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NCV84140/D

Self Protected Very Low Iq
High Side Driver with
Analog Current Sense

NCV84140
The NCV84140 is a fully protected single channel high side driver

that can be used to switch a wide variety of loads, such as bulbs,
solenoids, and other actuators. The device incorporates advanced
protection features such as active inrush current management,
over−temperature shutdown with automatic restart and an overvoltage
active clamp. A dedicated Current Sense pin provides precision analog
current monitoring of the output as well as fault indication of short to
VD, short circuit to ground and OFF state open load detection. An
active high Current Sense Enable pin allows all diagnostic and current
sense features to be enabled.

Features
• Short Circuit Protection with Inrush Current Management

• CMOS (3 V / 5 V) Compatible Control Input

• Very Low Standby Current

• Very Low Current Sense Leakage

• Proportional Load Current Sense

• Current Sense Enable

• Off State Open Load Detection

• Output Short to VD Detection

• Overload and Short to Ground Indication

• Thermal Shutdown with Automatic Restart

• Undervoltage Shutdown

• Integrated Clamp for Inductive Switching

• Loss of Ground and Loss of VD Protection

• ESD Protection

• Reverse Battery Protection with External Components

• AEC−Q100 Qualified

• This is a Pb−Free Device

Typical Applications
• Switch a Variety of Resistive, Inductive and Capacitive Loads

• Can Replace Electromechanical Relays and Discrete Circuits

• Automotive / Industrial

FEATURE SUMMARY

RDSon (typical) TJ = 25°C RON 140 m�

Output Current Limit (typical) Ilim 12 A

OFF state Supply Current (max) ID(off) 0.5 �A

Device Package Shipping†

ORDERING INFORMATION

NCV84140DR2G SOIC 8
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BLOCK DIAGRAM & PIN CONFIGURATION

Figure 1. Block Diagram
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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 = 1 A, TJ = 25°C 140 m�

IOUT = 1 A, TJ = 150°C 295

IOUT = 1 A, VD = 4.5 V, TJ = 25°C 210

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
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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 = 13 �, TJ = 25°C 5 70 120 �s

http://www.������Ƶ.com/


NCV84140

www.onsemi.com
7

Table 11. CURRENT SENSE CHARACTERISTICS (7 V ≤ VD
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Table 12. TRUTH TABLE

Conditions Input Output CS (VCS_EN = 5 V) (Note 14)

Normal Operation L
H

L
H

0
ICS = IOUT/KNOMINAL

Overtemperature L
H

L
L

0
VCS_fault

Undervoltage L
H

L
L

0
0

Overload H
H

H (no active current mgmt)
Cycling (active current mgmt)

ICS = IOUT/KNOMINAL
VCS_fault

Short circuit to Ground L
H

L
L

0
VCS_fault

OFF State Open Load L H VCS_fault

14. If VCS_EN is low, the Current Sense output is at a high impedance, its potential depends on leakage currents and external circuitry.
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WAVEFORMS AND GRAPHS
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Figure 6. Delay Response from Rising Edge of IOUT and Rising Edge of CS (for VCS_EN = 5 V)
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Figure 10. IOUT/ICS vs. IOUTF i g u r e  1 1 .  M a x i m u m  C u r r e n t  S e n s e  R a t i o  D r i f t
v s .  L o a d  C u r r e n t

IOUT (A) IOUT (A)

2.01.81.21.00.80.40.20
200

300

400
450550650750850

2.01.81.21.00.80.40.20
30

20

0
5

10

20

25

30

I O
U

T
/I C

S

�
K

/K
 (

%
)

http://www.������Ƶ.com/


NCV84140

www.onsemi.com
13

Overload

Current Limit during
thermal cycling

Figure 13. How TJ progresses During Short to GND or Overload
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Figure 14. Discontinuous Overload or Short to GND
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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
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

Figure 28. Current Limit vs. Temperature Figure 29. CS_EN Threshold High vs.
Temperature
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Figure 30. CS_EN Threshold Low vs.
Temperature

Figure 31. CS_EN Clamp Voltage (Positive) vs.
Temperature
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Table 13. ISO 7637−2: 2011(E) PULSE TEST RESULTS

ISO
7637−2:2011
Test Pulse

Test Severity Levels

Delays and Impedance # of Pulses or Test Time Pulse / Burst Rep. TimeIII IV

1 112 150 2 ms, 10 � 500 pulses 0.5 s

2a 55 112 0.05 ms, 2 � 500 pulses 0.5 s

3a 165 220 0.1 �s, 50 � 1 h 100 ms

3b 112 150 0.1 �s, 50 � 1 h 100 ms

 

ISO
7637−2:2011
Test Pulse

Test Results    

III IV    

1  A    

2a C E    

3a  A    

3b  A    

 

Class Functional Status

A All functions of a device perform as designed during and after exposure to disturbance.

B All functions of a device perform as designed during exposure. However, one or more of them can go beyond speci
fied tolerance. All functions return automatically to within normal limits after exposure is removed. Memory functions
shall remain class A.

C One or more functions of a device do not perform as designed during exposure but return automatically to normal op-
eration after exposure is removed.

D One or more functions of a device do not perform as designed during exposure and do not return to normal operation
until exposure is removed and the device is reset by simple “operator/use” action.

E One or more functions of a device do not perform as designed during and after exposure and cannot be returned to
proper operation without replacing the device.
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APPLICATION INFORMATION

Figure 33. Application Schematic
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Loss of Ground Protection
When device or ECU ground connection is lost and load

is still connected to ground, the device will turn the output
OFF. In loss of ground state, the output stage is held OFF
independent of the state of the input. Input resistors are
recommended between the device and microcontroller.

Reverse Battery Protection

Solution 1: Resistor in the GND line only 
(no parallel Diode)

The following calculations are true for any type of load.
In the case for no diode in parallel with RGND, the

calculations below explain how to size the resistor.
Consider the following parameters:

–IGND Maximum = 200 mA for up to −VD = 32 V.
Where –IGND is the DC reverse current through the GND

pin and –VD is the DC reverse battery voltage.

� IGND �
� VD

RGND
(eq. 1)

Since this resistor can be used amongst multiple
High−Side devices, please take note the sum of the
maximum active GND currents (IGND(On)max) for each
device when sizing the resistor. Please note that if the
microprocessor GND is not shared by the device GND, then
RGND produces a shift of (IGND(On)max × RGND) in the input
thresholds and CS output values. If the calculated power
dissipation leads to too large of a resistor size or several
devices have to share the same resistor, please look at the
second solution for Reverse Battery Protection. Refer to
Figure 35 for selecting the proper RGND.

Figure 34. Reverse Battery RGND Considerations

Solution 2: Diode (DGND) in parallel with RGND in the
ground line.

A resistor value of RGND = 1 kOhm should be selected and
placed in parallel to DGND if the device drives an inductive
load. The diode (DGND) provides a ~600−700 mV shift in

the input threshold and current sense values if the micro
controller ground is not common to the device ground. This
shift will not vary even in the case of multiple high−side
devices using the same resistor/diode network.
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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 timcm 8e timcm timcm-.964 -w.90

http://www.������Ƶ.com/


NCV84140

www.onsemi.com

http://www.������Ƶ.com/


SOIC−8 NB
CASE 751 07

ISSUE AK
DATE 16 FEB 2011

SEATING
PLANE

1
4

58



http://www.������Ƶ.com/


onsemi,  , and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi

/site/pdf/Patent-Marking.pdf
/design/resources/technical-documentation
/
/support?utm_source=techdocs&utm_medium=pdf
/support/sales



