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BTS72220-4ESA

SPOC™+2 2x 5.5 mQ
SPI Power Controller 2x13.5mQ

A=
28 o 0 RoHS
Qualified Package PG-TSDS0-24-32
Marking 72220-4ESA

1 Overview

Potential Applications
« Suitable for resistive, inductive and capacitive loads
+ Replaces electromechanical relays, fuses and discrete circuits

+ Driving capability suitable for 7 Aand 4 A loads and high inrush current
loads such as 65W bulb, HID or LED equivalent and 42W bulb or LED
equivalent
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Figurel Application Diagram. Further information in Chapter 11
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Overview

Basic Features

+ High-Side Switch with Diagnosis and Embedded Protection

« Part of SPOC™+2 Family

« Daisy Chain capable SPl interface
+ 3.3Vand5Vcompatible logic pins
+ Slew rate control for all Channels

« ReverSave™ for low power dissipation in Reverse Polarity

« Switch ON capability while Inverse Current condition (InverseON)

« Green Product (RoHS compliant)

+ Qualified in accordance with AEC Q100 grade 1

Protection Features

+ Absolute and dynamic temperature limitation with controlled restart

+ Overcurrent protection (tripping) with Programmable Restart Control and Current Threshold

+ Undervoltage shutdown

+ Overvoltage protection with external components

Diagnostic Features

« Proportional load current sense multiplexed

« OpenLoadin ON and OFF state
+ Shortcircuit to ground and battery
+ Diagnosis feedback via SPI

Functional Safety Features

« Limp Home mode

« Monitoring of Input pin status (IN and LHI)

+ Checksum verification of Configuration Registers

« Current Sense verification mode

Description

(infineon

The BTS72220-4ESA is a SPI Power Controller, providing protection functions and diagnosis. The device is

integrated in SMARTY technology.

Table1 Product Summary

Parameter Symbol Values

Minimum Operating voltage (at switch ON) Vs(op) 4.1V

Minimum Operating voltage (cranking) Vsuy) 3.1V

Maximum Operating voltage Vs 28V

Digital Supply voltage Voo 3.3Vor5V

Minimum Overvoltage protection (T, =25 °C) Vos(cLamp)_25 35V

Maximum current in Sleep mode (T, <85 °C) Iys(sLeep)_ss 1.3pA

Maximum operative current lenpacTIvE) 7mA
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Overview

Table1 Product Summary (continued)

infineon

Parameter Symbol Values
Maximum ON-state resistance (T, =150 °C) Ros(on)_150 ImQ
channels0and 3

Maximum ON-state resistance (T, =150 °C) Rbs(on)_150 22mQ
channels 1 and 2

Nominal load current (T, =85 °C) I (nom) TA
channels0and 3

Nominal load current (T, =85 °C) I (vom) 4A
channels 1 and 2

Typical current sense ratio at /| =1 you) Kis 5500
channels0and 3

Typical current sense ratio at /, =/, you) Kus 2500
channels 1 and 2

SPI clock frequency fscLk(max) 5 MHz
Data Sheet 3 Rev.1.00
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Block Diagram and Terms

o
2 Block Diagram and Terms
2.1 Block Diagram
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SI [« Overtemperature|« EI—
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BlockDiagram_4chnoED.emf
Figure2 Block Diagram of BTS72220-4ESA
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Block Diagram and Terms

2.2 Terms

Figure 3 shows all terms used in this data sheet, with associated convention for positive values.

IVS
VSIS
VS
|
oo, VDD Vosn
/SO
Vs < SO
Isi S|
VDD " |
SCLK
VSO > SCLK an
lesn OUTn Xl—>
Ve, > , CSN
LHI
VSCLK - / LHI
INn
Vesn / INn
sY
Vi IS Vourn
GND
VINn
Vis
IGND
Y Y Y Y Y Y Y VY ¥ \j
Terms_noED.emf
Figure3  Voltage and Current Convention
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Pin Configuration
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3 Pin Configuration
3.1 Pin Assignment
(top view)
GND [](1 @ 2411 ouTo
vDD [ |2 : _____ ]23:|:| ouTo
so 1|3 | 122 T 1 ouUTo
si 1|4 ! :21:IZI OuUTO
sclk |5 | | 20T OUTH
O] | o :19:IZI OUT1
LHI |7 | | 1811 OUT2
INo [1][8 | 1711 OUT2
INL CTjo | | 161 0ouT3
IN2 1|10 15 T 1 OUT3
IN3 CT[11" _ _ _ _ ! 1413 ouT3
IS 11|12 311 OUT3
exposed pad (bottom)
PinOut_SPOC_220_noED.emf
Figure4 Pin Configuration

Data Sheet

Rev. 1.00
2018-06-11



BTS72220-4ESA
SPOC™+2

(infineon

Pin Configuration

3.2 Pin Definitions and Functions

Table 2 Pin Definition

Pin Symbol 1/0 |Function

EP VS - Power Supply Voltage

(exposed pad) Battery voltage

1 GND - Ground

2 VDD - Digital Supply Voltage

3 SO 0 Serial output of SPl interface

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

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

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

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

8,9 INn I Input Channeln

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

12 IS 0 Current sense output signal

21-24 |0OUTn 0] Output n

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

17-18

13-16

1) Alloutput pins of the channel must be connected together on the PCB. All pins of the output are internally connected
together. PCB traces have to be designed to withstand the maximum current which can flow.

