T asHREBIEERTN. EROHEESR, CSN LT
AE A eefER AWM BERIE, EREHEET, &Mt 1 BHNKTEEB ST 2, EHtiE
RERA=ZPESHE, BIESRHFBU=R8 L, IttfF, MCSNZXMTE N (WE38)

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 —l |_
MCLK J 8 clocks |_| 8 clocks |_| 8 clocks |_

SP_DaisyChain_2.emf

Figure 38 Data Transfer in Daisy Chain Configuration
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10.3

Bt FF B

Infineon

twutpo)
VDD Vob(po), max
tesn(LEaD) tscLkip) tesnias) tesn(m)
CSN Vesnim), max
e VesnTh), min
tscikin) tscuki)
SCLK VscLk(Th), max
VscLkTh), min
tsi(su) tsiH)
S| N ‘X’ Vsi(TH), max
7 N Vsi(TH), min
tsoen) tsow) tso(is)
SO X’ Vso
> S Vsow)
SPI_Timings.emf
Figure 39 Timing Diagram SPI Access
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10.4 BSR4

Voo=3.0VE| 5.5V, Vs=6VE 18V, T,=-40 °C | +150 °C

HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C

Table 30 Electrical Characteristics Serial Peripheral Interface (SPI)

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

Timings

Enable Lead Time (falling tesnweap) 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 | tsoey) - 30 100 ns b P_10.4.0.4

CSN to SO valid) Cus0= 50 pF

Output Disable Time (rising | tso(pys) - 30 100 ns Y P_10.4.0.5

CSN to SO tristate) Ciis0)=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 ek 90 - - ns |Y P_10.4.0.8

Serial Clock “Low” Time ek 90 - - ns |Y 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 Sl)

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

Capacitive Load Ciiso)=50 pF

1) TPl - RiIERIT.
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10.5 SPI Y

SPI B FER SI #1 SO KRR UNE 40FF7R. SI 261Xk uC &I REIMI, SO £ EBTS71033-6ESP 12 fi
NV, sIEmAINZ s R BIRAM AT T 2 81 uC &I Ky 6s < hio

SI —( frame A )—( frame B )—( frame C )—
S0 previous response to response to
response frame A frame B

SP_S2S0.emf

Figure 40 Relationship between Sl and SO during SPI communication

SPIHYARTE uC iR F— N in SMBHEHNE . SiIE<SHMmN EHEMRY, 7T LIARIS ISTDDIAGE
WRNDIAGH, ¥FiREIESHIMN, #AN%E &2 BiBIRERD,
BEiFgMR, 9REBUFMBN HFasNBNESHEIINT:

write register B read register A new command

Sl —( write register A
50 < previous
response

STDDIAG WRNDIAG

content

register A >

I I
I I

SP_RWseq_a.emf

Figure41l Register content sent back to pC (a)

read register A write register B

Sl —( write register A
0 < previous
response

register A

WRNDIAG
content

STDDIAG

LI IX

L I
L I

new command )—

SP_RWseq_b.emf

Figure42 Register content sent back to puC (b)
B 3MIFHRIER, &KIXE] pC BIMTA K F T So Rz U B a9m :

v WMNREEF—MIRHINEIR (10, KRR 2SEIEL) , tNE43 B
+  HBTS71033-6ESPEFERAHAE LEBEIFZMN, WE 44

o Y Vi<Ver B DCR.MUXZ111 , WIE 45F1R
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SO

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

SP_SO_TER.emf

Figure 43 SPIlresponse after an error in transmission

Voo

~

Voo (ro)

S| —( frame A )—( frame B )—( frame C )—
e STDDIAG
SO —( (SO=“Z%) )—( +TER+ SLP )—( response frame B )—

SPI_SO POR.emf
Figure 44 SPIlresponse after coming out of Power-On reset at Vi
A
Vs
VS(TP),max
VS(TP),min
>
STDDIAG. Tl 0 N 1 N 1 | 0 |
VSMON N
>
t
(response to STDDIAG + TER STDDIAG + TER (response to
SO (respense) frame A) +VSMON > < +VSMON frame D)
Note: Valid if the device is out of Sleep mode. SPISO_VSMON.emf

