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Table 1 Product Summary

(infineon

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

3 Rev. 1.00

IR

2022-04-05



o _.
BTS71040-4ESP Infineon
SPOC™ +2

EEMARE

2 EEBMARIE

2.1 EE

s

[channelo I
|Channel 1 I
VDD B Channel 2 I
Channel 3 [
so B | H Voltage Sensor ‘
-
sl [<#— Overtemp erature - T
SCLK Driver Gate Control Clamping I I ouTo
Logic ™ & ' i $
CSN u £SD g Chargepump I ouTL
. Overcurrent
LHI | Prota:tlon PrOteCtion OUT2
+
InverseON
1/0 Logic | - OuT3
INO m > ’ Output Voltage Limitation 1‘4 —
IN1 & N
IN2 -
4{ Load Current Sense Multiplexer |47
IN3 u
} Internal Power Sup ply ‘ ‘ Overvoltage Protection ‘
IS o
Reverse Polarity [
Protection ‘ VS Mo nitoring ‘ ‘ Limp Home Control
—
GND EZ'— GND Circuitry 4—‘ SPI Interface ‘ ‘ Internal Logic Supply ‘

BlockDiagram_4chnoED.emf

Figure2 Block Diagram of BTS71040-4ESP

IR 4 Rev. 1.00
2022-04-05




BTS71040-4ESP

SPOC™ +2
EEFMARIE
2.2 Ri&

3 BRT ABREFMPERNFMEARNE, HMBEEENYSE,

Infineon

iVS
l/SIS
VS
!
oDy, VDD Vbsn
o SO
Vs
"SI o Sl
VDD - ,’
SCLK
> SCLK
V50 ILn "‘
ICSN__ OUTn Eg >
V. > CSN
Sl ,'
LHI
|/SCLK - " LHI
INn
Vesn I— INn
15\
Vi IS Vourn
GND
V\Nn
Vis
iGND
\]  J i \J \ J Y y A
Terms_noED.emf
Figure3 Voltage and Current Convention
HUIREAR Rev. 1.00

2022-04-05




BTS71040-4ESP

-

(Infineon

SPOC™ +2
S|ERE
3 5| E
3.1 5|5 EC
(top view)
GND (1|1 @ 2411 n.c.
vDD [1 |2 : _____ 1233 nec
so 1|3, 122 T 1 outo
s 1|4 | :21:I:I OUTO
sclk s | | 20T ouT1
csN [I_]|e 'vs :19_|_| OuUT1
LHI 1|7 | | 18T out2
INO CIT]|8 1| :17:I:I OUT2
INL [CT|9 | 16 11 OUT3
IN2 [T ]|10 | 15 _T 1 OUT3
N3 111! 114 T3 nec
Is 11|12 1311 n.c.
exposed pad (bottom)
PinOut_SPOC_040_noED.emf
Figure4 Pin Configuration

BIEFH

Rev. 1.00
2022-04-05



o~ _.
BTS71040-4ESP < Infineon
SPOC™ +2
SIFECE
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 ) Current sense output signal
23-24 |n.c. - Not connected, internally not bonded, shorted together
21-22 |OUTn 0 Outputn
19-20 Protected high-side power output of channel n
17-18
15-16
13-14 |n.c. - Not connected, internally not bonded, shorted together

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

REIS AR IR Ao

BIEFH
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4.1 BLIRATERE - BA

Table 3 Absolute Maximum Ratings®

T,=-40°C E +150 °C; FrEBEH UM ANSE, EBRFRANIE (FEZENE)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Supply pins
Power Supply Voltage Vs -0.3 - 28 v - P_4.1.0.1
Digital Supply Voltage Voo 03 |- 5.5 Y - P_4.1.0.29
Load Dump Voltage Veat(Lp) - - 35 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
IR FAR 8 Rev. 1.00
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Table3  Absolute Maximum Ratings! (continued)

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

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

IS pin

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

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

AX

Temperatures

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

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

ESD Susceptibility

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

(HBM)

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

GND and VS connected

(HBM)

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

(CDM)

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

(pins 1, 12,13, 24)

1) REIESMR, RIGIHEE,

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

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

AR

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

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

HUIREAR 9 Rev. 1.00
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4.2 %3 R AKEIEE - ThELE

4.2.1  ITHEELR -22.5 mOiFEE

Table4  Absolute Maximum Ratings - 22.5 mQ channels?

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

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

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

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

Vs=13.5V

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

1) BREIEFME - HigIHERE,

HUIREAR 10 Rev. 1.00
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4.3 TEEE

Table 5 Functional Range - Supply Voltages and Temperature?

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

Operation

Lower Extended Power Vs(extLow) 31 |- 6 Vv 23) P_4.3.0.2
Supply Voltage Range for (parameter

Operation deviations possible)

Upper Extended Power Vs (exr.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_4.3.04
Range

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

1) EFREIEFNE - RIgIHERE.

2) WNREBE VORI Vspriommun=3-1Vo FNREBE Vs Ve owmm=4-1Vo

3) RIPTHEE(I IR,

FERE: TELIEBERN, ICIZIEBE TG RIETT, BIFIEEEBTIFIERF LRIF 1 THE
EHo

4.4 FrLEE )

R R F BRI JEDEC JESDS1 Fr/EE Y BN THEEZIEE, 155/4]

www.jedec.org.

Table 6 Thermal Resistance®

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

1) BELSEFME - BIZIHEE,

2) #R#E Jedec JESD51-2,-5,-7, TEBAXTRBI FRA2s2p b =@ GEH + %) A 21IMRHAEE 2x70
um Cu. 2x35umCu) B976.2x114.3x 1.5 mm R E#H TR, EEANBERT, GENHMERTHNS
R FLIEY 5B — 1 NIEEEAM. BIETET A= 105°C. Poissipation =1 W FHTHETH.

HUIREAR 11 Rev. 1.00
2022-04-05
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4.4.1 PCBiZ B

70 um modeled (traces, cooling area)

L5mm

70 um, 5% metalization™*

*: means percentual Cu metalization on each layer

PCB_zth_1s0p.emf

Figure5 1sOp PCB Cross Section

70 pm modeled (traces)

35 um, 90% metalization™

*

1,5mm

35 um, 90% metalization

70 um, 5% metalization*®

*: means percentual Cu metalization on each layer

PCB_2th_2s2p.emf

Figure6 2s2p PCB Cross Section

———

JEDEC 1s0p / foetprint
JEDEC 1s0p / 600mm? JEDEC 2s2p

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

PCB_sim_setup TSDSO24.enf

Figure7 PCB setup for thermal simulations

Solder Pads and Vias

PCB_2s2p_vias_TSDS024.emf

Figure8 Thermalvias on PCB for 2s2p PCB setup

HUIREAR 12 Rev. 1.00
2022-04-05




o~ _.
BTS71040-4ESP Infineon
SPOC™ +2

P m—RAEE

4.4.2 #HpEHT
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e 2523
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Figure9 Typical Thermal Impedance. PCB setup according Chapter 4.4.1
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Figure 10 Thermal Resistance on 1s0p PCB with various cooling surfaces
HIEFM 13 Rev. 1.00
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Figure 12 Input Threshold voltages and hysteresis
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Figure 13 Input Switch Matrix
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5.3 ESKMHZES| M

VDD:3OV:Z|::55 V, Vs:6V:z|K: 18 V, T,=-40°C §:+150 °C
BARE: Vpp=5.0V, Vs=13.5V, T,=25°C
=4I\ (D) 5B = IN

Table7 Electrical Characteristics: Logic Pins - General

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Digital Input Vit 0.8 1.3 2 v See Figure11land|P_5.4.0.1
Voltage Threshold Figure 12
Digital Input Clamping Vorcoawey |- 7 - v b P_5.4.0.2
Voltage Im=1mA
See Figure 11 and
Figure 12
Digital Input Clamping VoicLampy) | 6:5 7.5 8.5 \ Ioi=2 mA P_5.4.0.3
Voltage See Figure 11 and
Figure 12
Digital Input Hysteresis Voivs) - 025 |- v b P_5.4.0.4
See Figure 11 and
Figure 12
Digital Input Current Iy 2 10 25 HA Voi=2V P_5.4.0.5
(“high”) See Figure 11 and
Figure 12
Digital Input Current (“low”) | Iy, 2 10 25 HA Voi=0.8V P_5.4.0.6
See Figure 11 and
Figure 12

1) EFREIEFNR - RigitisE.

