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General 

Device under Test: BTS71220-4ESx (L8431) 

Date code: GE805 / GE808 

Design step: J21 / J61 

Lot number: ZF802193.04 

Description:  High Side Switch w. Diagnosis and Embedded Protection, 2x 9.5 mΩ, 2x 22.5 mΩ 

General Test Condition 

Temperature:  23°5C 

Supply voltage:  VBat=+13.5V; VIn = +5V; VDD = +5V or +3.3V 

Kind of load:  3.3 / 55W Bulb each Bulb mode Out0, Out3 

   6.8 / 27W Bulb Bulb mode Out1, OUT2 

Operation mode: OFF; ON, PWM  Operation Frequency: 100Hz  Duty Cycle: 50%/80% 

VS test:  OFF, ON, PWM; switching signal provided by SPI commands or input pins; 

OUT test: OFF, ON, PWM; switching signal provided by SPI commands or input pins; 

VDD test: OFF, PWM; switching signal provided by SPI commands or input pins;  

LHi to GND or to +5V 

DUT Specific:  GND connection = resistor 47 (0805) from GND-Pin to module GND 

LHi with 4.7 k (0805) to GND or +5V, VDD Pin with 470nF (X7R 0805) to chip GND 

and serial resistor of 470 (0805) to +5V or +3.3V 

R1In1-RIn4=4.7k (0805) 

R1_SO, R1_SI, R1_SCLK and R1_CS=1.2k (0805) 

C1In1-C1In4 not placed 

All elements with <xx> value not placed if not otherwise specified below. 

As external decoupling capacitors a ceramic 100nF 0805 X7R between VS and 

module ground and a ceramic 10nF 0805 X7R between the outputs and module 

ground were used. 

 

EMC Test Schematic: 

 
Figure 1 Schematic for DPI and Emission tests 
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External Components used for Measurement Methods 

DPI measurement 
VS R2_VS open R1_VS 0 C1_VS 6.8nF R3_VS 150 C3_VS 6.8nF L_VS 5uH 

OUT0 R2_RF0 open R1_RF0 0 C1_RF0 6.8nF R0 150 C0 6.8nF L0 5uH 

OUT0 R_OUT0/1 0 R1_RF1 open   R1 open C1 open L1 open 

OUT1 R2_RF3 open R1_RF2 0 C1_RF2 6.8nF R2 150 C2 6.8nF L2 5uH 

OUT2 R2_RF4 open R1_RF3 0 C1_RF3 6.8nF R3 150 C3 6.8nF L3 5uH 

OUT3 R2_RF5 open R1_RF4 0 C1_RF4 6.8nF R4 150 C4 6.8nF L4 5uH 

OUT3 R_OUT4/5 0 R1_RF5 open   R5 open C5 open L5 open 

 

150 measurement 
VS R2_VS 51 R1_VS 120 C1_VS 6.8nF R3_VS open C3_VS open L_VS 5uH 

OUT0 R2_RF0 51 R1_RF0 120 C1_RF0 6.8nF R0 open C0 open L0 5uH 

OUT0 R_OUT0/1 0 R1_RF1 open   R1 open C1 open L1 open 

OUT1 R2_RF3 51 R1_RF2 120 C1_RF2 6.8nF R2 open C2 open L2 5uH 

OUT2 R2_RF4 51 R1_RF3 120 C1_RF3 6.8nF R3 open C3 open L3 5uH 

OUT3 R2_RF5 51 R1_RF4 120 C1_RF4 6.8nF R4 open C4 open L4 5uH 

OUT3 R_OUT4/5 0 R1_RF5 open   R5 open C5 open L5 open 

 

LISN measurement 
VS R2_VS open R1_VS open C1_VS open R3_VS open C3_VS open L_VS bridged 
OUT0 R2_RF0 open R1_RF0 open C1_RF0 open R0 150 C0 6.8nF L0 5uH 

OUT0 R_OUT0/1 0 R1_RF1 open   R1 open C1 open L1 open 

OUT1 R2_RF3 open R1_RF2 open C1_RF2 open R2 150 C2 6.8nF L2 5uH 

OUT2 R2_RF4 open R1_RF3 open C1_RF3 open R3 150 C3 6.8nF L3 5uH 

OUT3 R2_RF5 open R1_RF4 open C1_RF4 open R4 open C4 open L4 open 
OUT3 R_OUT4/5 0 R1_RF5 open   R5 150 C5 6.8nF L5 5uH 
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1. Conducted Immunity - Direct Power Injection 
References: ISO 11452-7 12-95; IEC 62132-3 01-00 

