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Overview
Table 1 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) VDS(CLAMP)_ZS 35V
Maximum current in Sleep mode (7,< 85 °C) Is(sLeep)_ss 0.6 A
Maximum operative current lanpacTive) 10 mA
Maximum ON-state resistance (T, =150 °C) Rosion)_ 150 38mQ
channels 1 thru 3
Maximum ON-state resistance (7, =150 °C) Rosion)_ 150 110mQ
channels 0,4 and 5
Nominal load current (Ta= 85 °C) I (nom) 3A
channels 1 thru 3
Nominal load current (Tx= 85 °C) I (nom) 15A
channels 0,4 and 5
Typical current sense ratio at /.= linowm) Kus 2000
channels 1 thru 3
Typical current sense ratio at /.= linowm) Kus 670
channels 0,4 and 5
Serial Clock Frequency fScik(max 5MHz

3

Datasheet

Rev. 1.10
2021-03-23



BTS71033-6ESA

SPOC™ +2

Infineon

Block Diagram and Terms
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Block Diagram and Terms

2.2
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Pin Configuration
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Pin Configuration

3.2 5| HE X FIThEE

Table 2 Pin Definition

Pin Symbol 1/0 |Function

EP VS - Power Supply Voltage

(exposed pad) Battery voltage

1 GND - Ground

2 VDD - Digital Supply Voltage

3 SO 0 Serial output of SPIl interface

4 Sl I Serialinput of SPI interface (“high” active)

5 SCLK I Serial clock of SPI interface (“high” active)

6 CSN I Chip select of SPI interface (“low” active); integrated pull up to VDD

7 LHI I Limp Home activation signal (“high” active)

8,9 INn I Input Channeln

10,11 Digital signal to switch ON the channel n (“high” active)
If not used: connect with a 10 kQ resistor either to GND pin or to module
ground

12 IS 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 IYEAERE . PCBELLIILITK

REIS AR IR Ao
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General Product Characteristics

4 = m— R

4.1

Table 3

BN ERATEE - B

Absolute Maximum Ratings®

T,=-40°C £ +150 °C; FREBEH UM A SE, EBTANSIE FFEZHEIE)
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 Vv - P_4.1.0.29
Load Dump Voltage Veat(Lp) - - 35 W 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 lenn -50 - 50 mA  |Rewpaccording |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 | tgerry 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 |2 P_4.1.0.36
Reverse Battery Condition t<2min
Logic & control pins (Digital Output = DO)
DO=SO0
Current through DO Pin Ino 2 - 1 mA |2 P_4.1.0.33
Current through DO Pin Io(rev) -10 - 1 mA |? P_4.1.0.37
Reverse Battery Condition t<2min
8
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General Product Characteristics

Table3  Absolute Maximum Ratings! (continued)

T,=-40°C & +150 °C; FiEBEY UM NS E, EBTRANSIH FRESHENE)

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

IS pin

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

Current through IS Pin ls -25 - lssamm [MA |- P_4.1.0.18

AX

Temperatures

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

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

ESD Susceptibility

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

(HBM)

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

GND and VS connected

(HBM)

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

(CDM)

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

(pins 1, 12,13, 24)

1) el - IRkt

2) ATV, BFLatch-Upllli: 5.5V,

3) FREBRREBESD, A{AIERI“HBM”, 3ZEBAEC Q100-0024F o
4) BREEREEESD, ZEEEARAI“CDM”, IRBBAEC Q100-0114F 4,

AR

bAoA T

1. UL )L 7T B RER KT ES FE AR A LR (BT e R LENTRABE S F A=

2. BERHIRFTIEE S TERLLIC TEHE F RIS TR ZH o BB IE UL TIEETIEE

B> RIFTIEETES T IELEE B HTIRIEMTIR 1T H
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General Product Characteristics

4.2

4.2.1

Table 4

IhELR - 22.5 mOiEiE

B MATEE - ThER

Absolute Maximum Ratings - 22.5 mQ channels?

T,=-40°C E +150 °C; FTE B EH 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 |E,g - - 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 42.16.3
1) TFlis - \RIEIR I
422  IHERLE-70 mOEE
Table5 Absolute Maximum Ratings - 70 mQ channels?
T,=-40°C £ +150 °C; FiEBEH UM A SE, EBTANSIE FFEZHIE)
Parameter Symbol Values Unit |[Noteor Number

Min. Typ. Max. Test Condition

Maximum Energy Dissipation |E,g - - 9 mJ |/ =2% \om P_4.2.18.1
Single Pulse Ty0=150°C

Vs=28V
Maximum Energy Dissipation |E,, - - 3 mJ |1 =1 now) P_4.2.18.2
Repetitive Pulse Ty0=85°C

Vs=13.5V

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

Vs=13.5V

2M cycles
Load Current I - - I vy max | A - P_4.2.18.3
1) TFlhis - \RIE1g It
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General Product Characteristics

4.3 T{EEE

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(exr.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 Vob(nor) 3.0 - 55 |V - P_4.3.0.4

Range

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

1) el - IRkt

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

3) RIFTHEEM 1%,

AR HEDIFERE TIEEEN, DAIC IZIEBEIERIERE TIF, BtFEETBatFERF 0509
1 TIEEH
4.4 praszl
AR U F I ERYE JEDEC JESDS1 1/ LR, B0 THEE 2155, 1815/8]
www.jedec.org.
Table 7 Thermal Resistance?
Parameter Symbol Values Unit |Noteor Number
- Test Condition
Min. Typ. |Max.
Thermal Characterization |Y¥ j10p - 1.7 29 KW |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 |- KW |2 P_4.4.0.10
Resistance
Junction to
Ambient

1) el - IRkt

2) #R#E Jedec JESD51-2,-5,-7, TEBEAXIRMAY FRA2s2p M b5 =@ A +Hi3) EEABG 21MREE (2x70
um Cus 2x35umCu) B976.2x114.3x 1.5 mm R E#HTIEI, EEANBERT, BENHRERTHNS
PO FLPED S E— P RFR ISR, HEIETET, = 105°C. Possiarion = 1 W R FF F#1TH,
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General Product Characteristics

4.4.1 PCBIZE

1,5mm

*: means percentual Cu metalization on each layer

70 pm modeled (traces, cooling area)

70 pm, 5% metalization*

PCB_Zth_1s0p.emf

Figure5 1sOp PCB Cross Section

1,5mm

70 pum modeled (traces)

*

35 um, 90% metalization

35 um, 90% metalization*®

70 pm, 5% metalization®

*: means percentual Cu metalization on each layer

FCB_Zth_2s2p.emf

Figure6 2s2p PCB Cross Section

JEDEC 1s0p / B0mm*

PCB 1s0p + 600 mm? cooling

—_—

JECEL 130p / faotprit
JECEE 25p

M PR

PCB2s2p/ 1s0p footprint

PCB_sim_setup TSDS024.emf

Figure7 PCB setup for thermal simulations
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Figure8 Thermalvias on PCB for 2s2p PCB setup

Datasheet

12

Rev. 1.10
2021-03-23




o _.
BTS71033-6ESA Infi neon
SPOC™ +2

General Product Characteristics

4.4.2 #HpEHT

BTS7T1033-6ESA

Lo [K/W]
T pagaenr = 105 °C

0.1 +
—252p
e 150 = 600 MM
150p = 300 mm?®
m—150p - footprint
0.01 + T T T T T t T
0.0001 0.001 0.01 0.1 1 10 100 1000

Time [s]

Figure9  Typical Thermal Impedance. PCB setup according Chapter 4.4.1
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Figure 10 Thermal Resistance on 1s0p PCB with various cooling surfaces
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Logic Pins
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Logic Pins
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Figure 12 Input Threshold voltages and hysteresis
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Logic Pins
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Figure 13  Input Switch Matrix
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Logic Pins

5.3 B IEZES|

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

=4\ (D)5 |Bl= IN
Table 8

Electrical Characteristics: Logic Pins - General

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Digital Input Voierh) 0.8 13 2 See Figure11and |P_5.4.0.1
Voltage Threshold Figure 12
Clamping Voltage Im=1mA
See Figure 11 and
Figure 12
Digital Input Clamping VoicLampz) | 6-5 7.5 8.5 Io=2 mA P_5.4.0.3
Voltage See Figure 11 and
Figure 12
Digital Input Hysteresis Vouhys) - 025 |- Y P_5.4.0.4
See Figure 11 and
Figure 12
Digital Input Current Ipim) 2 10 25 V=2V P_5.4.0.5
(“high”) See Figure 11 and
Figure 12
Digital Input Current (“low”) | I, 2 10 25 Voi=0.8V P_5.4.0.6
See Figure 11 and
Figure 12
1) TFlhis - \RIE1g It
5.4 BSKHZES M - S4&IhEE
Table 9 Electrical Characteristics: Logic Pins - Advanced
Parameter Symbol Values Unit |Noteor Number
. Test
Min. Typ. Max. Condition
SPI pins
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 \ - 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) 6.5 7.5 8.5 v lesn=2mA P_5.5.0.5
Voltage of Pin CSN
17
Datasheet Rev.1.10
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Logic Pins
Table 9 Electrical Characteristics: Logic Pins - Advanced(continued)
Parameter Symbol Values Unit ¥ot§ or Number
es
Min. Typ. Max. Condition
ital Input Clampin V. - 7 - V 2) P_5.5.0.6
%tage oF% Pin CLR & SCLK(CLAMPL) Isck=1 mA B
ital Input Clampin V 6.5 7.5 8.5 V Iscik=2 mA P_5.5.0.7
%tage op PrR CLR g SCLK(CLAMP2) SCLK -
{%ltal Inpu l amping VsiicLampy) - 7 - V 2 P_5.5.0.8
Voltage of Pin SI Isi=1mA
Digital In V 6.5 7.5 8.5 Vv Is;i=2 mA P_5.5.09
Clng ng Voltage of slicLAwP2) o B
PinS
Digital Input Hysteresis of | Vegyuys) - 0.25 - V 2) P_5.5.0.11
Pin CSN See Figure 12
Digital Input Hysteresis of | Vsc kmvs - 0.25 - V 2) P_5.5.0.13
PR SCLK s See Figure 12
Digital Input Hysteresis of | Vg s - 0.25 - v ) P_5.5.0.15
Pin SI See Figure 12
Digital Input Current -1 2 10 25 Vesn=0.5V P_5.5.0.10
(“I%W”) of Pin CSN SN HA ot B
igital Input Current -1 2 10 25 Vesn=2.6V P_5.5.0.12
?‘r‘%gh”g St Pin CSN CSNH) HA | Ve -
Digital Input Current I 2 10 25 Vsck=0.5V P_5.5.0.14
(“lgw”) npaL-uLres SCLK(L) pA ScLK _
Digital Input Current I 2 10 25 Vsck=2.6V P_5.5.0.16
(“I’%gh”) SHPin SCLR SCLK(H) HA ScLk _
Digital Input Current Isi) 2 10 25 HA  |Vsg=0.5V P_5.5.0.18
(“low”) of Pin Sl
igital Input Current / 2 10 25 Va=2.6V P_5.5.0.20
?‘P%gh”g c?f Pin SI SIH) HA o -
Digital Output Voltage V 0 - 0.5 V Iso=-0.5mA P_5.5.0.22
(“Bw") of BIn 'S0 - ° so) % -
Digi ut Voltage V Vop- - V Vv Iso=0.5mA P_5.5.0.23
PRSP orpi £tee SO 0.5V P > -
Qutput Tristate Leakage |/ -1 - 1 Veen=V, P_5.5.0.24
Curr%nt of Pin 8 SO(OFF) HA VC[;'hé 0 \})gr B
VzSN_: Voo
Vso=Vop
LHI pin
Digital Inp olta e V, 1.4 1.9 2.6 Vv - P_5.5.0.25
Th%eshol Pin LEI LHITH) -
{%ltal Input C l mping VihiicLamea) - 7 - v 2) P_5.5.0.27
Vofltage of Pin LHI Iw=1mA
Dlgltal |I’]put VLH|(CLAMP2) 6.5 7.5 8.5 V ILH|: 2 mA P_5.5.0.28
Clampmg Voltage of
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 4ys) - 0.25 - \Y 2 P_5.5.0.29
Pin LHI
Digital Input Current Im) 10 32 65 Vim=5V P_5.5.0.30
(“high”) of Pin LHI Vop=0V
Digital Input Current L 10 24 45 Vim=0.8V P_5.5.0.32
(“low”) of Pin LHI Vop=0V
1) RIEEM,
2) FFGM - ERT
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6 R R

