(infineon

B K AEBTS72220-4ESEERTTEOSAFH X

SPOC™ +2 2x 5.5 mQ
BTEOSLFAX 2x 13.5mQ
e ISO 26262
aeg? ¢ a ROHS @ read
Qlalified y Package |PG-TSDSO-24

Marking 72220-4ESE

1 BLR

BENMA

o ERATHEM. BRENEEARE

o EXX4KEB2S. (RPN ILEBEE

v IREPEENEE FIANMARAE U RS RERRAE, WeswiT/E5K
LSBT HRE (FIUILED FRIR) 42w kT AHEXRBFHRE (il
YOLED 1&3R)

Vaar

5
5
£
£
§
s
.§

Ilrwuenu , " )
Chassis GND *See Chapter 1 ,Potential Applications”
A **See Chapter 11.2 , External Components”

Figurel Application Diagram. Further information in Chapter 11
FHIEF IR EFRXIES, HTEEE, & CEEMETIEX, BHTFETERTGHEERTEHNTR, £ CEFFIDEXEHLE. 7
TN BTBIE, 1E5255515 infineon.com BERFHIEXIRAE (FBHIXE) .

Data Sheet Rev. 1.10
www.infineon.com 1 2021-03-23


http://www.infineon.com/

BTS -4ESE Ty
spogjfzo ) < |nf|neon

LR

B AR

v BEIZHMSRAR RPN SR X

v SPOC™+2 RFIK—ERS

v RIFHTEEERY SPI O

v RA33VH5VIEIESIH

v FREBENRIEE T

v AT MBS R IRTMR IS RIE

v RENEERZHF ReverseON THEE, SEUEINGE
v EREZHFTHFABINEE (InverseON)

o FErFm (FFS RoHS 1)

RIPTHRE

v BIWNTRFRIPHDETERF, FRITZER

o BEURREERISHMBERBERBERNDREF (BkR)
v RIEXHER

v RSN R ERF

U E
o LEBIS R EIRRAE

v ON Z¢#& OFF RS T FFERHEN
v FEEREIMMAN AT R E e A

v B SPIFTIZMT R 5
NRER R

v BRITRER

o EIRIANGIBEPAZS (INFDLHID
v EEFERHNRMIIE

v BERREIERT(

= e iE
BEMNIME, 7= 5afKkiE AEC-Q100 Grade 1 #1TIIE,

R
BTS72220-4ESE @— R RITIEOSIAFXR, IBHRIPIIEEFIZMIINEE, Z25 - FEASMARTTR R,

IR FAR 2 Rev. 1.10
2021-03-23



BTS72220-4ESE
SPOC™ +2

LR

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) Ns(sLeep)_ss 13pA

Maximum operative current lenpactive) 7 mA

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

channels 0 and 3

Maximum ON-state resistance (T, =150 °C) Rosion)_ 150 22mQ

channels 1 and 2

Nominal load current (Ta= 85 °C) I (nom) TA

channels 0 and 3

Nominal load current (Ta= 85 °C) I (nom) 4A

channels 1 and 2

Typical current sense ratio at /.= Inow) ks 5500

channels 0 and 3

Typical current sense ratio at /.= /o) Kus 2500

channels 1 and 2

Serial Clock Frequency fscLk(max) 5 MHz
3 Rev. 1.10
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Table 2 Pin Definition
Pin Symbol 1/0 |Function
EP VS - Power Supply Voltage
(exposed pad) Battery voltage
1 GND - Ground
2 VDD - Digital Supply Voltage
3 SO 0 Serial output of SPIl interface
4 Sl I Serialinput of SPI interface (“high” active)
5 SCLK I Serial clock of SPI interface (“high” active)
6 CSN I Chip select of SPI interface (“low” active); integrated pull up to VDD
7 LHI I Limp Home activation signal (“high” active)
8,9 INn I Input Channeln
Digital signal to switch ON the channel n (“high” active)
If not used: connect with a 10 kQ resistor either to GND pin or to module
ground
10 EDD 0 External driver diagnosis enable signal
Digital signal to activate the diagnosis of an external controlled device
11 EDO 0 External driver output enable signal
Digital signal to activate the output of an external controlled device
12 IS 0] Current sense output signal
21-24 |0OUTn 0] Outputn
19-20 Protected high-side power output of channel n?
17-18
13-16

1) BERFTERL SIS ATE PCB EIERE—E, BERFERLSIISERSERTE . PCB ELLIILITA

REIS AR IR Ao
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Table3  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_4.1.0.2
9
Load Dump Voltage VeaT(Lo) - - 35 \% suppressed P_4.1.0.3
Load Dump
acc. to
1SO16750-2
(2010).
Ri: 2Q
Supply Voltage for Short Circuit| Vgar(sc) 0 - 24 \% Setup acc. to P_4.1.0.2
Protection AEC-Q100-012 5
Reverse Polarity Voltage Veatrey) - - 16 \% t<2min P_4.1.0.5
Ta=+25°C
Setup as
described in
Chapter 11
Current through GND Pin leno -50 - 50 mA  |Renpaccording P_4.1.0.9
to Chapter 11
Current through VDD Pin hpo(rev) -10 - 30 mA |t<2min P_4.1.0.1
0
Counter Reset Delay Time after | tyerry 50 - - ms |- P_4.1.0.3
Fault Condition 5

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 = SO, EDO, EDD

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

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

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

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

IS pin

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

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

AX

Temperatures

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

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

ESD Susceptibility

ESD Susceptibility all Pins Vesppam) | -2 - 2 kV HBM? P_4.1.0.21

(HBM)

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

GND and VS connected (HBM)

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

(CDM)

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

(pins 1, 12,13, 24)

1) ZF&NE - \RigiRIt.

2) RAIFWV, AFLatch-Upillid: 5.5V,

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

*

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

2. BERHIRFTIEE S TERTLLIC TEHE F RIS TR Ko BB IE UL TIEETIEE
B> RIPTIEETES T IELEE B HTIRIETTIR 1T H

R 9 Rev. 1.10
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Table 4

IhEL - 5.5 mQ BEE

B MATEE - ThER

Absolute Maximum Ratings - 5.5 mQ channels?

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

Parameter Symbol Values Unit |Noteor Number
Maximum Energy Dissipation |E,g - - 100 mJ |/ = 2% vowm) P_4.2.13.1
Single Pulse Tyo= 150 °C

Vs=28V
Maximum Energy Dissipation |Epg - - 51 mJ 1= now P_4.2.13.2
Repetitive Pulse Ty0=85°C

Vs=13.5V

1M cycles
Load Current II] - - I ovuymax | A - P_4.2.133
1) TF&lis - \RIEIR It
422  IDhELK-13.5mQiEE
Table5  Absolute Maximum Ratings - 13.5 mQ channels?
T,=-40°C & +150 °C; i BEY UM NS E, EBTRANSIH FRESHEINE)
Parameter Symbol Values Unit |Noteor Number

Min. Typ. Max. Test Condition

Maximum Energy Dissipation |E,g - - 35 mJ |/ = 2% yom) P_4.2.14.1
Single Pulse Ty0= 150 °C

Vs=28V
Maximum Energy Dissipation |Eys - - 15.5 mJ |1 =1 now) P_4.2.14.2
Repetitive Pulse Ty0=85°C

Vs=13.5V

1M cycles
Load Current I - - I oviy max |A - P_4.2.14.3
1) TF&lis - \RIEIR I

10 Rev.1.10
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Table 6 Functional Range - Supply Voltages and Temperature®

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

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

Range for Normal Operation

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

Supply Voltage Range for (parameter

Operation deviations possible)

Upper Extended Power Vs(ext.up) 18 - 28 |V 3 P_4.3.0.3

Supply Voltage Range for (parameter

Operation deviations possible)

Digital Supply Voltage VoooR) 3.0 - 55 |V - P_4.3.0.4

Range

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

1) Tl - \RIERT.
2) WMRBE VoL Voeriommn=3-1Vo FIREBE VIBIN: Vexrowmn =41 Vo
3) RIFTIREIDIE,

P ELIEBEA, IC 1RSI RETT, BSIFEEE B IR EFRIE I T15
EHTs

4.4 FAPFH

b N M AZLHEERIE JEDEC JESD51 1/ LA, #f THEEZ15E, 151518
www.jedec.org.

Table 7 Thermal Resistance®

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

Thermal Characterization Y rop - 0.6 11 Kw |2 P_4.4.04
Parameter Junction-Top
Thermal Resistance Rinsc - 0.2 0.4 Kw |2 P_4.4.0.5
Junction-to-Case simulated at

exposed pad
Thermal Resistance Rin - 26 - Kw |2 P_4.4.0.6
Junction to Ambient

1) ZF&NE - \RigiRIt.

2) #R#E Jedec JESD51-2,-5,-7, TEBEAITMAIFR4252p IR E; =& (BH + %) EEAG 2 MHEE (2x70
um Cus 2x35um Cu) B976.2x114.3x 1.5 mm 1R _E#1THEM. EEANERT, RENBRRETHS
RSFLIEYI S E— TR EM, BEINETET=105°Cy Posseanon =1 W FH T#EITHY,

R 11 Rev. 1.10
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4.4.1 PCBIZE

70 um modeled (traces, cooling area)

1,5mm

70 um, 5% metalization™®

*: means percentual Cu metalization on each layer

PCB_Zth_1s0p.emf

Figure5 1sOp PCB Cross Section

70 um modeled (traces)

35 um, 90% metalization*

*

1,5 mm

35 um, 90% metalization

>

70 um, 5% metalization™

*: means percentual Cu metalization on each layer

PCB_zth_2s2p.emf

Figure6 2s2p PCB Cross Section

=

JEDEC 150p / footprint
JEDEC 252p

JEDEC 1s0p / 600mm?