 

Disturbance signal 

Forward Power 

Modulation: 

 

 

Frequency range: 

Frequency step size: 

 

 

 

 

Power step size: 

Step Time: 

 

17 / 37dBm 

CW 

AM (80%, 1kHz sine wave, 

Ppeak AM = Ppeak CW) 

1MHz - 1GHz 

0.5MHz (1-10MHz) 

1MHz (10-100MHz) 

2MHz (100-200MHz) 

4MHz (200-400MHz) 

10MHz (400-1000MHz) 

0.2dB 

ts=1s 

 
 

 

DUT monitoring 

The monitored signals are combined to a logical 

sum "within specification or out of specification” as 

shown in the figure. 

As monitoring device an oscilloscope with a 

programmable signal tolerance mask is used. To 

prevent the monitoring device from the 

disturbance a RF decoupling filter is necessary. 

 
 

 

Failure criteria 

The signal tolerance mask is defined by the nominal 

value and the period of the signal plus the allowed 

tolerances specified in %. 

 

 U>USignal10% or 

t>T5% 

 

 

Typical diagram 

The graph in the immunity diagram shows the value 

of the maximum injected RF power to a pin up to 

that the DUT operates without any failure. The 

maximum RF power to apply is defined by the limit 

line.  
Test setup 

A signal generator is used to provide the disturbance 

signal that is further amplified. A directional coupler 

and a power meter are used to measure the actual 

forward power that is coupled to the IC under test. 

The DC supply and the load are connected to 

broadband artificial networks. To monitor the 

behaviour of the IC measurement devices (e.g. 

oscilloscopes) are used. 
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Hardware Test Setup 

 

Operation modes 

1  OFF 

2  ON 

3 PWM 100Hz 50% driven by SPI commands or input pins, ISx activated (LHI=GND) or LHI=+5V 

 

Load 

Load 0 and 3  3.3 Bulb mode 

Load 1 and 2  6.8  Bulb mode 

 

Monitoring 

OUT0, OUT1, OUT2, OUT3, ISense 

 

 

Table 1 DPI test table 

Injection point 

Operation 

mode 
Monitoring 

Forward 

power [dBm] 

w/o 

modulation 

(CW) 

Comment/ 

Condition 
Pin 

Name Function 

RF-VS Supply 1,2,3 
OUT0-3, 

ISense 
37 dBm, CW with 100nF@VS, 10nF@Outputs 

RF- OUT0 HS 1,2,3 
OUT0-3, 

ISense 
37 dBm, CW with 100nF@VS, 10nF@Outputs 

RF-OUT1 HS 3 
OUT0-3, 

ISense 
37 dBm, CW with 100nF@VS, 10nF@Outputs 

RF_OUT2 HS 1,2,3 
OUT0-3, 

ISense 
37 dBm, CW with 100nF@VS, 10nF@Outputs 

RF_OUT3 HS 3 
OUT0-3, 

ISense 
37 dBm, CW with 100nF@VS, 10nF@Outputs 
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DPI test results global IC pin VS, driven by SPI 

 
 

Figure 2 RF injection into connector RF-VS, PWM -state OUT0-3, 

DUT driven by SPI, ISense0 activated, monitoring outputs and ISense, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 

 

 
 

Figure 3 RF injection into connector RF-VS, single PWM-state of one channel by SPI, others off, 

ISenseX activated, monitoring outputs and ISense, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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  RF@VS, OFFbySPI=Out0-3+IS0, Moni=OUT0-3+IS

max. test value

Device:
Date Code:
Load:
O-Mode:
Coupling Pt:
Monitoring:
Modulation:

BTS71220-4ESE
GE805 
Load 0+3 = 3.3Ω, Load 1+2 = 6.8Ω
all Outs PWM by SPI+IS0,IC act.w.SPI
RF-VS
OUT0-3 + ISense
CW

GND=47,R-Vdd=470,C-Vdd=470nF
R-INs+R-LHI+ R-SO+SI+SCLK+CS=distant from the IC-Pin!
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RF-VS
OUT0 or 1 or 2 or 3 + corr.ISense
CW