5.4 BSIEZES | - B&IhEE

Table 8 Electrical Characteristics: Logic Pins - Advanced

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

Condition
SPI pins
Digital Input Voltage Vesnih) 0.8 13 2 \% - P_5.5.0.1
Threshold of Pin CSN
Digital Input Voltage Vserkrh) 0.8 13 2 v 2 P_5.5.0.2
Threshold of Pin SCLK
Digital Input Voltage Vsirr) 0.8 13 2 v - P_5.5.0.3
Threshold of Pin SI
Digital Input Clamping  |Vesycawey |- 7 - v 2 P_5.5.0.4
Voltage of Pin CSN lesn=1mA
Digital Input Clamping Vesnciampy | 6-5 7.5 8.5 % lesn=2 mA P_5.5.0.5
Voltage of Pin CSN

HUIREAR 17 Rev. 1.00
2022-04-05
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Table 8 Electrical Characteristics: Logic Pins - Advanced(continued)
Parameter Symbol Values Unit |Noteor Number
Min. Typ. |Max. Test

Condition
Digital Input Clamping | Vscixciamey |- 7 - Vv 2 P_5.5.0.6
Voltage of Pin SCLK Iscik=1 mA
Digital Input Clamping Vscikciampz | 6-5 7.5 8.5 % Iscik=2 mA P_5.5.0.7
Voltage of Pin SCLK
Digital Input Clamping  |Vgcoawpy |- 7 - v |2 P_5.5.0.8
Voltage of Pin SI Is=1mA
Digital Input Clamping VsicLampa) 6.5 75 8.5 \Y Is=2mA P_5.5.0.9
Voltage of Pin SI
Digital Input Hysteresis of | Vegymys) - 0.25 - \Y 2 P_5.5.0.11
Pin CSN See Figure 12
Digital Input Hysteresis of | Vsc s - 0.25 - v 2 P_5.5.0.13
Pin SCLK See Figure 12
Digital Input Hysteresis of | Vs yys) - 0.25 - v o2 P_5.5.0.15
Pin SI See Figure 12
Digital Input Current “lesnq 2 10 25 MA  [Vesn=0.5V P_5.5.0.10
(“low”) of Pin CSN
Digital Input Current “lesngn) 2 10 25 MA  [Vesn=2.6V P_5.5.0.12
(“high”) of Pin CSN
Digital Input Current Iscik) 2 10 25 MA  [Vsak=0.5V P_5.5.0.14
(“low”) of Pin SCLK
Digital Input Current Isciwm) 2 10 25 HA  [Vsak=2.6V P_5.5.0.16
(“high”) of Pin SCLK
Digital Input Current lsi 2 10 25 MA | Vs=0.5V P_5.5.0.18
(“low”) of Pin S
Digital Input Current Isim) 2 10 25 HA  [V5=2.6V P_5.5.0.20
(“high”) of Pin SI
Digital Output Voltage Vsow 0 - 0.5 \% lso=-0.5 mA P_5.5.0.22
(“low”) of Pin SO
Digital Output Voltage Vsom) Voo- - Voo \% Iso=0.5 mA P_5.5.0.23
(“high”) of Pin SO 0.5V
Output Tristate Leakage |/so(or) -1 - 1 HA | Vesn=Vpp P_5.5.0.24
Current of Pin SO Vso=0Vor

Vesn= Voo

Vso= Voo
LHI pin
Digital Input Voltage Vimh) 14 19 2.6 \ - P_5.5.0.25
Threshold of Pin LHI
Digital Input Clamping  |Viycawey |- 7 - v 2 P_5.5.0.27
Voltage of Pin LHI It=1mA
Digital Input Clamping Viniciamey |65 7.5 8.5 % ltw=2 mA P_5.5.0.28
Voltage of Pin LHI

18 Rev. 1.00
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Table 8 Electrical Characteristics: Logic Pins - Advanced(continued)
Parameter Symbol Values Unit |Noteor Number
Min.  |Typ. |Max. Test
Condition
Digital Input Hysteresis of |V, yuys) - 0.25 - v 2 P_5.5.0.29
Pin LHI
Digital Input Current L) 10 32 65 MA  |Viw=5V P_5.5.0.30
(“high”) of Pin LHI Vop=0V
Digital Input Current L 10 24 45 MA  [Vm=0.8V P_5.5.0.32
(“low”) of Pin LHI Vop=0V
1) 1XThEEM,
2) EFELELEFNE - RIZITHEE
HUE AR 19 Rev. 1.00

2022-04-05



BTS71040-4ESP
SPOC™ +2

(infineon

FEIR

6 =P

BTS71040-4ESP BN EBIREBEME:

o THERMBBE (%)

v HFHEBEBE (Vo)

Vs BRIRLRIEIRE|BMH T IhEREIRCIEBES, M Voo TSP ZEMIRENISOS K,

EEBEXRBEQNEEE, aIpEENEBEETFRESRENBIEEXINEE. FHRMR:

v REVooEBIRERELESPIE, SPIFFSREME NEIAE

v Vs BIRENRERXAFMERE, FEERITEATHEEW. —B Vo= Vs , BERMIBR
TF

SIR v BEHRRESIT, MRAEREERT, Vs LHIBESAE , S Vs < Vs, NBRRLENE
B SPI#ES (BEHET6.2MET 105 TRESER) o R BT TRIERER vs M Voo BIREBE

Vs 0 Voo FRIRFE

M aEET AR,

Table9 Device capability as function of Vsand Vpp?
Voo = Voo(eo) Voo > Vooeo)
(Voopoysee P_6.4.1.1)

V= Vqrp) Channels are OFF Channels are OFF

(Vsireysee P_6.4.0.5)

SPIregisters reset

SPI registers protected

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

SPI communication
available? (fscik =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 (fsc.k =0 MHz)

SPl 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)

SPl communication
available (fsc.k =5 MHz)

Limp Home mode available

Limp Home mode available
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R
LHI = "high"
. Power-up
Unsupplied
A 4
DCR.MUX = 111, or SPI_Reset N LHI ="low"
L
Stand-by |, Sleep
- DCR.MUX # 111 LHI ="high"
X ) : FT 1T X =g
| |
OUT.OUTa = 1, | I I |
or INn="high" | |
- T T | | _ A 4 A 4
INNn = "low" & - _INn="low" or INn="low" &SPI_Reset __ __ | OUT.OUTn = 0go0r
OUT.OUTn = 0g I | | | SPLReset .
| S P Limp Home
v | ¢ our.ovta = 1,1 | * A A
Y |
l¢ — DORMUX_# 111, or INn="high'_ _| I
d LHI = "high" 1
. DCR.MUX = 111, &INn="low" Rea Y [————— - .
Active p—-—-==—=—===T2"L- > INn = "low
LHI ="high" &INn ="low"
INn = "high"
A | Y
— i ghtt — i ght N
LHI ="high" & INn = "high > lep Home
LHI ="low" &INn ="high" A .
ctive
Note: SPI bits which are not stated are considered to have the default value or are unchanged compared to the previous state. Sup ply voltages are
considered to be in operative range if not specified different. SPI_Reset is performed if Vop < Vpp(po) Or HHCR.RST = 1z
Dashed lines indicate transitions between modes which should not be used for normal operation.
PowerSupply_OpModes.emf

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

Operative Mode |Function | Vs< Vg Vsirp) = Vs = Vguy) Vs> Vguy)
Sleep Channels OFF OFF OFF
SPI registers | available? available? available?
SPlcomm. |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?
SPlcomm. |all commands available? available?
rejected?
Active Channels OFF OFF follow SPI and/or Input
pins
SPI registers | protected” available? available?
SPlcomm. |all commands available? available?
rejected?
Limp Home/ Channels OFF OFF follow Input pins
Limp Home SPI registers | protected” reset reset
Active (Diagnosis available)? | (Diagnosis available)
SPlcomm. |all read-only” read-only?
commands
rejected??