Data Sheet
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General Product Characteristics

4 General Product Characteristics

4.1 Absolute Maximum Ratings - General

Table3  Absolute Maximum Ratings”

T,=-40°C to +150 °C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Supply pins
Power Supply Voltage Vs -0.3 - 28 Y - P_4.1.0.1
Digital Supply Voltage Voo -0.3 - 5.5 Y - P_4.1.0.29
Load Dump Voltage Vaar(ip) - - 35 v suppressed P_4.1.0.3
Load Dump
acc. to
1SO16750-2
(2010).
R=2Q
Supply Voltage for Short Circuit | Vgar(sc) 0 - 24 v Setupacc.to  |P_4.1.0.25
Protection AEC-Q100-012
Reverse Polarity Voltage Veat(rey) - - 16 v t<2min P_4.1.0.5
T,=+25°C
Setup as
described in
Chapter 11
Current through GND Pin lenp -50 - 50 mA | Rgyp according |P_4.1.0.9
to Chapter 11
Current through VDD Pin lop(Rey) -10 - 30 mA [t<2min P_4.1.0.10
Counter Reset Delay Time after | tyerpy 50 - - ms - P_4.1.0.35
Fault Condition
Logic & control pins (Digital Input =DI)
DI =INn, CS, SCLK, S, LHI
Current through DI Pin Iy, -1 - 2 mA |2 P_4.1.0.14
Current through DI Pin IoiRev) -1 - 10 mA | P_4.1.0.36
Reverse Battery Condition t<2min
Logic & control pins (Digital Output = DO)
DO =S0, EDO, EDD
Current through DO Pin Ioo -2 - 1 mA |2 P_4.1.0.33
Current through DO Pin Ibo(ev) -10 - 1 mA |2 P_4.1.0.37
Reverse Battery Condition t<2min
Data Sheet 8 Rev. 1.00
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General Product Characteristics

Table 3 Absolute Maximum Ratings® (continued)

T,=-40°C to +150 °C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

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

IS pin

Voltage at IS Pin Vi -1.5 - Vs v l,s=10 pA P_4.1.0.16

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

AX

Temperatures

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

Storage Temperature Tsre -55 - 150 °C - P_4.1.0.20

ESD Susceptibility

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

(HBM)

ESD Susceptibility OUTn vs Vespmem_out | -4 - 4 kv |HBM? P_4.1.0.22

GND and VS connected (HBM)

ESD Susceptibility all Pins Vespicom) 500 |- 500 |V cbm? P_4.1.0.23

(CDM)

ESD Susceptibility Corner Pins | Vespcomy cry |-750 |- 750 v cbm? P_4.1.0.24

(pins 1,12, 13, 24)

1) Not subject to production test - specified by design.

2) Maximum V;, to be considered for Latch-Up tests: 5.5 V.

3) ESD susceptibility, Human Body Model "HBM", according to AEC Q100-002.
4) ESD susceptibility, Charged Device Model "CDM", according to AEC Q100-011.

Notes

1. Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

2. Integrated protection functions are designed to prevent IC destruction under fault conditions described in the
data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions are
not designed for continuous repetitive operation.

Data Sheet 9 Rev. 1.00
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General Product Characteristics

4.2 Absolute Maximum Ratings - Power Stages

4.2.1 Power Stages - 65 W channels

Table 4 Absolute Maximum Ratings - 65 W channels?

T,=-40°C to +150 °C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

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

Maximum Energy Dissipation |E,g - - 100 mJ I =2%1 (yow) P_4.2.13.1
Single Pulse Channel 0, 3 Ty =150°C

Vs=28V
Maximum Energy Dissipation |E,g - - 51 mJ =1 (nowm) P_4.2.13.2
Repetitive Pulse Channel 0, 3 Ty =85°C

Vs=13.5V

1M cycles
Load Current ] - - I oty max | A - P_4.2.133

1) Not subject to production test - specified by design.

4,2.2 Power Stages - 42 W channels

Table5  Absolute Maximum Ratings - 42 W channels?

T,=-40°C to +150 °C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

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

Maximum Energy Dissipation |E,g - - 35 mJ I =2%1 (yow) P_4.2.14.1
Single Pulse Channel 1, 2 Ty =150°C

Vs=28V
Maximum Energy Dissipation |E,q - - 15.5 mJ I =T nom P_4.2.14.2
Repetitive Pulse Channel 1,2 Ty =85°C

V,=13.5V

1M cycles
Load Current I1,] - - I ovuy max | A - P_4.2.143

1) Not subject to production test - specified by design.

Data Sheet 10 Rev. 1.00
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4.3 Functional Range

Table 6 Functional Range - Supply Voltages and Temperature®

Parameter Symbol Values Unit |Noteor 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 v 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 Voonor) 3.0 - 55 |V - P_4.3.0.4

Range

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

1) Not subject to production test - specified by design.
2) Incase of Vg voltage decreasing: Vsyr ow)min = 3-1 V. In case of Vs voltage increasing: Vs eyt  owymin =4-1 V.
3) Protection functions still operative.

Note: Within the functional or operating range, the IC operates as described in the circuit description. The
electrical characteristics are specified within the conditions given in the Electrical Characteristics
tables.

Data Sheet 11 Rev. 1.00
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General Product Characteristics

4.4 Thermal Resistance

Note: This thermal data was generated in accordance with JEDEC JESD51 standards. For more
information, go to www.jedec.org.

Table 7 Thermal Resistance®

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

Thermal Characterization  |¥ 7op - 3 5 KW |2 P_4.4.0.4
Parameter Junction-Top
Thermal Resistance Rinsc - 3 5 KW |2 P_4.4.0.5
Junction-to-Case simulated at

exposed pad
Thermal Resistance Rinn - 26 - K/W |2 P_4.4.0.6
Junction to Ambient

1) Not subject to production test - specified by design.

2) Accordingto Jedec JESD51-2,-5,-7 at natural convection on FR4 2s2p board; the Product (Chip + Package) was
simulated ona 76.2 x 114.3 x 1.5 mm board with 2 inner copper layers (2 x 70 um Cu, 2 x 35 um Cu). Where applicable
a thermal via array under the exposed pad contacted the first inner copper layer. Simulation done at T, = 105°C,

Poissipation = 1 W.