GND=47,R-Vdd=470,C-Vdd=470nF
R-INs+R-LHI+ R-SO+SI+SCLK+CS=distant from the IC-Pin!
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DPI test results global IC pin VS, driven by SPI 

 
 

Figure 4 RF injection into connector RF-VS, single PWM-state of one channel by SPI, others off, 

ISenseX activated, monitoring outputs only, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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CW
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DPI test results global IC pin OUT0, driven by SPI 

  
Figure 5 RF injection into connector RF-OUT0, PWM -state OUT0 only or OUT0-3, 

DUT driven by SPI, ISense0 activated, monitoring outputs and ISense, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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Load 0+3 = 3.3Ω, Load 1+2 = 6.8Ω
all Outs or only Out0 PWM by SPI+IS0
RF-OUT0
OUT0, OUT0-3 or OUT0-3 + ISense
CW

GND=47,R-Vdd=470,C-Vdd=470nF
R-INs+R-LHI+ R-SO+SI+SCLK+CS=distant from the IC-Pin!
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DPI test results global IC pin OUT1, driven by SPI 

 
Figure 6 RF injection into connector RF-OUT1, PWM -state OUT1 or OUT0-3, 

DUT driven by SPI, ISense1 activated, monitoring outputs and ISense, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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max. test value

Device:
Date Code:
Load:
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Coupling Pt:
Monitoring:
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BTS71220-4ESE 
GE805 
Load 0+3 = 3.3Ω, Load 1+2 = 6.8Ω
all Outs or only Out1 PWM by SPI+IS1
RF-OUT1
OUT1, OUT0-3 or OUT0-3 + ISense
CW

GND=47,R-Vdd=470,C-Vdd=470nF
R-INs+R-LHI+ R-SO+SI+SCLK+CS=distant from the IC-Pin!
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DPI test results global IC pin OUT2, driven by SPI 

  
Figure 7 RF injection into connector RF-OUT2, PWM -state OUT2 or OUT0-3, 

DUT driven by SPI, ISense2 activated, monitoring outputs and ISense, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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max. test value
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Date Code:
Load:
O-Mode:
Coupling Pt:
Monitoring:
Modulation:

BTS71220-4ESE 
GE805 
Load 0+3 = 3.3Ω, Load 1+2 = 6.8Ω
all Outs or only Out2 PWM by SPI+IS2
RF-OUT2
OUT2, OUT0-3 or OUT0-3 + ISense
CW

GND=47,R-Vdd=470,C-Vdd=470nF
R-INs+R-LHI+ R-SO+SI+SCLK+CS=distant from the IC-Pin!
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DPI test results global IC pin OUT3, driven by SPI 

  
Figure 8 RF injection into connector RF-OUT3, PWM -state OUT3 or OUT0-3, 

DUT driven by SPI, ISense3 activated, monitoring outputs and ISense, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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max. test value
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Date Code:
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BTS71220-4ESE 
GE805
Load 0+3 = 3.3Ω, Load 1+2 = 6.8Ω
all Outs or only Out3 PWM by SPI+IS3
RF-OUT3
OUT3, OUT0-3 or OUT0-3 + ISense
CW

GND=47,R-Vdd=470,C-Vdd=470nF
R-INs+R-LHI+ R-SO+SI+SCLK+CS=distant from the IC-Pin!



 

BTS71220-4ESx 
 

EMC Test Report 13 Revision 1.2 

  2018-05-24 

DPI test results global IC pin VS, driven by input pins 

  
Figure 9 RF injection into connector RF-VS, PWM-state OUT0-3, DUT driven by inputs, 

no ISense activated, LHI=+5V, monitoring outputs only, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 

  
Figure 10 RF injection into connector RF-VS, single PWM-state of only one channel, 

DUT driven by inputs, no ISense activated, LHI=+5V, monitoring outputs only, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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Load 0+3 = 3.3Ω, Load 1+2 = 6.8Ω
all Outs PWM by Inputs, w/o IS, LHI=+5V
RF-VS
OUT0-3
CW

GND=47,R-Vdd=470,C-Vdd=470nF
R-INs+R-LHI+ R-SO+SI+SCLK+CS=distant from the IC-Pin!
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DPI test results global IC pin OUT0, driven by input pins 

   
Figure 11 RF injection into connector RF-OUT0, PWM-state OUT1 or OUT0-3, 

DUT driven by inputs, no ISense activated, LHI=+5V, monitoring outputs only, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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Load 0+3 = 3.3Ω, Load 1+2 = 6.8Ω
all or single OUT PWM by INs, LHI=+5V
RF-OUT0
OUT0 only or OUT0-3
CW