Figure 45 SPIlresponse in case of voltage drop on battery

TER31HIETERARIEER SPI1 155, B1FEBTST1033-6ESP ¥ 1E F—MhE P L EINN .
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Table 31

SPI Command Summary

Requested Operation

Frame sent to device (Sl pin)

Frame received from device
(SO pin) with the next command

Write OUT register
DCR. SWR =Xz

10ddddddg

where:

“ddddddg” = new OUT register
content

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)

10ddddddg
(“ddddddg” = 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

Oxxxx001p
(“xg” =don't care)

01lddddddg- WRNDIAG
(Warning Diagnosis)

Read Standard Diagnosis

O0xxxx010g
(“xg” =don't care)

00ddddddg- STDDIAG
(Standard Diagnosis)

Read Error Diagnosis

Oxxxx011p
(“xg” =don't care)

0lddddddg- ERRDIAG
(Error Diagnosis)

1) ADDRO #11 ADDR1 1R#E 3 327 Yo
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10.6 SP1 2 HT&HF2%
10.6.1 ZHRFFR - IRBUES
Name 7 5 4 3 2 1 0
WRNDIAG X X X 0 1
STDDIAG X X X 1 0
ERRDIAG |0 X X X 0 0 1 1
10.6.2 IZUnH7FEE - M2
Name 7 6 5 4 3 2 1 0 Default
WRNDIAG WRNDIAG.WRNn 404
STDDIAG |0 0 STDDIAG | STDDIAG |STDDIAG |STDDIAG |STDDIAG |STDDIAG |24y
.TER .Csv .LHI .SLP .SBM . VSMON
ERRDIAG |0 1 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< Vsp) 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
0 (default) “Low” level at pin
LHI 1z “High” level at pin LHI
STDDIAG.SLP 2 r Sleep mode monitor
0g  Device out of Sleep mode
1z (default) Deviceisin Sleep mode
STDDIAG.SBM 1 r Switch Bypass Monitor?
0g  Vps=<Vpsisp)
I Vps> Vosisa)
STDDIAG.VSMON |0 r Vs monitor
0z (default) Vs always > Vsuy) since last Standard Diagnosis
readout
1z Vs<Vsyyatleast once or Vs< Vsqp)if STDDIAG. TER = 15
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Field Bits Type |Description
WRNDIAG.WRNn |5:0 r Warning Diagnosis of Channel n
n=5to0 0z (default) No failure
1z Overcurrent, Overtemperature or delta T detected
ERRDIAG.ERRn |5:0 r Error Diagnosis of Channel n
n=5to0 0z (default) No failure
1z Channel latched
OFF

1) &0 &5 10.8 LT A XM T HERIFAE o
2) FFRERUENBBEE Vossn 5 RMFFZIRE S (DCR. MUX ) IEFHZIBE DR ERIKHBE Vos
1TEE3,

10.7 SPI B0 E 1738
TRIBEHT FESNSTEFESHUAE N,

Table32 Register Overview

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 ELEN, WFREES, EREREMIN—ERS,

2) WFEANOUT ZF7Z2EDCR. SWR = x, X FIEENHIHNIDCR . SWR = 5 o
Table 33 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 OUT.OUTn
Table 34 Configuration Registers - Write Commands RB-1
Bit 7 6 5 4 3
Name | SWR 7 RB ADDRO 3
OCR |0 1 1 0 0 OCR.OCTn 0
RCD 1 1 1 0 0 RCD.RCDn 0
KRC 0 1 1 0 1 KRC.KRCn 0
PCS 1 1 1 0 1 PCS.PCCn |0 PCS.CLCS |PCS.SRCS
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Table 34 Configuration Registers - Write Commands RB-1

Bit

7

6

5

4

3

2

0

Name

SWR

7

RB

ADDRO

3

2

0

1

1

1

0

0

HWCR.COL

HWCR.RST

HWCR.CLC

HWCR |0
ICS 1

1

1

1

0

ICS.CSRn?Y

DCR |x

1

1

1

1

DCR. SWR

DCR.MUX

1) &0 &7 10.8 LT A XM T ERIFHIE R

Table 35 Configuration Registers - Read Commands

Bit

6

5

4

Name

6

5

4

ADDR1

ouT

o

RCS

SRC

OCR

RCD

KRC

PCS

HWCR

ICs

DCR

OO0l |OO|O|O|CO

xX | X | X x x X [ X | X [ X | X

xX | X | X x x X [ X | X [ X | X

xX | X | X x x X [ X | X [ X | X

X |mr|lo|lr|lOo|rRr|lOo|R|+]|O

[ N S = N S e N N e )