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

PCB sim setup TSDS0O24.emf

Figure7 PCB setup for thermal simulations

Solder Pads and Vias

PCB_2s2p_vias_TSDS024.emf

Figure8 Thermalvias on PCB for 2s2p PCB setup

R 12 Rev. 1.10
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5.3 ESKMHZES| M

Voo=3.0VES55V,Vs=6V ZE 18V, T,=-40°C & +150 °C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C
FEN (D) 51R1 = IN

Table 8 Electrical Characteristics: Logic Pins - General

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

1) TF&s - RIER I

5.4 BSFIEZES I - BRINEE

Table 9 Electrical Characteristics: Logic Pins - Advanced

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

e Condition
SPI pins
Digital Input Voltage Vesnin) 0.8 13 2 \% - P_5.5.0.1
Threshold of Pin CSN
Digital Input Voltage Vsekrny |08 13 2 Vv b P_5.5.0.2
Threshold of Pin SCLK
Digital Input Voltage Vsirr) 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 VesnicLamez) |6-5 7.5 8.5 \% lesn=2 mA P_5.5.0.5
Voltage of Pin CSN
R 17 Rev. 1.10
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Table 9 Electrical Characteristics: Logic Pins - Advanced (continued)
Parameter Symbol Values Unit |Note or Number
Min. Typ. Max. Test Condition
Digital Input Clamping Vscikcampey | = 7 - % 2 P_5.5.0.6
Voltage of Pin SCLK Iscck =1 mA
Digital Input Clamping Vscikciampz) | 6-5 75 8.5 \Y Isclk =2 MA P_5.5.0.7
Voltage of Pin SCLK
Digital Input Clamping VeicLampy) - 7 - v 2 P_5.5.0.8
Voltage of Pin SI Isi=1mA
Digital Input VsicLampa) 6.5 7.5 8.5 \% Isi=2 mA P_5.5.0.9
Clamping 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 IscLkm 2 10 25 VA |[Vsak=2.6V P_5.5.0.16
(“high”) of Pin SCLK
Digital Input Current lsi 2 10 25 MA | Vs=0.5V P_5.5.0.18
(“low”) of Pin SI
Digital Input Current sy 2 10 25 LA |Vs=2.6V P_5.5.0.20
(“high”) of Pin SI
Digital Output Voltage Vsow 0 - 0.5 \% Iso=-0.5mA P_5.5.0.22
(“low”) of Pin SO
Digital Output Voltage Vsom) Voo - - Voo \% Iso=0.5 mA P_5.5.0.23
(“high”) of Pin SO 0.5V
Output Tristate Leakage  |/so(orr) -1 - 1 HA | Vesn=Vpp P_5.5.0.24
Current of Pin SO Vso=0Vor
Vesn= Voo
Vso=Vp
LHI pin
Digital Input Voltage Vimirn) 14 1.9 2.6 v - P_5.5.0.25
Threshold of Pin LHI
Digital Input Clamping Vimciawey |- 7 - Vv 2 P_5.5.0.27
Voltage of Pin LHI liw=1mA
Digital Input Clamplng VLH|(CLAMP2) 6.5 7.5 8.5 V I|_H| = 2 mA P_55028
Voltage of Pin LHI
18 Rev. 1.10
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Table 9 Electrical Characteristics: Logic Pins - Advanced (continued)

Parameter Symbol Values Unit |Noteor Number

Min. Typ. |Max. Test

Condition

Digital Input Hysteresis of |V, s - 0.25 - v o2 P_5.5.0.29
Pin LHI
Digital Input Current L) 10 32 65 MA  |Viw=5V P_5.5.0.30
(“high”) of Pin LHI Vop=0V
Digital Input Current Lwi 10 24 45 PA  |Viw=0.8V P_5.5.0.32
(“low”) of Pin LHI Vop=0V
External Driver Pins
Digital Output Voltage Veporw) 0 - 0.5 \% leoo=-0.2mA  |P_5.5.0.33
(“low”) of Pin EDO
Digital Output Voltage Vepon) Voo~ - Voo \% lepo=0.2 MA P_5.5.0.34
(“high”) of Pin EDO 0.5V
Digital Output Voltage Vepog) 0 - 0.5 \ leop=-0.2mA  |P_5.5.0.36
(“low”) of Pin EDD
Digital Output Voltage VeppH) Voo~ - Voo \ lepp=0.2 mA P_5.5.0.37
(“high”) of Pin EDD 0.5V

1) XTnEEMisto
2) TN - RIS,

IR 19 Rev. 1.10
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o DhERMEBEBE (V)
o HRFHEBEBE (Vo)

Vs BBIRLRIEIZ Tt H A T INRRHIIRTHERES, M Voo AT SPI BIEBMIRGNSOF M. Vs F Voo BBIRER
ERBRBECNEBE, AIFLEENSBERTRERENSERXIIEE, FHARH:

v REVoFEBIFERELESPIEN. SPIEFSERIME RAIAE
v EBRENXESXFAMMEEE, AEERTRATHEEN. —B VszVser) , BERKBR

T

SR vs BBIEHBRE

o MIRAERERIENT, Vo EHMBESAE , BB Vs < Vsar, NWZBEAIERIE

A SPI&p< (BEHET 6.2 F1ET 10.5 THREZEE) . ;| 10 ERTIRIEARRBE/ Vs F Voo FBIRE
[EMZLAEETT IR,

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) ERIINBELEAEER.
2) ENERREE, AR ML STDDIAG,

3) VSR LR ELXHEREE, BE ET 6.2

IR
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v BERERARE

o ETHEI

¢ IR

o EERI

¢ BT

v BATEUERET

BRI Z BRI TR SHE |
o EFEIR (Voo)

+ INn5|RliZ%E

+ LHIZIMNZ%E

v EREBZRE AEIRE (DCR. MUX)
¢+ HHEFFSIIES (OUT. 0UTn)

v REFFRRS

B 14 BT 7 887 IRAARESE o BTS72220-4ESE T AU KR—EESHSIRIESS G AVIRER M T, It
4, AFRERMEBRREN v HBBEE, FitrTUERERRER TH—LT Y,

BRENBEIEIR BTS72220-4ESER S FMIRIEIER

v EHBEERS

v SPIFEFSRNRE

o SPUBIIIRT

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

K11 BT T7TEMREER, Vs Voo (HEEBE, MR TREZENIIE (BERES, sSPIBEMSPIFE
2] o
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LHI ="high"
3 Power-up
Unsupplied
Y
DCR.MUX = 111;0r SPI_Reset n | LHI = "low"
> <
Stand-by |, Sleep
A DCR.MUX # 111 LHI ="high"
A . 8 + T T A ="hig|
| |
oUT.OUTn = 1, | | | |
or INn ="high" | |
N
INn = "low" & — — — INn="low o iNn="low" &SP/ Reset_ _ j | | | ovr.ovra - o or h J k J
OUT.OUTn = O, | | | SPI_Reset .
: o Nmsthgr I Limp Home
Y | * our.ovta - 1,1 | f A A
Y |
DCR.MUX_# 111 or INn="high" |
€¢———=—= === LHI = "high"
: MUY - 111N ="low" Ready t-—--=-= T -
Active | — DR-MUX- 11l &Nn="low' _ o y = "low"
LHI ="high" & INn = "low"
INn ="high"
~ | E Y
LHI ="high" & INn = "high" .
» Limp Home
LHI = "low" & INn = "high" A M
ctive
Note: SPi bits which are not stated are considered to have the default value or are unchanged compared to the previous state. Supply voltages are
considered to be in operative range if not specified different. SPI_Reset is performed if Vop < Voppo) or HWCR.RST = 1g
Dashed lines indicatetransitions bet ween mo des whic h should not be used for normaloperation.
PowerSupply_0pMaodes.emf

Figure 14 Operation Mode state diagram

Table 11 Device function in relation to operation modes, Vypand Vsvoltages
Operative Mode | Function  |Vg= Vg, Vsirp) = Vs = Vsuy) Vs> Vuy)
Sleep Channels OFF OFF OFF
SPI registers | available? available? available?
SPIcomm. |available? available? available?
Stand-by Channels OFF OFF OFF
SPI registers | protected” available? available?
SPIcomm. |all commands available? available?
rejected”
Ready Channels OFF OFF OFF
SPI registers | protected” available? available?
SPIcomm. |all commands available? available?
rejected?
Active Channels OFF OFF follow SPI and/or Input
pins
SPI registers | protected” available? available?
SPIcomm. |all commands available? available?
rejected”
Limp Home/ Channels OFF OFF follow Input pins
kmsp Home SPI registers | protected” reset reset
ctive (Diagnosis available)? | (Diagnosis available)®
SPIcomm. |all read-only? read-only?
commands
rejected??

1) e Voo > VDD(po)E:UJUZ:EJﬁH HEE (L
2) MNRFAEWMASIIZE AR, SPIBERNRIEER,

IR
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EXMRE T, BHEEAKRLE (vs 51HF0 vob I ERTEMEE) , BAHBBRESRTHENIR
E=E,

6.1.2 il

LEA—PEJREBE (Ve 3 Voo ) FEINZEISSH L, HANLBEEEG, mIEREYEH, HFIEN]S
FREBE Vsor) F Voopo) » EUMELAREB LBIESE I, MEERYIE] twuro) &, PILAIAIR SPI#E,

6.1.3 EEIRIR T

LBHEFRNSIBI(IND, LH) IREAREF”, HHEHDCR.MUXIRE N111s, OO TFERIERN, X
BTS72220-4ESE 7EREERIRT., FIERIEE R X ARE. WRVoo > Voopo), SPIETEESRIRIZE, JHFEBRMER/

(BB hssieer) ) o S TR, BRI REIPVE. WHWITVS Vs UK V5 Vs
BRI, BME Vs < Vsar, XA FFERHITHRIZ

6.1.4 HFNER

3 DCR. MUX # 1117 ERWEFTHEERES (BdsPiEi@dHmAGIH) , BHELFHNEKRNX Fr
BEExi, EREEFERERNELE, RLSIEEEBEREM. BT A —1TSHS M RaERiE<S®
BRHNIT, EREENEER. B LUHITSPIER,

6.1.5 HEFERX

EEAEEEAT, — TS MEHARESAAREE (BISPIsuEIMASI, WNREWCR.COL = 15 ).
REWLL, MAFDCR.MUX=111;, FREMILEXH. BYUEEXEMREUESFHENENENHTT
FBiE,

pr A FDCR. MUX=1113,0UT & /728 N H, 0/ ATE FRIG ZHN Tzt
HWCR. COL =1z

6.1.6 JERNIET

UEMITHAR B A— MRS MALITIFE, BTST2220-46SE FEEHLIFER. IIEHHBRDES
Blowoncmel&TEs Voo HEBBE ENRERFESRIFENBREXHARS, FIEHASIHHREY
YEEBT.