4.4.1 PCB Setup

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

y 70 um modeled (traces)

35 um, 90% metalization*®

1,5mm

35 um, 90% metalization*

»

70 um, 5% metalization™

*: means percentual Cu metalization on each layer
PCB_zth_2s2p.emf

Figure6  2s2p PCB Cross Section

Data Sheet 12 Rev. 1.00
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PCB 1s0p + 600 mm? cooling PCB2s2p / 1s0p footprint

PCB_sim_setup_TSDS024.emf

Figure7  PCB setup for thermal simulations

PCB_2s2p_vias_TSDS024.emf

Figure8 Thermalvias on PCB for 2s2p PCB setup

Data Sheet 13 Rev. 1.00
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4.4.2

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

5 Logic Pins
The device has 9 digital pins to configure and control the device. They can be grouped based on their function
into input pins, SPI pins and Limp Home pin.

5.1 Input Pins (INn)

The input pins INO to IN3 activate the corresponding output channel, if the device is either in Sleep, Stand-by,
Ready or in Limp Home mode. The input circuitry is compatible with 3.3V and 5V microcontroller. The
electrical equivalent of the input circuitry is shown in Figure 11. In case the pin is not used, it must be
connected with a 10 kQ resistor either to GND pin or to module ground.

VS

P

/_>INE'§ L | (b \ZS\V

\ZS\ESD Iml@ ?S\

Voi(cLamp)

\) GND

lenp l

Input_IN_INTDIO.emf

IF—Ra0 H-D+X

Figure 11 Input circuitry

The logic thresholds for “low” and “high” states are defined by parameters V;, 1, and Vp4ys). The relationship
between these two values is shown in Figure 12. The voltage V|, needed to ensure a “high” state is always

higher than the voltage needed to ensure a “low” state.

15 Rev. 1.00
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Vo A
VbitH)Max
Vo)
§ VbiHys)
VoitHymin
>
t
A
Internal channel 0 » 1 x 0
activation signal >

t
Input VDITH_2.emf

Figure 12 Input Threshold voltages and hysteresis

There are two ways of using the input pins in combination with the register OUT by programming bit
HWCR.COL in register HWCR (see Table 35).

+ HWCR.COL=0g: A channelis switched ON either by the according OUT . OUTn bit or by the input pin.

+ HWCR.COL = 15: A channel is switched ON by the according OUT . OUTn bit only, when the input pin is
“high”. In this configuration, a PWM signal can be applied to the input pin and the channel is activated by
the SPI register OUT (see Table 35).

The default state (HWCR . COL = 0) is the OR-combination of the input signal and the SPI-bit. In Limp Home
mode (LHI pin set to “high”) the combinatorial logic is in default state to enable a channel activation via the
input pins only. Figure 13 shows the complete input switch matrix.

The logic level of the input pins can be monitored via the input status monitor. In case of a “high” level on an
input pin, the corresponding ICS . INSTn bit is set and cleared on read.

Data Sheet 16 Rev. 1.00
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Logic Pins

|MUX#111| ouT2 | OUT1 | oUT3 | OUTO |

B
INO - I ET}_—L,

IN3

Gate Control 0
Gate Control 3

| l')‘l l‘l\‘l

IINl

IN1

=}
Yil
fzcl%

Gate Control 1
Gate Control 2

IINZ

l‘}‘l l‘l\‘l |

IN2

g
r

IIN3

31l gl

COL PCC1

LogicPins_InputMatrix_4chnoED_PCC.emf

Figure 13 Input Switch Matrix

5.2 Advanced Features Pins

5.2.1 SPI Pins

The serial peripheral interface (SPI) is a full duplex synchronous serial slave interface, which uses four lines:
SO, SI, SCLK and CSN. See Chapter 10 for further information.

5.2.2 Limp Home Input (LHI) Pin

For activating the fail-safe state, the device features a Limp Home Input pin. When the pin is set to “high” for
a time longer than ¢, ,), the Limp Home mode will be activated. See Chapter 6.1.7 and Chapter 6.1.8 for
further information.

Data Sheet 17 Rev. 1.00
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Logic Pins

5.3 Electrical Characteristics Logic Pins

Vpp=3.0Vto5.5V, Ve =6Vto 18V, T,=-40 °C to +150 °C
Typical values: V,p =5.0V, V=135V, T;=25°C

Digital Input (DI) pins = IN

Table 8 Electrical Characteristics: Logic Pins - General

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Digital Input Voltage Voiih) 0.8 13 2 v See Figure11and |P_5.4.0.1
Threshold Figure 12
Digital Input Clamping Voctawey |- 7 - ' 2 P_5.4.0.2
Voltage Ip;=1mA
See Figure 11 and
Figure 12
Digital Input Clamping VoicLampz) | 6:5 7.5 8.5 v Ip=2mA P_5.4.0.3
Voltage See Figure 11 and
Figure 12
Digital Input Hysteresis Voiys) - 025 |- Vv 2 P_5.4.0.4
See Figure 11 and
Figure 12
Digital Input Current Iy 2 10 25 HA Vo =2V P_5.4.0.5
(“high”) See Figure 11 and
Figure 12
Digital Input Current (“low”) | /p, 2 10 25 HA Vp=0.8V P_5.4.0.6
See Figure 11 and
Figure 12

1) Not subject to production test - specified by design.