BTS71033-6ESA B EEIRAEE LA
o DhEMEBEBE (k)

o EFHEEEBE (Vo)

(infineon

Vs BB IRLRIEIZR R BB H B FIhRRBIIRCHEREE, M Voo AT SPIZEMIKENSOS M, Vs F Voo BBIREBE

BAEXRBEERNERE, AIhEENSEERTRERENBEHEXINEE, $4KI%:
v REVoEEIBRSFELESPIE. SPIFESREME RBRIAE

v VIR ENREZXFFERE, BEERTRATEENL. —8B
T

s = Vsop) »

S5H vs BENZEIER, RAEREEXT, v« THMBRESHE, S V< V)
BT 105 THRESER) ., ¥ 10 2R TIRIBERE/ Vs 8 Voo BBIRER

fsPIiES (BEEHET 6.2
M LR EETT AR,

BEMZHR

)r“JIL,\Egk E’J{{

Table 10 Device capability as function of Vsand Vpp?

Voo = Vboipo) Voo™ Voopo)
(Voopoysee P_6.4.1.1)
Vo= Vgrp) Channels are OFF Channels are OFF

(Vsrr See 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) ERINEBEEARER.

2) E)\?E‘Vn_.\mgo lL:\)#

105 STDDIAG o

3) VSEHBELEMRERZRHEEEE, BZEH 6.2
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6.1 BEER

BTS71033-6ESARE LA R IFEL\:

v PRERIRE

o SEERR

¢ IR

;3= y

¢ BT

v BATEUERET

BRI Z BRI TR SHE |

o EFEIR (Voo)

+ INn5|RliZ%E

+ LHIZ|RNZ4E

v EREBZRE AEIRE (DCR. MUX)

¢+ HHEFFSIIES (OUT. 0UTn)

v BETHERNRE

14 BT BRRMAVIKESE o BTS71033-6ESA TR MM —LEESHARIER AR FER TN, 1t
oh, BFREMMERR SN HEBEE, HILAIUETEEREER TH—LZL,

B RN BEIEIRBTST1033-6ESARI SR EE :

v EHBEERS

v SPIFEFSRNRE

¢+ SPIBILRES

o VSR ERERERR (ERIREX TESNUE, HEtFE TERX B aollE) .
+ VDD 5|BEFERTR (hoo)

K1 ETTEMREER, Vs Voo BB, MR TREEMNIIE (BERE, SPIBEMSPIFE
2] o
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INn="low" &
OUT.OUTn = 04

LHI ="high"
. Power-up
Unsupplied
h A
DCR.MUX = 111, or SPI_Reset - LHI ="low"
Stand-by |, Sleep
Y DCR.MUX # 111, ‘f T & LHI="high"
OUT.OUTn = 1, | : | :
or INn="high" ] I
AN
INn ="low" or INn ="low" & SPI_Reset | | | our.oumn = o h 4 h 4
_______________ Jd . n = s OF
-
| . | | | SPI_Reset L. H
O .. . I Imp Home
A 2| " ovr.ovma = 1.1 | 1- A A
DCR.MUX_# 111; or INn="high" Y | |
€ = ==t Read T
Active |- — -DR-MUX - 211800 ="low’ _ Y 1Nn ="Tow"
LHI ="high" & INn ="low"
INn="high"
LY g Y
LHI ="high" & INn = "high" . lep Home
LHI ="low" & INn = "high" A =
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 Vop < Vopjpo) or HWCR.RST = 1g
Dashed lines indicate transitions between mo des whic h 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, V,p and Vsvoltages
Operative Mode | Function Vs = Vsrp) Vsirp) S Vs = Vsuy) Vs> V)
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?
SPlcomm. |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 SPland/or Input
pins
SPI registers | protected” available? available?
SPIcomm. |all commands available? available?
rejected?
Limp Home / Channels OFF OFF follow Input pins
Limp Home -
Active SPI registers | protected” reset reset
(Diagnosis available)? | (Diagnosis available)
SPIcomm. |all read-only? read-only”
commands
rejected??

1) R Vop> Voppo EUARRTAREE R,
2) MRFABEMASIENIEE AR, SPIBERNRIFEE,.
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6.1.1 F_EH

ERXMRET, SBHEAKRME (vs 510F0 voD I ERMEMBE) , BAHBEEIRFHERZBR
E=E,

6.1.2 il

LEA—PEJREBE (V3K Vo) HEINZEISSHE LR, HALBEEG, mIERFRYEH, BEFEl]S
FRIEHRE Vsiopy 70 Vooeo) » FItRE EBESE ., MERRT|E] twupo) f& > BT LAIAIR] SPI O,

6.1.3 KREEET

LS EFRNSIBEI(NN, LH) IREAYEEBEF”, FHDCR.MUXIEE N111s, oA TFRIEERED, &
BTS71033-6ESATERERIZT, FT B ML R XFAIRE. WRVor> Voopo, SPIZT 1228 1 2RiE, HFEB MR/

(BB hssieer) ) o SR TFARIRRRE, BRI REIPVE WWITVS Vs AR V5 Vs
BRI, BME Vs<Vsar, XA FFERHITHRIZ

6.1.4 FHER

Y DCR. MUX #1117 BREFTHBEENES (EIsPiEo@ITmAGIH) , BELTHIUER. FrE
BEYXRHE, EREERBERMETELIRE, FILSEREEREREN. BTHA—THS M ahAE S8z
RANIT, ESRAHENIRI. FTLUHITSPIEN .

6.1.5 HEFERX

TASEAT, P HSMREABRESTABEE (BESPIEEIMASIM, f1RHWCR.COL =15).
REWLL, MFDCR.MUX=111;, FREMMEEXT. BYUEEUXEMREUESFHENENERNFHT
FBiE,

SRR A FDCR. MUX=1113,0UT & 7728 N H, 0/ TATE FRIG AN ZapEzt.
HWCR. COL =140

6.1.6 JERNIET

UFEMITHA S BB — NS ML, BTSTI0NCEAEEH TR, HEBRARES
o ST Voo (HREBREE EAVRER BRI ANBRTBARES, FIERASIHERES
YEEBT.

6.1.7 BITIRI

Y LHI SIIEM S FHIFLE t> tiuno BY, SEFHANBITER, SPIHFEFEREMUARIAE, &2
¥ ( STDDIAG.LHI) FRIMENAIEENN 1. HBFBREIT— STDDIAGIEEN. S E 15 7T
REZEE, SPI 17850 BT i5EY/iAi, ERRDIAG. STDDIAG. WRNDIAG 1 ICS A] B FEITIR T
B2,

LB TBISRIP (Vs < Voar) ) B LHI SIBIE (I 7“2 "BY, STDDIAG.LHI (i EN, ERHFFASE
HREEXNEITIER. tIFSTDDIAG. VSMON FISTDDIAG. TER 1145 &1 LR & B HBR S 1RIF
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Vs r N
Vs(re)
t
LHI & = Tinigagy
pin
t
STODIAG 4
.LHT
»
Read STDDIAG % Read STDDIAG % Read STDDIAG % t
S tinigac) tinigac) Tirigac)
comm. I available read-only available all command rejected I
1
registers I available reset available protected I
t >
Note: Device out o fSleep mode whenSPIcomm. .available . , t
PowerSupply_LimpHomeActive.emf

Figure 15

Limp Home Activation as function of Vs

6.1.8  IRITHUEIRI

YURAEATFRTEREE INSIHEBM SN, FHENE
B, BT SPIFEFSRTEEN, FItE
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6.1.9 E X R Bz A ia)
HBTS71033-6ESAR F EOHR N S BRI TIR LAY, B8 S @Y B S E tonE X o BTS71033-6ESAEEE R
TN E# N ERFRFNE(EER 2 —Fr R B E] (0B 16FAR) o

tLHI(HCr
. tWU[PO]
Unsupplied
Y
trransasee N tipg + Eransesr
»
Stand-b Slee
Y le P
Y trransastey I A T A tLHIikC] + brransester
ton I Y L 4 4
e ot 1§ B .
tor [ (S = Limp Home
| tore + Erransosce | % a)
P e e e e e e — = o v F S A
b L .
ton+ brransastey t t |
=== === d Lhiac) ¥ LTRansasteY )
Active e lortlmegae Ready F——=—==—=-
Lore + tLHIi;{j é _‘_L"t?
Fy ¢ -
LHI(AC) H
. Limp Home
LHI(AC) - =
»  Active
Note: Dashed lines indicate transition timings between modes which sho uld not be used for normal o peration.
PowerSupply_OpModes_Timings.emf

Figure16 Transition Time diagram

6.2 Vs R [E

TE Vsor M Vo) 2181 , RIENHIHRAL LR, MRBETIF (REMRKBAITENRT) HEMEBEER
FREBE Vsuy » WASZERXARLEE, H8HFLTFHIEN. EoRSERITIRAR,
STDDIAG.VSMON BEfUHBIFEEIHEY, HRESMARERLTAERIEMIRESE, BAEE t= trravsaster
BY3ER, BHE| STDDIAG.VSMON BH& M.