GND=47,R-Vdd=470,C-Vdd=470nF
R-INs+R-LHI+ R-SO+SI+SCLK+CS=distant from the IC-Pin!
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DPI test results global IC pin OUT1, driven by input pins 

 
Figure 12 RF injection into connector RF-OUT1, PWM-state OUT1 or OUT0-3, 

DUT driven by inputs, no ISense activated, LHI=+5V, monitoring outputs only, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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DPI test results global IC pin OUT2, driven by input pins 

 
Figure 13 RF injection into connector RF-OUT2, PWM-state OUT2 or OUT0-3, 

DUT driven by inputs, no ISense activated, LHI=+5V, monitoring outputs only, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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DPI test results global IC pin OUT3, driven by input pins 

 
Figure 14 RF injection into connector RF-OUT3, PWM-state OUT3 or OUT0-3, 

DUT driven by input pins, no ISense activated, LHI=+5V, monitoring outputs only, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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Load 0+3 = 3.3Ω, Load 1+2 = 6.8Ω
all or single OUT PWM by INs, LHI=+5V
RF-OUT3
OUT0-3
CW

GND=47,R-Vdd=470,C-Vdd=470nF
R-INs+R-LHI+ R-SO+SI+SCLK+CS=distant from the IC-Pin!



 

BTS71220-4ESx 
 

EMC Test Report 18 Revision 1.2 

  2018-05-24 

2. Conducted Emission - 150 Direct Coupling Method 
References: IEC 61967-1, IEC 61967-4 

 

Settings for the EMI test receiver 

 

Detector type: max. peak detector 

Measurement time: at least 2 times the cycle/period time but not less than 5ms 

 

Method Frequency range 
Receiver 

RBW Step size 

150  
150 kHz to 30 MHz 9 kHz 9 kHz 

30 MHz to 1000 MHz 120 kHz 120 kHz 

 

 

Hardware Test Setup 

 

 
Basic setup for the conducted emission measurement 

 

Load 

Load 0 and 3  55W Bulb Bulb mode 

Load 1 and 2 27W Bulb Bulb mode 

Table 2 Emission 150Ω test table 

Measuring point 
Operation 

mode 
Load Limit Comment / Condition Pin 

Name Function 

RF-VS Supply PWM, ON, OFF L0-3 
Global with C, w&w/o SPI, 

with or without ISense 

RF-OUT0 Output PWM, ON, OFF L0-3 
Global with C, w&w/o SPI, 

with or without ISense 

RF-OUT1 Output PWM, ON, OFF L0-3 
Global with C, w&w/o SPI, 

with or without ISense 

RF-OUT2 Output PWM, ON, OFF L0-3 
Global with C, w&w/o SPI, 

with or without ISense 

RF-OUT3 Output PWM, ON, OFF L0-3 
Global with C, w&w/o SPI, 

with or without ISense 
 

EMI test receiver

Vs

6n8

150Ohm coupling 

network

Power 

Supply

120Ohm

51Ohm

5uH

IC under test

Load

Out

Gnd

In
PWM: 100Hz 50%

ON: 5V

OFF: 0V
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Test results 150 method for global IC pin VS, driven by SPI, normal & slow SR 

  
Figure 15 Emission results at measurement point RF-VS, in PWM-, ON- and OFF-state, 

DUT driven by SPI, ISense activated, normal slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 

 
Figure 16 Emission results at measurement point RF-VS, in PWM- and OFF-state, 

DUT driven by SPI, ISense activated, slow slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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MP=Vs, all-OUTs=OFF,IS0active, w100nF@Vs+10nF@OUTs, GND=47R
MP=Vs, all-OUTs=OFF,StBy, w100nF@Vs+10nF@OUTs, GND=47R
MP=Vs, all-OUTs=OFF,w/oVdd, w100nF@Vs+10nF@OUTs, GND=47R
150ohm Class I
150ohm Class II

Class I

Class II

Class III

Device:
Date Code:
Load:
O-Mode:
Coupling Point:
Detector:

BTS71220-4ESE 
GE805 
Out0,3=55W, Out1,2=27W
OFF, ON, PWM 100Hz 50% driven by SPI
Vs (ISense0 activated)
MaxPeak
(w.100nF@Vs+10nF@Outs to moduleGND