1) yﬂ% VDD> VDD(po)Iz:l:r”JZ:EJFH EE%EEO
2) WIRFIBEWASIENIZE AR, SPIBERRIEE.
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Figure 15 Limp Home Activation as function of Vs
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Figure 16 Transition Time diagram
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Figure 17 Vsundervoltage behavior
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Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150°C

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

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

Table 11 Electrical Characteristics: Power Supply - General
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

VS pin
Power Supply Undervoltage | Vg, 1.8 23 31 % Vsdecreasing P_6.4.0.1
Shutdown IN = “high” or

OUT.OUTn =13

From Vps< 0.5V to

Vps= Vs

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

OUT.OUTn =1;

From Vps=Vsto

Vbs<0.5V

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

DCR.MUX #111g

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

See Figure 17
Breakdown Voltage between| -Vggey 16 - 30 v Y P_6.4.0.9
GND and VS Pins in Reverse lonp(rev) = 14 MA
Battery T,=150°C
1) EFREFEFNIR - HigIHEE.
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Table 12 Electrical Characteristics: Power Supply
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 =1s
From /ps< 0.5V to
Vbs= Vs
Digital Supply Undervoltage| Vypys) - 0.1 - v b P_6.4.13
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 | Y 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) TREIEFNE - BIRITEE,
2) YOSREHEEH N ML, HABTEIRZEMN.
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BRI - T RSE

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

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

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

6.5.1 BTS71040-4ESP
Table 13 Electrical Characteristics: Power Supply BTS71040-4ESP
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Digital Supply Current Iop - 80 200 pA fsck=0 MHz P_6.5.32.1
Consumption in Normal Vs> Vsuy)
Operation Vesn=Vop=5V
DCR.MUX #111p
Digital Supply Current lopactive) |- 2.5 - mA |12 P_6.5.32.2
Consumption in Normal fsek =5 MHz
Operation during SPI Vs> Vsyy)
Traffic (Average) Voo =5V
Vesn=0V
CL(so) =50 pF
DCR.MUX #111p
Digital Supply Current Ion(sLeep) - 17 50 MA | fsck=0MHz P_6.5.32.3
Consumption in Sleep Vs> Vsuy)
Mode Vesn=Vop=5V
DCR.MUX=111p
Digital Supply Current Ion(steep) - 17 35 MA | fsck=0MHz P_6.5.32.12
Consumption in Sleep Vs> Vsuy
Mode Vesn=Vop=5V
DCR.MUX =111
T,=85°C
Power Supply Current lyssLeep) 85 |- 0.05 (0.4 uA |2 P_6.5.32.4
Consumption in Sleep Vs=18V
Mode with Loads at Vour=0V
T,<85°C INX =“low”
T7,=85°C
Power Supply Current Iys(sLeep) 150 |~ 2 100 HA Vs=18V P_6.5.32.5
Consumption in Sleep Vour=0V
Mode with Loads at INx = “low”
T,=150°C T,=150°C
Operating Currentin Active |/gnpactive) 5 7 mA  [Vs=18V P_6.5.32.6
Mode (all Channels ON) Vop=5V
INx =“high” or
OUT.OUTn =1;
29 Rev. 1.00
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Table 13 Electrical Characteristics: Power Supply BTS71040-4ESP (continued)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Operating Currentin Ready |/g\prenpy) |- 80 200 MA Vs=18V P_6.5.32.8
Mode Vesn=Vop =5V
fSCLK =0MHz

DCR.MUX=111;
OUT.OUTn =1s

Operating Currentin Stand- | Igyp(stay) 1.25 2 mA |Vs=18V P_6.5.32.9

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

-~
|

1) SEME#EZ: 0101010101010101F0 1010101010101010
2) EFELIEFNE - BI&IHERE

3) AR Voo < Voppoy LHI ="low” F EERIEZ 1588 > 0, Ionp(sray) T 225 o
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Figure 19 Switching a Resistive Load
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Figure 21 Output Voltage Limitation activation during diagnosis
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Figure 23 InverseON - Channel behavior in case of applied Inverse Current
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Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150°C

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

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

Table 14 Electrical Characteristics: Power Stages - General

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Voltages
Drain to Source Clamping | Vpsciaup) 40 |33 365 |42 \ I.=5mA P_7.4.0.1
Voltage at T,=-40°C T,=-40°C
See Figure 20
Drain to Source Clamping | Vpsciavp) 25 |35 38 44 \Y Y P_7.4.0.2
Voltage at 7,225 °C IL=5mA
T,=25°C
See Figure 20
1) MR 7,=150°C.
7.41  INRFHFRFHE
Table 15 Electrical Characteristics: Power Stages
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Timings
Switch-ON Delay tonpeLay | 10 30 60 us  |Vs=13.5V P_7.4.2.1
Vour=10% Vs
PCS.PCCn=0s
Switch-ON Delay tonperay | 10 40 80 us |2 P_7.4.2.16
(parallel mode) Vs=13.5V
Vour=10% Vs
PCS.PCCn=1;s
Switch-OFF Delay torrpeLay | 10 30 60 us  |Vs=13.5V P_7.4.22
Vour =90% Vs
Switch-ON Time ton 20 55 100 us Vs=13.5V P_7.4.2.3
Vour =90% Vs
SRC.SRCn=0g
PCS.PCCn=0g
Switch-ON ton 20 70 125  |ps |? P_7.4.2.20
Time (parallel Vs=13.5V
mode) Vour =90% Vs
SRC.SRCn=0g
PCS.PCCn=1;5
HUIREAR 37 Rev. 1.00
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Table 15 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_7.424
Vour =90% Vs
SRC.SRCn =13
Switch-OFF Time torr 20 55 100 |ps  |Vs=13.5V P_7.4.26
Vour =10% Vs
SRC.SRCn =0g
Switch-OFF Time torr 30 75 150 s Vs=13.5V P_7.427
Vour = 10% Vs
SRC.SRCn=1s
Switch-ON/OFF Matching Atsw -50 0 50 us Vs=13.5V P 7.4.2.9
ton - torr PCS.PCCn=0s
Voltage Slope
Switch-ON Slew Rate (dV/dt)on 0.3 0.6 0.9 V/us [Vs=13.5V P_7.4.211
Vour=30% to 70%
of Vs
SRC.SRCn=0s
Switch-ON Slew Rate (dV/dt)on 0.15 0.3 0.45 V/us |[Vs=13.5V P_7.4.2.12
Vour=30% to 70%
of Vs
SRC.SRCn =13
Switch-OFF Slew Rate -(dV/dt)orr |0.3 0.6 0.9 V/us | Vs=13.5V P_7.4.2.14
Vour=70% to 30%
of Vs
SRC.SRCn =0g
Switch-OFF Slew Rate -(dV/dt)orr |0.125 |0.3 0.45 V/us |Vs=13.5V P_7.4.2.15
Vour=70% to 30%
of Vs
SRC.SRCn =13
Slew Rate Matching A(dV/dt)sw |-30 0 30 % Y P 7.42.17
Vs=13.5V
Voltages
Output Voltage Drop Vos(sio) 2 10 18 mv |2 P_7.4.2.18
Limitation at Small Load IL=Ioy=20mA
Currents

1) A(dV/dt)sw= ((dV/dt)on- (dV/dt)ore) / (((dV/dt)on+ (dV/dt)ore)/ 2).
2) RESEFMRA, HIZITEE.

