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BLOCK DIAGRAM & PIN CONFIGURATION

Figure 1. Block Diagram
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Table 1. SO8 PACKAGE PIN DESCRIPTION

Pin # Symbol Description

1 IN Logic Level Input

2 CS_EN Current Sense Enable

3 GND Ground

4 CS Analog Current Sense Output

5 VD Supply Voltage

6 OUT Output

7 OUT Output

8 VD Supply Voltage
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ELECTRICAL CHARACTERISTICS (7 V ≤ VD ≤ 28 V; 40°C < TJ < 150°C unless otherwise specified)

Table 5. POWER

Rating Symbol Conditions

Value

UnitMin Typ Max

Operating Supply Voltage VD 4 28 V

Undervoltage Shutdown VUV 3.5 4 V

Undervoltage Shutdown
Hysteresis

VUV_hyst 0.4 V

On Resistance RON IOUT = 3.5 A, TJ = 25°C 50 m�

IOUT = 3.5 A, TJ = 150°C 110

IOUT = 3.5 A, VD = 4.5 V, TJ = 25°C 105

Supply Current (Note 7) ID OFF state: VD = 13 V,
VIN = VOUT = 0 V, TJ = 25°C

0.2 0.5 �A

OFF state: VD = 13 V,
VIN = VOUT = 0 V, TJ = 85°C (Note 8)

0.2 0.5 �A

OFF state: VD = 13 V,
VIN = VOUT = 0 V, TJ = 125°C

3 �A

ON state: VD = 13 V,
VIN = 5 V, IOUT = 0 A

1.9 3.5 mA

On State Ground Current IGND(ON) VD = 13 V, VCS_EN = 5 V
VIN = 5 V, IOUT = 1 A

6 mA

Output Leakage Current IL VIN = VOUT = 0 V, VD = 13 V, TJ = 25°C 0.5 �A

VIN = VOUT = 0 V, VD = 13 V, TJ = 125°C 3

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
7. Includes PowerMOS leakage current.
8. Not subjected to production testing.

Table 6. LOGIC INPUTS (VD = 13.5 V; 40°C < TJ < 150°C)

Rating Symbol Conditions

Value

UnitMin Typ Max

Input Voltage  Low Vin_low 0.9 V

Input Current  Low Iin_low VIN = 0.9 V 1 �A

Input Voltage  High Vin_high 2.1 V

Input Current  High Iin_high VIN = 2.1 V 10 �A

Input Hysteresis Voltage Vin_hyst 0.2 V

Input Clamp Voltage Vin_cl IIN = 1 mA 12 13 14 V

IIN = 1 mA 14 13 12

CS_EN Voltage  Low VCSE_low 0.9 V

CS_EN Current  Low ICSE_low VCS_EN = 0.9 V 1 �A

CS_EN Voltage  High VCSE_high 2.1 V

CS_EN Current  High ICSE_high VCS_EN = 2.1 V 10 �A

CS_EN Hysteresis Voltage VCSE_hyst 0.2 V

CS_EN Clamp Voltage VCSE_cl ICS_EN = 1 mA 12 13 14 V

ICS_EN = 1 mA
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Table 7. SWITCHING CHARACTERISTICS (VD = 13 V, 40°C < TJ < 150°C)

Rating Symbol Conditions

Value

UnitMin Typ Max

Turn On Delay Time td_on VIN high to 20% VOUT, RL = 6.5 �, TJ = 25°C 5 60 120 �s

Turn Off Delay Time td_off VIN low to 80% VOUT, RL = 6.5 �, TJ = 25°C 5 40 100 �s

Slew Rate On dVout/dton 20% to 80% VOUT, RL = 6.5 �, TJ = 25°C 0.1 0.27 0.7 V / �s

Slew Rate Off dVout/dtoff 80% to 20% VOUT, RL = 6.5 �, TJ = 25°C 0.1 0.35 0.7 V / �s

Turn On Switching Loss 
(Note 9)

Eon RL = 6.5 � 0.15 0.33 mJ

Turn Off Switching Loss 
(Note 9)

Eoff RL = 6.5 � 0.1 0.33 mJ

Differential Pulse Skew, 
(t(OFF)  t(ON)) see Figure 4
(Switching Characteristics)

tskew RL = 6.5 � 50 50 �s

9. Not subjected to production testing.

Table 8. OUTPUT DIODE CHARACTERISTICS

Rating Symbol Conditions

Value

UnitMin Typ Max

Forward Voltage VF IOUT = 2 A, TJ = 150°C, VF = VOUT 
VD

0.7 V

Table 9. PROTECTION FUNCTIONS (Note 10) (7 V ≤ VD ≤ 18 V, 40°C < TJ < 150°C)

Rating Symbol Conditions

Value

UnitMin Typ Max

Temperature Shutdown (Note 11) TSD 150 175 200 °C

Temperature Shutdown 
Hysteresis (TSD  TR) (Note 11)