—BHEBBE Vs & T ITIEEE Vsor » MBRIANSIMEMI N D HEES, ouT FFasFMMUENA 1.,
BHERAR. ERERE tonaww, UWRIPSEHEREBEHSHRRESRG (IRIEAEC -Q100-012) ,
a0 B 17 Fmo
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F

SEAN

VS[O P] M
Vsiavs) "

>

Vs

Vsire)

A J

LoeLaviwy)

Vour 4 <—>|

N /-

Y

STODIAG.
VSMON

Y

Read STODIAG 4 Read STODIAG 4+

STCDIAG.
TER

A J

Read STODIAG 4 Read STIDIAG %

Operation
Mode || Stand-by Active Sleep Ready Active |
|

1 .
L

t
Power Supply_UVRVS.emf

Figure 17 Vsundervoltage behavior

6.3 ERFH

UT &Gz ISP EREMNERIAE:

v Voo R EEFER T RIEBEVooeo
- SPIFEFHRRBHEMNERINE (FEEMENE—@EIFF, STDDIAG. TER FE(IE 1),
- MR V:AAH LHIAE, WERIHHSEERRE L

o LHISIRTE t > timeg B Vs> Vsre BRBIB LA
- BEFTEFREMENIIAE. ERRDIAG HIWRNDIAG BREE,
- ERITHESEEREL

v EI#5% (HWCR.RST = 15 ) #BITEV: > Vsr)
- MREFESREWEENERINME, ERRDIAG. WRNDIAGAH] STDDIAG FARE{,
- BRIHHSRIARENL

NRERFMEMAFEEFIBERANSIHEEL A REBT, NG BEEIEXH.,
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6.4 B R B ST

Voo=3.0VES5.5V,Vs=6V ZE 18V, T,=-40 °C ZE +150°C
BAAME: Vpp=5.0V, Vs=13.5V, T,=25°C

M B A PAM A RERET M. (FRIEFHIMAEA):

22.5mQ:R=4.8Q
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 v Vsdecreasing P_6.4.0.1
Shutdown IN =“high” or

OUT.OUTn =1

From Vps< 0.5V to

Vbs=Vs

See Figure 17
Power Supply Minimum Vsiop) 2.0 3.0 4.1 v 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 Vsirp) 0.6 1.0 1.8 \ Vsdecreasing P_6.4.0.5
Voltage Threshold for STDDIAG.VSMON = 1g
Battery  Transients STDDIAG.TER =13
Protection DCR.MUX #111;

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

See Figure 17
Power Supply Undervoltage | tpe vy |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 Vsrew 16 - 30 Vv b P_6.4.0.9
between GND and VS Pins lonp(rev) = 14 MA
in Reverse Battery T,=150°C
1) TrFlis - RIER T
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6.4.1 R B SHFIE - spoc™
Table 13 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 =1;
From Vps<0.5V to
Vos= Vs
Digital Supply Undervoltage| Vypys) - 0.1 - v b P_6.4.1.3
Shutdown Hysteresis
Digital Supply Clamping | Vppciawpy |- 6.5 - Vv b P_6.4.1.11
Voltage Ioo=1 mA
Digital Supply Clamping | Vppciaupy |6 7 8 \% Iop=20 MmA P_6.4.1.12
Voltage
Power-On Wake Up Time | 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) MR EEFNRMEHEA, SHAREFEEMN,
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6.5 BRI - T RSE

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
7T0mQ:R=180Q

6.5.1 BTS71033-6ESA

Table 14 Electrical Characteristics: Power Supply BTS71033-6ESA

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

Digital Supply Current lop - 80 200 WA fscik=0 MHz P_6.5.33.1
Consumption in Normal Vs> Vsuy)
Operation Vesn=Vop=5V

DCR.MUX # 111
Digital Supply Current lopctve) |- 2.5 - mA |2 P_6.5.33.2
Consumption in Normal fsek =5 MHz
Operation during SPI Vs> Vsuw) Voo
Traffic (Average) =5V Vesn=0

V CL(so) =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 |2 P_6.5.33.4
Consumption in Sleep Vs=18V
Mode with Loads at T, < Vour=0V
85°C INX = “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, = INx = “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
Datasheet Rev.1.10

2021-03-23



s -6ES <./'
53:05:233 6ESA Infineon |

Power Supply

Table 14 Electrical Characteristics: Power Supply BTS71033-6ESA (continued)

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

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

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

~

1) SEME#EZ: 0101010101010101F0 1010101010101010
2) TFERN - IRIE IR,
3) AR Voo < Voppoy LHI ="low” F EERIEZ 1588 > 0, Ionp(sray) T 225 o
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7 ThELE

ST RKAFHEBERERAN B EEINZE MOSFET 19,

7.1 S EBrE
SEEPE Roson) FEBURTLEER T, - 18 BREN T, SEEMN Roson BVE X y HH ERIE“2"IT N F

1£ 7,=150 °C B NIE &K Rbs(on) o

Rps(on) variation over T,

220 T T I

i i I i || Reference value: :
2.00 | ; : "2" = Rps on uax @ 150 °C ~>O

1.80

1.40 - ! ! ! ! [ / | i i
120 / .
1.00 -.-—.-_.———

0.80

Rps(on variation factor

0.60

0.40

0.20 | ! | ! | | | ! T ypical

U_OD 1 + { 1 + 1 1 + { 1 + { 1 + { {
=40 -30 =20 -10 1] 10 20 30 40 50 60 70 80 o0 100 110 120 130 140 150 160

Junction Temperature (°C)

Figure 18 Rpson Vvariation factor

RERMEITHERIER F 8.4.1 5,

7.2 IR mh 61 %

7.2.1 IR =h PR M4 72

IXmhRE 4 fa FBY, 19 FRRBFT AR XA B AR IR ER, FFXEEE(E Eon « Eorr STAEIEEFE. BY[A]
ton~ torr BRIELEES
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Figure 19
7.2.2

Switching a Resistive Load

IX R S
HEABUARKARERHE, BE Vour &

BEEMBAILT, ANBRSKESEIREHER, A7 HE2st
R EMmias, KRBT BEHAUNG, USRI GmHBE, 6 Vos=Vos cLavp) o [ 20 ERT AL
M E, HAULEWEET 6.17| HAIFEIRIER T RIPES T,

Vs

High-side
Channel
Vs Vos
TN | Vssicuae) ‘| } Vos(cLare)
IS —
] 5 v I
rr—
VsicLame) oUTn T
,Sz: VouTn
v
L GND

L Reup

PowerStage_Clamp_INTDIO.emf

Figure 20
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TR B EOIIE, BESTE BTST1033-6ESA FE8, BEETE AT (7.1):

Vg _VDS(CLAMP) Ry - lL L
E = Vi - ‘1(1- ]+1 ES 7.1
DS(CLAMP) [ R, n Vs— VpscLame) L:| R, (71

AR, WRMRATERRNRARR, RETHMILITHRE.

7.2.3 it EBERE

ATIREBERRERE, FEEE Vo BE. SREER IO, MEERIZER (&3d DCRMUX #EF
B - Z20E 21) € Vos FTIART Voswoft, Hith DMOS #EBDTRE, XIEMMmHSEEME, Ft
BRI BRI\, Vos = Vossio o Vos IBINEFEATLN B IR EEBS B AR T (F, MmEkbRER
SEERIRHELFRY ks FEE.

A
IN/
OUT.OUTn I I
t
ry
cs
DCR.MUX 110 I 000 I 110
t-
fL ~
Vi AN >
t
Ves 1 }sIS{DN] stIS{OFFL
Vs j
Vossig 1§ Yl —y J .
tr
PowerStage_GBR_diag.emf

Figure21 Output Voltage Limitation activation during diagnosis

7.2.4 REh BN EH

LITARMOAEN, BESFESREBRR. BERBURTEAE. ESR. RFMEIMIEEI2s IR,
RNTIREHEHIREHEES], BTS71033-6ESARY22.5mOIRMH T HITITHITHEE, HHIZT(I SRC.SRCn ~
BT, HEEENREEY (WETD 7.4.1).
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7.3 SRR

7.3.1 HRBRTH

HVour> VsBY, BMWRATIRHE (WWE22) . XMEGEIRAEREBR .
MRBERTFRARS, BAREAZIRE, mEEXNE, ALBRHFBREEEAS. XAERSE
RS MAEEES AT, MBEBELT ONIRE, AT TR Ros g BIHHE P ITHERIES Ros
on PRIEEIEITHES,

EFEEEREFET, RBhw<hnw, BERSEREFBHXHERS.