5.4 Electrical Characteristics Logic Pins - Advanced Features

Table 9 Electrical Characteristics: Logic Pins - Advanced

Parameter Symbol Values Unit |Noteor Number
Min. ‘Typ. ’ Manx. Test Condition

SPI pins

Digital Input Voltage Vesnirh) 0.8 1.3 2 v - P_5.5.0.1

Threshold of Pin CSN

Digital Input Voltage Vscrkh) 0.8 13 2 v b P_5.5.0.2

Threshold of Pin SCLK

Digital Input Voltage Vi) 0.8 13 2 v - P_5.5.0.3

Threshold of Pin SI

Digital Input Clamping Vesneuampy | - 7 - Vv 2 P_5.5.0.4

Voltage of Pin CSN lesy=1mA

Digital Input Clamping Vesniciampz) | 6-5 7.5 8.5 v lesy =2 mA P_5.5.0.5

Voltage of Pin CSN

Data Sheet 18 Rev. 1.00
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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 Clamping VscrkicLampy | - 7 - v 2 P_5.5.0.6
Voltage of Pin SCLK lsck =1 mA
Digital Input Clamping Vscikciampy) | 6-5 7.5 8.5 v lscik =2 mA P_5.5.0.7
Voltage of Pin SCLK
Digital Input Clamping Voicoamey |- 7 - Vv 2 P_5.5.0.8
Voltage of Pin SI lg=1mA
Digital Input Clamping VsicLampa) 6.5 7.5 8.5 v lg=2mA P_5.5.0.9
Voltage of Pin SI
Digital Input Hysteresis of | Vegygys) - 0.25 - v 2 P_5.5.0.11
Pin CSN See Figure 12
Digital Input Hysteresis of | Vee yqys) - 0.25 - v 2 P_5.5.0.13
Pin SCLK See Figure 12
Digital Input Hysteresis of | Vs - 0.25 - v 2 P_5.5.0.15
Pin SI See Figure 12
Digital Input Current “lesni 2 10 25 MA  [Vegy=0.5V P_5.5.0.10
(“low”) of Pin CSN
Digital Input Current “lesnim 2 10 25 MA V=26V P_5.5.0.12
(“high”) of Pin CSN
Digital Input Current IscL) 2 10 25 MA |V =05V P_5.5.0.14
(“low”) of Pin SCLK
Digital Input Current Iscikm) 2 10 25 MA V=26V P_5.5.0.16
(“high”) of Pin SCLK
Digital Input Current lsi 2 10 25 MA |V =05V P_5.5.0.18
(“low”) of Pin SI
Digital Input Current Isim) 2 10 25 MA V=26V P_5.5.0.20
(“high”) of Pin SI
Digital Output Voltage Vsow 0 - 0.5 v lso=-0.5mA P_5.5.0.22
(“low”) of Pin SO
Digital Output Voltage Vsom Vop - - Voo v lso=0.5mA P_5.5.0.23
(“high”) of Pin SO 0.5V
Output Tristate Leakage | /so(orr) -1 - 1 MA | Vesn =Vip P_5.5.0.24
Current of Pin SO Vso=0Vor

Vesn = Voo

Vso =Vop
LHI pin
Digital Input Voltage Vinierh) 1.4 1.9 2.6 v - P_5.5.0.25
Threshold of Pin LHI
Digital Input Clamping Vimciamey |- 7 - Vv 2 P_5.5.0.27
Voltage of Pin LHI Iy =1mA
Digital Input Clamping Vinciamey 65 7.5 8.5 v Il =2 mA P_5.5.0.28
Voltage of Pin LHI
Data Sheet 19 Rev. 1.00
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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 2 P_5.5.0.29

Pin LHI

Digital Input Current lrim) 10 32 65 MA |V =5V P_5.5.0.30

(“high”) of Pin LHI Vop=0V

Digital Input Current ILhi 10 24 45 MA |V, =08V P_5.5.0.32

(“low”) of Pin LHI Vop=0V

1) Functional test only.
2) Notsubject to production test - specified by design.
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6 Power Supply

The BTS72220-4ESA is supplied by two supply voltages:

+ Power Supply Voltage (V)

+ Digital Supply Voltage (V;p)

The V; supply line is connected to a battery feed and used for the driving circuitry of the power stages, while
Vpp is used for the SPI logic and for driving SO pin. Vs and V,, supply voltages have an undervoltage detection

circuit, which prevents the activation of the associated function in case the measured voltage is below the
undervoltage threshold. More in detail:

+ Anundervoltage on Vy, supply prevents SPI communication. SPI registers are reset to their default values

+ Anundervoltage on Vg supply switches OFF all channels, even in Limp Home mode. The channels are
enabled again as soon as Vs = Vs p

The voltage at pin Vs is also monitored. In case of a negative voltage transient on Vs resulting in Vs < Vg7 when
the device is out of Sleep mode, any SPI command sent by the microcontroller is not accepted (see
Chapter 6.2 and Chapter 10.5 for further information). An overview of channel behavior according to

different Vg and V,, supply voltages is shown in Table 10.

Table 10  Device capability as function of Vs and V,,"
Voo = Vbo(po) Voo > Vbo(po)
(Vop(po) Se€e P_6.4.1.1)

Vs < Vgrp) Channels are OFF Channels are OFF

(Vs(rp) Se€ P_6.4.0.5)

SPI registers reset

SPI registers protected

SPI communication not available
(fscLx =0 MHz)

SPI communication available?
(Fuery =5 MH2)

Limp Home mode not available

Limp Home mode not available

Vsirp) < Vs = Vguy)
(Vsy) see P_6.4.0.1)

Channels are OFF

Channels are OFF

SPI registers reset

SPI registers available

SPI communication not available
(fscLk =0 MHz)

SPI communication available
(fscLk =5 MHz)

Limp Home mode available
(channels are OFF)

Limp Home mode available
(channels are OFF)

3
Vs> Vs )

Channels cannot be controlled by SPI

Channels can be controlled by SPI

SPI registers reset

SPI registers available

SPI communication not available
(fscik = 0 MHz)

SPI communication available
(fscLk =5 MHz)

Limp Home mode available

Limp Home mode available

1) Valid after a successful supply voltage ramp-up.
2) Write commands are ignored. Furthermore the device responds with STDDIAG only.
3) The undervoltage condition on VS supply must be considered. See Chapter 6.2.
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6.1 Operation Modes

BTS72220-4ESA has the following operation modes:
+ Sleep mode

+ Active mode

« Stand-by mode

+ Ready mode

« Limp Home mode

« Limp Home Active mode

The transition between operation modes is determined according to these variables:
+ Digital supply level (Vpp)

+ Logiclevel at INn pins

+ Logic level at LHI pin

« Current sense multiplexer state (DCR . MUX)

+ Outputregister state (OUT . OUTn)

+ Configuration registers state

The state diagram including the possible transitions is shown in Figure 14. The behavior of BTS72220-4ESA as
well as some parameters may change in dependence from the operation mode of the device. Furthermore,
due to the undervoltage detection circuitry which monitors Vg supply voltage, some changes within the same
operation mode can be seen accordingly.