IR 38 Rev. 1.00
2022-04-05



BTS71040-4ESP

(infineon

SPOC™ +2
IhEL
7.5 S - ThERRBHER

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

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

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

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

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

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

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

Vs=-13.5V

I =1 (vowm)

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

I.= -1\ (nowm)

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

Vin = “low” and

OUT.OUTn = 0g

Ta<85°C

39 Rev. 1.00

BIEFH

2022-04-05



BTS -4ESP Fir
BTS71040-4 (Infineon

ThERL%

Table 16 Electrical Characteristics: Power Stages - 22.5 mQ (continued)

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

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

SRC.SRCn =03
PCS.PCCn=0g

1) EFREIEFNR - BigitisE.
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BTS71040-4ESP BAETRERIF. TMFRIF. RMAEM (F ReverseON) FIFEMRIF, HIfFARI FHER
BRIV, SRMSRFRIFEER. SERIPEFIAZRERINTEREER. 3 GND # vs 51k RMHER,
[ @ B ERIPE(F Ao

8.1 iSRRI

BB NN BERS T AT RRIFEE(T) ) MEIBTERIPER (Tiow)o HBERE T, BER

| I:EHE(TJABS _ETJ(DYN )Z E—_]', T*“LJE’H%&?EI% LXBEJJZL 78 *Hr_WRNDIAG WRNnT_LT_b'-EYET%f_L

#ﬁ[‘% BERRFXARES, BIRERE R17 PMENER %M. SRFPITHNE25 (43
1%?):') | El26 (Eleu\l_/ﬂn'f%*Fl) Ffi7o T y(rer) o7 u\l-/ﬂ{%?}jﬂljgl&/ﬂnr;o

A
IN/
OUT.0OUTn
'
t
I A
ILiow)
'
t
A
T
T jines)
t
A
is { f_\ f\
J
t
A
Internal
counter 0 ! 2 >
t
A
WRNDIAG.WRNn 0 1 0
Read WRNDTAG <@ t
Protection_OT_Restart.emf

Figure 25 Overtemperature Protection (Absolute)
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Internal

| 0 I 1 l 2 | 3 | 4 | 5 | 6 | NRESTART(CR) +1 0 | 1 |
counter
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v

—>
\ 4

WRMDIAG.WRNn 0 | 1 ol 1 1 0 | 1 |
Read WRMDIAG <= Read WRNDIAG -— t
ERRDIAG. ERR.tlTl 0 1 0 |
| -
»
HWCR.CLC = 1, <& t

Protection_dT_Restart.emf

Figure 26 Overtemperature Protection (Dynamic)
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BTS71040-4ESPTEIL R FZRE E BT R EIMRIF. EX TR M RHE (WE 27), HIEEIHZEDMOS
TRIREYEEE Vos B THIERE
¢ lowowhen Vps <13V

U /L(OVLl) when Vps>22V

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

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

11 -
liovio) OCR.OCTn =0
1= { === OCROCTn=1

09 -+

08 -+

0.7
IL(D\ILI)

06 | < —

0.5 o o o o o o o o {1

0.4 4

03 1

0.2 4

01 4

0 + L L - + - - - - - L - i L + - L L + L - L
a4 8 12 16 20 24 28
Drain Source Voltage (V)

Figure 27 Overload current thresholds

%ILZIL(OVL) (ILOVLo:EILOVLl) B, @EXHA, BEr LIRIESE 8.3.1 EFHIAMNE R RIEEH B,

8.3 & EHIRE RPN 12 A5
EARRIPNEINES IRSEEH) =L 3MiTh:
v REMANBEXA, NERITHEREREIT

v ZEMBENEMREIEENSES

+ ERAIWRNDIAG.WRNn KB E LH WP EFER R L,

WMRFFAERIPVIGIERH B R 17 PR BB 4, NEEr UBRITH. #FERFER T2
BB/ (RCD.RCDn BN ZE0s)o
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Table 17 Protection “Restart” Condition

Fault condition Switch OFF event “Restart” Condition

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

NResTART < MRESTART(CR)

RCD.RCDn =0

Overload Iz 1wy I.<50 mA

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

NREsTART < MRESTART(CR)
RCD.RCDn =0

8.3.1 =k

34 INx HouT.ouTnEUAN“E”, HNAEEFTH. EHRERHET, WMEEXA, BEIEEHERF
MFEINER"EHRAAFER (W3R 17), WRNDIAG.WRNnitRXMHEAEI B, HAIHIEESSHE
PRH EWRNDIAGH &KX, MWRNDIAGHEFR, FRAFED neesranrcr B BIBIERES, T—DEREMH
WRNDIAG.WRNnEH X B, MRFAFEEHDER, FJLUETIRERCD.RCONNLREHAEN]. H
RCD.RCDn BEUN1E, BEFRITHBR/E (L, HBEAFBFINSET, HNAERRDIAG. ERRnfl
WEN, BIIRESPHIHWCR.CLCRBEREBUFH[MNITHREE L. - WRWASIH AT
OUT.OUTn{i Bfii/1s, BEEEHWCR. CLCELIELEIENITH. NAFRIEXAZGEER
BERYPEIRETIE], NARHRESR> e BEEFTBONIE

HFHEEW B 28FfT

IN/

OUT.OUTn T I

Shortcircuit
to ground

t> tretry

IL[DUL) ‘ A
! . JL [ ,
0 0 t
Int [ -
Crl)jl’::sr | 0 | 1 | 2 | 3 | 4 I 5 | 6 NgrestarT(cr)y +1 1 I 2 | .. -| NgestarT(cr) +1 1 0 |
0 0 t
A A
WRNDIAG.WRNn | 1 OI 1 1 | 1 0 |
Read WRNDIAG < 0 0 t
A
RCSRCSn| 0 |l|2|3|4|5|6| 7 1|2|| 7 1 0 |
HWCR.CLC = 1,4 RCD.RCDn = 1, HWCR.CLC = 1, € t
U Note: Maximum peak current depending onsystem impedance Protection_Restart.emf
Figure 28 Restart Strategy timing diagram
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IN TJ
t
ecee
LHI J
t
Short circuit T g o=
to ground I >
t
- ‘JA_A_A_A_A_A_A A_A_A_A_A_A_A_ AM_MA_A
t
Internal
Counterm o JiJ2]a]4a]s]6]  necsmarcot o [1]2]3]a]s]6] memmwrr ol 1]2[3]4]5]6 [mesmment]
t
WRNDIAG.WRNn I| 0 | 0| 1 1 0| 1 1 0| 1 |
Read WRNDIAG € Read WRNDIAG €— 7 Read WRNDIAG Read WRNDIAG < —» Read WRNDIAG t
X . . Protection_Restart_LH.emf
2 Note: Maximum peak current depending onsystem impeda nce

Figure 29 Restart Strategy timing diagram in Limp Home

8.4 Hth R

8.4.1 RARERIR

ERRMEFG (BIRARAEEBEM) 5, BT ReverseON FFIEFRH T bR P ITHHRBEFEDE,
AR AR IR A ON (BB Ros rey ) o BENENEREMHIF _IREH TS FERINE,

W AR EY R A B RO R BIFTER A HBI IR, BT RIREIR Voo MEFHAS IRV B H
MZEINEREFARIIRE] (GFEIUSE 4.1 FE PHHMENRATEE) UK B 11ENNEBER) -