M InverseON, RE/w <), FLEIATEFE B ERF GBI FEE (S0 B 23),

VB@\.T

e

Vs
Gate I
Driver }

S I_ | Vinw = Vour > Vs
Device INV INV
Logic Comp. ouT -—
{1
GND

[ Ron |

Powerstage_InvCurr INTDIO.2mf

Figure 22 Inverse Current Circuitry
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4 IN CASE 1 : Switch is ON ) 4 IN CASE2: Switch is OFF A
A
ON I OFF
-t >t
||_ IL
A
NORMAL NORMAL NORMAL NORMAL
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INVERSE INVERSE
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' A
ON OFF
t -t
. J - v
4 CASE3:Swi i ) 4 ! Swi i
: Switch ONinto Inverse Current CASE 4 : Switch OFF into Inverse Current
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-t =t
I A g
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-t =t
INVERSE INVERSE
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A A
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. -t
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PowerStape_ImvCurr_INVON.emf
Figure23 InverseON - Channel behavior in case of applied Inverse Current
pr TEF R BB HIE], 12 R TRt = W I E 2 E

HITUIHEE

SHEKZ M BEREN AR, REWEN, MM BEAREERTERED XA, XPREMKGEXH
HIBERAREARNEE. A T7TEEXMER, NREANBEEEH, FERRBERLS., 7ESPIF
E—MiL (Pcs . pCcCn), AIIEHEIE0&3FIEE 1&2HEX. & Pcs.pcen WEML, WERXFANESE
AP H B RERIPFREREE A o IIR—MBERNTRIRIPEIEIZE JEER (OCR.OCTn = 15),
M7 N8 E B RARIPBEIIRRA lowye HEOBENEBMITHSBERDIH, REE—MITH
B resrarrcriBE, M MBEH=XH. BT, BNEBEHIRKFERARTIERITHESE. IR—BE
ERAMRIZRIAE, (SRC.SRCn = 1), BAHBKEX TXREHEERRIFEINGE, BB HEKHE
(PCS.PCCn = 1), /NEARIER TR BERSETHEER A, LT/ ER TEALLGHISHBETN. &
BV 9.7 THREZIFE, N7 EHAIR TR, ZRAHKE (Pcs.pccn = 05), FHEX
BENERARFEAERAD MRFEHESERAFTERE MBERREXRMMITE, FEBREHE, 7
REBEHEOHE, BLEESHERE,

7.3.2
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HEANGEER, SERES wowtBIN—F, BIRERHBKENN L ETPCB ENLERPBIRE
BREBFRRER R EERTE i,

7.3.3 H I ENERREEFEYE

EHECE PBTS71033-6ESARE= LA XY (Rt S5KIAFF xBTS, WE24FfR) , ERAFXHE
MEG AR AR RN ITET| dVour/ dt|e BN, HEBFXIREEY, MHEATESTELEERNTH
B (MARERs o2 FTHRE) « XERRNBESERMEE DMOS TH, HARAZER,

vBAT
1 R/L cable
VS
T !
ON(DC) 4 INx e & & o g OFF
1% .l
OUTX ouTy o
Current through Mot Cross
urren/:t:g otor Current
ON (PWM)
orr gk Spft UL

S 7 7 PowerStage_Passive Sew _SPOCemf

Figure24 High-Side switch used in Bridge configuration
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7.4

ThERL BN

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

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 HE R A HER R Ed. (FRIEZIMREA):

22.5m0:R=4.80Q

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 | Vpsciavp)_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 | Vpgciavp) 25 |35 38 44 \Y b P_7.4.0.2
Voltageat T,=225°C IL=5mA
T,=25°C
See Figure 20
1)WiERE T,=150°C.
7.41  IWERFBHIKE - spoc™
Table 16 Electrical Characteristics: Power Stages - SPOC™
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Timings
Switch-ON Delay ton(ELAY) 10 30 60 us Vs=13.5V P_7.421
Vour = 10% Vs
PCS.PCCn=0;s
Switch-ON Delay toN(DELAY) 5 30 60 s Vs=13.5V P_7.4221
Ch 0, 4, 5 VOUT =10% Vs
SRC.SRCn=1;
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 torF(DELAY) 10 30 60 us Vs=13.5V P_7.422
VOUT =90% Vs
Switch-ON Time ton 20 55 100 |us |Vs=13.5V P_7.423
Vour =90% Vs
SRC. SRCn = 0g
PCS.PCCn=0s
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Table 16 Electrical Characteristics: Power Stages - SPOC™(continued)
Parameter Symbol Values Unit |Noteor Number
Min. Typ. |Max. Test Condition
Switch-ON ton 20 70 125 us 2 P_7.4.2.20
Time (parallel Vs=13.5V
mOde) Vour =90% Vs
SRC.SRCn=0g
PCS.PCCn=1;
Switch-ON Time ton 30 75 150 us Vs=13.5V P_7.4.2.4
Ch l, 2, 3 VOUT =90% Vs
SRC.SRCn=1;
Switch-ON Time ton 15 45 80 us Vs=13.5V P_7.4.25
Cho,4,5 Vour =90% Vs
SRC.SRCn =15
Switch-OFF Time tor 20 55 100 us Vs=13.5V P_7.4.2.6
VOUT =10% Vs
SRC.SRCn =0g
Switch-OFF Time tore 30 75 150 ps Vs=13.5V P_7.4.2.7
Ch l, 2, 3 Vou'r =10% Vs
SRC.SRCn=1s
Switch-OFF Time torr 15 45 80 us Vs=13.5V P_7.4.2.8
Ch O, 4, 5 VOUT =10% Vs
SRC.SRCn =13
Switch-ON/OFF Matching | Atsw -50 0 50 us Vs=13.5V P_7.4.2.9
Voltage Slope
Switch-ON Slew Rate (dV/dt)on 0.3 0.6 0.9 V/us |Vs=13.5V P_7.4.2.11
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
Chi,2,3 Vour=30% to 70%
Of Vs
SRC.SRCn=1s
Switch-ON Slew Rate (dV/dt)on 0.7 1.2 1.7 V/us |Vs=13.5V P_7.4.2.10
Cho,4,5 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
Vou'r: 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
Ch1,2,3 Vour=70% to 30%
of Vs
SRC.SRCn =15
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Table 16 Electrical Characteristics: Power Stages - SPOC™(continued)

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Switch-OFF Slew Rate -(dV/dt)orr [0.7 1.2 1.7 V/us |Vs=13.5V P_7.4.2.13
Ch 0,4,5 Vour=70% to 30%
of Vs
SRC.SRCn =13
Slew Rate Matching AdV/dt)se |-30 |0 30 % ¥ 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=20 mA
Currents
1) A(dV/dt)sw= ((dV/dt)on- (dV/dt)orr) / (((dV/dt)on+ (dV/dEt)orr)/ 2).
2) P& - IRIER I,
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7.5 S - ThEBHE

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

70mQ: R=180Q
751  DhEEHE-225mQ
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 Roson 2s |- 225 |- mQ | P_7.5.16.1
T,=25°C 7,=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 Rosmv 2s |- 225 |- mQ | 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 | P_7.5.16.5
Inverse Current at 7,= T,=150°C
150°C I =1 (vowm)
ON-State Resistance in Rosmev.2s |- 45 - mQ | P_7.5.16.6
Reverse Polarity at T,= T,=25°C

Vs=-135V

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=-13.5V

I =l nom)

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 17 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) TFlhis - \RIE1g It
7.5.2  THEHHE -70mO
Table 18 Electrical Characteristics: Power Stages - 70 mQ
Parameter Symbol Values Unit |Note or Number
Output characteristics
ON-State Resistance at Rbsion)_25 - 70 - mQ |Y P_7.5.18.1
T,=25°C 7,=25°C
ON-State Resistance at Robs(on)_150 - - 110 mQ | T,=150°C P_7.5.18.2
T,=150°C
ON-State Resistance in Ros(on)_crank |~ - 135 mQ | T,=150°C P_7.5.18.3
Cranking Vs=3.1V
ON-State Resistance in Rosing.2s |- 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 Rbsn)._150 - 150 mQ | P_7.5.18.5
Inverse Current at T,= T,=150°C
150 °C IL=-1\ (nowm)
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 |/ o) g5 - 0.01 0.1 HA b P_7.5.18.9
7,=85°C Vour=0V
Vin=“low” and
OUT.OUTn =0g
Ta<85°C
Output Leakage Currentat |/, o 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 =1;
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 ||[Vpspiopgl |- 500 (600 |mv [ P_7.5.18.13
/.=-190 mA
T,=150°C
Switching Energy
Switch-ON Energy Eon - 090 |- mJ |V P_7.5.18.14
Vs=18V
SRC.SRCn =0s
Switch-OFF Energy Eore - 094 |- mJ | P_7.5.18.15
Vs=18V
SRC.SRCn =0g
1) TFlhis - \RIE1g It
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BTS71033-6ESA EAEITERIF. IRRIF. REEM (T ReverseON) FEERIF, HIFH R TR
B, RS RFEIFEER. SEFRIPEFRBIREE TERIER. 2 GND # VS 5|l & mHEE,
= B BRI ER.

8.1 TR RIF

ZESM A TNEEERE T AT IRERIFEBE (T)nes) MEETRRIFELR (Tion)e HRE T, BIEP—
NEE (Trmes T Toom ) B, HBROEERRKH, LABILEHF, HENAY WRNDIAG.WRNn (B (IHTEIR
ENEERR. BEREXARES, HIEILETHEIIR 19 RN ER %M. 1THWME 25 Fiir (x4l
BRP) ME26 GEEDERF) o Tiren BEISTBRIPHEERE,

A
IN/
OUT.OUTn
»
t
A
L
ILiow)
t
A
T,
Faees w
»
A t
JrlS { hﬂ
J | >
t
A
Internal o 1 5
counter >
t
A
WRNDIAG.WRNn 0 1 0
Read WRNDIAG - t
Protection_OT_Restart.emf

Figure25 Overtemperature Protection (Absolute)
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| A
L
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L.
- - - >
t
A
T,
Typass)
T =
=3
W
TJtstart]
Tren)
»
L
t
A
ls
NnNnnNnnhnhnin nn .
»
t
|nt€rnalT| 0 | 1 | 2 | 3 I 4 I 5 | 6 I n;ESTMT,:{Rﬁl 0 I 1 |
counter =
L
A t
WRNDIAG.WRNn | 0 | 1 0| 1 1 0 | 1 |
»
»
A Read WRNDIAG - Read WRNDIAG -w— t
ERRDIAG.EREn | 0 1 0 |
L.
»
HWCR.CLC = 1; <& t
Protection_dT_Restartemf

Figure 26 Overtemperature Protection (Dynamic)
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8.2 o #HRIF

BTS71033-6ESATEL /M B ATER EMIBY R EIRIP, EX TR M RHRE (WE 27), FHIRIEILZEDMOS F
IREVEBE Vos B BHIERE !
¢ lyowgwhen Vps <13V