There are five parameters describing each operation mode of BTS72220-4ESA:

« Status of the output channels

« Status of SPI registers

+ Status of SPI communication

+ Current consumption at VS pin (measured by /< in Sleep mode, I in all other operative modes)
+  Current consumption at VDD pin (/ypp)

Table 11 shows the correlation between operation modes, Vs and V;, supply voltages, and the state of the
most important functions (channel status, SPI communication and SPI registers).
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> =
LHI = "high" &INn ="low"
INn = "high"v
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Note: SPI bits whichare not stated are considered to have the default value or are unchanged compared to the previous state. Supply voltagesare

consideredto be in operative range ifnot specified different. SPI_Reset is performed if Vop < Vpp(po) Or HRCR .RST = 1,

Power Supply_OpModes.emf

Figure 14 Operation Mode state diagram

Table11l Device function in relation to operation modes, V,, and V; voltages

Operative Mode |Function Vs < Vgrp) Vsire) < Vs =< Vguy) Vs> Vyy)

Sleep Channels OFF OFF OFF
SPI registers |available? available? available?
SPlcomm. |available? available? available?

Stand-by Channels OFF OFF OFF
SPIregisters |protected” available? available?
SPlcomm. |all commands rejected” | available? available?

Ready Channels OFF OFF OFF
SPIregisters |protected” available? available?
SPlcomm. |all commands rejected” | available? available?

Active Channels OFF OFF follow SPIl and/or Input

pins

SPIregisters |protected” available? available?
SPlcomm. |all commands rejected” | available? available?

Limp Home / Channels OFF OFF follow Input pins

Limp Home SPIregisters |protected” reset reset

Active

(Diagnosis available)

(Diagnosis available)

SPI comm.

all commands
rejected??

read-only"

read-only"

1) Incase Vpp > Vpp(pp) Otherwise not available or in reset.
2) Incaseall input pins are set to “low”, SPl communication is in read-only mode.
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6.1.1 Unsupplied

In this state, the device is either unsupplied (no voltage applied to VS pin and VDD pin) or the supply voltages
are both below the corresponding undervoltage threshold.

6.1.2 Power-up

The Power-up condition is entered when one of the supply voltages (Vs or V;p) is applied to the device. Both
supplies are rising until they are above the undervoltage thresholds Vs p) and Vypp0) therefore the internal
Power-On signals are set. The SPl interface can be accessed after wake up time typ0)-

6.1.3 Sleep mode

The device is in Sleep mode when all Digital Input pins (INn, LHI) are set to “low” and DCR . MUX is still set to
111;. When BTS72220-4ESA is in Sleep mode, all outputs are OFF. The SPI registers can be programmed if V),
> Vpp(po)- The current consumption is minimum (see parameter /g gep))- No Overtemperature or Overload
protection mechanism is active when the device is in Sleep mode. The circuitry that monitors Vg versus Vs,
and Vs versus Vs p) is disabled. This allows the programming of the registers even if Vs < Vg ).

6.1.4 Stand-by mode

The deviceisin Stand-by mode when DCR.MUX # 111, and no command to switch ON a channel was received
(either via SPl or via Input pins). All channels are OFF but the internal supply circuitry is working and therefore
the device current consumption is increased. A command to switch ON one or more outputs is accepted and
executed, bringing the device into Active mode. SPI communication is possible.

6.1.5 Ready mode

In Ready mode, one or more outputs received a command to switch ON (either via SPI or via Input pins if
HWCR.COL = 1;). Nevertheless, all outputs are OFF because of DCR.MUX bits still set to 11 1. It is necessary
to change the value of those bits to bring the device into Active mode and switch ON the channels.

Note: Since OUT register is blanked with DCR. MUX =111 it is not possible to enter Active mode when
HWCR. COLDbit s set to 1.

6.1.6 Active mode

Active mode is the normal operation mode of BTS72220-4ESA when no Limp Home condition is set and one or
more outputs are switched ON. Device current consumption is specified by parameter Igypacrive)r AN
undervoltage condition on Vy, supply voltage brings the device into Sleep mode in case all Input pins are set
to “low”.

6.1.7 Limp Home mode

The device enters Limp Home mode when LHI pin is set to “high” for t > t, ;). SPI registers are reset to the
default values when Limp Home mode is entered. The corresponding bit in the standard diagnosis
(STDDIAG.LHI) will be set to 15 once the LHI pin is set to “high” and latched until next STDDIAG
transmission. See Figure 15 for further information. SPI registers are available for read access. ERRDIAG,
STDDIAG, WRNDIAG and ICS can be used for diagnosis in Limp Home.

When the device is in transient protection (Vs < Vsp)) and the LHI pin is set to "high", the STDDIAG. LHI bit
will be set but the device will not change its state to Limp Home mode. Furthermore STDDIAG.VSMON and
STDDIAG. TER bits will be set to report the battery transient protection.
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Figure15 Limp Home Activation as function of V/

6.1.8 Limp Home Active mode

Limp Home Active mode is entered when the device is in Limp Home mode and one of the IN pins is set to
“high”. Overload, Overtemperature and Overvoltage protections are active. Since SPI registers cannot be
written current sensing is not available.
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6.1.9 Definition of Operation modes transition times

The channel turn-ON time is as defined by parameter ty, when BTS72220-4ESA is in Active mode or in Limp
Home mode. In all other cases, it is necessary to add the transition time required to reach one of the two

aforementioned operation modes (as shown in Figure 16).