47 from GND-Pin->moduleGND)
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150ohm Class III

Class I
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Device:
Date Code:
Load:
O-Mode:
Coupling Point:
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BTS71220-4ESE
GE805 
Out0,3=55W, Out1,2=27W
OFF, ON, PWM 100Hz 50% driven by SPI
Vs (IS0 activated, slow slew rate)
MaxPeak
(w.100nF@Vs+10nF@Outs to moduleGND

47 from GND-Pin->moduleGND)
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Test results 150 method, global IC pin OUT0, driven by SPI, norm. & slow SR 

  
Figure 17 Emission results at measurement point RF-OUT0, in PWM-, ON- and OFF-state, 

DUT driven by SPI, ISense0 activated, normal slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 

   
Figure 18 Emission results at measurement point RF-OUT0, in PWM- and OFF-state, 

DUT driven by SPI, ISense0 activated, slow slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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OUT0                            (ISense0 activated)
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OFF, ON, PWM 100Hz 50% driven by SPI
OUT0           (IS0 activated, slow slew rate)
MaxPeak
(w.100nF@Vs+10nF@Outs to moduleGND

47 from GND-Pin->moduleGND)
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Test results 150 method, global IC pin OUT2, driven by SPI, norm. & slow SR 

 
Figure 19 Emission results at measurement point RF-OUT2, in PWM-, ON- and OFF-state, 

DUT driven by SPI, ISense2 activated, normal slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 

 
Figure 20 Emission results at measurement point RF-OUT2, in PWM- and OFF-state, 

DUT driven by SPI, ISense2 activated, slow slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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Test results 150 method for global IC pin VS, driven by inputs, normal SR 

   
Figure 21 Emission results at measurement point RF-VS, in PWM-, ON- and OFF-state, 

DUT driven by input pins, no ISense activated, LHI=+5V, normal slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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(w.100nF@Vs+10nF@Outs to moduleGND

47 from GND-Pin->moduleGND)



 

BTS71220-4ESx 
 

EMC Test Report 23 Revision 1.2 

  2018-05-24 

Test results 150 method, global IC pin OUT0, driven by inputs, normal SR 

  
Figure 22 Emission results at measurement point RF-OUT0, in PWM-, ON- and OFF-state, 

DUT driven by input pins, no ISense activated, LHI=+5V, normal slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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Test results 150 method, global IC pin OUT1, driven by inputs, normal SR 

  
Figure 23 Emission results at measurement point RF-OUT1, in PWM- and OFF-state, 

DUT driven by input pins, no ISense activated, LHI=+5V, normal slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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Test results 150 method, global IC pin OUT2, driven by inputs, normal SR 

  
Figure 24 Emission results at measurement point RF-OUT2, PWM-mode, 

DUT driven by input pins, no ISense activated, LHI=+5V, normal slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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Test results 150 method, global IC pin OUT3, driven by inputs, normal SR 

  
Figure 25 Emission results at measurement point RF-OUT3, PWM-mode, 

DUT driven by input pins, no ISense activated, LHI=+5V, normal slew rate, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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3. Conducted Emission – Voltage Method (LISN) 
References: IEC CISPR 25 Edition 3.0 (2008-03) 

Test parameter LISN 

 

Detector type: Max peak detector 

Measurement time: at least 2 times the cycle/period time but not less than 5ms 

 

Method Frequency range 
Receiver 

BW Step size 

LISN 
150 kHz to 30 MHz 9 kHz 9kHz 

30 MHz to 108 MHz 120 kHz 120 kHz 

 

Hardware Test Setup 

 
Artificial network: test setup 

 

 

 

 
 

Artificial network: equivalent circuit 

 

 
 

Artificial network: impedance behaviour 
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Load 0 and 3  55W Bulb Bulb mode 

Load 1 and 2  27W Bulb Bulb mode 
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Test result – LISN method, normal slew rate 

 
Figure 26 Emission results LISN at VS, in PWM mode of OUT0-3, OUT0, OUT1, OUT2, OUT3 

and on- and off-state, DUT driven by input pins, with SPI - ISense activated, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 

 
Figure 27 Emission results LISN at VS, in PWM mode of OUT0-3, OUT0, OUT1, OUT2, OUT3 

and on- and off-state, DUT driven by input pins, without SPI, LHI=+5V, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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Test result – LISN method, slow slew rate 