Rl O/lO|lO|lO|O|O

Rl O|lO|Rr| R |IO|lO|R|O|O
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Table 36 Configuration Registers - Responses

Bit 7 6 5 4 3 2 1 0
Name 7 6 5 4 3 2 1 0 Default
ouT 1 0 OUT.OUTn 80u
RCS 1 0 0 0 0 RCS.RCSn 80u
SRC 1 0 SRC.SRCn 80k
OCR 1 1 0 0 OCR.OCTn 0 COx
RCD 1 1 0 0 RCD.RCDn 0 COx
KRC 1 1 0 1 KRC.KRCn 0 DOy
PCS 1 1 0 1 PCS.PCCn |0 0 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

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

1z Read/write to other registers
OUT.OUTn |5:0 rw Output Control Register of Channeln
n=5to0 0z (default) channelis OFF

1z Channelis ON
RCS.RCSn |20 r Restart Counter Status of Channel selected via MUX
n=2to0 000; (default) Restart counter value =0 0015

Restart counter value=1

010g Restart counter value = 2

011p Restart counter value = 3

100g Restart counter value = 4

101g Restart counter value = 5

110s Restart counter value = 6

111gRestart countervalue=7
SRC.SRCn |5:0 r Set Slew Rate control for Channel n (read only)
n=5to0 0z (default) Normal Slew Rate

1z Adjusted Slew Rate
OCR.OCTn |31 rw Set Overcurrent Level for Channeln
n=3tol 0z (default) High level of overcurrent threshold /i owwo)

1z Low level of overcurrent threshold / vz
RCD.RCDn |31 rw Set Restart Strategy for Channeln
n=3tol 0z (default) Automatic restart mode

lg  Latch mode
KRC.KRCn |31 rw Set Current Sense Ratio Range for Channel n
n=3to1l 0s (default) High range of current sense ratio

1sLow range of current sense ratio

T2
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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 1;
Restart counters and latches are reset

PCS.PCCn 3 rw Parallel Channel Configuration

n=1 0z (default) Channels are operating independent 1z
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

1g Execute reset command

HWCR.SLP 1 r Sleep Mode

0g 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 Channel n
n=3to0 0s (default) Inputsignalis “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”

001g IS pin is “high impedance”

010; IS pin is “high impedance”

011z IS pin is “high impedance”

100g IS pin is “high impedance”

101: IS pin is “high impedance”

110g1S piniis “high impedance”

111gSleep mode (IS pinis “high impedance”)

Set Multiplexer Configuration in ON state

000s 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

100g Current sense of channel 4 is routed to IS pin

101z Current sense of channel 5 is routed to IS pin

110g1S piniis “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
1z Registers OUT, RCD, PCS, ICS and DCR can be written

1) ERITRAT (LHISIEMNE”) , AaZEETIRA ORRI,
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10.8 SPI RIGLEIE

BTS71033-6ESPIRfE—NE RN FBRYK, AFIRINEEFERNBINBTHEINENR, WFRE
Mit&EE 5, EREREM, XEREUAARMUEN. REMITEZE— M ERNTIFEREITE,
RAFIENEEE IR 38 TR, SPIENIFLEREANICS .CSRn, 4 fURKEANICS FFesH, %
BHEETEM—RLLER, HELEREUE T —1 sTobiac 3% BX i STDDIAG.CSV H B HE SR,
STDDIAG.CSV F—"1NSTDDIAG RIAFRMUILE, tNR1cs FFH/AREAN, NREMLLRWER, HA
{iISTDDIAG.CSV =035, YIRTEICS .CSRn ZE#H Alimp homel R EE N{BEFESTDDIAG.CSV ZHi
IRENEY, RIGFNIIEFRL. STDDIAG.TER HIERB—1FHSTDDIAG. VSMONIEMIF 150 EX
LBIERT, RELERMNIEEF