tLHI(AC)
. tWU(PO)
Unsupplied
Emszss > Y € buneer+ Lrrmsosie
Stand-by | Sleep
)
A tTRANSZSTBv A A tLHI(AC) + tTRANSZSTBV
Lo Y o v \ 4
ton+ Liransastar g g -
Lo £ oot 5 s Limp Home
+ a E
vy | orr + Liransasie (2 2 — A
»i tON + tTRANSZSTBV " t +t
. h t + t Ready LHI(AC) T LTRANS2STBY
Active ore + Liransasip > |
tOFF + tLHI(AC) 3 _.;5
A ; v
th(Ac) lep Home
- »  Active
Power Supply_OpModes_Timings.emf

Figure 16 Transition Time diagram

6.2 Undervoltage on V;

Between Vg op) and Vg, the undervoltage mechanism is triggered. If the device is operative (in Active or Limp
Home Active mode) and the supply voltage drops below the undervoltage threshold Vs, the internal logic
switches OFF the output channels. When the device is either in Stand-by, Active or Limp Home mode the bit
STDDIAG.VSMON is set and latched until readout. When the state is changed from Sleep to any other state,
a delay of t = t;pansosTey has to be considered until STDDIAG. VSMON is valid.

As soon as the supply voltage Vs is above the operative threshold Vs op), the channels having the corresponding
input pin set to “high” or the bitin the OUT register set to 15 are switched ON again. The restart is delayed with
a time tpg, av(yy) Which protects the device in case the undervoltage condition is caused by a short circuit event
(according to AEC-Q100-012), as shown in Figure 17.
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Figure 17 V;undervoltage behavior

6.3 Reset Condition

One of the following conditions reset the SPI registers to their default value:
«  Vppisnot present or below the undervoltage threshold Vyppo,

- SPIregisters will be reset to their default values (in the first communication after reset the
STDDIAG.TER will be setto 1;).

- Restart counters will not be reset if I/ is available or LHI is "high".

+ LHIpinissetto “high” for t > t,,;ac) and Vs > Vs rp)
- Configuration registers will be reset to their default values. ERRDIAG and WRNDIAG will be reset.
- Restart counters will be reset.

+ Reset command (HWCR.RST = 1;) is executed and Vs > Vg rp

- Configuration registers will be reset to their default values. ERRDIAG, WRNDIAG and STDDIAG will not
be reset.

- Restart counters will not be reset.
In case all Input pins are set to “low” after any reset condition, all channels are switched OFF.
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6.4 Electrical Characteristics Power Supply

Vpp=3.0Vto5.5V, Ve =6Vto 18V, T,=-40 °C to +150 °C

Typical values: V,p =5.0V, V=135V, T;=25°C

Typical resistive loads connected to the outputs for testing (unless otherwise specified):
65W output: R, =2.4Q

42Woutput: R =3.4Q

Table12 Electrical Characteristics: Power Supply - General

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

VS pin

Power Supply Undervoltage | Vs, 1.8 23 31 v Vs decreasing P_6.4.0.1

Shutdown IN = “high” or

OUT.OUTn =1,
From Vp=<0.5Vto
Vps = Vs

See Figure 17

Power Supply Minimum Vsiop) 2.0 3.0 4.1 v Vs increasing 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 v Vs decreasing P_6.4.0.5

Threshold for Battery STDDIAG.VSMON= 1,

Transients Protection STDDIAG.TER=14

DCR.MUX #111,
See Figure 17

Power Supply Undervoltage | Vsyg - 0.7 |- Y 1 P_6.4.0.6
Shutdown Hysteresis Vsiop) ~ Vsuv)

See Figure 17
Power Supply Undervoltage |tpeiayuy) |2-5 4 5.5 ms |Y P_6.4.0.10
Recovery Time See Figure 17
Breakdown Voltage Vs rew) 16 - 30 v 1 P_6.4.0.9
between GND and VS Pins in lnp(Rey) = 14 MA
Reverse Battery T,=150°C

1) Not subject to production test - specified by design.
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6.4.1 Electrical Characteristics Power Supply - SPOC™

Table13 Electrical Characteristics: Power Supply - SPOC™

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

VDD pin
Digital Supply Operating | Vpp(op) 2.45 |43 5.5 v 2 P_6.4.1.1
Voltage fsck =5 MHz
Digital Supply Power-On | Vpp(po) 1.4 1.9 2.3 v 1 P_6.4.1.9
Reset Threshold Voltage Vpp increasing
Digital Supply Undervoltage | Vpp ) 1.3 1.8 2.2 v Vpp decreasing P_6.4.1.2
Shutdown OUT.OUTn =1,

From Vps<0.5Vto

Vs = Vs
Digital Supply Undervoltage |Vpp s - 0.1 - v 2 P_6.4.1.3
Shutdown Hysteresis
Digital Supply Clamping Vooctawpy | - 6.5 - ' 2 P_6.4.1.11
Voltage Ipp=1mA
Digital Supply Clamping VopicLampz) | 6 7 8 v Iop =20 mA P_6.4.1.12
Voltage
Power-On Wake Up Time twuro) - 10 30 us 1 P_6.4.1.13
Transition Time to Stand-by | t;ransostay |5 10 30 us | Y P_6.4.1.4
Mode
Transition Time to Sleep trransoste |1 5 20 us 1 P_6.4.15
Mode
Limp Home tiiac) 10 20 40 pus |V P_6.4.16

Acknowledgement Time
1) Not subject to production test - specified by design.