U /L(OVLl) when Vps>22V

Iegh, AILUEITIEE22.5 mQ i@EAJOCR . oCTn PR HF 1B,

Overload threshold variation ("1" =l gy ) @ Vps = 5 V)
11
R h— - ' OCROCTn=0|

1= —_ === OCROCTR=1
059
08
07 -

| Illuvul

o e
L e R i e e e e B e I
0.4
03
02
01

0

4 8 12 16 20 2 28
Drain Source Voltage (V)

Figure 27 Overload current thresholds

Hizhow (lowoFhowy) BY, BEXHE, BEFILURIESE 8.3.1 EPHEANERRKENRR,
8.3 R ERRNFRIPAIZERH S

EEMARPNEINSESE (FRIIE) H=E3MITRH:

o ZRMAVEEXHE, NPT EE

¢ ZRMBENEBRFILENSES

+ HEMNAIWRNDIAG.WRNn #WE I E 1 FHHHFEIIEL,

WMRFABERIPHIGEIERHER 19 PR ER &Y, WBERUEXITH. HEARERITHEE

EAH” ( RCD.RCDn BE{IZE0:).
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Table 19 Protection “Restart” Condition

Fault condition Switch OFF event “Restart” Condition

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

NResTART < MRESTART(CR)

RCD.RCDn =0

Overload Iz 1wy I.<50 mA

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

NResTART < MRESTART(CR)
RCD.RCDn =0

8.3.1 =k

3 INx XoUT.ouTn BUN‘R”, HNMBEBEITH. THERHET, BHAXHE, BERBTHERF
MHEINER &GN AFER (W3R 19). WRNDIAG.WRNn T7XETHAEIE (L, HWIFHFEESH
B EWRNDIAG AKX, MWRNDIAGH AR, FRIEEB neesrrrcn B BIBIE RS, T—TEREH
WRNDIAG.WRNn BREf(, MRAFREBER, AJLUETIRE22.5 mQIBIERIRCD.RCDn A 1z K(F
FAEfl. HRCD.RCDn BUN LK, ERITHERKE(U, SBEXFPFRESH, HEH
ERRDIAG.ERRn {U# B, @idIRE SPI {iHWCR.CLC XAMERYFSMITEEE 1. TNREAS|
A HouT.ouTn HEMN 1s , WEEENHWCR.CLC E1I5SHEILENTH. NHERBIEXAZ
HEE RBNEENE, NBARUREFRF> tern 1 BEEFBNE

ERRIEY0 B 28FTo
IN/ 4
OUT.OUTn _I
;
Shortcircuit 1
to ground I I
I 1 o t> gy '
lowy A A
. LI . [ .
J / ,
::n;csr:::: | 0 l : l 2 | 3 | 4 | 3 l & | Neesrarricmp + 1 1 | 2 ‘ v« o| Meesrarremtl 1 0 | .
y 0 0 t
I’ I
WRMNDIAG.WRNn | 0 | 1 0| 1 1 1 V] |
4 Read WRMDIAG .
RCS.RCSn | 0 | 1 I 2 | 3 ‘ 4 | 5 I 6 | 7 1 | 2 ‘ .. | 7 1 0 |
HWCOR .CLC = 1,4 RCD.RCDn = 1,4 HWOR.CLC = 1,4 Ir
A Note: Maxim um peak current depending onsystem impedance Protection_Restartemf
Figure 28 Restart Strategy timing diagram
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t<toeiaver)  L2ifneavies) teteeray  Llajag
A
||
t
A
-
||
t
Shortcircuit T me=
to ground I >
t
s 4
L !
luowy T ‘ ‘ 1 1 1 1 1 ‘ 1 1 1 1 1 ‘
t
A
Internal
et | I 1 1 51 £ 151 3 TS I Y 161 1 5 ) IR C N ) R ey
t
WRNDIAG.WRNn | 0 | 1 0| 1 1 Ol 1 1 0| 1 |
Read WRNDIAG € Read WRNDIAG €— 9 Read WRENDIAG Read WRNDIAG “» Read WRNDIAG t
. Protection_Restart LH.emf
! Note: Maximum peak current depending ons ystem impeda nce

Figure 29 Restart Strategy timing diagram in Limp Home

8.4 HhfRiF

8.4.1 R LRI

ERERMEEYH (BIfNRAEBEM) F, BHTF ReverseON FFEMRHIT A HAZFHITHEEFED B,
IR TIETI ON (BB Ros rey) o BENENEBEHIF ZIREHIAMEFEBNER, B
S5 AR Y R 18 BB s S 2 B FTIE IR S BAYBR . BT EF BRIRERIR Voo FIEF IS | IRV BRI %5
MZESMEREBPERIRE] (FEIRASE 4.1 F PYIHMENRATEE) UK FB1ENNAER) -

30 2R T {RIFReverseONTHEERV BN A, EBIRMGNDIRN(- loo ) TERARME S HXT T #0E ReverseON
BHMER, FUIESUEMANZIM GND 5B Z B4 IF/E B R R,
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Veat(ran
5V (reverse protected)
1
Lt
High-side Channel Vs
VDD
L ReverseON | %#
% 1
LT
OUTn
T-hr
IL, CR
77
/77 Protection_RevBatt_SP.emf

Figure 30 Reverse Battery Protection (application example)

8.4.2 i EfRIP

HEREBENT Vs(ext,up) A Veat(Lo) Z I8y, WMHREENAR TIE, HERMASIHE our H1E:s.
BRT 5 7.2.2 F HEANBRAFNEMEHUZIN, TE—MHANGS TR FEENR L BENT
[E1RF, 1542 VS 1 GND 3|z [8]fNEB[E (VsicLamey)o
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8.5 BhLEEREE KL

8.5.1 = B0 o HOE N

DEQHMERZLAAMR, EEHENHIEZMARASEMSENEEY, MR ERE, =2

FBE & A HIEEMFR, BRPEEEEELIE, BTS71033-6ESA BILIMESIX 10 pH BIZRFREBRX / Lnow) o
TER AR BN /s R B RREY, ERINERIMERINGISS —ARE (W0 F11 = RN IRE DL ) X

AIBRE S H 9 1 B BB IR R AV ER 1R

AR HIREGEEZX, BHTTERITERLL, VS MRS RSP & ires. XEHELREXE
EELFHIE IS SERIGIRRNE, H A HIFIXX[CISTDDIAG . US), LHI 5IHIBIAE T H
XFGETLZAN BRI o

852 HIZEK
NRBOTMER, BIVEEAHRFHANSIAMMCUZEEZE—EFE, UHFREEXE (0 &% 11
HFTR) -

AR HIRIEITHFIIN 5 IIRILEH (BT BAZEE) , e EXET, B—1 &LEPE
BBIE, RIZOAVIAIERIE X TTEH TFSPISGE
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8.6

RIFESIE

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

Mt SR 2 HB R A EER T . (PRIEZEIMRER):

22.5mQO:R=4.80Q

7T0mQ:R.=18Q
Table 20 Electrical Characteristics: Protection - General
Parameter Symbol Values Unit | Note or Number
- Test Condition
Min. Typ. |Max.

Thermal Shutdown T )as) 150 175 200 °C 12) P_8.6.0.1
Temperature (Absolute) See Figure 25
Thermal Shutdown Thvsiass) - 30 - K 3 P_8.6.0.2
Hysteresis (Absolute) See Figure 25
Thermal Shutdown Ty o) - 80 - K 3 P_8.6.0.3
Temperature (Dynamic) See Figure 26
Power.SupplF/ VsicLamp) a0 |33 36.5 42 v lvs=5 mA P_8.6.0.6
ClamEmgVo tageat T, - T,=-40°C
=-40°C See Figure 20
Power SupplP/ Vsiciamp) 25 |35 38 44 v 2 P_8.6.0.7
Clamoping Voltage at T, - hs=5mA
225°C 7,225°C

See Figure 20
Power Supply Voltage Vv 20.5 22.5 24.5 v 3 P_8.6.0.8
Th resholcﬂi)r Overcurrent | = Setup acc. to AEC-
Threshold Reduction in Q100-012
case of Short Circuit
1) 1XThEEM,
2) {X1E T,=150°C BFMizto
3) gl - BRI\,
8.6.1 fRIFHSRFMESE - spoc™
Table 21 Electrical Characteristics: Protection - SPOC™
Parameter Symbol Values Unit | Note or Number

- Test Condition
Min. Typ. |Max.
Counter Reset Delay Time | tpg ay(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 | Ngesrart(cr) |~ 6 - - 1) P_8.6.2.2
of Fault after a Counter
Reset
1) BN - BRIt
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8.7 RIFBSEUESH - THEBHE
Voo=3.0VE55V,Vs=6V E 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

T0mQ:R=18Q
8.71  RIFTHFHHL - 22.5 mQ
Table 22 Electrical Characteristics: Protection - 22.5 mQ
Parameter Symbol Values Unit | Note or Number
Overload Detection Current |/ g 44 48 53 A b P_8.7.16.3
High Level OCR.OCTn= 0g
T,=-40°Cto 50°C
d//dt=0.2 A/us
Overload Detection Current |/ gyq 35 39 44 A 2 P_8.7.16.4
High Level OCR.OCTn=0s
TJ =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= 15
d//dt=0.1A/us
Overload Detection Current |/ oy3) 22 31 36 A 23 P_8.7.16.6
High Level (parallel mode) OCR.OCTn=0s
PCS.PCCn=1;
d//dt=0.2 A/us
Overload Detection liowy - 29 - A 2 P_8.7.16.5
Current at High Vps d//dt=0.2 A/us
Overload Detection Current |/ oy js) - 29 - A 2 P_8.7.16.7
Jump Start Condition OCR.OCTn= 0g
Vs> Vsys)
d//dt=0.2 A/us
1) MXRE T,=-40°Co
2) P& - IRIEIR I,
3) IL(OVL3) Eﬁﬁ :_F_/I\iiiiﬁo #H%Hjﬁ/l\ﬁﬁleé\ EEiﬁ IL(OVL) < 2 X IL(OVL3)°
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8.7.2 FRIPHERBHE - T0mQ

