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Overview

Table 1 Product Summary

Infineon

Parameter Symbol Values

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

Minimum Operating voltage (cranking) Vsiuy) 3.1V

Maximum Operating voltage Vs 28V

Digital Supply voltage Voo 3.3Vor5V

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) Robs(on)_150 ImQ

channels 0 and 3

Maximum ON-state resistance (T, =150 °C) Ros(on)_150 22 mQ

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 /.= linowm) Kus 2500

channels 1 and 2

Serial Clock Frequency fscLk(max) 5 MHz
3
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Block Diagram and Terms
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Figure2 Block Diagram of BTS72220-4ESP
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Pin Configuration
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Pin Configuration

3.2 5| HE X FIThEE

Table 2 Pin Definition

Pin Symbol 1/0 |Function

EP VS - Power Supply Voltage

(exposed pad) Battery voltage

1 GND - Ground

2 VDD - Digital Supply Voltage

3 SO 0 Serial output of SPIl interface

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

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

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

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

8,9 INn I Input Channeln

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

12 IS ) Current sense output signal

21-24 |OUTn 0 Outputn

19-20 Protected high-side power output of channel n

17-18

13-16

1) BEFIERL S BT PCB EERTE—iE, BERNFTEML S MIYEAERE . PCBELLIILITK

RES AR B Ao

Datasheet

Rev. 1.00
2022-04-05



BTS72220-4SEP
SPOC™+2

General Product Charateristics

4 = m— R

4.1

Table 3

BN ERATEE - B

Absolute Maximum Ratings®

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

Infineon

i

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(Lo) - - 35 \% suppressed P_4.1.0.3
Load Dump
acc. to
ISO16750-2
(2010).
Ri: 2Q
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  |Renpaccording |P_4.1.0.9
to Chapter 11
Current through VDD Pin Ipp(rev) -10 - 30 mA  |[t<2min P_4.1.0.10
Counter Reset Delay Time after | 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
Datasheet Rev. 1.00
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General Product Charateristics

Table3  Absolute Maximum Ratings (continued)

T,=-40°C E +150 °C; A BEH U AESE, ERRANIE (FESEINE)

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 Tse -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 | Vespgm_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) &R - RIBIGIT,

2) EADIFM V, AT Latch-Upillist: 5.5 Vo

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

AR

1. UL Z) LI 77 A FER XI5 FE AR LR E s (AT B E B BN RAGE (B T ATFE
Ey o T

2. ZEHBIRIFIIEE S TELEIC TE AT F T HES 1 TR Fo HIEIGRRIUNE L TIEELIEE
Bl RIPIEETES T IELLE B HTIRIETIR 15
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General Product Charateristics

4.2 HITRATEE - THER
421  THEL-55mOiHE
Table4  Absolute Maximum Ratings - 5.5 mQ channels?

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

Infineon

i

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

Maximum Energy Dissipation |E,g - - 100 mJ |/ = 2% vowm) P_4.2.13.1
Single Pulse Ty =150 °C

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

Vs=13.5V

1M cycles
Load Current I - - I owymax | A - P 42.13.3
1) EF&lis - \RIEIR It
422  IHELL-13.5mQiEE
Table5  Absolute Maximum Ratings - 13.5 mQ channels?
T,=-40°C £ +150 °C; FREBEH UMt A SE, EBRANSIE FFEZHEIE)
Parameter Symbol Values Unit |Noteor Number

Min. Typ. Max. Test Condition

Maximum Energy Dissipation |E,g - - 35 mJ (1= 2% nom P_4.2.14.1
Single Pulse Ty0 =150 °C

Vs=28V
Maximum Energy Dissipation |E,s - - 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 vy max | A - P_4.2.14.3
1) TF&li - \RIEIR I

10
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General Product Charateristics
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4.3 TEEE

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(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) TP - \RIER T

2) SNREE Vs Vsext,Lowmin = 3.1 Vo YOSREBIE Vs BN Vsexr Low,mn = 4.1 Vo

3) RIFTHEEM 1%,

R FELEERE TIECER, DAICIEIEBEIERIEETIF, BatFEEESIFItRE 20667
FE THEEH
4.4 PPEHT
AR U F B RYE JEDEC JESDS1 Fr/EE /Y. X THEEZ 15, 15/8]
www.jedec.orgo
Table 7 Thermal Resistance?
Parameter Symbol Values Unit |Noteor Number
Min. |[Typ. |Max. Test Condition
Thermal Characterization  |¥ ;op - 0.6 11 Kw |2 P_4.4.04
Parameter Junction-Top
Thermal Riyc - 0.2 0.4 Kw |2 P_4.4.0.5
Resistance simulated
Junction-to-Case at exposed
pad
Thermal Rin - 26 - Kw |2 P_4.4.0.6
Resistance
Junction to
Ambient

1) TP - \RIERIT.

2) #R4E Jedec JESD51-2,-5,-7, TEEFAXTMBIFRA 2s2p MR E; F2M GRE + %) EEE 2 MRAE 2x70
um Cu. 2x35um Cu) HY76.2x114.3x 1.5 mm R _EFHITIEI. EEEWBERT, RENBRIERETHNS
OB FLIES 58— AREEM. BINETET ,=105°C.  Possipanion =1 W FHETHITH.

Datasheet
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General Product Charateristics

4.4.1 PCBiZ B

70 pm 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™

35 um, 90% metalization™

1,5mm

-
ol

70 um, 5% metalization™

*: means percentual Cu metalization on each layer
PCB_Zth_2s2p.emf

Figure6 2s2p PCB Cross Section

—

JECEC 1s0p / fotprirt
JEDEC 1s0p / B00mm® JEDEC 252p [

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

Figure7 PCB setup for thermal simulations

Solder Pads and Vias

PCB 2s2p vias_TSDS024.emf

Figure8 Thermalvias on PCB for 2s2p PCB setup

12
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General Product Charateristics

4.4.2

AR5

100

BTS72220-4ESx

b
g8
S
iE
g
0.1
— 252D
150 = 600 mm?*
150p - 300 mm?
s 150 - footprint
0.01 T
0.0001 0.001 0.01 0.1 1 10 100 1000
Time [s]
Figure9 Typical Thermal Impedance. PCB setup according Chapter 4.4.1
BTS72220-4ESx
90
e 150p - Ta = 105°C
i \\
70 \
) \\
. \
30
0 100 200 300 400 500 600

Cooling area [mm?]

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

Figure 11 Input circuitry
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Logic Pins

Vo A
Voith)max
Voirhy
; VbiHys)
VoimHymin
>
t
Internal channel
n e'rrla- C a.nne 0 X 1 X 0
activation signal >

t
Input VDITH_2.emf

Figure 12 Input Threshold voltages and hysteresis

B AET LSRG IS S 1728 out S5 fEMA,
1BiY Z 17 2RHWCRAHWCR . COLFRRE (B 13K 35).

+ HWCR.COL = 0g: iBIERYITH o]i81d F72230UT . oUTn 1=HI S E BT 3N 5 | BlZ o

» HWCR.COL=1lg: BHIASIHIA S BT, BENFTHNEER I FF2]00T. ouTn KiTHl, EXH
ECEd, RSP FFssouT FIFH@E, A LLPWMES, AISEIHmEBEPWMES,
S0 2R 35),

FIMNKE (HWCR.COL :OB)%Eﬁ)\E%ﬂSPMﬁE’\J OR4HE, TELimpHomel®IXF (LHISIRIE NI
“B7) , AEEEATHRIARE, ReEBETHmASIMBIEEE, B 13 BRI XEE,

BMNSIHAZIEEFA BT HBNREHTEN, MERMASIH EERN S "BFE, HNH
ICS.INSTn {iE & (I FE BT ERR.
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Logic Pins

|MUX#111| ouTz2 I ouT1 | ouUT3 | OuTo |

] 0] [ o

INo j]:\/ il LN
r
G o
/ —> w
I > &
-~
*—
\ OR
IN1 iy . » 1L
S TTER
F
PRt =
/ —> |1
Is o &
A

LogicPins_InputMatrix_4chnoED_PCC.emf

Figure 13 Input Switch Matrix
5.2 BRINEES| Y

5.2.1 SPI5 |

BITIMEIEO (SP1) B2—1TM2WNITRFHETMIIED, FRMURLL: SO. SI. SCLKFICSN, &1
FLOETHRESZER,

5.2.2 BATIEIUHAN (LHI) 5|8

AT BEfail-safelRT, SRHRME T IITRIVAASIRl. H5IMEMN S IREEE tiinofT, BT
BB WEE. 8lETH6.1.7HET6.1.8 THREZER.
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Logic Pins

5.3

B IEZES|

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

BRME: Vpp=5.0V,Vs=13.5V, T,=25°C

A (D) 31R0 = 1IN

Infineon

i

Table 8 Electrical Characteristics: Logic Pins - General
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Digital Input Voierh) 0.8 13 2 \ See Figure 1l and|P_5.4.0.1
Voltage Threshold Figure 12
Clamping Voltage Im=1mA
See Figure 11 and
Figure 12
Digital Input Clamping VoicLampz) | 6-5 7.5 8.5 v Io=2 mA P_5.4.0.3
Voltage See Figure 11 and
Figure 12
Digital Input Hysteresis Vo) - 025 |- Vv Y P_5.4.0.4
See Figure 11 and
Figure 12
Digital Input Current Ioim) 2 10 25 HA V=2V P_5.4.0.5
(“high”) See Figure 11 and
Figure 12
Digital Input Current (“low”) | I, 2 10 25 HA Voi=0.8V P_5.4.0.6
See Figure 11 and
Figure 12
1) Tl - RIEIgIt.
5.4 BSFEIZES I - S4KIhEE
Table 9 Electrical Characteristics: Logic Pins - Advanced
Parameter Symbol Values Unit |Noteor Number
. Test
Min. Typ. Max. Condition
SPI pins
Voltage Threshold
of Pin CSN
Digital Input Voltage Vserk(h) 0.8 13 2 Vv Y P_5.5.0.2
Threshold of Pin SCLK
Digital Input Voltage Vsiith) 0.8 13 2 \ - P_5.5.0.3
Threshold of Pin SI
Digital Input Clamping Vesneampy | - 7 - Vv 2 P_5.5.0.4
Voltage of Pin CSN lesn=1mA
Digital Input Clamping Vesniciampy) 6.5 7.5 8.5 v lesn=2mA P_5.5.0.5
Voltage of Pin CSN
17
Datasheet Rev. 1.00