6.1.7 BITIRI

L LHI SIEMIA B HIFEE t> thing B, BIEHNBITIER, SPIFEREMNRINME. TEI2
¥ ( STDDIAG.LHI ) FRIMBERIEEA 1. HBIEFEEEIT— sToD1aG %kEL, BB 15 T
REZEE, SPI 17850 BT i5EY/i/8), ERRDIAG. STDDIAG. WRNDIAG 1 ICS A] B FERITIE T
8912 77,

LB TSR (Vs < Vsar ) B LHI SIBIE (NS, STDDIAG.LHI (W EN, BREFARSE
HEREERNBEITIER . ItIPSTDDIAG. VSMON FISTDDIAG. TER 14§ B LIRS B MBRSRIF
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pin
t
STODIAG 4
.LHI
Read STDDIAG Read STDDIAG % Read STDDIAG t
SPI 4 tLHI\MJ | tLH\:A(] rLHILA(!
comm. | available read-only available all command rejected |
1
registers | available reset available protected I
1 .
T >
Note: Device out o fSleep mode when SPIcomm. ,availab le“ ) ) t
Power Supply_LimpHomeActive.emf

Figure 15 Limp Home Activation as function of Vs

6.1.8 HITECEIRR

HBEHLTFRTRAEE N SIHNEM NS N, ENBITENRN. &
EH. BT SPIFFRLESN, REILLERERNARTA.
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4 BTS72220-4ESE {0 F EHE S B TIRTLEY, BB S@EIHESEtnE N, BTS72220-4ESE HEER

HINLE#HN ERFRFHIRERN 2 — PR RV BB  (Y0E 16Ff7R) o

tLHI[ACJ
- tWU(POI
Unsupplied
Y
tTRANSZSLP o tLHI(AL'J+ trransasie
Stand-by Sleep
A thNfQSTBv ] Fy | A tLHHAC)+ tTRAstsTBv
tON | I ol q_,l ¥ v
bt twamese | gl El .
Eors I I <18 Limp Home
| Lore + Eromsasie [~ Y
F—————— e ————————— - 2 A h h
v ¥ | i i |
Lon+ Erransastay ! t t
{—— — — — — f_ _t ———————— Read Hiac) + Lrransastay 1
i ot ligansgse. | Reddy F—=—==—====—=—=
Active F——————E s - ——— > y toat -
OFF LHI(AC) q__? +5
A t A 4
LHI(AC) H
: Limp Home
LHI(AC) - .
»  Active
Note: Dashed lines indicate transition timing s be tween modes which sho uld not be used for normal o peration.
PowerSupply_0pModes_Timings.emf

Figure 16 Transition Time diagram

6.2 VsRIE

TE Vsor 0 Vo) 2181 , RIENSIAL, WRBETE (DEERFHITENER) HEHBBER
FRESE Vewy » WREEERFXARLEE, HEEQLTEHVEN, EehR SR TR,
STDDIAG.VSMON B HPIFEIEH, SRTSMNEREX T NEMEMRKSH, BH0EE t =
trransasteyBIIEIR, EHE| STDDIAG.VSMON 28 ¥,

—BHBBE Vs T IERE Vsorn » MBRIANSIMEBI NS H@IES ouT FHFesFHMEMA L. ,
BHEHERFB. ERERIE t ey, UFRIPEHFEEBEHSERERG (IRIEAEC -Q100-012) ,

W B 17 Fimo
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Vsiom)

VSIHVS]
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Vsuy)

Vscw]
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oeLaviuv)
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VO ut

Y

VSMON

STDDIAG. T

A J

Read STDDIAG 4 Read STDDIAG %

STDDIAG.
TER

A

Read STDDIAG % Read STDDIAG 4

Operation
Mode || Stand-by Active Sleep Ready Active |
T T 1 >
t
Power Supply_UVRVS.emf

Figure 17 Vsundervoltage behavior

6.3 ERFH
UT&HZ—mIRsPIFEFEREMAERIAE:
v Voo R EEFR T RIEBEVooeo
- SPIFERRBWEMNHERINE EEUENE—EIRF,
STDDIAG.TER B E 1),
- MR Vs AZH LH AE, WERITHHSEEFRRE L
o LHISIBITE t > tieo B Vs> Vs BRBIB LA
- BEFTEFREMENIIAE. ERRDIAG HIWRNDIAG BREE,
- ERITHESEEREL
+ EIf< (HWCR.RST =15 ) #WHITEV: > V)
- BESEREHEENHIIAME, ERRDIAG. WRNDIAGH] STDDIAG AeE il
- ERITHMEFRREL
MREEAEMAZGEREMANS I HBEC N RBFE, NG BEEBRFEXH.
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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

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

55mQ:R=24Q
13.5mQ:Ri=3.4Q

Table 12 Electrical Characteristics: Power Supply - General

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

VS pin
Power Supply Undervoltage |V 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 Voltage Vsirp) 0.6 1.0 1.8 \ Vsdecreasing P_6.4.0.5
Threshold for Battery STDDIAG.VSMON= 1
Transients Protection STDDIAG.TER = 1g

DCR.MUX #1113

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

See Figure 17
Power Supply Undervoltage | tpeayuy |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 Vspey |16 - 30 Vv b P_6.4.0.9
between GND and VS Pins in lenprey) = 14 MA
Reverse Battery T,=150°C
1) i - RIERT.

27 Rev. 1.10
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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 fscik=5 MHz
Digital Supply Power-On | Vype0) 14 19 2.3 v 2 P_6.4.1.9
Reset Threshold Voltage Vopincreasing
Digital Supply Undervoltage| Vppy 13 1.8 22 \ Voodecreasing P_6.4.1.2
Shutdown OUT.OUTn =15
From Vps<0.5V to
Vos= Vs
Digital Supply Undervoltage| Vypys) - 0.1 - v b P_6.4.1.3
Shutdown Hysteresis
Digital Supply Clamping | Vppciawpy |- 6.5 - Vv b P_6.4.1.11
Voltage Ioo=1 mA
Digital Supply Clamping Vob(cLampa) 6 7 8 Vv Ipp=20 MmA P 6.4.1.12
Voltage
Power-On Wake Up Time | twurpo) - 10 30 us |V P_6.4.1.13
Transition Time to Stand-by| trgansastey |5 10 30 us |V P_6.4.1.4
Mode
Transition Timeto Sleep  |trpansose |1 5 60 us |2 P_6.4.1.5
Mode
Limp Home thiag) 10 20 40 us |V P_6.4.1.6
Acknowledgement Time
1) &R - RiIEigit.
2) IR EEF NRMEHAL, HOEEFEZEMN,
28 Rev. 1.10
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6.5

R SR - e

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):

55mQ:Ri=240Q
13.5mQ:R=3.4Q

6.5.1 BTS72220-4ESE
Table 14 Electrical Characteristics: Power Supply BTS72220-4ESE
Parameter Symbol Values Unit |Noteor Number
Min. |[Typ. |Max. Test Condition

Digital Supply Current Iop - 80 200 MA fsck=0 MHz P_6.5.30.1
Consumption in Normal Vs> V)
Operation Vesn=Vop=5V

DCR.MUX #111p
Digital Supply Current Iopctive) |~ 2.5 - mA |2 P_6.5.30.2
Consumption in Normal fsck =5 MHz
Operation during SPI Traffic Vs> Vo)
(Average) Voo =5V

Vesn=0V

CL(so) =50 pF

DCR.MUX # 111
Digital Supply Current Iop(seep) 17 50 MA | fsck=0MHz P_6.5.30.3
Consumption in Sleep Mode Vs> Vsuy

Vesn=Vop=5V

DCR.MUX =111
Digital Supply Current Iop(sieer) |~ 17 35 MA | fsck=0MHz P_6.5.30.12
Consumption in Sleep Mode Vs> Vsuy

Vesn=Vop=5V

DCR.MUX=111;

T,=85°C
Power Supply Current lys(seep) 8| - 0.05 |13 uA [P P_6.5.30.4
Consumption in Sleep Mode |5 Vs=18V
with Loads at T, <85 °C Vour=0V

INX = “low”

T,=85°C
Power Supply Current Iys(sLeep) 1|~ 2 100 pA Vs=18V P_6.5.30.5
Consumption in Sleep Mode |50 Vour=0V
with Loads at T, =150 °C INXx = “low”

T,=150°C
Operating Current in Active lanpiacTive) |~ 5 7 mA  [Vs=18V P_6.5.30.6
Mode (all Channels ON) Vop=5V

INx =“high” or

OUT.OUTn =1;

29 Rev. 1.10
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Table 14 Electrical Characteristics: Power Supply BTS72220-4ESE (continued)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Operating Currentin Ready |/g\prenpy) |- 80 200 MA Vs=18V P_6.5.30.8
Mode Vesn=Vop =5V
fSCLK =0MHz

DCR.MUX=111;
OUT.OUTn =1s
Operating Currentin Stand- | Igyp(stay) - 1.25 2 mA |Vs=18V P_6.5.30.9
by Mode Voo=5V

DCR.MUX # 111s

~—

1) SEME#EZ: 0101010101010101F0 1010101010101010
2) TFERN - IRIE IR,
3) U Vo< Voppeop LHI = “low” FEERERFITEER > 0, lowp(sray) e 25 fSo
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220
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200  P—— "2"= Rosonax @ 150°°C \)O

Rpsiow) variation factor

0.60
0.40
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Figure 18 Rps(on Variation factor
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Figure 19 Switching a Resistive Load

7.2.2 IXEh =% 1 &

HEEBARXARM AT, BE Voor IBEEMEBAILUT, ENBRSMEIRTIER. 7T LS4
RS EMmias, KRBT BEHAUNG, HAULSHRRIGEmEBE, 6 Vos = Vos (CLAMP) o 20 BT H
IS E, HAULEWESY 6.15 HAFrE1R/EER T RIP2E 4.
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>
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PowerStage_Clamp_INTDIO.emf

Figure 20 Output Clamp concept
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Vg - VDS(CLAMP) R - IL L
. ln(l ) + IL]

E=V : - Ry
DS(CLAMP) [ R, Vs—=VpscLamp) Ry

RAREE, UAMBATERRNRAER, REITHMILITIRS,

7.2.3 %A1 tH BB & PR W1

(infineon

(7.1)

ATIREBERRERE, TERE Vos BE. SMLBER R, MEERKIZERY (@Y DCR.MUX it
RiBE - Z0E 21) fE Vos FTFIRT VossofT, Hith DMOS REF DT, X184 Si@ e,
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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
P EE R B EIE], 1D m R FI R = W 2 Yo

7.3.2  FHTUHREE

SHERXZMBEEREN R, REWEN, MMBERRERTERELS XA, XITREREXH]
MBERAZEANGEE, AT7TERXMER, NREANEEEH, FERRBERY, 7ESPIF
B MIL (Pcs. pcCn), AIIEHEE0IFMIEE1&2FHEX. & PCS.PcCn B, BEMNXFANEBEH=
BlE #H B mARIPRERE R A o AR—MBERTREIFHREIZERNKER (OCR.OCTn = 1g),
M7 8 E RS R AR EEIIRRA ow FEOBENEBNITHSBEERTIH, REE—MITH
8% Mrestarmcr BB, W MBE#BE KA. BT, BINTEEEHEKEARERITEHEE. NR—BE
ERAMRIRIEEE, (SRC.SRCn = 1), BAHBKEN TIBELHMEFRRARIIEE, HBEHEKEE
(PCS.PCCn = 1g), /NEGRIER MaHBEESEINAERE A, FEtbE/hER TERILFISHETH. &
Z B 9.7 THREZIFE. N7 EHHBIRI TRYRMEE, BRAHBKIRI (Pcs. pcCn = 0s)o FEX
BENERRFERERAD MRFEHTRELERFTERES MBERREXRMMITE, FEBEHE, A
REBEHEOHE, BLEESHERE,
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HEANGEER, SERES wowtBIN—F. BIRERHKEI R ETPCB LR FBIRE
BREBFRRTERR EERTE i,