6.5 Electrical Characteristics Power Supply - Product Specific
Vpp=3.0Vto5.5V, Ve =6Vto 18V, T,=-40 °C to +150 °C

Typical values: Vpp=5.0V, Vs=13.5V, T,=25°C

Typical resistive loads connected to the outputs for testing (unless otherwise specified):
65W output: R, =2.4Q

42W output: R =3.4Q
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6.5.1 BTS72220-4ESA
Table 14  Electrical Characteristics: Power Supply BTS72220-4ESA
Parameter Symbol Values Unit |Noteor Number
Min. Typ. Max. Test Condition
Digital Supply Current Iop - 80 200 HA fsck = 0 MHz P_6.5.30.1
Consumption in Normal Vs> Vgyy)
Operation Veen=Vpp=5V
DCR.MUX # 111,
Digital Supply Current Ipp(sLeep) - 17 50 HA fsck =0 MHz P_6.5.30.3
Consumption in Sleep Mode Vs> Vs
Vesn=Vop =5V
DCR.MUX =111,
Digital Supply Current Ipp(sLeep) - 17 35 HA fsck = 0 MHz P_6.5.30.12
Consumption in Sleep Mode Vs> Vs
Vesn=Vop =5V
DCR.MUX =111,
T,<85°C
Power Supply Current lys(steep) 85 |- 0.05 |13 nA |12 P_6.5.30.4
Consumptionin Sleep Mode Vs=18V
with Loadsat T;<85°C Vour=0V
INx = “low”
T,=85°C
Power Supply Current Iys(sLeEp) 150 2 100 MA Ve=18V P_6.5.30.5
Consumptionin Sleep Mode Vour=0V
with Loads at T, =150 °C INXx = “low”
T,=150°C
Operating Currentin Active | lgypactive) |~ 5 7 mA  |Vs=18V P_6.5.30.6
Mode (all Channels ON) Vpp=5V
INx = “high” or
OUT.OUTn =1,
Operating Currentin Ready |lg\preapy) |~ 80 200 HA Vs=18V P_6.5.30.8
Mode Vesn=Vpp=5V
fscuk = 0 MHz
DCR.MUX =111,
OUT.OUTn =1,
Operating Current in Stand- | Ig\p(stay) - 1.25 2 mA  |V;=18V P_6.5.30.9
by Mode Vop=5V
DCR.MUX # 111,
1) Not subject to production test - specified by design.
2) If Vpp < Vpp(po) LHI ="low” and any restart counter >0, Igyp(stay) has to be considered.
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7 Power Stages

The high-side power stages are built using a N-channel vertical Power MOSFET with charge pump.

7.1 Output ON-State Resistance

The ON-state resistance R oy depends mainly on junction temperature T . Figure 18 shows the variation of
Rps(on) across the whole T, range. The value “2” on the y-axis corresponds to the maximum Ry oy, measured
atT,=150°C.

Rps(on) Variation over T,
20  E———
Reference value: N
2.00 "2" = Rps(onuax @ 150 °C ()
1.80 /;
1.60 —
/
5 140 —
o —
g —
8 "
= —
o 1.20 —
2 —
> 100
z /
z —_
& 0380
0.60
0.40
0.20 @ Typical
0.00
40 -30 20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Junction Temperature (°C)

Figure 18 Ry oy variation factor
The behavior in Reverse Polarity is described in Chapter 8.4.1.

7.2 Switching loads

7.2.1 Switching Resistive Loads

When switching resistive loads, the switching times and slew rates shown in Figure 19 can be considered. The
switch energy values Eqy and E are proportional to load resistance and times t,, and tqg.
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Figure 19 Switching a Resistive Load

7.2.2 Switching Inductive Loads

When switching OFF inductive loads with high-side switches, the voltage V,,; drops below ground potential,
because the inductance intends to continue driving the current. To prevent the destruction of the device due
to overvoltage, a voltage clamp mechanism is implemented. The clamping structure limits the negative
output voltage so that Vg = Vpgciaup)- Figure 20 shows a concept drawing of the implementation. The
clamping structure protects the device in all operation modes listed in Chapter 6.1.
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Channel r
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<
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[ Renp

PowerStage_Clamp_INTDIO.emf

Figure 20 Output Clamp concept
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During demagnetization of inductive loads, energy has to be dissipated in BTS72220-4ESA. The energy can be
calculated with Equation (7.1):

Vs —VpscLamp) Rp-h L
DS(CLAMP) R, V5= VbpscLampy - R

The maximum energy, therefore the maximum inductance for a given current, is limited by the thermal design
of the component.

7.2.3 Output Voltage Limitation

To increase the current sense accuracy, Vp voltage is monitored. When the output current /, decreases while
the channel is diagnosed (channel selected via DCR.MUX - see Figure 21) bringing V5 equal or lower than
Vps(sLc)» the output DMOS gate is partially discharged. This increases the output resistance so that Vs = Viygs )
even for very small output currents. The V¢ increase allows the current sensing circuitry to work more
efficiently, providing better k, s accuracy for output current in the low range.

IN/
OUT.OUTn T I I

i 4

CS
DCR . MUX T 110 IOOO Ino

t'

A

S AN >

t

Vs A tsision) tsis(oFR)

Vs _\

VbssLo) \ Val —~~ J

t

PowerStage_GBR_diag.emf

Figure21 Output Voltage Limitation activation during diagnosis

7.2.4 Switching Capacitive Loads

When switching ON a capacitive load, the capacitance is causing a high inrush current. The current is
depending on the value of the capacitance, the ESR, the impedance of the system and the slew rate of the
driver. Toimprove the load driving capability, BTS72220-4ESA offers a slew rate control feature. When the slew
rate bit SRC. SRCn is set, the slew rate of the respective channel is reduced to the half (see Chapter 7.4.1).
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7.3 Advanced Switching Characteristics
7.3.1 Inverse Current behavior

When Vq > Vs, a current /,, flows into the power output transistor (see Figure 22). This condition is known
as “Inverse Current”.

If the channel is in OFF state, the current flows through the intrinsic body diode generating high power losses
therefore an increase of overall device temperature. This may lead to a switch OFF of unaffected channels due
to Overtemperature. If the channelis in ON state, Rys vy Can be expected and power dissipation in the output
stage is comparable to normal operation in Ryg(oy)-

During Inverse Current condition, the channel remains in ON or OFF state as long as /jyy </ yny)-

With InverseON, it is possible to switch ON the channel during Inverse Current condition as long as Iy, </
(see Figure 23).