2022-04-05



BTS72220-4SEP

Infineon

g

SPOC™+2
Logic Pins
Table 9 Electrical Characteristics: Logic Pins - Advanced (continued)
Parameter Symbol Values Unit ¥ot§ or Number
es
Min. Typ. Max. Condition
ital Input Clampin V. - 7 - V 2) P_5.5.0.6
%tage oFi): Pin SCLR & SCLK(CLAMPL) Iscik=1 mA h
oltage of P CL
%ltal Input l amping VsiicLampy) - 7 - V 2 P_5.5.0.8
Vottage of Pin SI Isi=1 mA
Digital Input VsicLamp) 6.5 75 8.5 v Is=2mA P_5.5.0.9
Claumg Voltage of
PinS
Digital Input Hysteresis of | Vegyuys) - 0.25 - V 2) P_5.5.0.11
Pin CSN See Figure 12
Digital Input Hysteresis of | Ve kmys - 0.25 - v ) P_5.5.0.13
PiR SCLK s See Figure 12
Digital Input Hysteresis of | Vs - 0.25 - v ) P_5.5.0.15
Pin SI See Figure 12
igital Input Current -l 2 10 25 Vesn=0.5V P_5.5.0.10
I%W ’) of Pin CSN SN HA oSN -
ital Input Current -l 2 10 25 Vesn=2.6V P_5.5.0.12
(“fgh”) of Pin CSN CSNE) HA - Ve -
Digital Input Current I 2 10 25 Vsak=0.5V P_5.5.0.14
(“lgw”) DpaL-ulres SCLK(L) pA ScLK _
igital Input Current / 2 10 25 Vsck=2.6V P_5.5.0.16
CRER OB SR SCLK(H) HA | Voax -
?llgltal Input Culrrent lsiy 2 10 25 MA  |[Vs=0.5V P_5.5.0.18
ow”)
igital Input Current / 2 10 25 Va=2.6V P_5.5.0.20
?‘P%gh”g c?f Pin SI SIH) HA o -
Digital Output Voltage V. 0 - 0.5 V Iso=-0.5 mA P_5.5.0.22
(ul 3 fﬁn SO g SO(L) SO .
Digita ut Volta e V. Vop- - V Vv lso=0.5mA P_5.5.0.23
DA it (g tae sor 0.5V P ¥ B
Qutput Tristate Leakage |/ -1 - 1 Veen=V, P_5.5.0.24
CurPent of Pin SO & SO(0FF) HA VC;'hé 0 VDgr -
V(SZSN_: Voo
Vso= Vo
LHI pin
Digital Inp Volta e V 14 1.9 2.6 V - P_5.5.0.25
Th%eshol fPinL §| LHITH) -
%ltal Input C l mping Vimeciavey |- 7 - V 2 P_5.5.0.27
Voftage of Pin LHI Iw=1mA
Dlgltal |I’]put VLH|(CLAMP2) 6.5 7.5 8.5 V ILH|: 2 mA P_5.5.0.28
I(Dllamplng Voltage of
18
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Table9  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 V=5V P_5.5.0.30

(“high”) of Pin LHI Vop=0V

Digital Input Current L 10 24 45 Vin=0.8V P_5.5.0.32

(“low”) of Pin LHI Vop=0V

1) 1XThEEM,

2) Tl - Rt

19
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Power Supply

6 R R

BTS72220-4ESP B MEEIREBEMHHE

v IDHERMEEBEBE (V)

v BFHEEBEBE (Vo)

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

BERBERNEBE, AIPEENERERTRERENSERXINEE F4E%RN:
v REVooEIFRELESPIER. SPIHFSHRFBIMENMIAE
v VIR ENREZXFFEREE, BMEERITRATEEN. —B V2 Vsor , BEMZHER

T

SR vs BBEHBRE

2, MRAEREERT, Vs EHIMBSHE, S Vs< Vo), WRBRAEE

i SPI 5% (IBZHET 6.2 M1ET 10.5 TRREZER) . | 10 2R TIRIERER Vs M Voo BBIREE
EMZHRIEEIT IR,

Table 10 Device capability as function of Vs and V"

Voo = Voo(po) Voo> Voo (eo)
(VDD(po)See P_6411)
Vo= Vgrp) Channels are OFF Channels are OFF

(Vsireysee P_6.4.0.5)

SPI registers reset

SPI registers protected

SPI communication not
available (fscik = 0 MHz)

SPI communication
available? (fscik =5 MHz)

Limp Home mode not available

Limp Home mode not available

Vsirpy < Vs= Vsuy)
(Vsuvy 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> Vsuv)

Channels cannot be controlled by SPI

Channels can be controlled by SPI

SPI registers reset

SPI registers available

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

SPI communication
available (fsc.k =5 MHz)

Limp Home mode available

Limp Home mode available

1) ERINEBEEARER.
2) EANELBEE, T RN STDDIAG.

3) VSR LR ELXHERERE, BE ET 6.2
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6.1 BEER

BTS72220-4ESP BB LI TR IFEL:

v PRERAREC

o SEERR

¢ FYURR

;3= y

¢ BT

¢ BATRUEER

IRFRZ BV IRIRIE A TEEHE

v HFEIR (Voo)

+ INn5|RliZ%E

« LHIZIHNZ%E

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

+ RN F RIS (OUT. OUTn)

v EREFTHERNRS

E 14 B 7 S EMRAVKEE o BTS72220-4ESP 1T A UN—ESHSRER MR IFENMA T, 1k
5, BFREDNEREN Vv HBEBE, ReTUERIERBREEN TN LTk,

B RN SHHEIRBTS72220-4ESPHIS MR (FIET

v EHBEERS

¢ SPIFEFSHRUE

¢« SPIBILRES

o VSR ERERERR (EREREX TEINNE, HtFETERX B S aollE) .
+ VDD 5|BEFERTR (hoo)

K11 BRTEMREET, Vs Voo HEBBE, URER TREZNTIGE (BERKRS, SPHBEMSPIFF
2] o
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BTS72220-4SEP

Infineon

SPOC™+2
Power Supply
LHI ="high"
. Power-up
Unsupplied
Y
DCR.MUX = 111, or SP| Reset LHI ="low"
Stand-by |, Sleep
'y DCR.MUX # 111, " T % LHI ="high"
| |
OUT.OUTn = 1, | | ! |
or INn ="high" | I I I
| | v v
INn = "low" & — — JNn="low” or INn="low" & SPI_Reset _ __ | | | our.ovmn - Oy or
OUT.OUTn = 0 | | SPI_Reset =
: : o MNeshg J : " Limp Home
A | * OUT.OUTn = 1, | : f A A
h 4
DCR.MUX_# 111; or INn="high" |
=== e 1 Ready b= ——Lzhis
Active |-— -2SMX-iniln=llow y INn = "low"
LHI ="high" & INn = "low"
INn ="high"
A &y
LHI = "high" & INn = "high" - lep Home
LHI ="low" & INn ="high" Active

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 Voo < Voolpo) or HWCR.RST = 1s
Dashed lines indicate transitions between mo des which should not be used for normal operation.

PowerSupply_OpModes_emf

Figure 14 Operation Mode state diagram

Table 11 Device function in relation to operation modes, V,pand Vsvoltages
Operative Mode | Function Vs = Vsrp) Vsirp) S 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?
SPlcomm. |all commands available? available?
rejected”
Ready Channels OFF OFF OFF
SPI registers | protected” available? available?
SPIcomm. |all commands available? available?
rejected”
Active Channels OFF OFF follow SPI and/or Input
pins
SPI registers | protected” available? available?
SPIcomm. |all commands available? available?
rejected”
Limp Home / Channels OFF OFF follow Input pins
lerPieeHome SPI registers | protected” reset reset
(Diagnosis available)? | (Diagnosis available)
SPIcomm. |all read-only? read-only”
commands
rejected??

1) yﬂ% VDD> VDD(po)Iz:l:r”JZ:EJFH EE%EEO

2) MEFFBERASIENKENR", SPIBERRIREI
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Power Supply

6.1.1 FKEH

EXFIRES T, B[BEBEAKRME (vS 5|H#IF0 vOD S| ERFEMEE) , BEAGBEBEEYETFHEEAR
[EEE,
6.1.2 ;|

UHA—PMEJREBE (VB Vo) FEMZEISSHE LR, HALBEZE, mMNERYLEH, HEFIEl]S
FREBME Vsor) F Voopo) » EUMLAREB LBIESE L. MEERYIE] twuro) &, PILAIAIR SPI#E,
6.1.3 KRR

HRHEFRNSIHI(NN, LH) B RREBT”, HEDCR.MUXIEE H111ls, GHATFARERER. 5
BTS72220-4ESPTERIRIRTL, FRBE ML X FARS. 0KV

> Voopoy, SPIETTERR A 4RIZ, HAERMRN BUBH hssiern ) o HeHFRTFHREEEET, ZEITRHTE
TRIPHLE BEIEVsS Vs AR Vs5 Vsre) BUBBBSIEEE . BIME Vs < Vsrey, XA T FEETRIZ
6.1.4  FHIERX

Y DCR. MUX # 111, FHBRINEFTHEENIES (BESPIE@EIMAGIH) , [N TFHFNER. FrE
BB KA, BERZBEREBIMELE, RIS MEREEREN. BFIIHF 12 M HHESHE
SHNIT, FEEEFNENER. B LURITSPIE.

6.1.5 HFIER

TESEAT, — M HSMRbARESIAREE (BISPIE@E ISR, SNREWCR.COL =15).
REWLL, BAFDCR.MUX=111;, FRrEMILEXH. BUEEUXEMREUESFHENENENHTT
FiE@iE,

SRR A FDCR. MUX=1115,OUT & 7725 N T H, 0/ T ETE FRIELHN ZEl.
HWCR. COL = 1;.

6.1.6 JERNIET

UERTRARABAE— RS NBLITIF, BTST22204ESPIEEH TR, DHEHA MBS
HlooncnetEe Voo AR HRIE LRORER M ESR R AARIBNARTS, FIEWASIBHREY
R,

6.1.7 BT

Y LHI SIIBEMI S FHIFEE t> tiuo BY, 2EFHEANBITIER, SPIEEREMUNRKIAE, 0E2
¥ ( STDDIAG.LHI) FHIHENANGEEAMN 1. HBIFFEEI T— STDDIAG BN, &I B 15 7T
REZEE, SPI 1785 BT i5EY/i/i8), ERRDIAG. STDDIAG. WRNDIAG 1 ICS A] BT EITIE T
BIIZ 1,

LB TBISRIP (Vs < Voar) ) B LHI SIBIE (I 7“2 "BY, STDDIAG.LHI (i EN, ERHFFASE
HEREERNBITIE, LIPSTDDIAG. VSMON FISTDDIAG. TER 1145 & i AR & Bt BR SR IP
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Power Supply
Vs F 3
Vs(rp)
t
LHI & < tihac)
pin
t
STDDIAG 4
.LHTI
Read STDDIAG Read STDDIAG 4 Read STDDIAG % t
spI 4 tihiac) finigac), Timnac)
comm. I available read-only available all command rejected I
L
registers I available reset available protected I
1 B
l Ll
Note: Device out ofSleep mode when SPIcomm. ,available* . ot
PowerSupply_LimpHomeActive.emf

Figure15 Limp Home Activation as function of Vs

6.1.8 HITEUEIR
L TFHRITIRLER INSIEM S E, #ENBRITESEDR. TR, SEMIERIFEESEERE
8. BT SPIFFLEEN, AULERZRNAR A,
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6.1.9 EXEIBEFZATiE

HBTS72220-4ESPAN FiEHE A BRI TIRIUAY, B8

BN EFEN ERRFMRER N Z —FRE R ERE (W0E 16FA7R) -

BT E B E 8t E X . BTS72220-4ESPEHEE

(infineon

!

tLHIleCP
I.‘ d tWU[PO]
Unsupplie
Y
trransasie o Tinpae)+ Erransosie
»
Stand-b Slee
Y le P
[ LrransasTey I Y T A tLHIikC] + Erransostey
________Enulha;ﬁziav____l | El §| .
Lo | I <=1 Sl Limp Home
| Lorrt Ermansosie [ N |
FP————— e e e e e e ——— 2w A A A
L 4 # 1 l ~l I
tout trransastey L L
M e o e e e ———— d tLHmAJ:J"' trransastay 1
Active F—————= Pore* bpangaste —p Ready F——-=—-==-=-- .
tore + L 2 5
Y
i .
AC)
" Limp Home
LHI(AC) - 2
»  Active
Note: Dashed lines indicate transition timings between modes which sho uld not be used for normal o peration.
PowerSupply_OpModes_Timings.emf