7.3.3 H I ENERREEFEYE

EHECER BTS72220-4ESE BE=AFXEY (Rt S{RBFXERS, WNE24FFR) , KIOFXHE
MMEEEHBRARIESNITETF| dVour/ dtle TN, HEAOFXEEE, WHATEIEZMEEXTH
B (MARERs BN FTHE) « XEFARXIESERMSH DMOS TH, BARZRF,

Vear
R/L cable
VS
1 alij;
ON (DC) 4 INxHif & & it vy oFF
L uil
ouT
QUTx y | dVour/ dt |
Current through Mot cross
“wf or Current
ON (PWM)
OFF T # # T JUUL
; Power Stage_PassiveSlew_SPOC.emf

Figure 24 High-Side switch used in Bridge configuration
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ThELBSHE
Voo=3.0VE5.5V,Vs=6VE 18V, T,=-40 °C E +150°C
BARE: Vpp=5.0V, Vs=13.5V, T,=25°C

WX F A B HA RS AFEZED Y. FRIEFZIMIRA):

5.5mQ:Ri=24Q
13.5mQ:Ri=3.4Q

7.4

Table 15 Electrical Characteristics: Power Stages - General
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Voltages
Drain to Source Clamping | Vpsciamp)_40 |33 36.5 42 v 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)WiRRE T,=150°Co
7.41  IWERFBHIFKE - spoc™
Table 16 Electrical Characteristics: Power Stages - SPOC™
Parameter Symbol Values Unit |Noteor 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 tonpeLay |10 40 80 us |2 P_7.4.2.16
(parallel mode) Vs=13.5V
VOUT =10% Vs
PCS.PCCn=1;3
Switch-OFF Delay torrpeLay |10 30 60 us Vs=13.5V P_7.422
Vour =90% Vs
Switch-ON Time ton 20 55 100 us Vs=13.5V P_7.4.23
VOUT =90% Vs
SRC.SRCn=0g
PCS.PCCn=0g
Switch-ON Time ton 20 70 125 ps 2 P_7.4.2.20
(parallel mode) Vs=13.5V
Vour =90% Vs
SRC.SRCn =03
PCS.PCCn=1;5
R 37 Rev. 1.10
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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-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_7.4.2.6
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 =05
Voltage Slope
Switch-ON Slew Rate (dV/dt)on 0.3 0.6 0.9 V/us [Vs=13.5V P_7.4.211
Vour=30% to 70%
of Vs
SRC.SRCn=0s
Switch-ON Slew Rate (dV/dt)on 0.15 0.3 0.45 V/us |[Vs=13.5V P_7.4.2.12
Vour=30% to 70%
of Vs
SRC.SRCn =13
Switch-OFF Slew Rate -(dV/dt)orr |0.3 0.6 0.9 V/us [Vs=13.5V P_7.4.2.14
Vour=70% to 30%
of Vs
SRC.SRCn =0g
Switch-OFF Slew Rate -(dV/dt)orr |0.125 |0.3 0.45 V/us |Vs=13.5V P_7.4.2.15
Vour=70% to 30%
of Vs
SRC.SRCn =13
Slew Rate Matching A(dV/dt)sw |-30 0 30 % Y P 7.42.17
Vs=13.5V
Voltages
Output Voltage Drop Vos(sio) 2 10 18 mv |2 P_7.4.2.18
Limitation at Small Load IL=Ioy=20mA
Currents

1) A(dV/dt)sw= ((dV/dt)on- (dV/dt)ore) / (((dV/dt)on+ (dV/dt)ors)/ 2).
2) Tk - iR,
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7.5 B - hEmHRK

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

WX F A B HA RS AFEZED Y. FRIEFZIMIRA):

5.5mQ:Ri=24Q
13.5mQ:Ri=3.4Q

7.5.1 ThEHHLK - 5.5 mQ

Table 17 Electrical Characteristics: Power Stages - 5.5 mQ

Parameter Symbol Values Unit |Noteor Number
Output characteristics
ON-State Resistance at Rosony.2s |- 5.5 - mQ |V P_7.5.13.1
T)=25°C T)=25°C
ON-State Resistance at Rosion) 150 |~ - 9 mQ | T7,=150°C P_7.5.13.2
T,=150°C
ON-State Resistance in Roson)_crank — - 115 mQ | T7,=150°C P_7.5.13.3
Cranking Vs=3.1V
ON-State Resistance in Rosinv.2s |~ 5.5 - mQ |V P_7.5.13.4
Inverse Current at T,=25°C T,=25°C

1=l (now)
ON-State Resistance in Rosinv_ 150 |- - 115 |[mQ |V P_7.5.13.5
Inverse Current at T,= 150 °C T,=150°C

1=l (now)
ON-State Resistance in Rosen.25 |- 11 - mQ |V P_7.5.13.6
Reverse Polarity at 7,=25°C T,=25°C

Vs=-13.5V

1=l (now)

RSENSE: 1.2 kQ
ON-State Resistance in Rosrev)_ 150 |~ - 18 mQ |Y P_7.5.13.7
Reverse Polarity at T,=150°C
T,=150°C Vs=-13.5V

1=l nom)

RSENSE: 1.2 kQ
Nominal Load Current per |/ om) - 7 - A b P_7.5.13.8
Channel (all Channels Ta=85°C
Active) T,<150°C
Output Leakage Currentat |/ orp 85 |- 0.08 |05 pA | P_7.5.13.9
T,<85°C Vour=0V

Vin=“low” and

OUT.OUTn =0g

Ta<85°C
R 39 Rev. 1.10
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Table 17 Electrical Characteristics: Power Stages - 5.5 mQ
Parameter Symbol Values Unit |Noteor Number
Min. |[Typ. |Max. Test Condition
Output Leakage Currentat |/ o 150 |- - 24 HA Vour=0V P_7.5.13.10
T,=150°C IN =“low” and
OUT.OUTn =0s
Ta=150°C
Inverse Current Capability I an - 7 - A b P_7.5.13.11
Vs<Vour
IN =“high” or
OUT.OUTn =1;
Voltage Slope
Passive Slew Rate (e.g. for  ||dVour/dt]| |- - 10 Vius | Y P_7.5.13.12
Half Bridge Configuration) Vs=13.5V
Voltages
Drain Source Diode Voltage | |Vpspiope) 500 |600 |[mv |Y P_7.5.13.13
[.=-190 mA
T,=150 °C
Switching Energy
Switch-ON Energy Eon - 057 |- mJ |V P_7.5.13.14
Vs =18V
SRC.SRCn =0;s
PCS.PCCn=0s
Switch-OFF Energy Eore - 077 |- mJ | P_7.5.13.15
Vs=18V
SRC.SRCn=0g
PCS.PCCn=0g
1) TFlhis - \RIE1g It
7.5.2  IDHEHHE -13.5mQ
Table 18 Electrical Characteristics: Power Stages - 13.5 mQ
Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition
Output characteristics
ON-State Resistance at Rosony.2s |- 135 |- mQ | P_7.5.14.1
T,=25°C T,=25°C
ON-State Resistance at Rosiony 150 |~ - 22 mQ | T,=150°C P_7.5.14.2
T,=150 °C
ON-State Resistance in Roson)_crank = - 27 mQ | T,=150°C P_7.5.14.3
Cranking Vs=3.1V
ON-State Resistance in Rosunv 25 |- 135 |- mQ | P_7.5.14.4
Inverse Current at T,=25°C T,=25°C
1= -l (now)
40 Rev. 1.10
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Table 18 Electrical Characteristics: Power Stages - 13.5 mQ (continued)
Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition
ON-State Resistance in Rosinv_ 150 |- - 27 mQ |V P_7.5.14.5
Inverse Currentat7,=150 °C T,=150°C
I = -l nowm)
ON-State Resistance in Rosrev.2s |~ 27 - mQ | P_7.5.14.6
Reverse Polarityat T,=25°C T,=25°C
Vs=-13.5V
I == (now)
Rsense = 1.2 kQ
ON-State Resistance in Rosrev, 150 |- - 43 mQ |V P_7.5.14.7
Reverse Polarity at T,=150°C
T,=150°C Vs=-13.5V
I ==l (now)
RSENSE =1.2kQ
Nominal Load Currentper |/ o) - 4 - A b P_7.5.14.8
Channel (all Channels Ta=85°C
Active) T,=<150°C
Output Leakage Currentat |l o s5 |- 0.04 (0.2 pA Y P_7.5.14.9
T,=85°C Vour=0V
Vin = “low” and
OUT.OUTn =0;s
Ta<85°C
Output Leakage Current at |/ opp 150 |- - 16 HA Vour=0V P_7.5.14.10
T,=150°C Vin = “low” and
OUT.OUTn =0;s
Ta=150°C
Inverse Current Capability I in) - 4 - A b P_7.5.14.11
Vs<Vour
IN = “high” or
OUT.OUTn =1z
Voltage Slope
Passive Slew Rate (e.g. for  ||dVour/dt| |- - 10 Vius | P_7.5.14.12
Half Bridge Configuration) Vs=13.5V
Voltages
Drain Source Diode Voltage | |Vpspiopg| |- 500 600 mv | P_7.5.14.13
[.=-190 mA
T,=150°C
41 Rev. 1.10
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Table 18 Electrical Characteristics: Power Stages - 13.5 mQ (continued)

Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition
Switching Energy
Switch-ON Energy Eon - 043 |- mJ |V P_7.5.14.14
Vs=18V

SRC.SRCn =0
PCS.PCCn=0;s
Switch-OFF Energy Eore - 052 |- mJ |V P_7.5.14.15
Vs=18V

SRC.SRCn=0g
PCS.PCCn =0g

1) TPl - RiIERIT.
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BT, SR RERIFEER, SEFRIPEMERIEER TEEIER. & GND # Vs 5|k @8,
R BRI EA,

8.1 TR R

TSNS MBERE T AT IRFRIFEBE (7)) MEISTRFRIFEBE (T ow)o =RE T, BT HAP—
NEE (Trmes B Toow ) BY , HEROEERGWKE, LABGLEHIR, #HMA) WRNDIAG.WRNn B UFHTEIR
ENEERR. BEREXARES, HIEILE THEIIR 19 PR ER %M. 1THWME 25 iR (454l
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counter | 0 1 2 | >
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»
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Figure 25 Overtemperature Protection (Absolute)
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Figure 26 Overtemperature Protection (Dynamic)
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FRUEHYEEE Vos B THIEFE

¢ lyowgwhen Vps <13V

U /L(OVLl) when Vps>22V

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

Overload threshold variation ("1" = I gy, )@ Vps =5 V)
11
lyovioy OCR.OCTn=0
1 — — i === OCR.OCTn=1
0.9
0.8
0.7 4 {
i - yowy
B8 | | e ———
0.5 b ], ] -
0.4
0.3
0.2
0.1
o } | } )
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Drain Source Voltage (V)