Table 23 Electrical Characteristics: Protection - 70 mQ

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Overload Detection Current |/ gy 15 18 22 A b P_8.7.18.3
T,=-40°Cto 50°C
d//dt=0.1A/us
Overload Detection Current |/ g 13 16 19 A 2 P_8.7.18.4
T,=150 °C
d//dt=0.1A/ps
Overload Detection lowy - 11 - A 2 P_8.7.185
Current at High Vps d//dt=0.1 A/us
Overload Detection Current |/ oy 45 |- 11 - A 2 P_8.7.18.7
Jump Start Condition Vs> Vg(s)
d//dt=0.1A/ps
1) MHRE 7,=-40°Co
2) EF&NE - RIERIT
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HHFi2HBTS71033-6ESATES | A IS AR RRFIRAF, FHiBISPHRMIZHI IR, WIREA IS, 1S5]
BT AEEE. SRMERMRFES RS BB ISPI#TIEE,
NREABREEIZET, WADIE IS 5IIFRRIER > BHERZACMEBPE Reensco Rsense EAAIE T 820 Q
(8% 400 Q , HEM EFFERREMPGRBERIPE) , LRSI BRREBRPHINRGK, HEEN

Rsense = 1.2 kQ o

BT IS SIMAMVHBEBEZERIRERERE, MREMSERANERENHENERRERIEIRMEE, N
REBOF 1S 5| IER B E I & rtN B Rk o

ZIE 31 FAEBIENEIR. BXAEETT

R TRIIZETR 5, BSHET 9.2
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Channel 0 _'-
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Figure 31 Diagnosis block diagram
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9.1 Bk

R 24 IR T BTS71033-6ESA IBITIEN T, IS5 EMBZE IR,

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 /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-Vig(sp) z 0 1

s” DS(Sé} Z 0 0
Normal operation |High/ 1g ~ Vs hs= IL(NOM)/kILIS 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 ~ Vsy hs=lsen) 0 0
Under load (e.g. ~ V) hseny<hs <. nom/ Kiis |0 0
Output Voltage
Limitation
condition)
1) EnSMY_ERIEBRE,
2) HHERBIVNTF om0
3) Eﬁl’:ﬂ %5)Itblzlz\zﬁjj(a: l|_(0|_>o
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9.2 SPIIZHR
ﬂ SP I?Ef ﬁ;é& | l_l_)lkluﬂlﬁglﬂ_éﬁ%._,%\o WRNDIAG EP?E{#T&ﬁE*’T\%:\s ﬁiﬂ*ﬁlh\j%l—/}lb*j‘lh\ D%O

R TS S B7F FWRNDIAG. WRNn fiI, Fi@dSPIREUEFRE/AWRNDIAG , FRIFAEIRARERREL,
FR@EEBHRIF. RIFBIFIRHESPIHELHWCR. CLCE R,

2{

9.3 ON RE&TiZHR

LHEUTEMGE, SIS AFRBSAHBERMELGINER EbEkus=1/1hs) :

v EIBETH, HE Vos<Vosse s,

v BB HTRERER

o REWEE (905 8.3 E FriR)

SNSRfEFE DCR. MUX (IDEFRRIBEFER A B HKE, IS 5IHRIFHT A “BIEES RS,

9.3.1 BRI (kus)

N BRI ERUR T REMATER. s M | WMHEREMIEN, BEEXIEFEBR s o IR
HEBEERHFFE (LEEE0A) , MIBEERAREMETR sey (THL. 1ZWBEDN) o ZFHWE 33 Fim.
R ARIBAER ks 2%, ML ERER M= SZH91TH.

F2IYAE 1S 5IRIAN MCU BY ADC 3 NS IRl Z BIEFARSMERPE R ISR 2R, LUBME S SURMIIR: (BINFERIE
RERHYER/N\ETE] 1 ps) o

kus REBVISEREZ R TRE. HEBENFIETZHNEM, EAENERKEA, AIUERE
IS BRERR

v EEFHFELNEERE, 7L R PR E X B XEHRYERR (ucw)o

o ME IS 5IHIXYRZRYEB IR ITE ks (kius @ fucan)

o TEM lieay B feay n BIBBTRSEEIA, kus FTF kius @ lucan s PRAEE X F90kius

BB ks FREVERE 32 2T, H MkustEE-

'r(fﬂ..f.\'@uf,\' CAL) L 'r(h’..'.\' @]II.[C.-U.' H
Akypis pax = 100 MAX( =—1 = -1

lk|’£.J.\'((-b'fl’.[{.}-\l.] k.’Lf.\'@]fl’.[CﬂL]

Ak =100- MIN( ws@lyeant - Kis@lycany w )
ILISMIN = -

. .
ks @lyeary ks @Iy ccary

o Lt

Figure 32 Akscalculation formulas

BAERLTE Tacay = 25°C BY#EFTo BEL A kusBIE Miucan  Bllcay_n B RS BBIURS o
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hsiou /
his(eny
- .

low)

Diagnosis_DLON.emf

Figure 33 Current Sense Ratio in Open Load at ON condition

9.3.2 R ZRE RS

BTS71033-6ESA NEREER T — NEEMKIF LR E Azs, AIEFMAEER N B MR EIESIIZES I 1S,
BIEH SPI 1728 DCR.MUXIERR, K MEE R LUET SPI & 7728 DCR.MUX 2, BEAXEZKRER
BIFMNBIESE E 34, LS, DCrR.Mux SEM SPI IS EAUSURRENEZSINEE,

PR MITHEERN$E < H DCR . MUX (B XBXHIUNT:

+ DCR.MUXTEINRERTMREMRXIFZHEE

+ IREPCS.CLCS = 1 pinFRIT #1288 H IS DCR . MUXIEIF AYIEIE K 7]

+ I&E PCS.SRCS=1s, DCR.MUX EEMBEBENHERZNE, BHENET 74.1 TRESHAT
v J%BY RCs.RCsn{iifY, DCR.MUXEZFREERNAIBITERERAVRES KL,

+ &E PCS.SRCS=1b, DCR.MUXZEHBEENRIXGLER

-~

CSN
DCR.MUX | 110 I 001 I 010 I 110

v

t

A AS[ON) tasicc) teis (o FF:
hs ‘ | ‘
.

t
Diagnosis_MuTiming.emf

Figure 34 Current Sense Multiplexer Timings
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9.4 OFF RAETigHA

LI HRAATFTOFFIRZSHES, BTS71033-6ESA AJLUNIEMB EEH B ES HEBEH#HITR, XiE,
RN TTE (FRIEEEM A EHIERIRE) , MalNAa ST ELTEREFEX
F AR BR

941 EREREAFXx

NTRNEEERRE vs BUIER , RATEBENEEAX, S5 ouT 5 vs &F ON KB A ERE
BB, EMBEMETIRE, XmIRER GK) , MEZENMEIRE. Hlt, BRREESER
HERTFAZEREANE, TOFFRET, MHBEREHEE Vs, XSBVNN Vos o FFRFZER IR
SZEME Vos sp) SEETIKIF Z IR E FI%3( DCR. MUX ) HEEHTIZ 8B LF E R BIE Vs HTEL IR, ELIREE
RAI TR EIZHT STDDIAG. SBM AIREN, FH9h, FXFEE NS ATl ForFRESH T B F Ko
EXMERT, DINE— ARV _ERIEBRERIE ouT HIZE VS BTER.

9.5 SENSE BN FE
35 B/R T SENSE BYEBILAT(E] tyson FIZRFABTIE] tusorr BRIBIRVEYF (BIFEHHTHNER) - BF
EREERIREZA (FEULLTE ton ZH1) TIEEILIEMBIES, FEILE tasoine = tason * lon e

IN/
OUT. OUTn OFF ON OFF %
toe t
SEN SE
EN ABLE
>
fon torripeLa v t

IJL

=15(DIAG s15[LC =15 [OFF, [oH dI E{OFE:
" fﬂﬁ
] »

Diagnosis_SenseTiming.emf

Figure35 SENSE Settling / Disabling Timing
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9.6 PHEBESEYE

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

M2 H BRI A HER R Ed. (FRIEZIMREA):

22.5mQ:R=4.80Q

70mQ:R=180Q
Table 25 Electrical Characteristics: Diagnosis - General
Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition
SENSE Saturation Current | /igsan 4.2 - 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 lisioFr) - 001 |05 HA 1121 wom P_9.6.0.2
Current when Disabled V=0V
DCR.MUX =110s
SENSE Leakage Current | /gen) gs - 0.2 1 uA [ P_9.6.0.3
when Enabled at T, < T,=85°C
85°C DCR . MUX #
<110g,1115>
See Figure 33
SENSE Leakage Current his(en)_150 - 1 2 HA T,=150°C P_9.6.0.11
when Enabled at T,=150 °C DCR.MUX #
<110g,1115>
See Figure 33
Saturation Voltage in ks Vs k - 0.5 1 Vv b P_9.6.0.6
Operation Vs=6V
(Vs - Vis)
INx =“high” or
OUT.OUTn =1;
[ =271 (\owm)
Power Supply to IS VsisicLamp) -0 | 33 36.5 42 \Y hs=1mA P_9.6.0.9
Pin Clamping Voltage T,=-40°C
atT7,=-40°C See Figure 20
Power Supply to IS Vsisciamp)_2s |35 38 44 Vv 2 P_9.6.0.10
Pin Clamping Voltage ls=1mA
atT,=25°C T,225°C
See Figure 20
1) TFlis - RIE= T,
2) MiXEE T,=150°Co
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9.6.1  IZHTEBSY%HE - spoc™
Table 26 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 2.5 v OFF state P_9.6.2.1
Threshold
SENSE Settling Time with | tyson) - 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
L= can oL
DCR.MUX: 110>
001s
SENSE Settling Time after |t g - - 20 us Y P_9.6.2.4
Channel Change Vs=13.5V
I.= 1 nvomy
DCR.MUX: 001>
0108
SENSE Settling Time after |t sco sic |- - 60 us |2 P_9.6.2.11
Channel Change with Vs=13.5V
Small Load Current Start channel:
IL=1cay
End channel:
=1 can oL
DCR.MUX: 001>
0108
SENSE Disable Time tasiorn) - - 20 us Y P_9.6.2.5
Vs=13.5V
I.= 1 om
DCR.MUX: 010>
110g
SENSE Settling Time after |tsq) - - 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 /.= cayto
=1 can) oL
SENSE Disable Time after  |tysoep - - 20 us |2 P_9.6.2.7
Channel Deactivation
1) ESYCCER#ITIREE Mo
2) TN - R\
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9.7 IZETERSE - ThERmHE