Figure 16 Transition Time diagram

6.2 Vs R &

TE Vsior) 0 Vswy) Z18], RIENGIHREA, MRBOHTE (EEDRAKBRITENE) HEHEBEBER
o HBHATFFHNIRIN. EehRAHBITIRIURY,

STDDIAG.VSMON BEUHBIEEREEN., HRESMARRELXT NEMEMIRESEY, $0EE t = trransastay

FRESE Vswy) » MAERIZIER X Ak @

BYZER, HZF| STDDIAG.VSMON EH%H,
—BHEBBE V. & T IIESE Vsor » HNBENSIHEM S EES our AU EHENE 1. 5B

RIFBo
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BTS72220-4SEP .
SPOC™+2 < |nf|neon
Power Supply

Vs \

Vsiop) y

o

Vst

Vsire)

A4

N4 /-

STOIDIAG.
VSMON

Read STDDIAG 4 Read STIDIAG <4

TER

STDDIAG. T

Read STODIAG<4— Read STDDIAG 4

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

I -
I I I L

Power Supply_UVRVS_ESP.emf

Figure 17 Vsundervoltage behavior

6.3 ER&H

U T&HZ—mIRsPIFEREMNERIAME:
¢ VDD;FZ?EEE{E\E?TEEEHEVDD(PO)

- SPIFEFHRBREMANERIME FEMEME—ERR,
STDDIAG.TER B E 1s)o

- MR V:AAH LHIAE, NERIHHISEERRE L
o LHISIRTE t > timeg B Vs> Vs BRBIB LA
- BEFTEFREMENIIAE. ERRDIAG HIWRNDIAG BREE,
- ERITHESEEREL
v EI#5% (HWCR.RST = 15 ) #BITEV: > Vsrr)
- MREFENREWEENERINME, ERRDIAG. WRNDIAGAH] STDDIAG FARE{,

- BERIHHSRARE L
NREEAEMFGERERAS I HEEL N REFE, WG BEEERExXH.,
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6.4 R SIS

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

HAME: Vop=5.0V, Vs=13.5V, T,=25°C

MR 2B R A EER TR, (PRIEZIMRER):

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

Table 12 Electrical Characteristics:

Power Supply - General

Infineon

i

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

VS pin
Power Supply Undervoltage | Vg 1.8 2.3 31 v Vsdecreasing P_6.4.0.1
Shutdown IN =“high” or

OUT.OUTn =1

From Vps< 0.5V to

Vbs=Vs

See Figure 17
Power Supply Minimum Vsiop) 2.0 3.0 4.1 \Y Vsincreasing P_6.4.0.3
Operating Voltage IN = “high”or

OUT.OUTn =13

From Vps=Vsto

Vbs< 0.5V

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

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

See Figure 17
Breakdown Voltage Vs(rew) 16 - 30 v b P_6.4.0.9
between GND and VS Pins lonp(rev) = 14 MA
in Reverse Battery T,=150°C
1) Trlis - RIER T
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Infineon

i

6.4.1 IR SEHE
Table 13 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 | Vypp0) 1.4 1.9 2.3 Vv b P_6.4.1.9
Reset Threshold Voltage Vopincreasing
Digital Supply Undervoltage| Vppy 13 1.8 22 \ Voodecreasing P_6.4.1.2
Shutdown OUT.OUTn=1;
From V/ps<0.5V to
Vbs= Vs
Digital Supply Undervoltage| Vypys) - 0.1 - v b P_6.4.1.3
Shutdown Hysteresis
Digital Supply Clamping  |Vppcawpy |- 6.5 - v b P_6.4.1.11
Voltage Ioo=1 MmA
Digital Supply Clamping | Vppciampy |6 7 8 \% Iop=20 MmA P_6.4.1.12
Voltage
Power-On Wake Up Time | twuro) - 10 30 pus | 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 | P_6.4.1.5
Mode
Limp Home t i) 10 20 40 us Y P_6.4.1.6
Acknowledgement Time
1) TFlis - RIE= T,
2) R IEEF R, sHOIEEIFEZEMAN.
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6.5

BRI - T RSE

Voo=3.0VE55V,Vs=6V ZE 18V, T,=-40°C & +150 °C
HAYE: Vpp=5.0V, Vs=13.5V, T,=25°C

M2 H BRI HER R Ed. (FRIEZIMREA):

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

Infineon

i

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

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

DCR.MUX #111p
Digital Supply Current lopcve) |- 2.5 - mA |2 P_6.5.30.2
Consumption in Normal fsck =5 MHz
Operation during SPI Vs> Vv Voo
Traffic (Average) =5V Vesn=0

V Cis0) =50

pF

DCR.MUX #111p
Digital Supply Current Ipp(sLeEp) - 17 50 HA fseik=0 MHz P_6.5.30.3
Consumption in Sleep Vs> Vsuy)
Mode Vesn=Vop=5V

DCR.MUX =111
Digital Supply Current Ion(steep) - 17 35 MA | fsck=0MHz P_6.5.30.12
Consumption in Sleep Vs> Vsuy)
Mode Vesn=Vop=5V

DCR.MUX =111

T,=85°C
Power Supply Current lys(sLeer) 85 |- 0.05 |13 uA |29 P_6.5.30.4
Consumption in Sleep Vs=18V
Mode with Loads at T, < Vour=0V
85°C INXx = “low”

T7,=85°C
Power Supply Current Iys(seep) 150 |~ 2 100 pA Vs=18V P_6.5.30.5
Consumption in Sleep Vour=0V
Mode with Loads at T, = INx = “low”
150°C T,=150°C
Operating Currentin Active |lg\ppactive |~ 5 7 mA |Vs=18V P_6.5.30.6
Mode (all Channels ON) Vop=5V

INx =“high” or

OUT.OUTn =1;

29
Datasheet Rev. 1.00

2022-04-05



BTS72220-4SEP
SPOC™+2

Power Supply

Table 14 Electrical Characteristics: Power Supply BTS72220-4ESP (continued)

(infineon

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 =1
Operating Currentin Stand- | Igyp(stay) - 1.25 2 mA  [Vs=18V P_6.5.30.9
by Mode Voo=5V

DCR.MUX # 111
1) SEMEtAEE: 0101010101010101F0 1010101010101010,
2) LM - RIBIE I,
3) NR Voo < Voo LHI ="low” F BRI E S 1HEEE > 0, Iowp(stay) To 225 o
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7 ThEREK

EIAFF X EAHEBRERAN N AEEBINE MOSFET 191,

7.1 b th S EBRE

SIBEPH Roson EBBURTLER 7)o B 18 BREA T, SBEA Roson IZE K, y 1 ERIE 2SR T

1£ 7,=150 °C B NIFFBIER K Roson o

220

2.00

1.80

160 -

140 -

120

Rps(on) Variation over T,

E=S=

Referencevalue:

"2" = Rpgiony max @ 150 °C ;( )

_—

Rpsion Variation factor

1.00 ______...-—
0.80 - I
0.60

0.40

0.20

0.00 -+ T T 1
=40 -30 =20 -10 0

10

20

30 40 50 &0 70 a0
Junction Temperature (°C)

s Typical

S0 100 110 120 130 140 150 160

Figure 18 Rpson Vvariation factor
R AT RERERET 8.4.1,

7.2 IX=h £ &
7.21  WehfEMERAEH
IXzpPRME A EEY, B 19 FiRBYFT AR KA BRI ESR, FFREEEME Fov« Eorr ST1EEEFH. BYE]
ton  torr FIEELS
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IN /4
OUT.OUTn \
Vi
IN(TH) ‘r{ Vinghvs)
A t
Vour
t
90% of Vs ™ p— \
OFF(DELA’
70% of Vs 70% of Vs
/ | (dV/dtlox (dV/dtlose
30% of Vs 30% of Vs
t t;
— ON{DELAY) OFF
t
Powos?
Eon Eore
/ \ >
t

Figure 19 Switching a Resistive Load

IR mh R £
HESOARKARMEREE, BE Vour

7.2.2

ZEEEMBAUT, RNBRSBEKENER. N7 LM

ESEMHE, KRBT BEHUNG HALWRE HMEEBE, 6 Vos=Voscuawm o B 20 BR7HU

LS E, $HAUSHEST 6.1 HAFMEIRFR T RIFE M.

Vs

High-side
Channel
P I
L
Vs Vs
T | Vssicuwe) P} Vos(cLawp)
y IS —
v Y
g P—_
VsicLavp) ouUTn T
,SZ; Voutn
Y
2 L GND ’Lll L,
o« Ru
(=]
o
A J v
* - &
PowerStage_Clamp_INTDIO.emf
Figure 20 Output Clamp concept
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ERM AR EROITER, BEETEBTST2220-4ESP #8l, BEEITEARWT (7.1):

Vg - VDS(CLAMP) R - lL L
E =V . - ‘1[1_ j+1 L 71
DS(CLAMP) [ R, n Ve Vosieranm L] R, (7.1)

RAREE, WIMBATERRNRARR, ZETHRILITIRE],
7.2.3 it EBERE
ATIREERKEREE, FEEIE Vos BE. SRHEBR /O, MEERIZER (&d DcrMUX ¥EE
i - 20E 21) & Vos FTFTTRT Vossof, Hith DMOS WEBD AR, XAIEMMaLS@EE, Fit
BMESRIE EEARARE /N, Vos = Vossig o Vos IBINEREAIQN RS EES E AR T (E, MmEidRER
SEERIRHELFRY ks FEE.

IN/
OUT.OUTn

——»
I 4

CcSs
DCR . MUX 110 I 000 110
>
fL A
J AN >
t
Vos A ‘tSIS(ON]’ ‘tsIS(OFF]’
Vs j
ll"DS[SLC] \ /r_ —‘-\ J

t
PowerStage_GBR_diag.emf

Figure 21 Output Voltage Limitation activation during diagnosis

7.24  REHhBRMHE

SITARMAEHEN, BERFESRAER. BERBUATERE. ESR. RAMBMMIRNZZHIRIE,
NTIREMEFHIREHEES], BTS72220-4ESP IBIH T RIFKIZEHITHEE, HMZF{AL SRc.SRcn NEAIHY,
MEBEENRZERY (EH 7.4.1),
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7.3 B R R FHE

7.3.1 HRBRTH

LlVour> VsBY, BBRWAANDIRBHE (WE22) » XMEGHRITAFEEEBR
MPEELFRARS, BRREBMRE, FEBHERE, DILBEREREAS. XTERSH
RS INBEE TR, MREELT ONRE, TATLIFRED Ros wy B R EINRFEES Ros
on PRIESEIEITHES,

EFEREBEREZET, RBlw<ln, BEMSFRFFBHIXFRS.