Figure 27 Overload current thresholds

Lh=low (HowoTliowy) BT, BEXF, BEA LIRIESE 8.3.1 ERH AN E R RIREN B,

8.3 R E BRI RPN 12 BALE
EEMARIPNEINSESE (FRSEHE) =L 3MITH:
o ZRMMRVEEXHE, WERITEREZREE

¢ ZRMBENERRFIGENSES

+ tHNHWRNDIAG.WRNn B E L. HFHFEIIEL,

MR RIPVIGIER AR R 19 FAARMER &4, NEEr UBEXITH. #ERBEZITEEE
EAH” ( RCD.RCDn BEfIZE0:).
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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 BERER
% INx Z{ouT.ouTn BUN“E”, HNIEETF. ERERHET, MHEAEXF, BERBERERF
MEIRNER"KENAAYER (IWFR 19 ) WRNDIAG.WRNn LN AUTHAEIE L, LHNIHRIEESHE
‘;%Elzﬁ#E.WRNDIAG %&qkﬁg; )UUWRNDMG?&;%B/%, B/%E”Eh:tﬁ nRESTARTCR Elﬁﬁ"ﬂi’lﬂ(:u; Ali/}ilf,

fWRNDIAG.WRNn BRE(L, MNRAFEENER, AJLUBETISERCD.RCDn A 15 REAE(
ZRCD.RCDn BN 189, ERITHBERE(L, HBEXFIBFIKSE, #HNAYERRDIAG. ERRn
U B, BIIKE SPI {iHWCR.CLC RKEMREFUESRNITHRBE 1. - MRBASIBAF
OUT.OUTn {NENIN 1s , BEEEIHWCR.CLC IEL/EIAMTH. NARMEXAZGEE BB
poREYE], MARMHFESFR> tern BEEFTBTHE

E R HRIEUN & 28Ff7Ro
IN/ ceee —
OUT.OUTn T_I .
t
Short circuit T e -
to ground I I »
t
t> tretry
- -
‘AA-AM L A [ ,
0 0 t
Internal . o
e | 2 5N 0 I R s | N B | T
0 0 t
K I’
WRNDIAG.WRNn Il 1 ol 1 1 I_l 1 0 I
Read WRNDIAG < LZD t/g t
RCSRCS“Il 2|3|4|5]6| 7 llll{ 7 |_| 1 0 |
HWCR.CLC = 1,4 RCD.RCDn = 1,4 HWCR.CLC = 1, % ;
Y Note: Maxim um peak current depending onsystem impedance Protection_Restart.emf
Figure 28 Restart Strategy timing diagram
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Figure 29 Restart Strategy timing diagram in Limp Home
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Figure 30 Reverse Battery Protection (application example)
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hivow) o TERZFAFPEET FEIRAN/SN R FBIRAY, RINGEASMBMGEIZR ZIRE (W0 8 11 & FFARR R
B D) RAEREEH N HBRIR AR,

b HREGEEZX, BHTTERRERTL, VS MG S IRYFSP & irts. XA L X
EEEHIF TS SEIFIRANE, A& IFIXX[EISTDDIAG » U5}, LHI FIHIBIRAE 1A,
XERE T Z AN TIR o

8.5.2 MHZEK
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RIPFBSFHESE

Voo=3.0VES55V,Vs=6V ZE 18V, T,=-40°C & +150 °C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C
M R4 2 AR M A EHEZEE M. BRIESIMRER):

5.5mQ:Ri=24Q
13.5mQ:Ri=3.4Q

8.6

Table 20 Electrical Characteristics: Protection - General
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Thermal Shutdown Tyass) |150  [175  |200 |°c  |™? P_8.6.0.1
Temperature (Absolute) See Figure 25
Thermal Shutdown Tovsees) |- 30 - K 3 P_8.6.0.2
Hysteresis (Absolute) See Figure 25
Thermal Shutdown Tom) |- 80 - K 3 P_8.6.0.3
Temperature (Dynamic) See Figure 26
Power Supply Clamping Vs(cLamp)_- | 33 36.5 42 v lvs=5 mA P_8.6.0.6
Voltage at T,=-40 °C 40 T,=-40°C
See Figure 20
Power Supply Clamping VsicLamp). 2| 35 38 44 v 2 P_8.6.0.7
Voltage at 7,225 °C 5 ls=5mA
T,225°C
See Figure 20
Power Supply Voltage Vsis) 20.5 225 245 |V 3 P_8.6.0.8
Threshold for Overcurrent Setup acc. to AEC-
Threshold Reduction in case Q100-012
of Short Circuit
1) 1XThEEMK,
2) {N1E T,=150°C BFMizto
3) gl - BRIt
8.6.1 {RIFEBSKFMESE - spoc™
Table 21 Electrical Characteristics: Protection - SPOC™
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) BN - BRIt
R 50 Rev. 1.10
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8.7 FIFBSFUSE - HERBHSK

Voo=3.0VE55V,Vs=6V E 18V, T,=-40°C & +150 °C
BARE: Vpp=5.0V, Vs=13.5V, T,=25°C
Mt A2 AR M A EEEE A E. BRIESIMRER):

55mQ:R=24Q
13.5mQ:Ri=3.4Q

8.71  RIFTHFHHL - 5.5 mQ
Table 22 Electrical Characteristics: Protection - 5.5 mQ
Parameter Symbol Values Unit | Note or Number
Overload Detection Current |/, gyq 104 116 130 A b P_8.7.13.3
High Level OCR.OCTn= 0g

T,=-40°Cto 50°C

d//dt=0.4 A/us
Overload Detection Current |/, oyq 87 97 108 A 2 P_8.7.13.4
High Level OCR.OCTn=0s

TJ =150°C

d//dt=0.4A/us
Overload Detection Current |/, gy 47 56 67 A 2 P_8.7.13.2
Low Level OCR.OCTn= 1g

d//dt=0.4 A/us
Overload Detection Current |/ g3 55 77 88 A 23 P_8.7.13.6
High Level (parallel mode) OCR.OCTn= 0

PCS.PCCn=1;

d//dt=0.4 A/us
Overload Detection Current |/ oy - 71 - A 2 P_8.7.135
at High Vs d//dt=0.4 A/us
Overload Detection Current |/ oy j5) |- 71 - A 2 P_8.7.13.7
Jump Start Condition OCR.OCTn= 0g

Vs> Vsys)

d//dt=0.4 A/us
1) MXRE T,=-40°Co
2) Tl - BRI\,
3) IL(OVL3) EHA :_F_/l\ﬁﬁo #H%Hjﬁ/l\ﬁﬁleé\ EEiﬁ IL(OVL) <2x IL(OVL3)°

Rev.1.10

IR 51

2021-03-23



BTS72220-4ESE

(infineon

SPOC™ +2
fRip
8.7.2  fRIPIHEHHLE - 13.5mQ
Table 23  Electrical Characteristics: Protection - 13.5 mQ
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Overload Detection Current |/, oyiq) 55 62 69 A b P_8.7.14.3
High Level OCR.OCTn= 0g
T,=-40°Cto 50°C
d//dt=0.4 A/us
Overload Detection Current |/, gyq) 46 52 58 A 2 P_8.7.14.4
High Level OCR.OCTn= 0g
T,=150 °C
di/dt=0.4 A/us
Overload Detection Current |/ o) 27 32 36 A 2 P_8.7.14.2
Low Level OCR.OCTn= 1g
di/dt=0.4 A/us
Overload Detection Current |/, o3 29 41 47 A 23) P_8.7.14.6
High Level (parallel mode) OCR.OCTn=0g
PCS.PCCn=1;
di/dt=0.4 A/us
Overload Detection Current |/ oy - 38 - A 2 P_8.7.14.5
at High Vs d//dt=0.4 A/us
Overload Detection Current |/ oy ys |- 38 - A 2 P_8.7.14.7
Jump Start Condition OCR.OCTn= 0g
Vs> Vsys)
di/dt=0.4 A/us
1) MR E T,=-40°Co
2) Tl - BRI\,
3) IL(OVL3) ERF—MEE, HENENMEEDER IL(OVL) <2X IL(OVL3)°
52 Rev. 1.10

IR

2021-03-23



DTST2220-4ESE (Infineon

U
9 U

HFIZUTERY, BTS72220-4ESE 7E5IM IS MR MEMRAF, FHiEISPHRMHIZHIRIG. tNREAIZ

7, 1S SIS ERNEMES. SEMRIEMKIE S RE Bt SPI#ITIES,

NREABREEIZET, WADIE IS 5IHIFRRIER > BHEZACMEBPE Reensco Rsense BT 820 Q
(3 400 Q , Y EEERREMPARIEFRIFE) , LIRHGIRRREREPHNINERIGRL, HEER

Rsense = 1.2 kQ o

BT IS 5IMMV B EBEZERANERERE, NREMISEHRERNEMMHERERARENEIRMHE, N

RIS IS 5| RS 1% & a0 N B i o

S E 31 FAEEERIER, BXFRETRA THIZERIE, 1SR &1 9.2
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Figure 31 Diagnosis block diagram
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9.1 Bk

R 24 12ftY BTS72220-4ESE IZ1THERN T, IS5 EMSERE.

Table 24 Diagnosis feedback, Function of Operation Mode

(infineon

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

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

> Vs- Vps(sp) Y Y4 0 0
Sense verification? X lswer) X 0
Normal operation |High/1s [~Vs hs= unom / Kius 0 0
Overload ON <Vs hs=1/ ks 0 X
Short circuit to GND ~GND Z 1 1
Overtemperature Z Z 1 X
Short circuit to Vs Vs hs<I./ ks 0 0
Open Load ~ V53) hs=lsen) 0 0
Sense verification? X lswery X 0
Under load (e.g. A hs@en < hs <L wom/ ks |0 0
Output Voltage
Limitation
condition)
1) I _ERIEEPE,
2) DCR.MUX =101g
3) HHBRBIUNT Loye
4) HHERGBRAKRT I oo
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9.2 SPIIZHR

BT SPl IR A XS NEERSHIZH{EE, WwRNDIAG FIRME THEES. TR EHE S RITEES,
TR iE{E S PiZFTWRNDIAG. WRNn fiI, FiEESPIIEEUERRE/XWRNDIAG , BRIEAREBIRKERR
], FEBEBRKFEP. RIPPIFEEHSPIFESHWCR. CLCERR.

9.3 ON K& T2l

HHEUTHRMEE, 510 IS MRS B RALLFIRIER (b= kus=1/1s) -

v ERIBRHITH, HE Vos < Vosss BT,

v ZIBERIZETE/EEEN

o REWE (405 8.3 F FTiR)

WNR{EF DCR . MUX (ILIERRIBIEFE A E “BE"HRIE, IS 5IMERFFRNE N SASKE.