TSD_hyst 7 °C

Reset Temperature (Note 11) TR TRS+1 TRS+7 °C

Thermal Reset of Status (Note 11) TRS 135 °C

Delta T Temperature Limit (Note 11) TDELTA TJ = 40°C, VD = 13 V 60 °C

DC Output Current Limit IlimH VD = 13 V 22 32 46 A

4 V < VD < 18 V 46 A

Short Circuit Current Limit during
Thermal Cycling (Note 11)

IlimTCycling VD = 13 V
TR < TJ < TTSD

11 A

Switch Off Output Clamp Voltage Vout_clamp IOUT = 0.5 A, VIN = 0 V, L = 20 mH VD  41 VD  46 VD  52 V

Overvoltage Protection VOV VIN = 0 V, ID = 20 mA 41 46 52 V

Output Voltage Drop Limitation VDS_ON IOUT = 0.2 A 20 mV

10.To ensure long term reliability during overload or short circuit conditions, protection and related diagnostic signals must be used together
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Overload

Current Limit during
thermal cycling

Figure 13. How TJ progresses During Short to GND or Overload
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Resistive short
from OUT to VD

Short from OUT
to VD

Figure 15. Short Circuit from OUT to VD
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TYPICAL CHARACTERISTICS

Figure 16. Output Leakage Current vs. VD
Voltage & Temperature, V_OUT = 0 V

Figure 17. Input Current vs. Temperature
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Figure 18. Input Clamp Voltage (Positive) vs.
Temperature

Figure 19. Input Clamp Voltage (Negative) vs.
Temperature
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Figure 20. V_IN Threshold High vs.
Temperature

Figure 21. V_IN Threshold Low vs.
Temperature
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TYPICAL CHARACTERISTICS

Figure 22. Hysteresis Input Voltage vs.
Temperature

Figure 23. R_ON vs. Temperature
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Figure 24. R_ON vs. V_D Voltage Figure 25. Undervoltage Shutdown vs.
Temperature
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Table 13. ISO 7637−2: 2011(E) PULSE TEST RESULTS

ISO 7637−2:2011(E)
Test Pulse

Test Severity Levels, 12 V System
Delays and
Impedance

# of Pulses
or Test Time

Pulse / Burst
Rep. TimeI / II III IV

1 75 112 150 2 ms, 10 � 500 pulses
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UNDERVOLTAGE PROTECTION
The device has two under−voltage threshold levels,

VD_MIN and VUV. Switching function (ON/OFF) requires
supply voltage to be at least VD_MIN. The device features a
lower supply threshold VUV, above which the output can

remain in ON state. While all protection functions are
guaranteed when the switch is ON, diagnostic functions are
operational only within nominal supply voltage range VD.

Figure 35. Undervoltage Behavior
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Output Clamping with Inductive Load Switch Off
The output voltage VOUT drops below GND potential

when switching off inductive loads. This is because the
inductance develops a negative voltage across the load in
response to a decaying current. The integrated clamp of the
device clamps the negative output voltage to a certain level

relative to the supply voltage VBAT. During output clamping
with inductive load switch off, the energy stored in the
inductance is rapidly dissipated in the device resulting in
high power dissipation. This is a stressful condition for the
device and the maximum energy allowed for a given load
inductance should not be exceeded in any application.

Figure 36. Inductive Load Switching
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Figure 37. Maximum Switch−Off Current vs. Load Inductance, VD = 13.5 V, RL = 0 �
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OPEN LOAD DETECTION IN OFF STATE
Open load diagnosis in OFF state can be performed by

activating an external resistive pull−up path (RPU) to VBAT.
To calculate the pull−up resistance, external leakage

currents (designed pull−down resistance, humidity−induced
leakage etc) as well as the open load threshold voltage VOL
have to be taken into account.

VBAT

Figure 38. Open Load Detection in Off State
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CURRENT SENSE IN PWM MODE
When operating in PWM mode, the current sense

functionality can be used, but the timing of the input signal
and the response time of the current sense need to be
considered. When operating in PWM mode, the following
performance is to be expected. The CS_EN pin should be
held high to eliminate any unnecessary delay time to the
circuit. When VIN switches from low to high, there will be
a typical delay (tCS_High2) before the current sense responds.
Once this timing delay has passed, the rise time of the current
sense output (�tCS_High2) also needs to be considered. When
VIN switches from high to low a delay time (tCS_Low1) needs
to be considered. As long as these timing delays are allowed,
the current sense pin can be operated in PWM mode.

HINTS
This device is not targeting safety critical applications as

it does not contain specific safety mechanisms. In case a
customer would like to use the device for safety critical
applications then he would need to use decomposition at
system level to use the device. This is possible and quite
common practice and will be clearly indicated in the
datasheet. In this condition the development would be done
as QM without any ASIL level assigned.

EMC Performance
If better EMC performance is needed, connect a C1 =

100 nF, C2 = C3 = 10 nF ceramic capacitors to the pins as
close to the device as possible according to Figure 39.
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