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

“'rBAT

3

Vs

1

Gati .
ate I

Driver

I_ | Virw = Vour > Vs
Device INV INV
Logic Comp. ouT -—

=)

GND

[ Ronp |

Powerstage_InvCurr_IN TOID.emf

Figure 22 Inverse Current Circuitry
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/' IN CASE 1: Switch is ON \\ (/ IN CASE 2: Switch is OFF \
ON OFF
t | Ll !
|IL -
NORMAL NORMAL NORMAL NORMAL
-t >t
INVERSE INVERSE
DMOS state DMOS state
3 4
ON OFF
>t =i
\ / - J
CASE 3 : Switch ONinto Inverse Current CASE 4: Switch OFF into Inverse Current \
IN IN
A
T OFF ON ON OFF
>t | >t
IL y L
NORMAL NORMAL NORMAL NORMAL
- t
INVERSE INVERSE
DMOS state DMOS state
4
OFF ON ON OFF
- t
- mt N /
PowerS tage_InvCurr_INVON.emf

Figure23 InverseON - Channel behavior in case of applied Inverse Current

SRR LB EbE], AT E R R T R Yl 2 Y
7.3.2 HTUHREE

SHERZMBEEREN R, REWEN, MMBERREIRTERELS XA, XITREREXH]
HIBERAREARNEE. A TEEXMER, NREANBEEEH, FERRBERD., 7ESPIF
BRI (Pcs. pcen), AJITH@E0&3MBE 1&2FHEX. & PCs. Pcen B, BERIXFANER S
B2 H B RRIP B EFE R oz AR—MBERERRIFFEEIRE AR (OCR.OCTn = 1), U
R MBERID R RIPEEIIFERA Lo HEBEMNESHNITHBLERLHN, REF— 8188
Meestrrcr X2, FMBEEH=XF. BT, BINEBEHKEARNERITHES. NR—M@ERE
FRRZERAEE, (SRC.SRCn = L), BAFHBKKEX THNBEHEGRRFEINGE. SBEHEKBE
(PCS.PCCn = 1), /NEEARIER TR BERSETHEER . LT/ NER TEALLAHISHBETN. &
Z BE19.7 THREZIFR, N7 SHHAKIR TR, ZRAHBKET (Pcs.pccn = 05), FHEX
BENERRFERERAD MRFETRELSERFTERES MBEERREXRMMITE, HFEOBERE, 7
EIBEHEE, BESHERE,
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LEANGBIER, REBREE I wonIGIN— 1. HAHREERHBIEA B PCB LS 4R AR
BiREBFRimEEREERT i,

7.3.3 H fECEN B R RS EN

EMNECE FBTS72220-4ESP AESAA XA (HULSEAFXEXY, NE24FR) , RBOFXHE
MEEEERARELIUET| dVour / dt |0 BN, HEBFFXIRALY, WHEAFTRERELEEXTH
B (MARRERs BN THRB) » XEARXBESERMSH DMOS ZH, BRZHRF,

Vear
1T R/Lcable
VS
T o
ON(DC) o INx i & B ot ingF OFF
1% [l
QUTx OUTy | dVour/ dt|

Cr
Current through Motor l 105
_————

Current
(M)
o/
ON (PWM)
orr % Sptt L

g 7 7 PowerStage_Passive Sew_SPOC.emf

Figure24 High-Side switch used in Bridge configuration
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7.4 IhERK B SIFE

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

MR B AR M A SRS, PRIESIMLEA):
55mQ: R =2.40

13.5mQ:R=3.40

Infineon

i

Table 15 Electrical Characteristics: Power Stages - General
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Voltages
Drain to Source Clamping | Vpsciavp)_40 |33 36.5 42 \Y IL=5mA P_7.4.0.1
Voltage at T,=-40°C T,=-40°C
See Figure 20
Drain to Source Clamping | Vpsciavp) 25 |35 38 44 \Y b P_7.4.0.2
Voltageat T,=225°C IL=5mA
T,=25°C
See Figure 20
1) BT, = 150°C.
7.41  INRFHFRFHE
Table 16 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=0;s
Switch-ON Delay tonpeLay |10 40 80 us |2 P_7.4.2.16
(parallel mode) Vs=13.5V
Vour=10% Vs
PCS.PCCn=1;3
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_7.4.23
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;s
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Table 16 Electrical Characteristics: Power Stages (continued)
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Switch-ON Time ton 30 75 150 us Vs=13.5V P_7.424
Vour =90% Vs
SRC.SRCn =13
Switch-OFF Time tore 20 55 100 us Vs=13.5V P_7.4.2.6
Vour =10% Vs
SRC.SRCn =0g
Switch-OFF Time torr 30 75 150 s Vs=13.5V P_7.427
Vour =10% Vs
SRC.SRCn =13
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=0g
Switch-ON Slew Rate (dV/dt)on 0.15 0.3 0.45 V/us |Vs=13.5V P_7.4.2.12
Vour=30% to 70%
of Vs
SRC.SRCn =13
Switch-OFF Slew Rate -(dV/dt)orr 0.3 0.6 0.9 V/us |Vs=13.5V P_7.4.2.14
Vour=70% to 30%
of Vs
SRC.SRCn =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 VossLo 2 10 18 mv |2 P_7.4.2.18

Limitation at Small Load

Currents

I = I|_(o|_): 20 mA

1) A(dV/dt)sw= ((dV/dt)on- (dV/dt)ore) / (((dV/dt)on+ (dV/dt)ors)/ 2).
2) Tk - IRIEIRITS
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7.5 B - ThEREHE

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

HAME: Vop=5.0V, Vs=13.5V, T,=25°C

MR 2B R A EER TR, (PRIEZIMRER):

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

Infineon

751  DHFEEHR-5.5mO
Table17 Electrical Characteristics: Power Stages - 5.5 mQ
Parameter Symbol Values Unit |Noteor Number
Output characteristics
ON-State Resistance at Rbsion)_25 - 55 - mQ | P_7.5.13.1
T,=25°C 7,=25°C
ON-State Resistance at Rosiony 150 |~ - 9 mQ |T,=150°C P_7.5.13.2
T,=150°C
ON-State Resistance in Rpsion)_crank |~ - 115 mQ |T,=150°C P_7.5.13.3
Cranking Vs=3.1V
ON-State Resistance in Rosin.2s |- 5.5 - mQ | P_7.5.13.4
Inverse Current at T,=25°C T,=25°C

1=l (now)
ON-State Resistance in Rosiw 10 |- - 115 |[mQ |V P_7.5.13.5
Inverse Current at T,= T,=150°C
150°C 1=l (now)
ON-State Resistance in Rosrev.2s |- 11 - mQ | P_7.5.13.6
Reverse Polarity at T,= T,=25°C

Vs=-13.5V

1=l (now)

Rsense= 1.2 kQ
ON-State Resistance Rosgev) 150 |- - 18 mQ |V P_7.5.13.7
in Reverse Polarity at T,=150°C
T,=150°C Vs=-13.5V

1=l nom)

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

Vin = “low” and

OUT.OUTn = 0g

Ta<85°C
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Table 17 Electrical Characteristics: Power Stages - 5.5 mQ
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Output Leakage Currentat |/ orr) 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 |/ 4y - 7 - A Y P_7.5.13.11
Vs<Vour
IN = “high” or
OUT.OUTn =1;
Voltage Slope
Passive Slew Rate (e.g. [dVour/dt| |- - 10 Vips |Y P_7.5.13.12
for Half Bridge Vs=13.5V
Configuration)
Voltages
Drain Source Diode Voltage |[Vpspiopgl |- 500 600 mv Y P_7.5.13.13
[.=-190 mA
T,=150 °C
Switching Energy
Switch-ON Energy Eon - 057 |- mJ | P_7.5.13.14
Vs=18V
SRC.SRCn =0;s
PCS.PCCn=0g
Switch-OFF Energy Eor - 077 |- mJ |V P_7.5.13.15
Vs =18V
SRC.SRCn=0g
PCS.PCCn=0g
1) TFlhis - \RIE1g It
7.5.2  THEBHK-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 Ros(on)_25 - 135 |- mQ |9 P_7.5.14.1
T,=25°C T,=25°C
ON-State Resistance at Rbs(on)_150 - - 22 mQ |T,=150°C P_7.5.14.2
T,=150°C
ON'State ReSIStance |n RDS(ON)_CRANK - - 27 mQ TJ: 150 OC P_75143
Cranking Vs=3.1V
ON-State Resistance in Ros(nv)_25 - 135 |- mQ |V P_7.5.14.4
Inverse Current at T,=25°C T,=25°C
1=l (now)
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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 Rosiw_1s0 |- - 27 mQ |V P_7.5.14.5
Inverse Current at 7,= T,=150°C
150 °C IL=-1\ (nowm)
ON-State Resistance in Roswev).25 |- 27 - mQ |9 P_7.5.14.6
Reverse Polarity at T,= T,=25°C
25°C Vs=-13.5V
1= -1 nowm)
Rsense= 1.2 kQ
ON-State Resistance Rosgev_1s0 |- - 43 mQ |9 P_7.5.14.7
in Reverse Polarity at T,=150°C
T,=150°C Vs=-13.5V
I.= -1 (nowm)
Rsense=1.2 kQ
Nominal Load Current I inom) - 4 - A g P_7.5.14.8
per Channel (all Ta=85°C
Channels Active) T,=150°C
Output Leakage Currentat |/, opp g5 - 0.04 0.2 PA Y P_7.5.14.9
TJS 85 OC VOUT: 0 V
Vin=“low” and
OUT.OUTn = 0g
Ta<85°C
Output Leakage Currentat |/, o) 150 - - 16 HA Vour=0V P_7.5.14.10
T,=150°C Vin = “low” and
OUT.OUTn =0g
Ta=150°C
Inverse Current Capability |/ ny - 4 - A Y P_7.5.14.11
Vo< Vour
IN = “high” or
OUT.OUTn =1;
Voltage Slope
Passive Slew Rate (e.g. [dVour/dt| |- - 10 Vips |Y P_7.5.14.12
for Half Bridge Vs=13.5V
Configuration)
Voltages
Drain Source Diode Voltage ||Vpspiopg| |- 500 600 mv |V P_7.5.14.13
[.=-190 mA
T,=150°C
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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 |Y P_7.5.14.14
Vs =18V
SRC.SRCn=0g
PCS.PCCn=0g
Switch-OFF Energy Eore - 052 |- mJ |V P_7.5.14.15
Vs=18V
SRC.SRCn =03
PCS.PCCn=0s
1) &N - BRIt
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8 RiP

BTS72220-4ESP EFTRFRIP. RMAEIP. RMAEM (7 ReverseON) FEEFRIF. HEHFRATIRE
B, SR REIFEER. SEFRIPEMERIEELTEEER. = 6GND M vs 5|k AHEN,
= 1A BB AR IFEE R,

8.1 TR RF

BRGNS NBERE TEITRRIPEEE ( T)nes) T BRIFEBE (Tiow)o ZRE T, BEHEHAP—
NEE (Types H Toow ) B, HEEDEEGH KA, LUBHLEIRIF, VA WRNDIAG.WRNn i &EF1EEE
BB ERR, BEFREXRIRES, BB THREIR 19 FFHRMNER"EMH, 1THWE 25 Fir (4E3hd
afRIP) B 26 EHELEFRP) o Tiren eSTBFRIPHEERE,

A
IN /
OUT.OUTn
>
t
I’L A
ILiowy
t
A
T,
Ti(azs)
'
A t
ls { “
|| | .
t
A
Internal
counter 0 - 2 >
t
A
WENDIAG.WENn 0 1 0
»
Read WRNDIAG - t
Protection_OT_Restart.emf

Figure 25 Overtemperature Protection (Absolute)
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Infineon

IN/
OUT.OUTn

T,

T)pass)

TJ(sta ri)
TJ[RE Fl

T (DY N)

Internal
Tl 0 | 1 | 2 | 3 I 4 I 5 | 6 |nQE5THT{CR]+1
counter

WRNDIAG.WRHNn Tl 0 |

ERRDIAG.ERRnTl

»
»
t
0| 1 1 1 |
>
Read WRNDIAG -+ Read WRNDIAG - t
: |
'

HWCR.CLC = 1; &

Protection_dT_Restart.emf

Figure 26 Overtemperature Protection (Dynamic)

LERFRIFERATFEBERXRAB, KXRASE 8.3.1F RHEARNERRIEZMEHE.
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8.2 D& RIP

(infineon

BTS72220-4ESP £33 M FE RS Bt IS ZEIMRIP, EX TR NI RFIE (WE 27), FHIRIEIHZEDMOS
FRUEHYEEE Vos B THIERR

¢ lyowywhen Vps <13V

U /L(OVLl) when Vps>22V

ItE5h, PILUET I B OCR . OCTn KPR AR ENE,

11

1

08

0.8

0.6

0.5

0.4

0.3

0.2

0.1

0

lovio

Overload threshold variation ("1" =l gy 0@ Vps =5 V)