9.3.1 BRI (kus)

MRS ERUR T REMATEBR. s b8/ BHEREMEEN, BEEXFIBFEER (s o SR
HEEHEFE (LEE0A) , MIBERARMETR sev (ZH. ZEBEN) . ZFHWE 33 Fix.
IERARIBAEM ks &6, MEALLN B REE = FE9T .

ENAE 1S 5IMIF0 MCU B9 ADC 3INS I BN Z [BIfE RSN FE R IR 2R, LURIMESSURMIR: (RINFERIE
RN ER/NETE L ps) o

kus REVIEEIREBEZ R T RE. HBEBENFIETZHNEMN, EMENERXKIEAN, afUERE
IS BIBRERE:

v EEFHIFELNEERE, 7L IRL FARAE X B XEHRYERR (ucw)o

o NE IS 5IFIXYRZBYERIARFFITER ks (Kius @ fucan)

v TEM fuean s Bl hieao n BIBBTESEEIA, ks FTF ks @ lucays PRIEE X 0kws

BOES ks FREERE 32 2R E, B MkustEE

kiis@I Kiis@I
leggrs max = 100 MAX( wis®licant ) Kis®lucan 1)

kiLis@IycaL) ’ kiLis@Iycar)

ki s@I kis@I
Aysgs i = IOO-MIN( is®lieant | Fs®luecan s 1)

kiLis@Iycar) " kiLis@Iycary

o, s ant

Figure 32 Akscalculation formulas

FRAERLTE Taeny = 25°C BY 1T B2 A ks EIEMIucay Bl lucan w BURERB N BIRRZ.
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Diagnosis_OLON.emf

Figure 33 Current Sense Ratio in Open Load at ON condition

9.3.2 BAREZRE S

BTS72220-4ESE NEFEER T — MNEEMRIF LR E AL, PIEFMAEERC N B REEIEZEIZES I/ 1S,
BB SPI 1728 DCR.MUXIEHE, HNEBRBAI LIS SPI & 7728 DCR.MUX 2, BRREZRER
J|FANRIESE E 34, ILHh, DCR.MUx SHEAM SPI (UL EFERUFUREFNELINEE, HTHRIER
T UER{ETE ON #1 OFF KA THYIHAE, SRAHRM THIMISIERTC, ZUERT, BRI ERM
FiEXHIBIR hsver, SERBENAHZHFILRK, XFEMCUBETS KBTI IEBRRFRRZ,
DCR . MUX=1015 BY /5 FA BB SR SR A% 4 MBS SE AR 0,

FrEMIIhEEFIFE < H DCR . MUX {iAEXEXAYE0T:

+ DCR.MUXTFEINREEINIREBMRIFLIRE Fi2s

+ I8E PCS.CLCS = 1Ak 8 ¥ DCR . MUXIE R RYIBIE X 7]
+ I&E PCS.SRCS=13, DCR.MUX EEFHBEMNRERSHNT,
BERABNET 7.4.1 THREZAT

+ JEEY RCS.RCSnfi[BY, DCR.MUX IEFEMIEERINERITEERAVRESE ML,
v &8 DCR MUX =101s;, EBFNIEXZEBEH

¢ i&E PCS.SRCS=1b, DCR.MUXZEHBENRIXGELER
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CSN
DCR.MUX | 110 I 001 | 010 I 110

tsl S(ON), tsl s{cc) tsIS[UFF'

Figure 34 Current Sense Multiplexer Timings

Diagnosis_MuxTiming.emf

9.4 OFF K& T2k

HINREHRATOFPRESES, BTS72220-4ESE AILUNEXMIHBEHRKESHEREHITER. X,
ER—LMIMIIMNR T (FRIERFAMBEIYHRA LHIBRR) » BMAILUGNA RS ERHEEHFEN
R R

9.4.1 EREEFX

ATHNERERE vs RR , REATESBRIENRIFX. BmE5IH ouT 5 vs &F ON KRB LR 4T
BB, EMEEMETIRE, XmIRER GK) , MEZENDIRE. Hlt, BRREESER
HNERTFAERMEANE, TOFFRET, MHBERHEE Vs, XSBUM Vos o FFXZEEN
BIERME Vos o) S BMFKNEZ RS FI23( DCR. MUX ) ZEAEATIZ BB T F E R BE/[E Vos HITELIR. LLIREE
RAJUTEAREIZHT STDDIAG. SBM FIREN, 54b, FXRFEIENEEe] AN FOFFRZSRY fa EFF BR.
EXMIERT, DUERE— AR _EhiBERR ouT I ZE VS B1EM.

9.5 SENSE BYF¢

35 27RT SENSE BYIRILBY(E] tyson FIEZEFBYIE] tusorn HABINEYF (BIEAHTZUNER) . BF
ENHEBERREZE (FLLTE ton ZH1) TTERILIEAMNES, Ak Lsisipinc) = tsision) + tono

IN/
OUT.OUTn T OFF ON OFF

SENSE 4
ENABLE

Loisioime) Lasi) Lasorr) Lasion) Lasior) t

| / — N

Diagnosis_SenseTiming.emf

Figure 35 SENSE Settling [ Disabling Timing
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9.6 B SR
Voo=3.0VE5.5V,Vs=6VZE 18V, T,=-40 °C & +150 °C
BAAE: Vpp=5.0V, Vs=13.5V, T,=25°C

MRS 2R PE M A EEETIR Y, BRIESIMIER):

55mQ:R=24Q
13.5mQ:Ri=3.4Q

Table 25 Electrical Characteristics: Diagnosis - General

Parameter Symbol Values Unit |Noteor 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 Current lis(oFf) - 0.01 |05 MA 1 21 vom) P_9.6.0.2
when Disabled Vis=0V
DCR.MUX = 1105
SENSE Leakage Current hsenyss |- 0.2 1 uA |V P_9.6.0.3
when Enabled at T,=< 85 °C T,=85°C
DCR.MUX #

<110s,1115>
See Figure 33
SENSE Leakage Current hseny 150 | = 1 2 MA | T,=150°C P_9.6.0.11

when Enabled at 7,=150 °C DCR.MUX #
<110g,1115>
See Figure 33

Saturation Voltage in ks Vsis k - 0.5 1 Vv b P_9.6.0.6
Operation Vs=6V
(Vs - Vis)

INx = “high” or

OUT.OUTn =1;
=2 I nom)

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

T,=-40°C See Figure 20

Power Supply to IS Pin Voisicuamp). | 35 38 44 v 2 P_9.6.0.10
Clamping Voltage at e hs=1mA

T,=225°C T,225°C

See Figure 20

1) T - BRIt
2) MR T,=150°C,

R 58 Rev. 1.10
2021-03-23



BTS72220-4ESE

(infineon

SPOC™ +2
L
9.6.1  IZHTERSHHYE - spoc™
Table 26 Electrical Characteristics: Diagnosis - Thresholds, Timings
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition

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

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

I =1 ey oo

DCR.MUX: 110>

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

.= inowm)

DCR.MUX: 001>

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

IL=1cay

End channel:

I =1 ey oo

DCR.MUX: 001>

0108
SENSE Disable Time tasorn |- - 20 us |V P_9.6.2.5

Vs=13.5V

1= inowm)

DCR.MUX: 010>

110g
SENSE Settling Time after | t5.q - - 20 us |2 P_9.6.2.6
Load Change
SENSE Settling Time after | tys.c) sic |- 250 400 us 2 P_9.6.2.12
Load Change with Small Vs=13.5V
Load Current from .=/ cayto

IL=1can oo
SENSE Disable Time after  |tysorn |- - 20 us |2 P_9.6.2.7
Channel Deactivation
SENSE Currentin Sense lsver) 400 500 600 HA DCR.MUX=101g |P_9.6.2.8
Verification Mode
1) ESHCCER#HITIEEE M1,
2) TN - RIEIR T,
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9.7 IZETE SIS - ThERRMHE

Voo=3.0VES55V,Vs=6V ZE 18V, T,=-40°C & +150 °C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C
MR R4 2 AR M A EEEE A, BRIESIMRER):

55mQ:R=24Q
13.5mQ:Ri=3.4Q

9.7.1  ZHThIERBEHLK- 5.5 mQ
Table 27 Electrical Characteristics: Diagnosis - 5.5 mQ - high range?
Parameter Symbol Values Unit |Noteor Number
Min. |[Typ. |Max. Test Condition

Open Load Output Current |/ 44 5 20 50 mA |2 P_9.7.13.1
at/hs=4 pA lis=lision) =4 KA
Current Sense Ratio at KiLisoa -65% |5500 |+65% 2 P_9.7.13.4
I =l lL2=20 mA
Current Sense Ratio at KiLisos -60% |5500 |+60% 2 P_9.7.13.7
I =1l l.os=100 mA
Current Sense Ratio at Kiiso7 -55% |5500 |+55% 2 P_9.7.13.9
I =l l.o7=250 mA
Current Sense Ratio at Kis10 -40% 5500 |+40% 2 P_9.7.13.12
/L:/Llo lo=1A
Current Sense Ratio at Kiisis -24% |5500 |+24% 2 P_9.7.13.15
I =13 l13=2.8A
Current Sense Ratio at Kiisis -8% 5500 [+8% lus=5.5A P_9.7.13.17
I =15
Current Sense Ratio at Kiis17 -8% 5500 [+8% lu7=10A P_9.7.13.19
I =l
SENSE Current Derating | Ak, sy |-30 0 +30  |% | P_9.7.13.40
with Low Current I can)_ oL = Ios
Calibration I can_or_n=lLo7

Ican) oL 1= hoo

Tacan=25°C
SENSE Current Derating | Aksow | -9 0 +9 % |2 P_9.7.13.41
with Nominal Current I can™ s
Calibration I can n= 7

Iean L= s

Tacan=25°C
1) 3R KRC.KRCn =05, XEHEXK,
2) R pcs.pcCn =05 NEHEK.
3) T - IR\,
R 60 Rev. 1.10
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Table 28 Electrical Characteristics: Diagnosis - 5.5 mQ - low range?
Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition

Open Load Output Current |/ o) 4y |2 7 20 mA | P_9.7.13.20
at/s=4 pA hs=lisjo) =4 HA
Current Sense Ratio at K LisoL 70% [1830 |+70% 23 P_9.7.13.22
I =hg lLo1=10 mA
Current Sense Ratio at K 1503 -65% 1830 |+65% 23 P_9.7.13.24
IL= o3 lz=30 mA
Current Sense Ratio at K isos -55% [1830 |+55% 23 P_9.7.13.27
I.= s lLos=100 mA
Current Sense Ratio at K isor -45% 1830 |+45% 23) P_9.7.13.30
I =l l.or=250 mA
Current Sense Ratio at Kis10 24% 1830 |+24% 3 P_9.7.13.34
I =10 hio=1A
Current Sense Ratio at Kis1o -10% 1830 |+10% 3 P_9.7.13.36
/L:/le hi2=2A
Current Sense Ratio at Kiis1s -8%  |1830 |+8% 3 P_9.7.13.39
I= s lus=5.5A
SENSE Current Derating Ak oy |30 0 +30  |% |2 P_9.7.13.42
with Low Current I can)_ oL = os
Calibration I can ot n=lLos

lcay o L= ha

Tacan=25°C
SENSE Current Derating | Akyswowy | -9 0 +9 % |¥ P_9.7.13.43
with Nominal Current lcay™ i
Calibration I can n= s

lcan L= o

Tacan=25°C
1) NS KRC.KRCn =15, (XBHEK.
2) 8 pcs.pccn =05, XEHEK,
3) N1 us FEBRIEKBRETADCHIANGG, kus FFEB .
4) FTFFENE - \RIEIRIT.
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9.7.2 PHThE I HL - 13.5 mQ

Table 29 Electrical Characteristics: Diagnosis - 13.5 mQ- high range?