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

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

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

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

9.7.1  IZERTHEIHL - 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
at/s=4 pA hs=1lsoL=4 LA
Current Sense Ratio at Kiso1 -65% 2000 |+65% 2 P_9.7.16.3
I =l lLo1=10 mA
Current Sense Ratio at Kiis03 -60% 2000 |+60% 2 P_9.7.16.5
I = 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 KiLiso7 -45% |2000 |+45% 2 P_9.7.16.9
I =l lLor=250 mA
Current Sense Ratio at Kiis1o -24% |2000 [+24% lo=1A P_9.7.16.12
I.= o
Current Sense Ratio at Kiisi -8% 2000 [+8% l2=2A P_9.7.16.14
I= s
Current Sense Ratio at Kiisis -8% 2000 [+8% lus=5.5A P_9.7.16.17
I =15
SENSE Current Derating  |Akysoy | -30 0 +30  |% | P_9.7.16.37
with Low Current I (ca) oL= o3
Calibration I cay ot n=lios

Iiican) oL L= hor

Tacan=25°C
SENSE Current Derating | Akyswowy |9 0 +9 % |2 P_9.7.16.38
with Nominal Current lcany™ iz
Calibration I cay_n=liis

I can_L= o

Tacan=25°C
1) 3R KRC.KRCn =0s, XEHEX,
2) ¥R pcs.pccn =05, XEHEX.
3) & - 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 |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) HIR1 us [ABIE K S IKEHADCIIN I, ILIS KRB
4) FTrFEgalis - IRIEIRIT
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9.7.2 LEIhE R LR - 70 mQ

Table 29 Electrical Characteristics: Diagnosis - 70 mQ

Parameter Symbol Values Unit |Noteor Number

Min. |Typ. |Max. Test Condition
Open Load Output Current |/, (o) 4y 0.5 - 6 mA |V P_9.7.18.1
atlis=4 pA lis=lsior)=4 HA
Current Sense Ratio at KiLisoz -36% | 670 +36% lo2=20 mA P_9.7.18.4
I =l
Current Sense Ratio at KiLisos -30% |670 +30% loa=50 mA P_9.7.18.6
I =104
Current Sense Ratio at KiLisos -19% |670 +19% les=250 mA P_9.7.18.10
I =l
Current Sense Ratio at KiLis10 -10% |670 +10% ILi0=700 MA P_9.7.18.12
I =10
Current Sense Ratio at Kiisia -8% 670 +8% lu=1A P_9.7.18.13
I=hy
Current Sense Ratio at Kiisis -T1% 670 +7% liz=2A P_9.7.18.15
I =3
1) TF&R - RIER I
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10 B1TIMZIEO (sPI)
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Figure36 Serial Peripheral Interface

10.1 SPI 5 5#diR

CSN- Rixfz5

ZYuEid CSN 5IHNEIEBTS71033-6ESAR BT T REFIRE, FUAILUAITHUES ¥, 3 CSN &F
“BVIREHY, SCLK# SI 51 ERERIS S ERRABEE, FHH SO #KEHHNBES KT,

CSN M“_I%'il_” §|J “1&” gkg
¢ IERIEEREMIBAUFTESEF.
v SO HEFERREZT R REBEF KT

CSN M7 F«F 7Bk T

v NHTE CSN RSB ZEEFIME] 8 NSCLKIESHIEER (1. 2. 3. ...) B, AEis<fEiE, R
SCLKITEARIER, NI{EEIRITE (STDDIAG. TER) NENI, FHBIESIEWH AR,

v REBUFEFSNEERE R FUFESER.

SCLK - ER{THI$h

ZNS I A AR FESRIRME . BITHN (S) 7 SCLK W TFRAREBIREREIRUSESE, M
BITHIE (SO) ERITRHN EAABIZIERE LY. SUAE CSN HITEMEIRAY, SCLKSIRIAZL
FYRBIERE, BNIESTRERHWIES,

Sl - BITHRIA
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so RiTHEH
BT S I ER1TRRY, BEEaAMUELEB L, SO T “EEARE, EEF CSN 3|HIZZ KL
FRE. ESCLKB EFABZE, FEVEIER HILTE SO 51k k.

BHERET 105 TREZER,

10.2 WEPEThEE

SPIFYBTS71033-6ESA /7 8 fi SPI IR FivHtHEEINEE, FEUEEFR, Z-MEEFHMEREB CSN 5
MCSN BUE. — 1 esFMISI 55— 1348 SO XEE (BRE37) , UME—IE, #ERNXRIED
FEZEREHRAFELE. MO M, EHRMEERT MCLK, ZBTEEIZERISE RS M ESMHEAISCLK .

devicel device2 device3

sl so sl so sl SO
MOSI —>»[}—>{ SPI —»}——1{1—» SPI [ }+——{}—» SPI —»}—

SCLK
SCLK

MISO <
MCSN
MCLK

L N J

SA_D aigyChain_l.emf

Figure 37 Daisy Chain Configuration

SPITEE T aFRVINEEIRP, BE— T BUFFES, S 1SCLKE, s REMIEIBL, IfE SO
I B, 23/\NSCLK BffE, — T asHFREBIEERmTM. EROHEES, CSN LT
AdE A eeER AWM RBERIE, EREEEET, &0 1 BHENKIEEB SN 2, THEHE
RERA=ZESHE, BIESRHFBU=R8 L, IttfF, MCSNZXMTE N T (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 |_
MSCLK _I 8clocks |_| 8 clocks |_| 8 clocks |_

SA_DaigyChain_2.emf

Figure 38 Data Transfer in Daisy Chain Configuration
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10.3 Bt Fr

tesniLean) tsckip) tesniLes) tesniTo)
CSN Vesnpms), max
= Vesnmay, min
tscuk ) ok
< > < >
p—
SCLK \ / Vsci THy, max
| N— — VscirH), min
tsysuy tsiiH)
L e i
Ca T )
S| 7, ‘X’ ‘X’ Vsiirhy, max
r 4 r 4 b rd -~ VSI(TH].min
ESO(ENJ stourl Esomlﬂ

Vsom)
SO ———\ B X X Ve,

SP_Timings.emf

Figure 39 Timing Diagram SPI Access
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10.4 SIS

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

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

Table30 Electrical Characteristics Serial Peripheral Interface (SPI)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Timings
Enable Lead Time (falling tesniean) [200 |- - ns |V P_10.4.0.1
CSN to rising SCLK)
Enable Lag Time (falling tesniag 200 |- - ns |V P_10.4.0.2
SCLK to rising CSN)
Transfer Delay Time (rising CSN| tcsyrp) 500 - - ns b P_10.4.0.3
to falling CSN)
Output Enable Time (falling | tsoen) - 30 100 ns |V P_10.4.0.4
CSN to SO valid) Cuiso)=50 pF
Output Disable Time (rising | tso(ps) - 30 100 |ns |V P_10.4.0.5
CSN to SO tristate) Cuis0)= 50 pF
Serial Clock Frequency fsewk 0 - 5 MHz |V P_10.4.0.6
Serial Clock Period tscikp) 200 - - ns |V P_10.4.0.7
Serial Clock “High” Time tscikm) 90 - - ns |V P_10.4.0.8
Serial Clock “Low” Time tscikq) 90 - - ns |V P_10.4.0.9
Data Setup Time (required tsisu) 20 - - ns Y P_10.4.0.10
Time Sl to falling SCLK)
Data Hold Time (falling SCLK |ty 20 - - ns |Y P_10.4.0.11
to SlI)
Output Data Valid Time with |5, - - 60 ns |Y P_10.4.0.12
Capacitive Load Cuso)= 50 pF
1) i - RIERT.
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10.5 SPI Y

SPI @I FZA SI #1 SO X R UIE 40Ff7~. Sl £kU3R uC R REIMI, SO £EEBTS71033-6ESA it
NV, BIEAINZE s R BRI T 2 81 uC &I Ky 6s < hio

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

SP_SE50.emf

/)

Figure 40 Relationship between Sl and SO during SPI communication

SPITMYARTE uC filk T— N ep SR N E, TSN SHEMR, 7RIS ISTDDIAGEL
WRNDIAGH, ¥ FiREFESHIMN, #ANZE FEZ BiBVfERD,
B, RGN HFSNBIESEYNT:

Sl —( write register A
0 < previous
response

Figure4l Register contentsent backto pC (a)

Sl —( write register A

new command )—
register A
content

SA_RWseq_aemf

write register B read register A

STDDIAG WRNDIAG

L I
I I

read register A write register B

new command )—

LI LI

I I
L I

50 —( fe;e;;?]iz STDDIAG rsg:::{:? WRNDIAG )—
SP_Riiseq_ b
Figure42 Register content sent back to puC (b)
B 3IMIFHIEN, &RIXE uC BIMI A AR T ST R R A9 :
o NRERI—MIRHEINEIR (B0, REEORAR8ER) , NE43 FR
+  ZBTS71033-6ESA HIFHIRRNRE LBEMFMY, WE 44
o Y Ve<Verp B DCR.MUXZ#111 , S1E 45F1R
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frame A

. . (new command)
error in transmission)

- —
SO —( (previous response) )—(

Figure 43 SPIlresponse after an error in transmission

STDDIAG + TER )—

SA_SO_TER.emf

Voo

Vob(po)

Sl —( frame A )—( frame B )—( frame C )—
e STDDIAG
SO —( (s0="2%) )—( +TER + SLP )—( response frame B )—

SP_SO_POR.emf

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

A
Vs
VS[TP:I_.max
Vs(1P),min
>
t
STDDIAG. | | l
VSMONT 0 L 1 X 1 0
>
t
Sl frame C H frame D
(response to STDDIAG + TER STDDIAG + TER (response to
SO frame A) +VSMON +VSMON frame D)

SPI_SO_VSMON .emf

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

Figure 45 SPIlresponse in case of voltage drop on battery

TR 31 G TRIA TR SPIIES , BHEBTS71033-6ESA B7E F— MIBE R EIRIRNZ,
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Table 31

SPI Command Summary

Requested Operation

Frame sent to SPOC™ (Sl pin)

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

Write OUT register
DCR. SWR =Xz

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

Oxxxx001g
(“xg” =don't care)