—_

0.7 -

=== OCROCTn=1

OCR.OCTn =0

II.|DUI.1|

4

16 20 24
Drain Source Voltage (V)

8

Figure 27 Overload current thresholds

Bh=how (HiovoBlowy) B, BEXF, BEALURIESE 8.3.1 EFE AN ERRREFN B,

8.3 L EFRN RPN EHLF
AR RIPHISINEE (IRSTH) Bar4 3 TR
¢ ZRMEGEERE, WETHREEY

¢ ZEIMBENEREEEENSES
+ tBANAIWRNDIAG.WRNn W E (I E 1. H W BEFEEREIEE,
WMNRFFAEFRIPVIGIERH B R 19 PRI BB 4, NEEr B RITH. #FERFER T2

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

Fault condition Switch OFF event “Restart” Condition

Overtemperature TJE TJ(ABS) or (TJ - TJ(REF)) = TJ(DYN) TJ< TJ(ABS) and (TJ - T_J(REF)) < TJ(DYN)
(including hysteresis)

NResTART < MRESTART(CR)

RCD.RCDn =0

Overload =1 oy I.<50 mA

T, within T nes) and Tyovy) ranges
(including hysteresis)

NResTART < MRESTART(CR)
RCD.RCDn =0

8.3.1 =)

3 INx BjouT.ouTn BfIN“E", HENAVBEITH. EHERHET, WBRKXF, BERETHERP
MHIRER"EHNAARFER (W3R 19 ), WRNDIAG.WRNn 7 XETHAEIE (I, HNIPHFEESH
BFRFH EWRNDIAG #&RIX, MWRNDIAGHBR, FRIFEBE neesrawrc BEIBIERT, T—NERE
fWRNDIAG.WRNn HXEfil, NMRAHREBDER, FILUETIRERCD.RCDn A 1: KIEAE(T.
ZRCD.RCDn BUA 1:8Y, ERITHERIKE L, HBEXEIBIFIRSE, #HMAYERRDIAG. ERRn
U E (. BIIRE SPI {UHWCR.CLC REBEMRERHUFRMITHRRE 1. . MRWASIH AT H
OUT.OUTn &N 1z, WEEENIHWCR.CLC 1ELHFILEITH. MBRBIGFEXAZHEE BN
pEoRRYE], MAMHRESFRF> e BEEFBTHEE

£33 —
B2 RERY0 & 28Ff7T.
N/ 4
OUT.OUTn I
4
A
Shortcircuit
to ground I I
t
1 = t>tperay
JI.
4
Internal
counter T| 0 l 1 l 2 | 3 | 4 | 5 l 6 Neestaaricr) 1 1 | 2 I - «| Meestarriemp® 1 1 0 | .
L 0 0 t
/°
WRMDIAG . WRNn | o | 1 0| 1 1 1 0 |
y Read WRNDIAG 4 t
RCS.RCS{]| o |l|2|3‘4|5|6| 7 l|2‘| T 1 0 |
HWCR.CLC = 1p% RCD.RCDn = 1,4 HW®R.CLC = 1,4 t
< Note: Maxim um peak current depending ons ystem impedance Protection_Restartemf

Figure 28 Restart Strategy timing diagram
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t<toeavcr) U2 tosiavica) teteeray  fLajag
A
N
t
A
-
v ||
t
Shortcircuit e
to ground I .
t
'y Fi]
I
luowy T ‘ ‘ ‘ 1 & 1 1 ‘ 1 1 1 1 1 ‘
t
A
Internal
counter | 0 | 1 | 2| 3 I 4 I 5 | 6 I Magzrammien T 1 0 I 1 | 2 | 3 | 4 | 5| 6| Nazzraarics T 1 0| 1 | 2] 3 | 4| 5| 6 |n455‘-;“-,cp|+l| .
t
WRNDIAG.WRNn | 0 | 1 V] | 1 1 Ol 1 1 0| 1 |
Read WRNDIAG € Read WRNDIAG #— 9 Read WRENDIAG Read WRNDIAG “» Read WRNDIAG t

. Protection_Restart LH.emf
) Note: Maxim um peak current depending ons ystem impeda nce

Figure 29 Restart Strategy timing diagram in Limp Home

8.4 Hth R
8.4.1 iR

ERERMEYE (BIFNRAEBM) F, BHTF ReverseON FFEFRHIT A HAZFHITHEREFES B,
LRSI ON (BB Ros rey) o BENENEBEHIF ZIREHIAMEFEBNER, B
S5 AR Y R [ BB S s S 2 B FTIE IR S BAYPR . 3BT EF BRIRERIR Voo FIEF IS | IRV BRI %5
MZESMEREBPERIRE] (FEIRASE 4.1 F PYIHMERNRATEE) UK FB1UENNAER) -

30 £ T {RIFReverseONTHEERV BN A, EBIRMGNDIRN(- lovo ) TERARME S AT TF#0E ReverseON
BHNER, FIESUEMANZIM GND 5B Z B4 IF/E B EER R,
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Vaat(ren
5V (reverse protected)
VDD {}
High-side Channel Vs
uC
VDD
£ N ReverseON k—%
% !
LT
OUTn
T-J{Jr
GND
{1 IL, CR
77
77 Protection_RevBatt_SH.emf

Figure 30 Reverse Battery Protection (application example)

8.4.2 i EfRIP

% BRBENT Vs(ext,up) # Veat(Lp) pd =11:5) s Eﬁﬂj E?Eﬁk%ﬂﬁ%ﬂlfﬁ; HERFERING|fIZ; ouT %’ﬁ%ﬁo
BRT 5 7.2.2 F HEANBRAFNEMEHUZIN, TE—MHANG TR FEENR L BEENT
[E1RIP, Y3= VS 1 GND 5B Z I8 BYERIE (Vscavm)o
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8.5 BiLlEEREEX

8.5.1 IHBMfAEERENAT

REBOHNEREAAMYR, EBHENDHERZMA RIS MBEFNEREE, NMRIFoHXMERE, =
B & A HEZENTR, BRMPHNEEFTENE, BTS72220-4ESP I UL RS X 10 pH BILEREBRR /
Lwom)) o TENZFFREBIT BRIAAI/a LR B RREY, BN(ERIMRINGIZS ZIRE (30 % 11 T AR ZARE
D7) RAMBEEEH N B RIRHAAHAIERRER,

AFE WIREUEEZRX, SHETERIIET, VS BT IER S RSPl & fras. XRRAE X XZEH T
BIEITIE S EIGIR RS, H A HIFINLEISTDDIAG, U5}, LHI SIFIBIRSATH, K&
LR E T ZHAN R TIR o

8.5.2 #gEL
MNRBEIFMEL, BNETEEFEASIBAMCUZ BLEE— B, URESEXK (0 =1 11
RFmR) o

AR HIRIEITHFIIN 5 IIRILEH) (BT BAZEE) , S EXET, B—1 & LEPE
BBIE, RIFZOAVIAIERIE X TMTEH TFSPISGE
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8.6

RIPFBSFHESE

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

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

TJ: 25°C

MR 2B R A EER TR, (PRIEZIMRER):

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

Infineon

i

Table 20 Electrical Characteristics: Protection - General
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition

Thermal Shutdown T a89) 150 [175 [200 |°C |Y? P_8.6.0.1
Temperature (Absolute) See Figure 25
Thermal Shutdown Tuvsees) |- 30 - K 3 P_8.6.0.2
Hysteresis (Absolute) See Figure 25
Thermal Shutdown Tyow) - 80 - K 3 P_8.6.0.3
Temperature (Dynamic) See Figure 26
Power Supply Vsicamp) 40 |33 36.5 42 v ls=5mA P_8.6.0.6
Clamping Voltage at T, T,=-40°C
=-40°C See Figure 20
Power Supply Vscamp) 25 |35 38 44 v 2 P_8.6.0.7
Clamping Voltage at T, ls=5mA
=25°C 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 Q100-012
case of Short Circuit
1) 1XThEEM,
2) XFE T,=150°C B #4730
3) i - Rt
8.6.1 {RIFBSFESH
Table 21 Electrical Characteristics: Protection
Parameter Symbol Values Unit | Note or Number

Min. |Typ. |Max. Test Condition
Counter Reset Delay Time |ty ay(cr) 40 70 100 ms b P_8.6.2.1
after Fault Condition in LHI =“high”
Limp Home INX = “low”
Automatic Restarts in Case | Ngestart(cr) |~ 6 - - b P_8.6.2.2
of Fault after a Counter
Reset
1) &l - IRt
50
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Voo=3.0VE 55V, Vs=6V ZE 18V, T,=-40°C & +150 °C
BAAYE: Vpp=5.0V, Vs=13.5V, T,=25°C
MR R A2 AR M A EEEE A, BRIESIMRER):

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

8.71  RIPTHFHHLR- 5.5 mQ
Table 22 Electrical Characteristics: Protection - 5.5 mQ
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Overload Detection Current |/ oy 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 |/ oy 87 97 108 |A 2 P_8.7.13.4
High Level OCR.OCTn=0g
T,=150°C
d//dt=0.4 A/us
Overload Detection Current |/ gy 5 47 56 67 A 2 P_8.7.13.2
Low Level OCR.OCTn= 1g
d//dt=0.4 A/us
Overload Detection Current |/ oy3) 55 77 88 A 23 P_8.7.13.6
High Level (parallel mode) OCR.OCTn=0s
PCS.PCCn=1;
d//dt=0.4 A/us
Overload Detection lowy - 71 - A 2 P_8.7.135
Current at High Vps d//dt=0.4 A/us
Overload Detection Current |/ oy Js) - 71 - A 2 P_8.7.13.7
Jump Start Condition OCR.OCTn= 0g
Vs> Vsys)
d//dt=0.4 A/us
1) MR E T,=-40°Co
2) REIEFMR, HIgITEE
3) lowy BRAF—PEE, HERFRMEESER | ow =<2 X oo
51
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8.7.2  HRIFTHEHHLK- 13.5 mO
Table 23 Electrical Characteristics: Protection - 13.5 mQ
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Overload Detection Current |/, gyq 55 62 69 A b P_8.7.14.3
High Level OCR.OCTn=0s
T,=-40°Cto50°C
dl/dt=0.4 A/us
Overload Detection Current |/ g 46 52 58 A 2 P_8.7.14.4
High Level OCR.OCTn=0g
T,=150°C
d//dt=0.4 A/us
Overload Detection Current |/ gy 5 27 32 36 A 2 P_8.7.14.2
Low Level OCR.OCTn= 1;
d//dt=0.4 A/us
Overload Detection Current |/ gy3) 29 41 47 A 23) P_8.7.14.6
High Level (parallel mode) OCR.OCTn= 0
PCS.PCCn=1;
d//dt=0.4 A/us
Overload Detection liowy - 38 - A 2 P_8.7.14.5
Current at High Vos d//dt=0.4 A/us
Overload Detection Current |/ oy js) 38 - A 2 P_8.7.14.7
Jump Start Condition OCR.OCTn=0p
Vs> Vgqus)
d//dt=0.4 A/us
1) MXRE T,=-40°Co
2) REZEFMR, HIIHERE.
3) /|_(ov|_3) Eﬁ :,F_/I\iéiao #E*Ejﬁ/l\i%iélé\ EE,;ﬁ /L(OVL) < 2 X /L(OVL3)°
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|

HFIZUTE R, BTS72220-4ESP 1E5IM) IS AMBHERRENE, FBISPHRHIZHTR . INERERZ

7, 1SS ENEHES. SEMBERXTFZRE A @dsPi#H

1TIEHl,

WREAEREEFEIZHT, WATE 1S 5IFARIRIEM 2 [8)E A M BB Rsenseo  Rsense (B = T 820 Q
(3% 400 O , HEM EFERRBIMPRIERIPE) , LRSIRREFBEPNINELS, HEEN