 
Figure 28 Emission results LISN at VS, in PWM mode of OUT0-3, OUT0, OUT1, OUT2, OUT3 

and on- and off-state, DUT driven by input pins, with SPI – ISense + slow SR activated, 

with external capacitors 100nF @ VS to module GND, 10nF @ Outputs to module GND 
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4. Time Domain Measurement 

Hardware Test Setup 

 
Test setup time domain measurement (VDS, IDS) 
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Measurement Result - Time Domain OUT0, normal slew rate 
 

 

Load: 55W Bulb  

 

Turn on OUT0 Turn off OUT0 

  
Figure 29 BTS71220-4ESA - Time Domain Measurement, normal slew rate 

Table 3 Time domain measurement results 

Turn on Turn off 

max du/dt -545mV/μs max du/dt 741mV/μs 

max di/dt 135mA/μs max di/dt -207mA/μs 

switching loss energy (Ws) 311µWs switching loss energy (Ws) 535µWs 

switching power loss (W)  0,085W (=(311µWs+535µWs) * 100Hz) 
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Measurement Result - Time Domain OUT0, slow slew rate 
 

 

Load: 55W Bulb  

 

Turn on OUT0 Turn off OUT0 

  

Figure 30 BTS71220-4ESA - Time Domain Measurement, slow slew rate activated 

Table 4 Time domain measurement results 

Turn on Turn off 

max du/dt -341mV/μs max du/dt 293mV/μs 

max di/dt 87mA/μs max di/dt -91mA/μs 

switching loss energy (Ws) 496µWs switching loss energy (Ws) 798µWs 

switching power loss (W)  0,141W (=(496µWs+798µWs) * 100Hz) 
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Measurement Result - Time Domain OUT1, normal slew rate 
 

 

Load: 27W Bulb  

 

Turn on OUT1 Turn off OUT1 

  
Figure 31 BTS71220-4ESA - Time Domain Measurement, normal slew rate 

Table 5 Time domain measurement results 

Turn on Turn off 

max du/dt -523mV/μs max du/dt 564mV/μs 

max di/dt 92mA/μs max di/dt -97mA/μs 

switching loss energy (Ws) 219µWs switching loss energy (Ws) 294µWs 

switching power loss (W)  0,051W (=(219µWs+294µWs) * 100Hz) 
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Measurement Result - Time Domain OUT1, slow slew rate 
 

 

Load: 27W Bulb  

 

Turn on OUT1 Turn off OUT1 

  
Figure 32 BTS71220-4ESA - Time Domain Measurement, slow slew rate activated 

Table 6 Time domain measurement results 

Turn on Turn off 

max du/dt -308mV/μs max du/dt 328mV/μs 

max di/dt 45mA/μs max di/dt -57mA/μs 

switching loss energy (Ws) 335µWs switching loss energy (Ws) 435µWs 

switching power loss (W)  0,077W (=(335µWs+435µWs) * 100Hz) 
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Measurement Result - Time Domain OUT2, normal slew rate 
 

 

Load: 27W Bulb  

 

Turn on OUT2 Turn off OUT2 

  
Figure 33 BTS71220-4ESA - Time Domain Measurement, normal slew rate 

Table 7 Time domain measurement results 

Turn on Turn off 

max du/dt -558mV/μs max du/dt 496mV/μs 

max di/dt 62mA/μs max di/dt -102mA/μs 

switching loss energy (Ws) 219µWs switching loss energy (Ws) 305µWs 

switching power loss (W)  0,052W (=(219µWs+305µWs) * 100Hz) 
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Measurement Result - Time Domain OUT2, slow slew rate 
 

 

Load: 27W Bulb  

 

Turn on OUT2 Turn off OUT2 

  
Figure 34 BTS71220-4ESA - Time Domain Measurement, slow slew rate activated 

Table 8 Time domain measurement results 

Turn on Turn off 

max du/dt -231mV/μs max du/dt 253mV/μs 

max di/dt 42mA/μs max di/dt -54mA/μs 

switching loss energy (Ws) 347µWs switching loss energy (Ws) 448µWs 

switching power loss (W)  0,079W (=(347µWs+448µWs) * 100Hz) 
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Measurement Result - Time Domain OUT3, normal slew rate 
 

 

Load: 55W Bulb  

 