0lddddddg- 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 # ADDR1 #R1E & 32F Yo
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10.6 SPI iZHT B 728
10.6.1 ZHRFFR - IRBUES
Name 7 5 4 3 2 1 0
WRNDIAG (0 X X X 0 0 0 1
STDDIAG X X X 1 0
ERRDIAG |0 X X X 0 0 1 1
10.6.2 ZHEHTFER - AL
Name 7 6 5 4 3 2 1 0 Default
WRNDIAG |0 1 WRNDIAG.WRNn 404
STDDIAG |0 0 STDDIAG |STDDIAG |STDDIAG |STDDIAG |STDDIAG |STDDIAG |24y
.TER .Csv .LHI .SLP .SBM . VSMON
ERRDIAG |0 1 ERRDIAG.ERRnN 404
Field Bits Type |Description
STDDIAG.TER 5 r Transmission Error
0z Previous transmission was successful (modulo 8
clocks received)
1z (default) Previous transmission failed or first transmission
after Power-On reset or Vs< Vsp)if STDDIAG . VSMON = 15
STDDIAG.CSV 4 r Checksum Verification®
0 (default) Checksum verification was pass or no
checksum calculated
lg  Previous checksum verification was fail
STDDIAG.LHI 3 r Limp Home monitor
0z (default) “Low” level at pin
LHI 1g “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?
O Vos<Vos(s)
I Vps> Vosisa)
STDDIAG.VSMON |0 r Vs monitor
0s (default) Vs always > Vs since last Standard Diagnosis
readout
1z Vs<Vsuyatleast once or Vs< Vsqp)if STDDIAG. TER = 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 Channellatched
OFF

1) &0 &% 10.8 LT A XM T ERIFHIE R
2) FFXRFRUENBRREEHRE Vos s 5 FBIMKRIF L IRE A28 DCR . MUX ) IEERIIZBE IR ERIRHIERE Vos i

TEER,
10.7 SPIEiE T FH
TRIBHT FESNTESSHALME 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.SWRINHWEIRESER, WNFiEEIES, ©RERBUEAN—EE59,
2) XFE NOUT ZF1F2EDCR. SWR = x, W FiZEVHINEDCR . SWR = 5 o

Table 33 Configuration Registers - Write Commands RB-0

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

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

HWCR

1

1

0

0

HWCR.COL

HWCR.RST

HWCR.CLC

1

1

0

ICS.CSRn?Y

0
ICS 1
DCR |x

1
1
1

1

1

1

DCR.SWR

DCR.MUX

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

Table 35 Configuration Registers - Read Commands

Bit

7

6

5

4

Name

7

6

5

4

ADDR1

ouT

o

RCS

SRC

OCR

RCD

KRC

PCS

HWCR

ICs

DCR

OO0l |O|O |O

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 xX | X

x R ORR|[O|lFR | Ok |k |O

Rl |RrR R |~Rr|lOolo|o

|l R|OOJlOjlO|O|O

R |lO|lO|Rr|IHF|O|lOlR|O|O
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Table 36 Configuration Registers - Responses

Bit 7 6 5 4
Name 7 6 5 4 3 2 1 0 Default
ouT 1 0 OUT.OUTn 80w
RCS 1 0 0 0 0 RCS.RCSn 80k
SRC 1 0 SRC.SRCn 80u
OCR 1 1 0 0 OCR.OCTn 0 COn
RCD 1 1 0 0 RCD.RCDn 0 COn
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 E2y
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 |2:0 r Restart Counter Status of Channel selected via MUX
n=2to0 000; (default) Restart counter value=0

001gRestart countervalue=1

010s Restart counter value = 2

011 Restart counter value = 3

100s Restart counter value = 4

101s 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 |3:1 rw Set Overcurrent Level for Channel n
n=3to1l 0s (default) High level of overcurrent threshold / owwo)

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

lg  Latch mode
KRC.KRCn |[3:1 rw Set Current Sense Ratio Range for Channel n
n=3tol 0Og (default) High range of current sense ratio

1g 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

1z Adjusted Slew Rate

PCS.CLCS |1 w Clear Restart Counters and Latches for Channel selected by
DCR.MUX

0z (default) Restart counters and latches are untouched

1z Restart counters and latches are reset

PCS.PCCn |3 rw Parallel Channel Configuration

n=1 0z (default) Channels are operating independent
1l OUT1+O0UT2arein 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

0z (default) Normal operation

1z Execute reset command

HWCR.SLP |1 r Sleep Mode

0s 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) Inputsignal is “low”

lg Inputsignalis “high”
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Field

Bits

Type

Description

DCR.MUX

2:0

rw

Set Current Sense Multiplexer Configuration in OFF state
000s IS pin is “high impedance”

001g IS pin is “high impedance”

010s 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”

1115 Sleep mode (IS pin is “high impedance”)

Set Multiplexer Configuration in ON state

000; Current sense of channel 0 is routed to IS pin
001g Current sense of channel 1 is routed to IS pin
010s Current sense of channel 2 is routed to IS pin
011s Current sense of channel 3 is routed to IS pin
100g Current sense of channel 4 is routed to IS pin
101g Current sense of channel 5 is routed to IS pin
110;1S pin is “high impedance”

1115 Sleep mode (IS pin is “high impedance”)

DCR.SWR

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

1) ERITEXT (LHISIMEMNE”) , AEZEMINRN oRRH,
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10.8 SPI iR IRIEE

BTS71033-6ESA IRt —ME RN F BRI, AFIRFIEEFTEFRNEINBTHEINENR NTFRE
MitFES, FREEN, XERBEUFARUEEN. REMITEE— M MERENYIFEREITE.
RAFIHENEEE IR 38 iR, SPIENIFLEREANICS .CSRn, 4 fURKEANICS FFesH, %
BHETEM— KR, HERTUAET— sToDIAG A i3 BY fif STDDIAG.CSV R HIHE 2,
STDDIAG.CSV F—""STDDIAG RBFFIIEE, WRIcs FFHREN, NRKEMLEWER, HE
{iISTDDIAG.CSV =035, JIRTEICS .CSRn ZE#H Alimp homel REE N{B7ESTDDIAG.CSV ZHl
IRENEY, RIGFIIEFRL. STDDIAG.TER HIIER—FHSTDDIAG. VSMONIEBETF 15, TEX
LERT, REERNEEF.

Table37 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 SPI {55

HERABSPHER B4 (RR(EN G 12(F) l&R154,

Table40 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, YW TFi5%Z 723 DCR. SWR (i Z BRI —ZF 5.

i
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11 NMAER

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

11.1 M AERE - spoc™

g

Microcontroller

Optional 1
I Power GND
. *See Chapter 1 ,Potential Applications”

**See Chapter 11.2 ,External Components”

Figure 46 Application Diagram

AR BT IEE I FFBEE T o 12T FESE T FE T2 3E
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11.2 SMER TR

Table41 Suggested Component values

Reference Value Purpose

Ryop 470Q Device logic protection

Rin 4.7kQ Protection of the microcontroller during overvoltage, reverse polarity
Guarantee BTS71033-6ESA output OFF during Loss of Ground

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

Rsense 1.2kQ Sense resistor

Ranc 4.7kQ LC-ADC voltage spikes filtering

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

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

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

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

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

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

Cvop 1uF Digital supply voltage spikes filtering and for improved robustness against
battery voltage transients

Cus1 100 nF Battery voltage spikes filtering

Cus2 - Filtering / buffer capacitor located at VBAT connector

Cusenp 22nF Battery voltage spikes filtering

Cour 10nF For improved electromagnetic compatibility (EMC)

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

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

Rep 47 kQ Output polarization (pull-down)
Ensure polarization of BTS71033-6ESA output to distinguish between
Open Load and Short to Vs in OFF diagnosis

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

JE LB TT a5 1 SR £ T X B2 i fE R I/ 5 V A2 s Y I8 i E B RIS R IEAI

BB R EFEFIBTS71033-6ESA AT #51F, AIEEFEBIREX LR E, UFHRTETELIF
Kt (BIURIEEY. BHBERE) THETHMEIISEHIITETRRALE,
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11.3 EZWVRAER

v MFEBXSIHIFMEARIEE, BEBREEKL

v MTHREZEE, ERILUAIR http://www.infineon.cn/
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12 HEIME

t %
L 1) 1)
—_ 9 =
o ; % 8.65:0.1 o @ 3.9:0.1 %UJ
c| 82 (O0]2x = > -0 892
S| i =3
S » Slloa
==
SEATING COPLANARITY
PLANE 6202 (]0-2]D] 24
2)
0.25:005 _y . I5T025@)[AB]C|oax . BOTTOM VIEW
K —
~ &
24]] o 13 24 8
aonn [ngonnpongne s
NI w2 {0 UL O R
INDEX
MARKING 8] 6.4:04 [&]0.150)[A-B]
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-TSDS0-24 (Thin (Slim) Dual Small Outline 24 pins) Package drawing
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6.4

:l copper

ALL DIMENSIONS ARE IN UNITS MM

solder mask

2.9

stencil apertures

., 065 0.325 0.45 . 0.65 . 0.325 0.45

| . )L il

— SRR 177
8 /| | 3
N _ /f d . /// o

@D N 717171717 217131217

Figure 48 PG-TSDSO0-24 (Thin (Slim) Dual Small Outline 24 pins) Package pads and

stencil

FEm (75 RoHS #rAE)

NTFREEKEBEPXIFESEIER, HETEAEN, ZeastrUAFerrmiEiR#H. FBr-a
fT& RoHS T (BN, SIXRALHARE, HERS IPC/JEDEC J-STD-020 7, ERTILHIERE) -

BEXHENEZER, B0
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13 EiTiER

R4 BTS71033-6ESA - TEFIER

(infineon

Revision

Changes

1.10,2021-03-23

General: Datasheet quality improved

Icon “PRO-SIL™ ISO 26262-ready” added to front page
Chapter 1 updated (Potential Applications)

Harmonization of Application Diagram (Figure 1, Figure 46)
P_4.4.0.19, P_4.4.0.20 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_6.4.1.10 removed

P_6.5.33.2 added

P_9.6.0.6 updated parameter name

P_9.6.0.17 added

Figure 33 updated

Figure 37 and Figure 38 updated

Chapter 10.4 Typical value for VDD harmonized

Chapter 11 updated (figures and descriptions)

1.00,2019-09-24

Data Sheet available
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