Vear

L
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Gate | |
Driver | %
I_ | Vinv = Vout > Vs
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Logic Comp. ouT -~

GND
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PowerStage_InvCurr_INTDIO.emf

Figure 22 Inverse Current Circuitry
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Figure 23 InverseON - Channel behavior in case of applied Inverse Current
Note: No protection mechanism like Overtemperature or Overload protection is active during applied

Inverse Currents.

7.3.2 Switching Channels in Parallel

When switching channels in parallel to drive a single load it may happen that the two channels switch OFF
asynchronously in case of a fault condition which brings additional stress to the channel that switches OFF
last. In order to avoid this condition, it is possible to synchronize the protection of two channels when used in
parallel. There are 2 bits in the SPI (PCS . PCCn), which allow to synchronize channel 0&3 and 1&2. When the
corresponding PCS . PCCn bit is set, the switch-OFF and restart of the channels are synchronized and the
current trip levels will be reduced to /oy, 3). In case the current trip level for one channel is set to the low level
(OCR.OCTn = 1), the current for both channels will be reduced to /oy, Since the restart counters of the
channels in parallel are synchronized, both channels will latch-OFF as soon one counter has reached
Nrestart(cr)- DU€ to this reason it is recommended to clear counters before switching channels in parallel. In
case the slew rate adjustment for one channels is used, (SRC. SRCn = 1;), both channels operating in parallel
mode will use the adjusted slew rate. When channels are switched in parallel (PCS.PCCn = 1;), the Output
Voltage Drop Limitation at Small Load Currents is disabled. Therefore the current sense ratio specifications at
lower currents are not valid. See Chapter 9.7 for further information. To improve current sense accuracy in
parallel channel operation, parallel mode has to be deactivated (PCS . PCCn = 0g). Since the current sense of
the two channels used in parallel is not synchronized, the total current has to be calculated out of the current
sense reading of each single channel. Unless otherwise specified parameter deviations are possible when
parallel mode is activated.
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When two channels are used in parallel, the total current capability /, (o, is doubled. It has to be ensured that
the outputs used in parallel mode are connected together with a symmetric and low impedance connection
either on the PCB or in the wire harness.

7.3.3 Cross Current robustness with H-Bridge configuration

When BTS72220-4ESA is used as high-side switch e.g. in a bridge configuration (therefore paired with a low-
side switch as shown in Figure 24), the maximum slew rate applied to the output by the low-side switch must
be lower than | dV; / dt |. Otherwise the output stage may turn ON in linear mode (not in Ryqyy) While the
low-side switch is commutating. This creates an unprotected overheating for the DMOS due to the cross-
conduction current.

Vear
R/L cable
VS
1H L
ON(DC) - INxHiq & & il iy OFF
1N il
ouT
OUTx y | dVour/ dt|
Current through Mot cross
urrent through Motor Current
ON (PWM)
OFF T # # T JUUL
J7 PowerStage_Passive Slew_SPOC.emf

Figure 24 High-Side switch used in Bridge configuration
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7.4 Electrical Characteristics Power Stages

Vpp=3.0Vto5.5V, Ve =6Vto 18V, T,=-40 °C to +150 °C
Typical values: V,p =5.0V, V=135V, T;=25°C

Typical resistive loads connected to the outputs for testing (unless otherwise specified):

65W output: R, =2.4Q
42Woutput: R =3.4Q

infineon

Table 15 Electrical Characteristics: Power Stages - General
Parameter Symbol Values Unit |Noteor Number
Min. ‘ Typ. ‘ Max. Test Condition
Voltages
Drain to Source Clamping | Vpgiciamp) 40 |33 36.5 42 v I, =5mA P_7.4.0.1
Voltage at T,=-40"°C T,=-40°C
See Figure 20
Drain to Source Clamping | Vpgciamp) 25 |35 38 44 v 2 P_7.4.0.2
Voltage at T,225°C I,=5mA
T,225°C
See Figure 20
1) Tested at T,=150°C.
7.4.1 Electrical Characteristics Power Stages - SPOC™
Table16 Electrical Characteristics: Power Stages - SPOC™
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Timings
Switch-ON Delay tonperay | 10 30 60 s [Ve=13.5V P_7.42.1
Vour = 10% Vs
PCS.PCCn =0,
Switch-ON Delay tonperay) | 10 40 80 us |2 P_7.4.2.16
(parallel mode) Vs=13.5V
Vour =10% Vs
PCS.PCCn=1;4
Switch-OFF Delay torrELay) |10 30 60 us Vs=13.5V P_7.4.2.2
Vour = 90% Vs
Switch-ON Time tox 20 55 100 |us V=135V P_7.42.3
Viur = 90% Vg
SRC.SRCn =0,
PCS.PCCn =0,
Switch-ON Time ton 20 70 125  |pus |2 P_7.4.2.20
(parallel mode) Vs=13.5V
Vur = 90% Vg
SRC.SRCn =0,
PCS.PCCn=1,
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Table 16 Electrical Characteristics: Power Stages - SPOC™ (continued)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Switch-ON Time ton 30 75 150 |ps  |V=13.5V P_7.4.2.4
Vour =90% Vs
SRC.SRCn=1;4
Switch-OFF Time toer 20 55 100 us Vs=13.5V P_7.4.2.6
Vour =10% Vg
SRC.SRCn =04
Switch-OFF Time tore 30 75 150 |us |V =135V P_7.42.7
Vour = 10% Vs
SRC.SRCn =1,
Switch-ON/OFF Matching | Atgy, -50 0 50 us Vs=13.5V P_7.4.2.9
ton - torr PCS.PCCn =0,
Voltage Slope
Switch-ON Slew Rate (dv/dt)oy |0.3 0.6 0.9 V/ius |Vg=13.5V P_7.4.2.11
Vour =30% to 70%
of Vg
SRC.SRCn 