B 30 ERT R ReverseONINAERVERIW Ao BARRAGNDSIH (- fow ) ERRMESFA R FHIE
ReverseON B 2R, FILRRIZEMAMIZ(F GND 5|BIZ B4 T7F7E FEFRER 1R,
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/777 Protection_RevBatt_SPi.emf

Figure 30 Reverse Battery Protection (application example)

8.4.2 o [ERIF

HEIRBENTT Vseauw M Veare ZIBIEY , HIHSEAEAR IIE, HIRRERASIHE ouTr FHiF
25, BRTSE 7.2.2 E AN BRAHNBHEAUZIN, TE—HAVG B FEEMNmHEE
BT ERIP, Y545 VS 1 GND 5|l Z gl EB[E (VsicLamm)o
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8.5 BhLEEREE KL

8.5.1 = MG EENA

RBAHMARBARMER, #FRRERFERATARTIF MBS IEL. MRBEHBENS, =
FEE A BEEIT TR, RITPMEEFELIE, BTS71040-4ESPEILIAMIESIX 10 uH RUZREBRE /inowo
TEN A RiBid B Al /2 R B Rk RS, BRI SMBIHIR —IRE (MNBUEFFRHN_RED,) R
B EH N M HBERRHEBHIREIZ,

A HIREHEIZZERLX, SHFETTEMIETT, VS IR IERL SR SPI B it X KE X XEIE AT
[FaJ1E SEIGFHR RS, H A MHIFIKX[EISTDDIAG , MSF, LHI SIHIBIABNTH, XEH
ELZHANBT TR

8.5.2 MHZEK
MRBAEMER, BNEEFRFRASIEMMCUZ BIEZE—TBME, MHFREEXE (MEW11
HFR)

AR WIRIEITHFIIN 5 IIRILER (BT BAZEE) , St EXET, B—1 & LEPET
BB1E, RIEEA AR KT T FSPIZ)EE
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8.6 RIFBESEFYESH

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

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

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

Table 18 Electrical Characteristics: Protection - General

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

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

T,=25°C

See Figure 20
Power Supply Voltage Vsus) 20.5 225 245 |V 3 P_8.6.0.8
Threshold for Overcurrent Setup acc. to AEC-
Threshold Reduction in Q100-012
case of Short Circuit
1) 1XThEEM,
2) XTE T,=150°C BF# AT
3) ERLTEFNE - BIgIHEE.
8.6.1 RIFBRIFMESE
Table 19 Electrical Characteristics: Protection
Parameter Symbol Values Unit | Note or Number

Min. |Typ. |Max. Test Condition
Counter Reset Delay Time |tygavcr) | 40 70 100 [ms |V P_8.6.2.1
after Fault Condition in LHI =“high”
Limp Home INx = “low”
Automatic Restarts in Case | Npesrarticr) |~ 6 - - b P_8.6.2.2
of Fault after a Counter
Reset
1) BEREIEFNE - HIgIHEE.
48 Rev. 1.00
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8.7

FIFBESFES - ThERBEEK

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

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

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

8.7.1  fRIPIHEWIHLE - 22.5 mQ
Table 20 Electrical Characteristics: Protection - 22.5 mQ
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Overload Detection Current |/ oy 44 48 53 A b P_8.7.16.3
High Level OCR.OCTn= 0g
T,=-40°Cto50°C
d//dt=0.2 A/us
Overload Detection Current |/ oy 35 39 44 A 2 P_8.7.16.4
High Level OCR.OCTn= 0g
T,=150 °C
d//dt=0.2 A/us
Overload Detection Current |/ gy 5 19 24 29 A 2 P_8.7.16.2
Low Level OCR.OCTn= 15
d//dt=0.2 A/us
Overload Detection Current |/ oy3) 22 31 36 A 23 P_8.7.16.6
High Level (parallel mode) OCR.OCTn=0s
PCS.PCCn=1;
d//dt=0.2 A/us
Overload Detection lowy - 29 - A 2 P_8.7.16.5
Current at High Vps di/dt=0.2 A/ps
Overload Detection Current |/ oy js |- 29 - A 2 P_8.7.16.7
Jump Start Condition OCR.OCTn=0g
Vs> Vsys)
d//dt=0.2 A/us
1) MRXRE T,=-40°Co
2) ERLTEFNE - BIgIHEE.
3) /|_(ov|_3) Eﬁ :,F_/I\iéiao #E*Ejﬁ/l\i%iélé\ EE,;ﬁ /L(OVL) < 2 X /L(OVL3)°
49 Rev. 1.00
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HFI2ETEBY, BTS71040-4ESP TESIR 1S AMRMHEERREE, FH@EISPHRMIZHTRIR. MRERIZ

7, 1SSIENRERNEES. SEABERREZRE RSB SPIAITER,

SNREABMREIZET, WA 1S 5IMFARIREE R 2 BHERZAQ N EBE Reenseo Rsense [HA =T 820 O
(8% 400 O , HEM EFFEPREMBGRIFERIPE) , LRGBRRFBRPIINRIGKR, HAE)N

Rsense = 1.2 kQ o

BT IS SIMAMVHBEBEZERIRERERE, MREMSERANERENHENERRERIEIRMEE, N

REBOF 1S 5| IER B E I & rtN B Rk o

ZIE 31 FAE B IEARR, BXFEBITRA TRIZETRE, §SHET 9.2

1

vsT

Temperature
=
Sensor

Gate :‘
Control I o
Overcurrent

Protection

z

Load
Current
Sense

{1 out3
ouT2
ouT1

H {1 outo

Channel 0L~

\ DCR.MUX

Current Sense Multiplexer

L
@ Rsense
Diagnosis_4ch.emf

Figure 31 Diagnosis block diagram
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(infineon

Table21 Diagnosis feedback, Function of Operation Mode
Operation Mode  Input level |V, Current sense /g WRNDIAG | STDDIAG
OUT.OUTn . WRNn .SBM

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

> Vs - Vpgse)” z 0 0
Sense verification? X hsver) X 0
Normal operation | High /1, ~ Vs hs=Inom / Kiuis 0 0
Overload ON <V hs=1/kus 0 X
Short circuit to GND ~GND z 1 1
Overtemperature z z 1 X
Short circuit to Vg Vs hs<I /[ ks 0 0
Open Load ~ V> hs = hsgen) 0 0
Sense verification? X hswer) X 0
Under load (e.g. AL hsen < hs <Ivomy / ks |0 0
Output Voltage
Limitation
condition)
1) ESMY EhiesrE,
2) DCR.MUX =101g
3) BRI liovo
4) HHERGAKRT I oo
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2 SPIIZ R
T SPIHBEEEXEMNBERSHIZHE S, WRNDIAG FIRMHE T HEME. S EREZ I HIrEES.
2=

9.
G|
TR IR{E S BZFTWRNDIAG. WRNn 1iI, Fi@idSPIEEUERS AWRNDIAG, FRIEAFIRAERKE,
FHHIBEBFKRIP. RIPHIFESHSPIFESHWCR . CLCERR.

9.3 ON RE&ETIZHR

LB UM, SIS GRS AEBRMELFINER b kus=1/1s) :

v BEIBEEITH, FHE Vos < Vosiss BY,

v ZIBERIZETRAERERY

v REWME (4905 8.3 F FiR)

1R MF A DCR . MUX iEFHBEEFEER A E BB EIE, IS 5IHRIFHT A BEE RS,

9.3.1 BB (Kws)

KWNERAEEERR T REMATER. /s b/ BHBREMEN, BEEXFERER son o AR
HEBHREFE (LA 0A) , MEERAMER sey (TE. Z2WBRAN) . ZFHWE 33 Fimr.
EERRIBAEM ks 28, MLALEN BREE~HB9TH.