Table 37 Conventions for parity calculation
Result with EVEN-parity

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

EVEN 0 1
ODD 1 0
Table38 Checksum calculation bit matrix
Name 3 2 1 0
OCR OCT3 OCT2 OCT1 0
RCD/SRC RCD3 RCD2 RCD1 SRC5
KRC/SRC KRC3 KRC2 KRC1 SRC4
SRC SRC3 SRC2 SRC1 SRCO
HWCR/PCS 0 COL PCC1 0
Parity even odd even odd
ICS CSR3 CSR2 CSR1 CSRO
Table39 Checksum calculation bit matrix example
Name 3 2 1 0
OCR 0 1 0 0
RCD/SRC 1 0 0 0
KRC/SRC 0 1 1 0
SRC 0 0 1 0
HWCR/PCS 0 0 0 0
Parity even odd even odd
ICS 1 1 0 1
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10.9 SPIBSHIR

T HEBSPIIES B4 (RIEM G121E) WX 154,

Table40 SPlcommand quick list

Name “read” command " “write” command ? SWR?
ouT 0xxx0000g 10dddddds X
RCS 0xxx1000g

SRC 0xxx1001s

OCR 0xxx0100s 1100dddds 0
RCD 0xxx1100s 1100dddds 1
KRC 0xxx0101; 1101dddds 0
PCS Oxxx1101g 1101dddds 1
HWCR 0xxx0110s 1110dddds 0
ICs Oxxx1110g 1110dddds 1
DCR Oxxxx111g 1111dddds X
WRNDIAG 0xxx0001s

STDDIAG 0xxx0010g

ERRDIAG 0xxx0011;

1) x=don’t care bits.
2) d=data bits.

3) DCR.SWRIIEFFHRBEIRE, YW TFi5%Z 723 DCR. SWR (i Z BRI —EF 5.
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11 NMAER

E WU T IEBRIEIATTEEEHTEE T, TR IXTEEFRFIIFE. 12 PrE AR LR,

11.1 [z F3 e & ()

VBAT

[Optional |

Dz, Cus2

LogicGND

Optional_ _|
ptcon b 55t
|| Power GND
Chassis GND *See Chapter 1 ,Potential Applications”

Figure 46 Application Diagram

e HE— T B A F BT o 1ZTHE FTESE ST/ A TH 1
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11.2 ShERoER Y

Table41l Suggested Component values

Reference Value Purpose

Ruop 470Q Device logic protection

Rin 4.7kQ Protection of the microcontroller during overvoltage, reverse polarity
Guarantee BTS71033-6ESP 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 HC-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

Rimi 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 ps is recommended

Cvop 1uF 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

Cysenn 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 BTS71033-6ESP output to distinguish between
Open Load and Short to Vs in OFF diagnosis

RoL 1.5kQ Output polarization (pull-up)
Ensure polarization of BTS71033-6ESP output during Open Load in OFF
diagnosis

JE LB TT a8 1 SR £ X B2 i fE R S 5 V A2 s Y I8 e E B 1RSI A

S LY R EFEFIBTST1033-6ESA BT a5 1, Alhtm IR X L= E, UBRTETELIE
Kt (BIURIEEY. BHBEERE) THETHMEIISEHIITETRRALE,
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11.3 BEZWAEERE

v MFEBXSIHIFMEARIEE, BEBREEKL

¢ MTHREZEE, ERILUAIR http://www.infineon.cn/

79

Datasheet Rev. 1.00
2022-04-05


http://www.infineon.com/

BTS71033 - 6ESP

SPOCTM+2

Package Outlines

Infineon

oA
12 RIME
w ot
L 1) < 1)
o 2o 8.65:0.1 = 5le3.9:0.1 Wy
) F|Z 0
g 22 S . S0, 2
S| L Slon
| = L
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ALL DIMENSIONS ARE IN UNITS MM
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Figure 47 PG-TSDSO0-24 (Thin (Slim) Dual Small Outline 24 pins) Package drawing
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Figure 48 PG-TSDSO0-24 (Thin (Slim) Dual Small Outline 24 pins) Package pads and

stencil
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