Turn on OUT3 Turn off OUT3 

  
Figure 35 BTS71220-4ESA - Time Domain Measurement, normal slew rate 

Table 9 Time domain measurement results 

Turn on Turn off 

max du/dt -615mV/μs max du/dt 744mV/μs 

max di/dt 138mA/μs max di/dt -172mA/μs 

switching loss energy (Ws) 308µWs switching loss energy (Ws) 531µWs 

switching power loss (W)  0,084W (=(308µWs+531µWs) * 100Hz) 
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Measurement Result - Time Domain OUT3, slow slew rate 
 

 

Load: 55W Bulb  

 

Turn on OUT3 Turn off OUT3 

  
Figure 36 BTS71220-4ESA - Time Domain Measurement, slow slew rate activated 

Table 10 Time domain measurement results 

Turn on Turn off 

max du/dt -328mV/μs max du/dt 301mV/μs 

max di/dt 98mA/μs max di/dt -95mA/μs 

switching loss energy (Ws) 525µWs switching loss energy (Ws) 778µWs 

switching power loss (W)  0,130W (=(525µWs+778µWs) * 100Hz) 
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5. Conducted Immunity - Transient Disturbances 
References: ISO 7637-1:2010(E); ISO 7637-2:2010(E); ISO 16750-2:2010(E) 

Hardware Test Setup 

 

 
Test setup for the transient disturbances applied to VS 

 

 

Operation modes 

  All outputs switched on and Isense0 activated by SPI command 

  All outputs switched off (device is awake) 

 

Load   Load 0 and 3  3.3  Bulb mode 

  Load 1 and 2 6.8   Bulb mode 

 

Monitoring 

  V-Generator/ Supply 

  Output2 

  ISense0 

  Current of whole application 

 

 

Measurement equipment (workbench: ISO 3) 

Device Manufacturer Model 

Supply EM-Test  VDS200 / Pulse  2b + “start.profile” 

Pulse Generator EM-Test UCS200 / Pulse 1, 2a, 3a, 3b 

Pulse Generator EM-Test LD200 / Pulse load dump 

Digital Oscilloscope Tektronix TDS5054 
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Measurement Result - Test pulses applied to VS 

 

Operation mode ON 

 

Test pulse 1                                

Test pulse 2a                        

Test pulse 3a                               ok up to at least -220V! 

Test pulse 3b                                

TP Load Dump 

Suppression Ri=2 

                  clamped  

@ + 35V 

TP Load Dump 

Suppression Ri=0.5 

                  clamped  

@ + 35V 

Test pulse IFXc1 
Ri=24 

                       

 

|US| 

 
Test pulse 2b Passed 

Starting Profile Passed 
 

 

 

Operation mode OFF 

 

Test pulse 1                                

Test pulse 2a                        

Test pulse 3a                               ok up to at least -220V! 

Test pulse 3b                                

TP Load Dump 

Suppression Ri=2 

                  clamped  

@ + 35V 

TP Load Dump 

Suppression Ri=0.5 

                  clamped  

@ + 35V 

Test pulse IFXc 

Ri=24 

                       

 

|US| 

 
Test pulse 2b Passed 

 

 

  

                                                      
1 For Ri=2 and Vdd=+5V min. immunity = -110V (max.tested voltage), for Ri=2 and Vdd=+3.3V min. immunity = -100V (fail but no 

damage). For Ri=4 the min. immunity is -110V (max.tested voltage) no matter if Vdd is +5V or +3.3V. 

0V 25V 50V 75V 100V 125V 150V 175V 200V

0V 25V 50V 75V 100V 125V 150V 175V 200V
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Classification of the Transient Test Levels 

The immunity of an IC can be classified by IC performance classes which slightly differ from ECU performance 

classes e.g. as specified in the ISO 7637 standard. For the transient immunity test on IC level only functional 

class C, D, E is tested. 

 

Table 11 Definition of functional status 

Class Content 

Class A: 
All monitored functions of the IC perform within the defined tolerances during and after 

exposure to disturbance. 

Class B: This classification is not applicable for ICs. 

Class C: 
One or more monitored functions of the IC do not perform within the defined tolerances 

during exposure but return automatically to the defined tolerances after the disturbance. 

Class D: 

One or more monitored functions of the IC do not perform within the defined tolerances 

during exposure and do not return to the defined tolerances automatically after the 

exposure. The IC returns to normal operation by simple action (e.g. reset). 

Class E: 
One or more monitored functions of the IC do not perform within the defined tolerances 

after exposure and the IC can not be returned to proper operation. 