E2INTE 1S 5IRIF0 MCU BY ADC 3N S IR Z BIEFASMEBPR R ISR 2R, LUBME S SURMIIR: (RINFERIE
R ASHYER/NBY{E] 1 us) o

Kus REVIEEREZ R TRE. HEBEBEMEFETZHNEM, ETENBRRXIHA, afUERAE
M EBIPRERE:

v EEFImIFLNEERE, 7 iR FRARE X BEXEHATERR (uca)o

o ME IS SIS RZBYEE R HITE ks (kius @ lcan)

o TEM lucan o Bl fueay n BIBBTASEEIN, kus FTF kius @ lucans PRIBTE X 90k

RAHEG kus FBREERE 32 AXNIHE, H AkustEE-

ks @I ki@l
Akjpispax = 100 MAX( LIS L(CAL).L _ 4 TILIST L(CAL).H _ 1)

leIS@[L(CAL) ’ kILlS@IL(CAL)

ks @1 k@]
Akyps vy = 100+ MIN( ILISTIL(CAL) L iwis@lycan v 1)

kILIS@]L(CAL) ' leIS@[L(CAL)

Figure 32 Akys calculation formulas

BAERLTE Tacay = 25°C B3I To BEL A kusBIE Mlucay  Bllcay v B RIS BB So
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Figure 33 Current Sense Ratio in Open Load at ON condition

9.3.2 R ZRE RS

BTS71040-4ESPNEREE AL 7 — N EEMRAF LR E A28, AIEAMEIRE QNI RER E1ZE 2 U5
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SERAB[BFANLBIESEE34, LI, Dcr.MUXx SHM SPI (UGS FERAUIURGNELIIE. ATR
JUEERRACMERIZTE ON A1 OFF XS TEITHEE, 2SHREATHMISIEER ., FURENT, BRFEESIH L
IRIEME X BB R hsver, SEMBENRAHZHTR. XEMCULRE KBTI B R EHFRR,
DCR . MUX=101; BY /5 FH BB 77 SRAF A M ISR T o

FRERITHRERNTE S DCR . MUX {AEXEXAVINT:
+ DCR.MUXTEINRERUIMREBEMEKIFLIRE AZS

+ IXEPCS.CLCS = 1Bt 23 HIEDCR . MUXIEIR AV EIE X ]
+ J¥EPCS.SRCS =15, DCR.MUX IEFHBENFRELR ST, BEERESNET 7.4.1 THREZMAT

+ JEEYRCS.RCSn fiIfY, DCR.MUX ERHEIERNER T ERESHIR S MR,
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Diagnosis_MuxTiming.emf

Figure 34 Current Sense Multiplexer Timings
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AINREHRETOFFIRSEY, BTS71040-4ESPREILUNE M BEH G ESEEREHITILIR, X,
fER—LmidIMR T (FRIEERMEITIREY LHRIBRR) , MAILMGNA RS EZRHEEHFEN
FE AR B

9.4.1  ERIEHFX

ATNIGERE vs BUER , REATEBENEEFHX, HRH5IH ouT 5 vs &F ON RSB LR 45
BREY, EREDAEINRE, XRERER (BK) , MEZENGOIRE, HAlt, BRXFEESER
NERTFAZERTEANE, TOFFRET, WHBERFEE Vs, XSBU Vos o FFRZELEN
2 REFME Vosso) 5 EBIMFIF L IR E 23 DCR. MUX ) IEFRHZIBEETHEE MK FBIE Vos HITLLRR. LHIREE
REJLATEARAEIZ BT STDDIAG. SBM HIREY, H5b, FFRFZERENZE eI BTN FOFFIRZSRY T E B8
EXMERT, BAME— AT LRI ERRE ouT hiZE vs B7ER.

9.5 SENSE B¢
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Figure 35 SENSE Settling / Disabling Timing
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Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150°C

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

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

Table 22 Electrical Characteristics: Diagnosis - General
Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition
SENSE Saturation Current | /igsan 4.2 - 15 mA | 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=8Vto18YV
SENSE Leakage Current hs(or) - 0.01 |05 MA 1 21 vom P_9.6.0.2
when Disabled Vis=0V
DCR.MUX=110g
SENSE Leakage Current |/ ss - 0.2 1 uA | P_9.6.0.3
when Enabled at T,<85°C T7,=85°C
DCR.MUX #
<110g,1115>
See Figure 33
SENSE Leakage Current his(en)_150 - 1 2 MA | T,=150°C P_9.6.0.11
when Enabled at T,=150 °C DCR.MUX #
<110g,1115>
See Figure 33
Saturation Voltage inkus | Vgs & - 0.5 1 Vv b P_9.6.0.6
Operation Vs=6V
(Vs - Vis)
INx = “high” or
OUT.OUTn =1
[.=2" I now)
Power Supply to IS Pin VsisicLamp)_40 | 33 36.5 42 \% hs=1mA P_9.6.0.9
Clamping Voltage at T,=-40°C
T,=-40°C See Figure 20
Power Supply to IS Pin Vaisicamp) 25 |35 38 44 Vv 2 P_9.6.0.10
Clamping Voltage at lis=1mA
T,225°C T,225°C
See Figure 20
1) EFRLEIEFNE - RIRITEE.
2) MR T,=150°Co
55 Rev. 1.00
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Table 23 Electrical Characteristics: Diagnosis - Thresholds, Timings
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Switch Bypass Monitor Vbs(sg) 13 1.9 25 v OFF state P_9.6.2.1
Threshold
SENSE Settling Time with | tys o) - 8 20 us  |Vs=13.5V P_9.6.2.2
Nominal Load Current 1= 1 vom)
Stable DCR.MUX: 1105>
001g
SENSE Settling Time with | tyson sic |- - 60 us |2 P_9.6.2.10
Small Load Current Stable Vs=13.5V
I=1can_o
DCR.MUX: 110>
001g
SENSE Settling Time after |t,gcq - - 20 us Y P_9.6.2.4
Channel Change Vs=13.5V
.= nowm)
DCR.MUX: 001>
0108
SENSE Settling Time after |tyscq) sic |- - 60 us |2 P_9.6.2.11
Channel Change with Vs=13.5V
Small Load Current Start channel:
IL=1 can
End channel:
I=1can_o
DCR.MUX: 001>
0108
SENSE Disable Time tasiorn) - - 20 us Y P_9.6.2.5
Vs=13.5V
I.=1 vow)
DCR.MUX: 010s~>
110s
SENSE Settling Time after | tys.q - - 20 us |2 P_9.6.2.6
Load Change
SENSE Settling Time after |tysiq sic |- 250  |400 us |2 P_9.6.2.12
Load Change with Small Vs=13.5V
Load Current from /.= cayto
IL=1can oo
SENSE Disable Time after | tysor - - 20 us |2 P_9.6.2.7
Channel Deactivation
SENSE Current in Sense hsvery 400 500 600 pA DCR.MUX =101g P_9.6.2.8
Verification Mode
1) ESHCCER#HITHEEE =M1,
2) ERLTEFNE - BIgIHEE.
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IZETR ST ThERRBHE

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

BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

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

9.7.1

ICERTh RN - 22.5 mQ

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

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

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

lcay o L= ho

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

lcay L= o

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

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

lcan ot 1= oo

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

lcan L= los

Tacan=25°C
1) NS KRC.KRCn =15, (XBHEX.
2) #IR pcs.pcCn=05, XEHEK.
3) 051 us FEBIEKIEIRETEADCRING, kus FFEBER.
4) BFREIEFNI - RIRITHETE.
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10 BRITIMEIEO (SPI)