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

Open Load Output Current |/, (o) 4y 3 9 25 mA |2 P_9.7.14.1
atlis=4 pA lis=lsior)=4 HA
Current Sense Ratio at KiLisor -65% 2500 |+65% 2 P_9.7.14.3
I =l lLo1=10 mA
Current Sense Ratio at KiLisos -60% 2500 |+60% 2 P_9.7.14.5
I =l lez=30 mA
Current Sense Ratio at KiLisos -55% 2500 |+55% 2 P_9.7.14.7
I =1l lLos=100 mA
Current Sense Ratio at Kiiso7 -45% 2500 |+45% 2 P_9.7.14.9
I =l lLor=250 mA
Current Sense Ratio at Kiis1o 24% (2500 |+24% 2 P_9.7.14.12
I.= o lo=1A
Current Sense Ratio at Kiisio -8% 2500 [+8% h=2A P_9.7.14.14
I =l
Current Sense Ratio at Kisis -8% 2500 [+8% lus=5.5A P_9.7.14.17
I =15
SENSE Current Derating | Ak sy |-30 0 +30 (% [P P_9.7.14.37
with Low Current I (ca) oL= o3
Calibration lcany or_n=los

lcay o L= ho

Tacan=25°C
SENSE Current Derating | Akysony |9 0 +9 % |2 P_9.7.14.38
with Nominal Current lcan™ i
Calibration lcany w= s

I cany L= o

Tacan=25°C
1) 3R KRC.KRCn =05, XEHEXK,
2) 3R PCcs.PCCn =0, NEHEM,
3) &M - RIERIT
R 62 Rev. 1.10
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Table 30 Electrical Characteristics: Diagnosis - 13.5 mQ - low range?
Parameter Symbol Values Unit |Noteor Number
Min. |[Typ. |Max. Test Condition

Open Load Output Current |/ o1 4, 0.8 2.6 8 mA |23 P_9.7.14.18
atlis=4 pA lis=lsior)= 4 HA
Current Sense Ratio at K Lisoo 65% (830  |+65% 23) P_9.7.14.19
I.= 100 lloo=5 mA
Current Sense Ratio at K iso1 -60% (830  |+60% 23 P_9.7.14.20
I =16 lLor=10 mA
Current Sense Ratio at K is03 -55% (830  |+55% 23) P_9.7.14.23
I =163 lLo3=30 mA
Current Sense Ratio at K isos -45% 830  |+45% 23) P_9.7.14.26
I=1l0s lLos=100 mA
Current Sense Ratio at K Lisor 30% (830  |+30% 23) P_9.7.14.29
I =l lLe7=250 mA
Current Sense Ratio at K150 -25% (830  |+25% 3 P_9.7.14.31
I=1l s lLos=450 mA
Current Sense Ratio at Kiis1o -10% |830 +10% 3 P_9.7.14.33
I =1 lo=1A
Current Sense Ratio at K is13 -8% (830 +8% 3 P_9.7.14.36
I =13 l13=2.8A
SENSE Current Derating  |Akysoy  |-30 0 +30 (% |2 P_9.7.14.39
with Low Current I (ca)_ oL = or
Calibration lcany ot 1= 1los

Ican) or L= oo

Tacan=25°C
SENSE Current Derating | Ak snomy | -9 0 +9 % ¥ P_9.7.14.40
with Nominal Current lcany= Tt
Calibration I cay_n= I

I cany L= ios

Tacan=25°C
1) NS KRC.KRCn =15, (XBHEX.
2) AR PCS.PCCn =05, (NBHEH,
3) WR1us FERIEKBRNETZADCHIANGG, kus FEEBM.
4) Tl - IRIEIRIT
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BITIMEREO (SPI)

10 BRiTIMEEO (SPI)

BIT/MEEDO (SPI) 2—1T2NIEPHITMNEO, FEHAMERLZ: SO. SI. SCLKFICSN, #§
1B SIF SO B LA SCLK LA TERVIRZRF M, CSN BT FEATERIAIRBIFIA. EIBTE SCLK BY TR
YT S| 4RAE, FHTE SCLK B EFAIBE SO &, S MARIAAIH CSN By EFALRIE, 8fiit
WEBAHRNHEETR T 8 AIAVEERBT A RENVEIE, %3O 2 ¥F 8 (i SPI G HIBHEHTETETRE.

s0 — ll{hiSBXeXsX4X3XzX1X:LSB;)—
sl Mg X s X s XK 4 X 3 X 2 ) 1 X e

CSN

SCLK |||||||||||

time >

SP1_8bit.emf

Figure 36 Serial Peripheral Interface

10.1 SPI SR

CSN- %8
R45ET CSN 5 |HI%ESR BTS72220-4ESE o R ES I FUREBEFEIRE, FAILUHITEIREH. 2 CSN &
FB7IRASH, SCLKF0 SI 5| _LAE RIS SEDIEHZEE, FHH SO BERFIFNBHEE RS

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

CSN M3« =Bk

v NHTE CSN RSB ZEEFIME] 8 NSCLKIESRIEER (1. 2. 3. ...) B, AEis<fEE, R
SCLKITEARIERS, NIEMEIRITE (STDDIAG. TER) NENI, HBIESIEWH AR,

v REBUFFSNEERE R FUFESER.

SCLK - ER{THI$h

ZRNS IARBSBUSEFSREMITM. BITHAN (S) F SCLK BTN AREREmEIBUSES, M
BiTHt (SO) EHRITHHH EADRKIPEERBH. SR IE CSN #EITEMZIREY, SCLKS|Rx Ik
FURBFIRE, BNIEL AR HIER,

SI- BITHEIA

BITRABIBUELS BN, AN, S ERE SCLK NTEAIRI. WASBIEHMREH
A, EHRABIEGL. BESEE 1058 TRESER.
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BITIMEREO (SPI)

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

BHERET 105 TREZER,

10.2 WEPEThEE

SPIEY BTS72220-4ESE /9 8 {iI SPI iR&FIeHHEREINEE, FEULECE P, Z-M&EHHERER CSN E5
MCSN BUE. — 1 esFMISI 55— 1284 SO XEE (BRE37) , UME—I %, HKED
FEZEREHRAFELE. MO M, EHRMEERT MCLK, ZBTEEIZESISE RS M ESMHAISCLK .

devicel device?2 device3

Sl SO sl SO Sl SO
MOSI —>{}—>» SPI —>»[+—11+—» SPI —>»[F——{1—» SP| —»[1—

ARE ANE AN
© bt © 3 v %

MISO <

MCSN >

MCLK >

SHA_DaisyChain_1.emf

Figure 37 Daisy Chain Configuration

SPIEE M RHUMIIEERTP, B— 1M BIFEFS, S 1SCLKEY, &SI e MU, {iITE SO
S EfBH, £53/\1SCLK AR, — M e8HMEIEERTa. TR OHEER, CSN L
AB A e M RIAE MR, THEBEEETR, 2[4 1 BHNMIEESB SN 2, THEHE
RER =234, DAERHFPRBRAU=RS (L, LG, MCSNL&uMTRNE” (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 I_
MSCLK _I 8 clocks I_l 8 clocks I_l 8clocks |_

SP_DaisyChain_2.emf

Figure 38 Data Transfer in Daisy Chain Configuration
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sl X X
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Figure 39 Timing Diagram SPI Access
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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

Table31 Electrical Characteristics Serial Peripheral Interface (SPI)

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

Timings

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

to rising SCLK)

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

to rising CSN)

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

to falling CSN)

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

CSN to SO valid) Cuiso)=50 pF

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

CSN to SO tristate) Cuso)=50 pF

Serial Clock Frequency fscik 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 sk |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 |t 20 - - ns |Y P_10.4.0.11

to Sl)

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

Capacitive Load Cuso)= 50 pF

1) TPl - RiIERIT.
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SPIEITLEFEA SI F1 SO KR UNE 40FF7R. SI £818FR uC Rid KA, SO £&E BTS72220-4ESE 12fH
N, BIEAINZ s R BRI T 2 81 uC &I KV 6s < hio

S —( frame A )—( frame B
50 previous response to
response frame A

Figure 40 Relationship between Sl and SO during SPI communication

frame C )—
response to
frame B

SPI_SI2SO.em

—
7

SPITMYANTE uC L FT— e SMETRENE, TESHINESMWE R, B LUARIBSTDDIAGE
WRNDIAGHH, ¥ FiREFESHIMN, #ANZE FEZ BiBIRERD,
B, RGN HFESNBNIESEYNT:

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

Figure 41 Register content sent back to uC (a)

Sl —( write register A )—( read register A )—( )—( )—
50 —( previous )—( STDDIAG )—( register A )—( WRNDIAG )—
response content

SPI_RWseq_b.emf

read register A new command

register A
content

) o ey
o S o i

SPI_RWseq_a.emf

write register B new command

Figure 42 Register content sent back to uC (b)

B 3 FETRIEN, &IX[E] uC BYM A AR HE T o B W R A i ;
v WMNREEF—MIRHINEIR (10, KR R2SEIEL) , tE43 B
»  BTS72220-4ESE M FHRFEARHE LBEMIFMA4T, WNE 44

o B Vs<Vsup B DCR.MUX#111 , S0E 45Ff7R
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frame A
Sl . _— (new command)
(errorin transmission)
SO —( (previous response) )—( STDDIAG + TER )—

SA_SO_TER.emf

Figure 43 SPIlresponse after an error in transmission

VDD

A

Vbo(po)

S —( frame A )—( )—(
S —( (SO="7") )—( STDDIAG )_(responseframeB

v

frame B frame C

+TER+SLP

).
).