Rsense = 1.2 kQ o

BT IS SIMAMVHBEBEZERIRERER, MREMSERANERIEMHERERRERIEIRMEE, N
FEBOF 1S 5| IER B I & ptN B Rk o

SILE 31 FAREBENEER,. BXAREIET

R TRIZERRIR, §5

IFHET-I 9.2,

W

e

Gate
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Load
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Figure 31 Diagnosis block diagram
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9.1 Bk

R 24 1RtY BTS72220-4ESPiZfTIRIL T, ISSIHIEMEE R,

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 y4 0 1
Overtemperature Z Z 1 X
Short circuit to Vs Vs Z 0 0
Open Load <Vs-Vpsise) Z 0 1

>Vs- Ds(s ) 7 0 0
Sense verification? X lswery X 0
Normal operation |High/1s |~ Vs hs=Iunomy / Kius 0 0
Overload ON <Vs hs=1./ kys 0 X
Short circuit to GND ~GND Z 1 1
Overtemperature Z Z 1 X
Short circuit to Vs Vs hs<1./Kys 0 0
Open Load ~ V) hs=lsen 0 0
Sense verification? X lswer) X 0
Under load (e.g. ~ Vg hseny<hs <! nom/ Kius |0 0
Output Voltage
Limitation
condition)
1) EnSMY_ERiEBRE,
2) DCR.MUX =101z
3) HHERSINTF Loy
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9.2 SPIIZHfT
BT SPI R E XEMBEERSHIZEIEE. WRNDIAG PIRE T #HENE. SRS E L RITEES.
SR EIE(E S Bi7F TWRNDIAG . WRNn fiI, FHi@idSPIEEUEFRE/RWRNDIAG , FRIFKXEIGRAER AR,
HH@EEERKFRF. RIFBIFRESPHELHWCR. CLCER.
9.3 ONKRE T gl
LRE T RMEE, SIS R ERESHBERBELFINER bR kus=1/1s) -
=T, F B Vos < Vosse s,
v ZBERIZETEERERN
o REWEE (405 8.3 F FTiR)
WNR{EF DCR . MUX (ILIERRIBIEFE A E B HRIE, IS 5IERFFRNE N SASKE.
9.3.1 B R T (Kuwis)
KWNEBRAEERR T REMATER. /s b BHBEREEEN, BEEEIBREMR Issn o SR
HEBRBEFE (LA 0A) , WIEERAMER Isev (TH. 1ZEBHEN) o ZFHIE 33 Fik.
TR RIBARRY ks 2%, MLLLEN 2RBE = GE1T A,
F2INFE 1S 51 RIA0 MCURYADC 3 N5 |l Z [B{E AR IMNEBFE ISR 28, LARIME S BURMIR: (BRI AR IS
3MER/ETIE] 1 ps) o
Kus REIEEREZ R T RE. HEBEMFEIZNEM, EANENERXIEA, AUERE
IS HIPRERE:
v EERFPIRIFEENIRERE, 725t inR FRARE X BASHRYERR (fucy )o
o MER IS 5IEIXT RZAYER R FFITE ks (kius @ fucaw)
v EMican s e BIBBTSEER, ks HFkus @ lucay >  BRIETE X ALK
WSS ks FEEVERE 32 ATITE, H MkustEE-

ks @Iy ¢ ks @1y e,
ﬂk;u_n;l,\.mj( = 100 - MAX( ILIS L(€ALy L _ ILIS L(CALY H . 1)

kinis@Ipcary kiis@lpcar

kiuis @1 kivis@I
Akypps v = 100 MIN( LIS ~ L(CAL).L s @licany n l)

ks @I cary kinis@Iycar)

e s

Figure 32 Akscalculation formulas
FAERLTE Teny = 25°C B T S8 A ks EAE MIucay  Ellucay v B E RIS H BBIR S o
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Diagnosis_0LON.emf
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Y

Figure 33 Current Sense Ratio in Open Load at ON condition

9.3.2 HRARFZRERZS

BTS72220-4ESA NEREERL T — N EEMRAF LR E F2S, PIGPTIZEEE RN BB R ER IEHE F 2B 5| F
IS, BB SPI & 7788 DCR.MUXIEF, MM AI LIS SPI & 1728 DCR. MUX 22, BMKIFLE
ERFFANEBIFTSE E 340 L5, DCrR.MUX S5HfM SPIULSEAUIUBRGNEZINEGER. ATH
IEEE A ER127E ON # OFF A TRITHAE, 2FHRM THNINIHR . IR, BIRRFESIHEE
RETNEXHER hsver, SEFBENAHFHETR, XEMCUREH PR IR IEERRIFRRFR.
DCR . MUX=1015 BY /5 FA BB SR SR A% A MBS SEAR 0,

FrE#IIhAEFNTE < DCR . MUX (B REXAVU0T:

+ DCR.MUXTFEINREETNIREBMRIFLIRE Fi2s

+ IZEPCS.CLCS = 1 /B RIT B H IS DCR . MUXIE R BYIEE X ]

+ J&E PCS.SRCS=13, DCR.MUX EFRMBEENHEESNT, BSIT
BNEY 7.4.1 TIREZHAT

+ 3%BY RCS.RCSn{ifY, DCR.MUXEZFMBEERIAIBITEESIKRSIG ML,

v JZEDCR MUX =101s, FERANIERZEEAMN

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

| t:IS[ONJ rSIS(CC) tSLS(OFF

A J

t
Diagnosis_MuxTiming.emf
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Figure 34 Current Sense Multiplexer Timings
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9.4 OFFIRAETigHh

HIhREHRL TOFFIRZAEY, BTS72220-4ESP AILUNE M BEHFESHEBEFHITIR. XiF,
fER—LRIMIINR T (THRIEBEM IR EHIEBRIR) , AU NA SRR EZRHEEFEXT
==puh st

941 FERIBFEAFX

NTRNEEREE vs BIIER , RATEBIENEEFX, S5 ouT 5 vs &F oN KERT & EXE
BB, EEMBEMEINERE, NI (G5kK) , MEZEINMEIRE. Hlt, BRREFEESER
HERTFABERMEANE, TOFFRET, R BEREHEE Vs, XSBVNH Vos » FFXZER G
RIGBME Vos sp) S EBMKIFZ IR E FI83( DCR. MUX ) A/EHVIZIBIE L) E 7l BB/E Vos HTLLIR. LEIREE
RAUTEAREIZET STDDIAG. SBM IEEY, b, FXRFEEIENEEAT A TN ForFFRER f1 BFF K.
EXMERT, DINE— ARV ERIEBPERIE ouT HIZE VS BTERY.

9.5 SENSE K F¢

35 /R T SENSE BYERIZBYIE] tason MIEERBTIE] tusorn HAIEIRYEYF (BLEEHTRRIER) o BT
EAHBERREZR (BT ton Z81) TERILIEMMES, FELE Lasone = Lison * lon o

IN/
OUT.OUTn T OFF ON OFF

v

tose t

SENSE 4
ENABLE

v

fon

forFpELAY,
!L A il 2l
tonELay \

taisiolas) tsisic) tasiorr) s (on) tasiorr)

Hﬁ 7

Figure35 SENSE Settling / Disabling Timing

[
>

t

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

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

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

Infineon

i

Table 25 Electrical Characteristics: Diagnosis - General
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
SENSE Saturation Current /g 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=8Vto18YV
SENSE Leakage hs(or) - 0.01 0.5 MA | =1 nom P_9.6.0.2
Current when Disabled Vs=0V
DCR.MUX =110s
SENSE Leakage Current | /i) s - 0.2 1 uA |V P_9.6.0.3
when Enabled at T, < T,=85°C
85°C DCR.MUX #
<110g,1115>
See Figure 33
SENSE Leakage Current Lis(eny 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 inkus | Vgs « - 0.5 1 Vv Y P_9.6.0.6
Operation Vs=6V
(Vs - Vis)
INx =“high” or
OUT.OUTn =1;
=271 (o)
Power Supply to IS VsisicLamp) -0 | 33 36.5 42 v lis=1mA P_9.6.0.9
Pin Clamping Voltage T,=-40°C
atT,=-40°C See Figure 20
Power Supply to IS Voisicuavp) 25 | 35 38 44 v 2 P_9.6.0.10
Pin Clamping Voltage hs=1mA
atT7,z25°C T,225°C
See Figure 20
1) TFlis - Rigigit.
2) MR T,=150°C,
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Table26 Electrical Characteristics: Diagnosis - Thresholds, Timings
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Switch Bypass Monitor Vbs(s) 13 1.9 2.5 v OFF state P_9.6.2.1
Threshold
SENSE Settling Time with | tyson) - 8 20 s Vs=13.5V P_9.6.2.2
Nominal Load Current 1= 1 nom)
Stable DCR.MUX: 1105
001s
SENSE Settling Time with | tyson sic |- - 60 us |2 P_9.6.2.10
Small Load Current Stable Vs=13.5V
L= can oL
DCR.MUX: 110>
001s
SENSE Settling Time after |t g - - 20 us Y P_9.6.2.4
Channel Change Vs=13.5V
I.=1 (vow)
DCR.MUX: 001>
0108
SENSE Settling Time after |t gco sic |- - 60 us |2 P_9.6.2.11
Channel Change with Vs=13.5V
Small Load Current Start channel:
IL=1cay
End channel:
=1 can oL
DCR.MUX: 001>
0108
SENSE Disable Time tasiorn) - - 20 us Y P_9.6.2.5
Vs=13.5V
I.= 1 vow)
DCR.MUX: 010>
110g
SENSE Settling Time after |tsq) - - 20 us |2 P_9.6.2.6
Load Change
SENSE Settling Time after |tys o) sic |- 250  |400 us |2 P_9.6.2.12
Load Change with Small Vs=13.5V
Load Current from /.= cayto
=1 can) oL
SENSE Disable Time after  |tysop - - 20 us |2 P_9.6.2.7
Channel Deactivation
SENSE Currentin Sense hsvery 400 500 600 HA DCR.MUX=101g |P_9.6.2.8
Verification Mode
1) ESECCERHTIIRRE I,
2) Tl - IRiER T
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Voo=3.0VES55V,Vs=6VE 18V, T,=-40°C £ +150 °C

HAME: Vop=5.0V, Vs=13.5V, T,=25°C

MR 2B R A EER TR, (PRIEZIMRER):

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

Infineon

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 |/ 4, 5 20 50 mA |2 P_9.7.13.1
atls=4 pA ls=lison) =4 HA
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 lLos=100 mA
Current Sense Ratio at Kiiso7 -55% |5500 |+55% 2 P_9.7.13.9
I =l l.or=250 mA
Current Sense Ratio at K Lis1o -40% 5500 |+40% 2 P_9.7.13.12
I.= o lo=1A
Current Sense Ratio at Kiisis -24% 5500 |+24% 2 P_9.7.13.15
I =3 hi13=2.8 A
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 =y
SENSE Current Derating | Akjysoy  |-30 0 +30 |% |P? P_9.7.13.40
with Low Current I can)_ oL = Tos
Calibration I can_or_n=lLo7