BITIMEEO (SP1) B2— 12N ITEFHITMNIED, FAMEIBLL: SO, SI. SCLKFCSN, #E
BIZ SIF0 SO LREE LA SCLK LA EAIR KL, CSN U TFREGIERIFINMAER. HBUETE SCLK I TFIEA
1B SI 253K, HIE SCLK B EFAEIE SO &, & MARMATH CSN B EFAE&1E, 8fiit#k
SRERNEERE T 8 MBS A IRENEIRE. 1ZIZEO 15 8 i SPI IR E R HH EHEINEE,

i B ) 0 0 (0 D (0 G G
ST (D 8 €5 &5 €5 G5 SCE
CSN

time »

Figure 36 Serial Peripheral Interface

10.1 SPI 5 5#diR

CSN- %8

R4@IT CSN 5|B1EIEBTST1040-4ESP » RES|HIANFREBFIRE, FATLUHITEIRE W, 2 CSN &b
F&7 RSB, SCLKH SI 5| EBYERE S &R ZES, #H B SO #HEaHH NSRS KRS

CSN M“/&” Bl «{k” BkZE
v IERINERRERBBUSTFSREP.
¢+ SO EE I%IZH ’ik u\zjj 1EEEE:F ’ikn_,\o

CSN M7 F«F 7Bk T

o {YHTE CSN FREBZEEFHME 8 NSCLKIESBIEEL (1. 2. 3. ...) BY, ASERIESHEE, R
SCLKITH#A AR 1ERE, MEiassiR4nE (STDDIAG. TER) NEL, HBEIESIERAER,

v REBUFFSNEERE R FUFESER,.

SCLK - SBfTHS$h

ZRNS BIAREBUSEFSREMIM. BITHAN (S) £ SCLK B TR ABREREBUSES, M
EBITHIL (SO) TESRITRHN EASRIZEEEBH. S FE CSN EITEMIEIREY, SCLKSIHLIAL
TR RE, SUELFTEIRIZR,

SI- BITHEIA

BITIMANSIRMELS BN, REERMMET. S| EETE SCLK TR, MASIEHRMERS A
A, EHRABIEGL. BESAE 1058 TRESER.
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EBITIMEIEO (SPI)

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

BHERET 105 TREZER,

10.2 WEPEThEE

SPIEY BTS71040-4ESP /9 8 {iI SPI IR&FIRHHEHEREINEE, FULECESP, Z-M&EHMEREM CSN E5
MCSN BUE. — P esFMISI 55— 1284 SO KEE (BRE37) , UME—I %, BRED
FEZEREHRAFELE. MO M, EHRMEERT MCLK, ZBTEEIZESISE RS M ESMHAISCLK .

devicel device2 device3

SI SO SI SO Sl SO
MOSI —>»[1—»| SPI —>»[}——{1+—» SPI —>»[}—{1+—» SPI —>»[}—

MISO <
MCSN
MCLK

A 4

Y

SPI_DaisyChain_1.emf

Figure 37 Daisy Chain Configuration

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

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

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

MCSN —l |_
MCLK _I 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 Fr

twu(ro)
VDD Vop(po), max
tesn(LEAD) tscLk(p) tesn(Lag) tesn(ro)
CSN Vesn(Th), max
o Vesn(TH), min
tscLk(H) tscLkw)
p—
SCLK \ / VscLi(mH), max
N — VscLk(rH), min
tsi(su) tsi(n)
o A \XI h— \Xl Vsi(TH), max
A N 7N\ Vsi(tH), min
tso(en) tso(v) tso(pis)
N/ N/ Vsou
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) X X Veaty

SPI_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

Table26 Electrical Characteristics Serial Peripheral Interface (SPI)

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

Timings

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

CSN to rising SCLK)

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

to rising CSN)

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

to falling CSN)

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

CSN to SO valid) Ciiso)=50 pF

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

CSN to SO tristate) Cis0)=50 pF

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

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

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

Serial Clock “Low” Time tscky |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 | tg 20 - - ns |Y P_10.4.0.11

to SlI)

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

Capacitive Load Cuso)= 50 pF

1) EFREIEFNR - RigitisE.
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10.5 SPI Y

SPIEIIEFZA SI #1 SO X RUNE 40Ff7~. Sl 21Uk uC AT REIMI, SO £EEBTS71040-4ESP & ft
NV, BIEAINZE s R BRI T 2 81 uC &I Ky 6s < hio

/)

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

SO
response frame A frame B

SP_SI2S0.emf

Figure 40 Relationship between Sl and SO during SPI communication

SPIMYARTE uC itk F— 1 ep SRV E. BIESHMAEMRE MR, 1 LRI AISTDDIAGE
WRNDIAGH, ¥FiREFESHIME, #AN%E &2 BiBIRERD,
FEiFgMR, 9REBUFM<BN HFasNBNESHEINT:

new command

S| —( write register A
0 < previous
response

write register B read register A

STDDIAG WRNDIAG

content

register A >

L T

SPI_RWseq_a.emf

Figure 41 Register content sent back to puC (a)

new command

WRNDIAG )—

SP_RWseq_b.emf

register A

STDDIAG
content

LT LI

Sl —( write register A read register A )—( write register B
0 < previous > <
response

I L

Figure 42 Register content sent back to uC (b)

B 3 FFTRIEN, A&IX[E] pnC B9 AR H T Ao i R g i ;
v MNREEF—MIRHINEIR (10, KRR 2SEIEL) , B 43 B
+  BTS71040-4ESPEIFEEREAFHE LBE KM, WHE 44FFR

o Y Vi<Ver B DCR.MUXZ111 , WIE 45F7R
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frame A
(errorin transmission)

- —

(new command)

SO —( (previous response) )—(

STDDIAG + TER

)_
)_

SPI_SO_TER.emf

Figure 43 SPIlresponse after an error in transmission

VDD

Voo (po)

v

frame C

Sl —( frame A )—( frame B
o STDDIAG
S0 _( (S0=2%) )_( +TER + SLP

response frame B

!
!

T T

SPI_SO_POR.emf

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

A
Vs
VS(TP),max
VS(TP),mi n
t
A
STDDIAG. | | l
VSMON 0 X 1 X 1 0 -
t
st o Y remer oo T T -
(response to STDDIAG + TER STDDIAG + TER (response to
SO (response) frame A) +VSMON +VSMON frame D)

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

SPI_SO_VSMON.emf

Figure 45 SPIlresponse in case of voltage drop on battery

T&R 275 TEAARIEERY SPI 155, B8 BTST1040-4ESPIFTE F— M E R R EIMN &,
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Table27 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 = Xg

100xddddg
where:

“xddddg” = new OUT register content

00ddddddg- STDDIAG or
0lddddddg- WRNDIAG
(Standard Diagnosis or Warning

(“xg” =don't care) Diagnosis will be sent
alternating)
Read OUT register Oxxxaaaag 1000ddddg
where: (“ddddg” = OUT register content)

“aaaag” =ADDR1 Y
(“xg” =don't care)

Read RCS register

Oxxxaaaag
where:

“aaaas” =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)

0100ddddg- WRNDIAG
(Warning Diagnosis)

Read Standard Diagnosis

O0xxxx010g
(“xg” =don't care)

00ddddddg- STDDIAG
(Standard Diagnosis)

Read Error Diagnosis

Oxxxx011p
(“xg” =don't care)

0100ddddg- ERRDIAG
(Error Diagnosis)

1) ADDRO #1 ADDR1 1R4E & 28 X
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10.6