 



 

BTS71220-4ESx 
 

EMC Test Report 42 Revision 1.2 

  2018-05-24 

Test Pulse Definition for the 12V System1 
 

Table 1  Test Pulse 1 

VA 13.5V 

 

 
VSmax -75V to -150V 
Ri 10Ω 
td 2ms 

tr 1µs (+0µs, -0.5µs) 

t1 ≥0.5s 

t2 200ms 

t3 <100µs 

# of 

pulses 
5000 

tMon 
Time between 2 

pulses 

Test Pulse1 simulates the turn-of for inductive loads in parallel to 

the DUT Therefore also the battery voltage is turned-off for 200ms. 

Standard ISO7637-2: 2010  

 

Table 2  Test Pulse 2a 

VA 13.5V 

 

 
VSmax +37V to +112V 
Ri 2Ω 
td 50µs 
tr 1µs (+0µs, -0.5µs) 
t1 0.2s to 5s 

test time 10 minutes 

# of 

pulses 
5000 

tMon 
Time between 2 

pulses 

Test Pulse2a simulates transients due to sudden interruption of 

currents in a device connected in parallel with the DUT due to t. due 

to the inductance of the wiring harness. Standard ISO7637-2: 2010  

 

Table 3  Test Pulse 2b 

VA 13.5V 

 

 

VSmax +10V 

Ri 0Ω to 0,05Ω 

td 0.2s to 2s 
tr 1ms (±0.5ms) 
t12 1ms (±0.5ms) 
t6 1ms (±0.5ms) 

# of 

pulses 
10 

tMon after next power on Test Pulse2b simulates transients from dc motors acting as 

generators after the ignition is switched off. Standard ISO7637-2: 2010  

 

  

                                                      
1
 The peak voltage VS shall be adjusted to the test levels with a tolerance of +10%, -0%. The timing tolerances and internal 

resistance Ri tolerance shall be ±20%, unless otherwise specified. 
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Table 4  Test Pulse 3a 

VA 13.5V 

 

 
VSmax -112V to -220V 
Ri 50Ω 
td 150ns ± 45ns 
tr 5ns ±1.5ns 
t1 100µs 
t4 10ms 
t5 90ms 

test time 1h 

tMon 
between burst 

package 

Test Pulse 3a simulates a switching process. 

Standard ISO7637-2: 2010  

 

Table 5  Test Pulse 3b 

VA 13.5V 

 

 
VSmax +75V to +150V 
Ri 50Ω 

td 150ns ± 45ns 

tr 5ns ±1.5ns 

t1 100µs 

t4 10ms 
t5 90ms 

test time 1h 

tMon 
between burst 

package 

Test Pulse 3b simulates a switching process. 

Standard ISO7637-2: 2010  

 

Table 6  Pulse Starting profile 

Level I 

VB

tf
t6 t

V

0
VS6

t7 t8 tr

VS

VApp

tMon1
tMon2

f

 

  

VB +12V  

VS6 8V  

VA 9.5V 

VAPP 2.0V 

Ri 0.01Ω 
tf 5ms 
t6 15ms 
t7 50ms 

t8 1s 

tr 40ms 

f 2Hz 

# of 

pulses 
1 

tMon1 during t6 The starting Profile simulates the battery voltage during the ignition 

process tMon2 during t8 

Standard ISO 16750-2: 2010 
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Table 7  Pulse Load Dump Suppression 

VA +13.5V 

 

 

VSmax +79V to +101V 

VS
* +35V 

Ri 0.5Ω to 4Ω 2Ω 
td 40ms to 400ms 
tr 10ms(+0ms, -5ms) 

# of 

pulses 

10 pulses at 

intervals of 1 min 
tMon between burst 

package 

Standard ISO16750-2: 2010  This pulse simulates the load dump pulse in case of suppressor 

diodes integrated into the generator. 
  

 

Table 8  Test Pulse IFX-C 

VA +13.5V 

 

 

VSmax -50V to -100V 

Ri 
2Ω for VS ≤ 50V 

4Ω for VS > 50V 

td 50µs 

tr 1µs (+0µs, -0.5µs) 

T1 0.2s to 5s 

# of 

pulses 
500 

tMon Time between 2 

pulses 

Test Pulse IFX−C is the negative Test pulse2a connected to the 

battery line. 

Standard Infineon internal 
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