Ican) oL 1= hoo

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

I can 1= s

Tacan=25°C
1) 3R KRC.KRCn =0s, XEHEX,
2) ¥R pcs.pccn =05 XEHEX.
3) &N - RiERit.
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Table 28 Electrical Characteristics: Diagnosis - 5.5 mQ - low range?
Parameter Symbol Values Unit |Noteor Number
Min. |[Typ. |Max. Test Condition
Open Load Output Current |/ 4y 2 7 20 mA |2? P_9.7.13.20
atls=4 pA ls=liso1)=4 HA
Current Sense Ratio at K iso1 -70% 1830 |+70% 23 P_9.7.13.22
I =l lo1=10 mA
Current Sense Ratio at K is03 -65% [1830 |+65% 23 P_9.7.13.24
I = I3 lz=30 mA
Current Sense Ratio at K isos -55% [1830 |+55% 23) P_9.7.13.27
I =1l lLos= 100 mA
Current Sense Ratio at K Lisor -45% 1830 |+45% 23 P_9.7.13.30
I =l lLo7=250 mA
Current Sense Ratio at Kiis1o -24% 1830 |+24% 3 P_9.7.13.34
/L:/Llo lo=1A
Current Sense Ratio at Kiisi -10% |1830 |+10% 3 P_9.7.13.36
/L:/le h=2A
Current Sense Ratio at Kiis1s -8%  |1830 |+8% 3 P_9.7.13.39
I =15 l1s=5.5A
SENSE Current Derating Ak 5o, |30 0 +30 % | P_9.7.13.42
with Low Current I can)_ oL = os
Calibration I can_ot_n=lLos
licay 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 w= s
lcan L= o
Tacan=25°C
1) NS KRC.KRCn =15, (XBHEK.
2) 8 pcs.pccn =05, XEHEX.
3) SNR1us BRIEEBIMETEADCHINIG, ks FBEBM.
4) FTFFNR - RIFIRIT
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Table 29 Electrical Characteristics: Diagnosis - 13.5 mQ- high range?
Parameter Symbol Values Unit |Note or Number
Min. |Typ. |Max. Test Condition
Open Load Output Current |/ (o) 4, 3 9 25 mA |? P_9.7.14.1
aths =4 pA ls=1lisior) =4 HA
Current Sense Ratio at Kiiso1 65% 2500 |+65% 2 P_9.7.14.3
I =hg llor=10 mA
Current Sense Ratio at Kiisos 60% (2500 |+60% 2 P_9.7.14.5
IL= o3 lz=30 mA
Current Sense Ratio at Kiisos -55% 2500 |+55% 2 P_9.7.14.7
I.= s los=100 mA
Current Sense Ratio at KiLisor -45% |2500 |+45% 2 P_9.7.14.9
I =l lo7=250 mA
Current Sense Ratio at Kiis10 24% (2500 |+24% 2 P_9.7.14.12
I =10 lo=1A
Current Sense Ratio at Kiisi -8% 2500 [+8% l2=2A P_9.7.14.14
I =y,
Current Sense Ratio at Kiisis -8% 2500 |+8% lus=5.5A P_9.7.14.17
I= s
SENSE Current Derating | Akysoy  |-30 0 +30  |% | P_9.7.14.37
with Low Current lcan_oL= Lo
Calibration I (cay or_n=lios
I ican ot L= hot
Tacan=25°C
SENSE Current Derating | Akysony |2 0 +9 % | P_9.7.14.38
with Nominal Current lcany™ iz
Calibration lcany w=1is
I ey L= o
Tacan=25°C
1) W5 KRC.KRCn =0z, NBHBEH.
2) HIR pcs.pPcCn =05, XBHEK.
3) &l - RiERIt.
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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 |/ o) 4, 0.8 2.6 8 mA  |2? P_9.7.14.18
atls=4 pA lis=lsior)= 4 HA
Current Sense Ratio at K, 1500 -65% (830  |+65% 23 P_9.7.14.19
I.= oo lLoo=5 MA
Current Sense Ratio at K iso1 -60% (830  |+60% 23 P_9.7.14.20
I =l lLor=10 mA
Current Sense Ratio at K is03 -55% (830  |+55% 23) P_9.7.14.23
I =l lez=30 mA
Current Sense Ratio at K Lisos -45% 830  |+45% 23) P_9.7.14.26
I =1l lLos=100 mA
Current Sense Ratio at K iso7 -30% (830  |+30% 23 P_9.7.14.29
I =l lo7=250 mA
Current Sense Ratio at KiLisos -25% | 830 +25% 3 P_9.7.14.31
I =l lLos=450 mA
Current Sense Ratio at Kiis1o -10% | 830 +10% 3 P_9.7.14.33
I =10 lo=1A
Current Sense Ratio at Kis1s 8% |83  |+8% 3 P_9.7.14.36
I =3 li3=2.8A
SENSE Current Derating Ak sy |-30 0 +30 (% |P P_9.7.14.39
with Low Current I cany_oL= Lor
Calibration I can o n= o3
Ican) oL L= oo
Tacan=25°C
SENSE Current Derating | Ak sjvowy |9 0 +9 % 4 P_9.7.14.40
with Nominal Current I can= a0
Calibration hican_n= s
I icany L= hos
Tacan=25°C
1) 3R KRC.KRCn =1,, XEBHEK,
2) YR pcs.pcCn =05, XBHEK.
3) N1 us FEBIEKBRETADCHRIANGG, Kk SfEEB,
4) FTFFENR - RIBIRIT
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Serial Peripheral Interface (SPI)

10 BiTIMEEEO (SPI)

BITMEEO (SPI) B—1T2WIEFBITMNEOD, ERMUIRS: SO. SI. SCLKFICSN, #
1B S| F SO ZBE LA SCLK LATERVIRZERF M, CSN BT REATERIAIRBIFFIA. EIBTE SCLK BY TR
BB SI 4KA¥, HIE SCLK B EFAA@EE SO &g, BN FRIAIE CSN By EFASALIE, 8fiit
HERMIR(NHER T 8 (UAVEEEY A FRENEIE, %3 3245 8 i SPI IR E IR TEHETIEE,

SO—\_‘(NiSBXBXSX4X3X2X1X:LSB:)—
S| MSB X 6 X 5 X a4 X3 X2X1)X s

CSN

SCLK LT LT L L L L L

time

Y

SPI_ghit.emf

Figure36 Serial Peripheral Interface

10.1 SPI ESH#R

CSN- (55

F4pi@id CSN 51 fkEEBTS72220-4ESA o R B S| FREBFRZ, RARTLUOEITEIEE o =5 CSN &

FE&7REHYS, SCLKAH SI 51 EMNEAIESERW RS, HH SO #aEH#H N EREES RS,

CSN M«&” F «{” BkEE

¢ IERNERREEEIBUFTEFSET.

¢ SO H“EFERREZT R REBEF KT

CSN M EE» 3« Bk EE

v XHTE CSN FERZEEIFIINE 8 DSCLKIESHUEER (1. 20 3¢ ..) B, A Tepis<h#g, MR
SCLKIHRARIER, NIfEiEIRITE (STDDIAG. TER) AEfI, FHHEIESERBES,

¢ REBUSFHRNBIERERDIUFERF.

SCLK - B

ZAAS BN REB AT EFRRMAI T, BITHA (SI) 7 SCLK B FEABEEERIIBUSTES, M

ERTHIL (SO) FEHRITH#N EAGRI2EE B M, S CSN #TEEIREY, SCLKSIH I

FURBERE, BUHEL IR HRIES,

SI- BBITHIA

BITHMNBURAIELLS I, REBRIUMIT. SI E27E SCLK B TFEAIEE. MASIEERESA

A, EHRABIEGL. BESAE 1058 TRESER.
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Serial Peripheral Interface (SPI)

SO B{THIH

HIRTELLS I L R1TRE, REARUESLBE. so T EREARE, HE CSN 5IHE KL

RS 7ESCLKWY EFRZ G, FBVEIERHINE SO 51/ ko

EBIRET 10.5 TRELER.

10.2 FIEHETNAEE

SPIEY BTS72220-4ESP /3 8 i SPI i& &R % EHEIAE. FUECES, ZMKEHAERM CSN E5

MCSN BUE. — SIS 55— aFH SO AEiE (BIE37) , UE—1E, HMRESD
FNEZBEHBAEH. MO R M. EFREEE MCLK, ZETHIEREIHEHE M2 AISCLK Lo

devicel device 2 device3

Sl SO Sl SO Sl SO
MOSI ——>[}—>» SPI —» }—{}—» SPI —>»}——{1—» SPI —»[1—

SCLK

MISO <
MCSN
MCLK

YYvy

SPI_DaisyChain_l.emf

Figure 37 Daisy Chain Configuration

SPITEE T aFRVTNEEIRP, BE— M BUFFES, S 1SCLKE, s REMIEIBL, IfE SO
I B, 23/\NSCLK BffE, — T asHFREBIEERmTN. EROHEES, CSN LT
ABE A eefER AWM BERIE, EREHEET, &t 1 BHNKTIEEB ST 2, EHtiE
RERAZ P ESHE, BIESRHFBU=R8 L, IttfF, MCSNZXME N (WE38)

mosi —  framedevices X framedevie2 =~ X framedevicel = »—
MISO —(  responsedevice3 X response device2 X response devicel ~ »—
wcsn 7] B
MCK | 8 clocks L] 8 clocks L] 8 clocks L

SA_DaisyChain_2.emf

Figure 38 Data Transfer in Daisy Chain Configuration
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10.3

B o

Infineon

twu(ro)
VDD Vooipo), max
tesnLeaD) tscLkP) tesniLac) tesno)
CSN Vesnm), max
e Vesnmhy, min
TscureH) fscikiny
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SCLK / VseikmH)y, max
— Vscuhy, min
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3| X X SI(TH), max
r 7N 7 VsigrH), min
tsoEn) tson tsois)
so )4 X ot
» ‘ AN Veows
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

BAAY(E: Vpp=5.0V, Vs=13.5V, T,=25°C

Table31 Electrical Characteristics Serial Peripheral Interface (SPI)

Infineon

i

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Timings
Enable Lead Time (falling tesnean) | 200 - - ns | P_10.4.0.1
CSN to rising SCLK)
Enable Lag Time (falling tesniag 200 |- - ns |V P_10.4.0.2
SCLK to rising CSN)
Transfer Delay Time (rising CSN| tcsyrp) 500 - - ns b P_10.4.0.3
to falling CSN)
Output Enable Time (falling | tsoen) - 30 100 ns |V P_10.4.0.4
CSN to SO valid) Cuiso)=50 pF
Output Disable Time (rising | tso(ps) - 30 100 |ns |V P_10.4.0.5
CSN to SO tristate) Cuso)=50 pF
Serial Clock Frequency fscwk 0 - 5 MHz |V P_10.4.0.6
Serial Clock Period tscikp) 200 - - ns |V P_10.4.0.7
Serial Clock “High” Time tscikm) 90 - - ns |V P_10.4.0.8
Serial Clock “Low” Time tseik) 90 - - ns |V P_10.4.0.9
Data Setup Time (required tsisu) 20 - - ns b P_10.4.0.10
Time Sl to falling SCLK)
Data Hold Time (falling SCLK |ty 20 - - ns |Y P_10.4.0.11
to Sl)
Output Data Valid Time with | ts) - - 60 ns |V P_10.4.0.12
Capacitive Load Cuso)= 50 pF
1) i - RIERT.
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10.5 SPI thi¥
SPI@EHIEFERR SI #0 SO XA WNE 40Ff7R. SI 421K uC &I KAIMI, SO £5E BTS72220-4ESP 1 fH
MNE, BIEBIMNE 218 & [ERAY ARG T 2 51 uC &3 Ry &s <M,

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

SPI_S250.emf

Figure 40 Relationship between Sl and SO during SPI communication

SPITMYARTE uC filk T— P ep SR N E, GIE<SHIN SHEMR, 7RIS ISTDDIAGEL
WRNDIAGH, ¥ FiREFESHIMN, #ANZE 2 BiBVfERD,
B, RGN HFSNBIESEYNT:

Sl —( write register A )—(

0 < previous > <
response

Figure41l Register content sent back to pC (a)