SPI iZUnZ 1728

10.6.1 ZHRFFR - IREUES
Name 7 5 4 3 2 1 0
WRNDIAG X X X 0
STDDIAG X X X 0
ERRDIAG X X X 1
10.6.2 ZURFTFER - AL
Name 7 6 5 4 3 2 1 0 Default
WRNDIAG |0 1 0 0 WRNDIAG.WRNn 404
STDDIAG |0 0 STDDIAG |STDDIAG |STDDIAG |STDDIAG |STDDIAG |STDDIAG |24
.TER .Csv .LHI .SLP .SBM . VSMON
ERRDIAG |0 1 0 0 ERRDIAG.ERRnN 404
Field Bits Type |Description
STDDIAG.TER 5 r Transmission Error
0z  Previous transmission was successful (modulo 8 clocks
received)
1z (default) Previous transmission failed or first transmission
after Power-On reset or Vs< V) if STDDIAG . VSMON = 15
STDDIAG.CSV 4 r Checksum Verification®
0 (default) Checksum verification was pass or no checksum
calculated
1l Previous checksum verification was fail
STDDIAG.LHI 3 r Limp Home monitor
0z (default) “Low” level at pin LHI
1z “High” level at pin LHI
STDDIAG.SLP 2 r Sleep mode monitor
0s  Device out of Sleep mode
1l (default) Deviceisin Sleep mode
STDDIAG.SBM 1 r Switch Bypass Monitor?
O Vps<Vosse)
1, Vps™> Vpssp)
STDDIAG.VSMON |0 r Vs monitor
0s (default) Vs always > Vs since last Standard Diagnosis
readout
1z Vs<Vsuyatleast once or Vs< Vsqp)if STDDIAG. TER = 1
BIBF M 66 Rev. 1.00
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BRITIMEIEDO (sPI)
Field Bits Type |Description
WRNDIAG.WRNn |3:0 r Warning Diagnosis of Channel n
n=3to0 0z (default) No failure
1z Overcurrent, Overtemperature or delta T detected
ERRDIAG.ERRn |3:0 r Error Diagnosis of Channeln
n=3to0 0z (default) No failure
1z Channel latched OFF

1) &0 &5 10.8 LT A XM T HERIFEE o
2) FFXRFRUENBEERE Vos s 5 FBIMKIF L IRE A28 DCR . MUX ) EERIIZBE IR ERIRHIERE Vos i
1TEE3R,

10.7 SPI B0 E 1738
TRIZFHT SES[NFESFHUA R,
28 SFER/ER

H

Name SWR?Y RB ADDRO ADDR1 Content

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

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

KRC 0 1 01 0101 KILIS range control

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

ICS 1 1 10 1110 Input status & checksum input

DCR X 1 11 x111 Diagnostic configuration and Swap bit

1) DCR.SWR XN ELEN, WFREES, ERFEREUMIRN—ERS,

2) ¥$FE5 N\OUT ZF7F28DCR. SWR = X, XF FiZEUMIIIDCR . SWR = 050
Table 29 Configuration Registers - Write Commands RB-0

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

Table 30 Configuration Registers - Write Commands RB-1

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

OCR |0 1 1 0 0 OCR.OCTn

RCD 1 1 1 0 0 RCD.RCDn

KRC 0 1 1 0 1 KRC.KRCn

PCS 1 1 1 0 1 PCS.PCCn PCS.CLCS | PCS.SRCS
HUIREAR 67 Rev. 1.00
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Table 30 Configuration Registers - Write Commands RB-1

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

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

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

Table 31 Configuration Registers - Read Commands

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

o

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

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

Bit 7 6 5 4 3 2 1 0

Name 7 6 5 4 3 2 1 0 Default
ouT 1 0 0 X OUT.OUTn 80w
RCS 1 0 0 0 0 RCS.RCSn 80k
SRC 1 0 0 1 SRC. SRCn 90y
OCR 1 1 0 0 OCR.OCTn COn
RCD 1 1 0 0 RCD.RCDn COn
KRC 1 1 0 1 KRC.KRCn DOy
PCS 1 1 0 1 PCS.PCCn 0 0 DOy
HWCR 1 1 1 0 0 HWCR.COL |HWCR.SLP |0 E24
ICS 1 1 1 0 ICS.INSTn EOn
DCR 1 1 1 1 DCR.SWR |DCR.MUX F7u
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 3:.0 rw Output Control Register of Channeln
n=3to0 0z (default) channelis OFF
1l Channelis ON
RCS.RCSn 2:0 r Restart Counter Status of Channel selected via MUX
n=2to0 000; (default) Restart counter value =0

001gRestart counter value =1

010g Restart counter value = 2
011gRestart counter value = 3
100g Restart counter value = 4
101sRestart counter value = 5
110gRestart counter value = 6
111 Restart counter value=7

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

1g Low range of current sense ratio

HUIREAR 69 Rev. 1.00
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Field Bits Type |Description

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

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

PCS.PCCn 32 rw Parallel Channel Configuration

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

01 OUTO+OUT3 arein parallel configuration

10s OUT1+OUT2 arein parallel configuration

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

0z (default) Restart counters and latches are untouched

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

0s (default) Normal operation

1z  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 0z (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”

001g1S pinis “high impedance”

010g1S pinis “high impedance”

011g1S pinis “high impedance”

100g1S pinis “high impedance”

101s Current sense verification mode

110g1S pin is “high impedance”

111gSleep mode (IS pinis “high impedance”)

Set Multiplexer Configuration in ON state

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

001 Current sense of channel 1 is routed to IS pin

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

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

100z1S pinis “high impedance”

101gCurrent sense verification mode

110s1S pin is “high impedance”

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

DCR. SWR 3 rw Switch Register

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

1) ERITEXT (LHISIMEMN “§° ) , AEEERTIN ORE,
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10.8 SPI iR IRIEE

BTS71040-4ESPIRE— 1N E RN FERLYK, AT IRINEEFFERNEIABTHEINENR. WFRE
Mt FEED, FREEN, XERBUFAREEN, REMITEE— M ERENFIFEREITE.
AT itEMEEIINR 34 iR, SPIENIREREANICS.CSRn, 4 URIEENICS FHiFssH, %28
HIEEM—RELER, HERTUET— 1 sToDIAGH B {iISTDDIAG. CSVAHHIHESS, STDDIAG.CSV
T—-sTDDIAG RBMRIIIEE, MNRICSHFEB/BAREAN, WRIEMLLIHKERH, HENISTDDIAG.CSV
=0 o FIRTEICS.CSRNZ/GH Alimp hometRIEE N{ETESTDDIAG. CSV ZHIERENEY, RILFNILIIE
F3%. STDDIAG.TERMYIE L —4¥FISTDDIAG. VSMON BT 15, EXLEBERT, RELERN
WEFo

Table33 Conventions for parity calculation

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

OoDD 1 0

Table34 Checksum calculation bit matrix

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

Table35 Checksum calculation bit matrix example

Name

3

2

OCR

RCD

KRC

SRC

HWCR/PCS

0
1
0
0
0

OO |R|O|(K

ol r|lo|lo|lm

[N NelNelNolNolN-)

Parity

even

odd

even

odd

ICS

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

Table36 SPlcommand quick list

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

SRC 0xxx1001s

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

STDDIAG 0xxx0010g

ERRDIAG Oxxx0011s

1) x=don’t care bits.
2) d=data bits.

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

Figure 46 Application Diagram
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Table37 Suggested Component values

Reference Value Purpose

Ryop 470Q Device logic protection

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

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

Rsense 1.2kQ Sense resistor

Ranc 4.7kQ LC-ADC voltage spikes filtering

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

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

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

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

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

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

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

Cus1 100 nF Battery voltage spikes filtering

Cus2 - Filtering / buffer capacitor located at VBAT connector

Cusenp 22nF Battery voltage spikes filtering

Cour 10nF For improved electromagnetic compatibility (EMC)

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

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

Rep 47 kQ Output polarization (pull-down)

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

RoL 1.5kQ Output polarization (pull-up)
Ensure polarization of BTS71040-4ESP 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

JH BB R E S EBTST1040-4ESPHITT 25 1F, AIREF BN LA 1EH, UFREATELIF
=t (BIIREEY. BUHEE) T, FrETastlIS#E FEIRRATEE,
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