SPI_SO_POR.em

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

A

Vs

Vs(Tp),max

Vs(Tp),min

A\ J

VSMON

STDDIAG.
T| 0 X 1 X 1

»
»

| 0 |

Sl frame A frame B frame C )—( frame D
(response to STDDIAG + TER STDDIAG + TER (response to

SO frame A) +VSMON +VSMON frame D)

Note: Valid if the device is out of Sleep mode. SP1_SO_VSMON.emf

t

Figure 45 SPlresponse in case of voltage drop on battery

T&E 325 TERE R BERY SPI 15D, H13E BTS72220-4ESE E1E F— MR A BN 2,
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Table32 SPICommand Summary

Requested Operation Frame sent to SPOC™ (Sl pin) Frame received from SPOC™
(SO pin) with the next
command

Write OUT register 100dddddg 00ddddddg- STDDIAG or

DCR. SWR =Xs where: 01ddddddg- WRNDIAG

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

Read OUT register Oxxxaaaag 100dddddg

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

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

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

(“xg” =don't care)

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

1) ADDRO # ADDR1 #R1E & 33F X,
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10.6 SPI iZHT B 728
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 IZUnH7FEE - M2
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
1z (default) Deviceisin Sleep mode
STDDIAG.SBM 1 r Switch Bypass Monitor?
O Vps<Vos(s)
I Vps> Vosisa)
STDDIAG.VSMON |0 r Vs monitor
0z (default) Vs always > Vsuy) since last Standard Diagnosis
readout
1z Vs<Vsuyatleast once or Vs< Vsqp)if STDDIAG. TER = 15
R 71 Rev. 1.10
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Field Bits Type |Description
WRNDIAG.WRNn |3:0 r Warning Diagnosis of Channel n
n=3to0 0z (default) No failure
1z Overcurrent, Overtemperature or delta T detected
ERRDIAG.ERRn |3:0 r Error Diagnosis of Channeln
n=3to0 0z (default) No failure
1z Channel latched OFF

1) &0 &% 10.8 LT A XM T ERVIFHIE o
2) FFXRFRUENBEERE Vos s 5 FBIMKRIF ZIRE A28 DCR . MUX ) IEERIZBE IR ERIRHIERE Vos i
1TEEER,

H

10.7 SPI ELE & 7728

TRIFHT FESENFFHIMAUMNZ R,

%33 FEREN

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 iRt EIELENR, W FIREIES, ©RIEXBMUN—EE5,
2) X FBENOUT HFESDCR. SHR = x, X1 FiEEVIHUEDCR . SWR = 05 6

Table 34 Configuration Registers - Write Commands RB-0

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

1) OUT.OUT4#T#! EDO 3|HIRYZ IR,

Table 35 Configuration Registers - Write Commands RB-1

Bit 7 6 5 4 3 2 1

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

R 72 Rev. 1.10
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Table 35 Configuration Registers - Write Commands RB-1

Bit

7

6

5

4

3

1

0

Name

SWR 7

RB

ADDRO

3

1

0

PCS

1

PCS.PCCn

PCS.CLCS

PCS.SRCS

HWCR

0

0

HWCR.COL

HWCR.RST

HWCR.CLC

ICS

1
1
1

=)

0

ICS.CSRn?Y

X |kh|lo|r

DCR

1

1

1

DCR. SWR

DCR.MUX

1) BlEWH1

O |R|k|Rk |k

8 LUT fi# A XREM I ERIFAER.

Table 36 Configuration Registers - Read Commands

Bit

7

6

5

4

Name

7

6

5

4

ADDR1

ouT

RCS

SRC

OCR

RCD

KRC

PCS

HWCR

ICs

DCR

oOjlolo|lo|jojlo|o|oo|O |O

X | X | X [ X | X | X [X [X |X|[X

X | X | X [ X | X | X [X [X |X|[X

X | X | X [ X | X | X [X [X |X|[X

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

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

R R |OlOlOjO|O|O

| O|O|Rr|H|O|lO|R|O|O

IR
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Table 37 Configuration Registers - Responses
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Bit 7 6 5 4 3
Name 7 6 5 4 Default
OuUT 1 0 0 OUT.OUTn? 804
RCS 1 0 0 0 0 RCS.RCSn 80u
SRC 1 0 0 1 SRC.SRCn 90w
OCR 1 1 0 0 OCR.OCTn COx
RCD 1 1 0 0 RCD.RCDn COx
KRC 1 1 0 1 KRC.KRCn DOy
PCS 1 1 0 1 PCS.PCCn 0 DOy
HWCR 1 1 1 0 0 HWCR.COL |HWCR.SLP |0 E2n
ICS 1 1 1 0 0 0 ICS.INSTn EOn
DCR 1 1 1 1 DCR.SWR |DCR.MUX F7y
1) OUT.OUTA4#zH EDO 5|BIRZ RS,
Field Bits Type |Description
RB 6 rw Register Bank

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

1z Read/write to other registers
OUT.OUTn 4:0 rw Output Control Register of Channeln
n=4to0 0z (default) channelis OFF

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

001 Restart counter value = 1

010g Restart counter value = 2

011g Restart counter value = 3

100; Restart counter value = 4

101; Restart counter value = 5

110 Restart 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

lg  Adjusted Slew Rate
OCR.OCTn 3:0 rw Set Overcurrent Level for Channeln
n=3to0 0g (default) High level of overcurrent threshold / v

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

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

1z Low range of current sense ratio
R 74 Rev. 1.10
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Field Bits Type |Description
PCS.SRCS 0 w Set Slew Rate control for Channel selected by DCR . MUX

0z (default) Normal Slew Rate
lg  Adjusted Slew Rate

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

PCS.PCCn 32 rw Parallel Channel Configuration

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

0l OUTO+OUT3 arein parallel configuration

10s OUT1+OUT2 arein parallel configuration

11g  OUTO+OUT3 and OUT1 + OUT2 are in parallel configuration

HWCR.CLC 0 w Clear Restart Counters and Latches
0z (default) Restart counters and latches are untouched
1z Restart counters and latches are reset for all channels

HWCR.RST 1 w Reset Command
0 (default) Normal operation
1s 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=3t00 4 bit Checksum is written to this register
ICS.INSTn |10 r Input Status Monitor Channeln
n=1to0 0z (default) Inputsignal is “low”

1z Inputsignalis “high”

R 75 Rev. 1.10
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Field Bits Type |Description
DCR.MUX 2:0 rw Set Current Sense Multiplexer Configuration in OFF state

000s1S pin is “high impedance”

001;1S pinis “high impedance”

010g1S pin is “high impedance”

011gIS pinis “high impedance”

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

110;1S pin is “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

001z Current sense of channel 1 is routed to IS pin

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

0115 Current sense of channel 3 is routed to IS pin

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

110g1S piniis “high impedance”

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

DCR. SWR 3 rw Switch Register
0s (default) Registers OUT, OCR, KRC, HWCR and DCR can be written
1s Registers OUT, RCD, PCS, ICS and DCR can be written

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

BTS72220-4ESE #R—ME—NEEMNFERE, AXRIRFIREFEFRRINNBTHEINESR, XNFRIH
HEED, EREN, XERREMNFAAREENR. REMITEE— N ERENTIFERIEITH.
BT itEMEE IR 39 iR, SPIENIRLERE AN 1CS.CSRn , 4URIEE NICSTHFEEH, %25
HIEEM—REL, EEZEReIUET—1sTDDIAGH %KEY, {iISTDDIAG.CSVHHIHELS, STDDIAG.CSV
T—""STDDIAGK BFFIIEE. WIR 1cs FEFHARSN, WM LR AH B{USTDDIAG. CSV
= 05 o SNRTEICS.CSRNZEHNEITIEN BES5 NBIESTDDIAG. CSVZATIRENEY, REEFMIGIETR.
STDDIAG.TER B Rt—FSTDDIAG.VSMON BN T 1s o FEXLEERT, KIFILIELE
N EFFo

Table38 Conventions for parity calculation

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

OoDD 1 0

Table39 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

Table40 Checksum calculation bit matrix example

Name

3

2

OCR

RCD

KRC

SRC

HWCR/PCS

0
1
0
0
0

OO |R|O|(K

ol r|lo|lo|lm

[N NelNelNolNolN-)

Parity

even

odd

even

odd

ICS

IR
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HERABSPHER B4 (RR(EN G 12(F) l&R154,
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Table41l SPlcommand quick list

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

SRC 0xxx1001s

OCR 0xxx0100g 1100dddds 0
RCD 0xxx1100s 1100dddds 1
KRC 0xxx0101; 1101dddds 0
PCS 0xxx1101g 1101dddds 1
HWCR 0xxx0110s 1110dddds 0
ICS Oxxx1110g 1110dddds 1
DCR Oxxxx111g 1111dddds X
WRNDIAG 0xxx0001z

STDDIAG 0xxx0010g

ERRDIAG Oxxx0011s

1) x=don’t care bits.
2) d=data bits.

3) DCR.SWRIIEFFHRBEIRE, XWTFiEZ 728 DCR. SWR (iR —EF 5

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

11.1 M AERE - spoc™

V
— w1

Micrbdtiortirotieroller

*See Chapter 1 ,Potential Applications”
**See Chapter 11.2 , External Components”

Figure 46 Application Diagram
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Table42 Suggested Component values

Reference Value Purpose

Ryop 470Q Device logic protection

Rin 4.7kQ Protection of the microcontroller during overvoltage, reverse polarity
Guarantee BTS72220-4ESE output OFF during Loss of Ground

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

Rsense 1.2kQ Sense resistor

Ranc 4.7kQ LC-ADC voltage spikes filtering

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

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

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

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

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

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

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

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

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

Cust 100 nF Battery voltage spikes filtering

Cus2 - Filtering / buffer capacitor located at VBAT connector

Cuss 100 nF Battery voltage spikes filtering

Cusenp 22 nF Battery voltage spikes filtering

Cour 10nF For improved electromagnetic compatibility (EMC)

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

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

Rep 47 kQ Output polarization (pull-down)

Ensure polarization of BTS72220-4ESE output to distinguish between Open
Load and Short to Vs in OFF diagnosis

RoL 1.5kQ Output polarization (pull-up)
Ensure polarization of BTS72220-4ESE output during Open Load in OFF
diagnosis

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

FHBEE L R EFEFIBTST2220-4ESE AV T a5 14, AIEE B LEZE, LIBIRESTBELIE
1t (BIIRIEE BHES) T, FiETes IS TE T BERAITE,
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1) DOES NOT INCLUDE PLASTIC OR METAL PROTRUSION OF 0.15 MAX. PER SIDE
2) DAMBAR PROTUSION SHALL BE MAXIMUM 0.1MM TOTAL IN EXCESS OF LEAD WIDTH
3) DISTANCE FROM CENERLINE EXPOSED PAD TO PACKAGE CENTERLINE

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

Figure 47 PG-TSDS0-24 (Thin (Slim) Dual Small Outline 24 pins) Package drawing
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Figure 48 PG-TSDS0-24 (Thin (Slim) Dual Small Outline 24 pins) Package pads and stencil
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Table 43 BTS72220-4ESE - List of changes

Revision Changes

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

General: updated (ReverSave™ >

ReverseON) General: updated (channel

description)

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

Chapter 1 updated (Potential Applications updated and Product Validation added)
Harmonization of Application Diagram (Figure 1, Figure 46)
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