Sl —( write register A )—(
50 —( previous )—( STDDIAG
response

new command )—
register A
content

SP_RWseg_a.emf

new command )—

write register B read register A

STDDIAG WRNDIAG

I X

read register A write register B

LI IX

1L I

register A WRNDIAG )_
content
SP_RiWseq_bemf
Figure42 Register content sent back to uC (b)
B 3 MFERIEN, &IX[E] puC BIMI A AR EE T Ao Az W S i :
v WMREE—MiREINEIR (B0, BYERRREHEER) , WE43 ik
»  BTS72220-4ESP #FBIREAHE LBEMFME, WNE 44
o Y Vi<Ver B DCR.MUXZ111 , WIE 45F7R
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-

frame A
(errorin transmission)

(new command)

—

SO —( (previous response) )—(

STDDIAG + TER

)_
)_

SA_S0_TER.emf

Figure 43 SPIlresponse after an error in transmission

Voo

Voo(eo)

Sl —( frame A

o) —( (S0=Z%)

)—( frame B )—( frame C >_
STDDIAG response frame B
+TER+ SLP i

SA_SO_POR.emf

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

~

Vs

VS[TP:I_.max

V5(TP),min

Y

STDDIAG. | | l
VSMONT 0 X L x 1 0 R
>
t
Sl frame C H frame D
(response to STDDIAG + TER STDDIAG + TER (responseto
SO frame A) +VSMON +VSMON frame D)

SPI_SO_VSMON.emf

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

Figure 45 SPIlresponse in case of voltage drop on battery

TER325IE TERBRIEERI SPI1 185, €135 BTST72220-4ESP B 1E F— MR L EINN Z,
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Table32 SPICommand 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
(“xg” =don't care)

00ddddddg- STDDIAG or
0lddddddg- WRNDIAG
(Standard Diagnosis or Warning
Diagnosis will be sent
alternating)

Read OUT register

Oxxxaaaag
where:

“aaaag” =ADDR1 Y
(“xg” =don't care)

1000ddddg
(“ddddg” = OUT register content)

Read RCS register

Oxxxaaaag
where:
“aaaag” =ADDR1 Y

(“xg” =don't care)

10000dddg
(“dddg” = RCS register content)

Write Configuration
registers

1laaddddg

where:

“aag”=ADDRO ¥

“ddddg” = new register content

00ddddddg- STDDIAG
0lddddddg- WRNDIAG
(Standard Diagnosis or Warning
Diagnosis will be sent
alternating)

Read Configuration registers

Oxxxaaaag
where:
“aaaag” =ADDR1 Y

(“xg” =don't care)

1laaddddg
where:

“aag”=ADDRO ¥
“ddddg” = register content

Read Warning Diagnosis

Oxxxx001g
(“xg” =don't care)

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 #11 ADDR1 1R#E 3 337 Yo
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10.6 SPI iZUnZ 1728
10.6.1 IZHFEFR-EZHIES

Name 7 6 5 4 3 2 1 0
WRNDIAG |0 X X X 0 0 0 1
STDDIAG |0 X X X 0 0 1 0
ERRDIAG |0 X X X 0 0 1 1

10.6.2 IZHNE1F2S - ML

Name 7 6 5 4 3 2 1 1] Default

WRNDIAG |0 1 0 0 WRNDIAG.WRNn 404

STDDIAG |0 0 STDDIAG |STDDIAG |STDDIAG |STDDIAG |STDDIAG |STDDIAG |24y
.TER .Csv .LHI .SLP .SBM . VSMON

ERRDIAG |0 1 0 0 ERRDIAG.ERRN 404

Field Bits Type |Description

STDDIAG.TER 5 r Transmission Error

0z Previous transmission was successful (modulo 8
clocks received)

1z (default) Previous transmission failed or first transmission
after Power-On reset or Vs< Vsp)if STDDIAG . VSMON = 15

STDDIAG.CSV 4 r Checksum Verification

0 (default) Checksum verification was pass or no
checksum calculated

1z Previous checksum verification was fail

STDDIAG.LHI 3 r Limp Home monitor

0z (default) “Low” level at pin

LHI 1z “High” level at pin LHI

STDDIAG.SLP 2 r Sleep mode monitor

0s  Device out of Sleep mode

1z (default) Deviceisin Sleep mode

STDDIAG.SBM 1 r Switch Bypass Monitor?

0g  Vps=<Vps(se)

Ig  Vos™>Vpssp)

STDDIAG.VSMON |0 r Vs monitor
0s (default) Vs always > Vsy since last Standard Diagnosis
readout

1z Vs<Vsuyatleast once or Vs< Vsqp)if STDDIAG. TER = 15
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Field Bits Type |Description
WRNDIAG.WRNn |3:0 r Warning Diagnosis of Channel n
n=3to0 0z (default) No failure
1z Overcurrent, Overtemperature or delta T detected
ERRDIAG.ERRn |3:0 r Error Diagnosis of Channeln
n=3to0 0g (default) No failure
1z Channellatched
OFF

1) SRET 10.8 LT HBEXREMITENIFAES.
2) FXRERUENBEERE Vos s 5 FBIMKIF ZIRE A28 DCR . MUX ) IEERIIZBE IR ERIRHIERE Vos i
1TEEER,

10.7 SPI B0 E 1738
TRIBEHT FESMNSTFESMUA L,

Table 33 Register Overview

H

Name SWR?Y RB ADDRO ADDR1 Content

OuUT 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, EREREUMIN—ERS,

2) ¥$FE5 N\OUT ZFF2SDCR. SWR = x, XF FiZHMILDCR . SWR = 05 0
Table 34 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 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
PCS 1 1 1 0 1 PCS.PCCn PCS.CLCS | PCS.SRCS
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Table 35 Configuration Registers - Write Commands RB-1

Bit 7 6 5 4 3 2 1 (]
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 &% 10.8 LT A XM T ERIFHIE R

Table 36 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|o|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|x
X |=m|lOoO|lR|O|lR|lO|R|~R|O
H R R R R [O O]
~|Rr|lRr|lo|lo|lojo|o|o

~|lo|lo|R||lojlo|r—|o]|o
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Table 37 Configuration Registers - Responses

Infineon

Bit 7 6 5 4 3 2 1 0
Name 7 6 5 4 3 Default
ouT 1 0 0 X OUT.OUTn 80u
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 ICS.INSTn EOn
DCR 1 1 1 1 DCR.SWR |DCR.MUX F7y
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 3:.0 rw Output Control Register of Channeln
n=3to0 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

001z Restart counter value=1

010g Restart counter value = 2

011; Restart counter value = 3

100s Restart counter value = 4

101 Restart counter value = 5

110g Restart counter value = 6

111gRestart countervalue=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 / o)

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

1z Latch mode
KRC.KRCn 3:0 rw Set Current Sense Ratio Range for Channeln
n=3to0 Oz (default) High range of current sense ratio

1sLow range of current sense ratio
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Field Bits Type |Description
PCS.SRCS 0 w Set Slew Rate control for Channel selected by DCR . MUX
0z (default) Normal Slew Rate
1z Adjusted Slew Rate
PCS.CLCS 1 w Clear Restart Counters and Latches for Channel selected by
DCR.MUX
0z (default) Restart counters and latches are untouched
1z Restart counters and latches are reset
PCS.PCCn |32 rw Parallel Channel Configuration
n=1to0 00z (default) Channels are operating independent
01 OUTO+OUT3 are in parallel configuration
10 OUT1+OUT2 arein parallel configuration
11z OUT0+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
0z (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

0 (default) Inputsignalis “low”
lg Inputsignalis “high”
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Field

Bits

Type

Description

DCR.MUX

2:0

rw

Set Current Sense Multiplexer Configuration in OFF state
000s1S pin is “high impedance”

001;1S pinis “high impedance”

010g1S pin is “high impedance”

011gIS pinis “high impedance”

100;1S pinis “high impedance”

101z Current sense verification mode

110g1S 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
011z Current sense of channel 3 is routed to IS pin
100z1S pinis “high impedance”

101z Current sense verification mode

110g1S pin is “high impedance”

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

DCR.SWR

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

DEBRITEIT (LHISIEMIA 8" ) , AEZERTIRIORIRN,
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10.8 SPI IR IEE

AN

BTS72220-4ESPiR{E—1N &

MHtEED, EREEN, XEEENUFAZEAMEENR. REMITER

(infineon

BREFERE, AFIRNEETFFHENENNTHRINER. TR
BRIEERIEIT R,

RAFIHBENEEMIWR 39 i, SPIENLEREANICS.CSRn, 4 URIEENICS FfFes®, %28
HIETEM—RELE, BEERIUET—1sTDDIAG HIXRENfiISTDDIAG.CSVHRIIESS, STDDIAG.CSV
T—- 1 stopiac RERAIIRE. NR1cs FEFEVBAREAN, WREMLERWER, HEM
STDDIAG.CSV =05, SARTEICS .CSRn ZG#H Alimp homel R EE N{BIESTDDIAG.CSV ZHIIE
BYEY, RIGHIIETR. STDDIAG.TER HIIE R —H¥HSTDDIAG. VSMONIIEBE(T 15, TEXLE

BRT, REWERNEEF

Table38 Conventions for parity calculation

Number of ‘1’ in a column

Result with EVEN-parity

Result with ODD-parity

EVEN

0

1

ODD

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 1 0
OCR 0 1 0 0
RCD 1 0 0 0
KRC 0 1 1 0
SRC 0 0 1 0
HWCR/PCS 0 0 0 0
Parity even odd even odd
ICS 1 1 0 1
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10.9 SPI {55«

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

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 0xxx1101s 1101dddds 1
HWCR 0xxx0110s 1110dddds 0
ICS Oxxx1110s 1110dddds 1
DCR Oxxxx111g 1111dddds X
WRNDIAG 0xxx0001s

STDDIAG 0xxx0010g

ERRDIAG Oxxx0011;

1) x=don’t care bits.
2) d=data bits.

3) DCR.SWRIIEFFHRBEIRE, WTFiEZFFE5DCR. SWR {iLE I HIEAI—EF 5.
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*See Chapter 1 ,Potential Applications”

Figure 46 Application Diagram
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11.2 ShER TR

Table42 Suggested Component values

Reference Value Purpose

Ryop 470Q Device logic protection

Rin 4.7kQ Protection of the microcontroller during overvoltage, reverse polarity
Guarantee BTS72220-4ESP 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 HC-ADC voltage spikes filtering
Atime constant (Raoc * Canc) longer than 1 ps 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)

Reno 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 BTS72220-4ESP output to distinguish between
Open Load and Short to Vs in OFF diagnosis

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

G LRI AITTES M S E B 51X R [ S I ) S I8 O E Y IRAER IREI

Datasheet
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0.65

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 [Q—@ ]

& 2
|0 1 < 1)
g 2 % 8.65+0.1 o D 3.910.1 EJD"”
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Figure 47 PG-TSDSO0-24 (Thin (Slim) Dual Small Outline 24 pins) Package drawing
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L copper solder mask stencil apertures

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

stencil

R (RS RoHSHR )
AT HEBERBFAIRERERT@RINEXR, FETEEM, ZBFUEEFRNERIRE. FBFH
fT& RoHS tRE (BN, SIXXRBTITHRE, FHHRS IPC/JEDEC J-STD-020 ¥Rk, EARATFTLHIEE) -

BEXHENEZER, B0

https://www.infineon.com/packages

Datasheet

83

Rev. 1.00
2022-04-05


https://www.infineon.com/packages
https://www.infineon.com/packages

BTS72220-4SEP
SPOC™+2

Revision History

13 EiTiER

Table 43 BTS72220-4ESP - List of changes

(infineon

Revision Changes

1.00,2022-04-05 | Data Sheet available
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