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IRGO001

INTELLIGENT HIGH-SIDE
DMOS POWER SWITCH

60V Intelligent Power Switch

General Description

The IR6001 is a monolithic, fully self protected high side
DMOS power switch. Designed primarily for solenoid
and inductive loads, the IR6001 provides a high clamp
voltage (= Vge minus the avalanche voltage of the
output DMOS transistor body diode) to assure very
rapid inductive current decay and a guaranteed
avalanche energy rating for the diode.

The IR6001 has embedded output current limiting and
thermal shutdown. In the event of an overload, the
device goes into a pulse width modulated (PWM)
current limiting mode to minimize power dissipation.

Open load detection is sensed when the output DMOS

Rating Summary

Vcc(operation) 5-35V
IOUT(MAX) 15A
lourgso) 3.5A

VOUT(CLAMP) Vcc - 60V
Rosion 100m¢}
Features

switch is in the off state by means of a resistor divider W High negative output clamp voltage
comprised of the load and an external resistor from Vo~ B Avalanche rated output power DMOS
to Qutput. B Over temperature protection
. B PWM current limit for short circuit protection
Applications B ESD protection
B Relay Replacement B Solenoid Driver B Open circuit detection in off state
B DC Motor Drive B Valve Driver B Diagnostic feedback
B Lamp Driver B Contactor Driver B LSTTL/CMOS compatible logic input
5V -35v
Vee
——
Protection
N
—T—| 33K
Current
Limit
out Pin Assignment
— Pin1 - GND
(status) Pin 2 - INPUT
= IR6001 Pin 3 - V¢
1 ono Pin 4 - DG
i Pin 5 - OUTPUT
Tab - Vg
Fig. 1 - Block Diagram and Typical Connection Fig. 2 - Pin

Configuration
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IR6001

Absolute Maximum Ratings (T¢ =

25°C unless otherwise noted)

Symbol Parameter Min Max Unit Condition
Vee Supply Voltage -03 60
Veet Supply Voitage for Short Circuit Protection -0.3 25
Vin Input Voltage -0.3 30 Vee > 30V
-03 VCC + 03 \' VCC < 30V
VOUT OUtpUt VO'tage VCC - 60 Vcc + 03
Vo Diagnostic Voltage -0.3 30
lout Output Current Self Limited A
lav Output Avalanche Current © 5
Ear Repetitive Avalanche Energy @ 100 mdJ I = BA
In Input Current 10 mA
Ibe Diagnostic Current 10
Vespr E'ecmsr:f‘a“: 5;33“&’339}’”“99 - 4000 y | 100pF 15Ka
VEsp2 Machine Model 1000 200 pF, 00
Pp Power Dissipation 40 w Tc = 25°C
Tjop Operating Junction Temperature Range -40 150
Ts1a Storage Temperature -40 150 °C
Soldering Temperature, for 10 sec. 300 1.6mm
from case

Electrical Characteristics (vec = 14V, T = 25°C, R, =

72 unless specified otherwise)

Symbol Parameter Min Typ Max | Unit Condition

Vecop) Operating Voltage Range 5 - 35 vV

lecorr) Supply Current - 2 5 mA Vin = OV

lecion - 25 5 Viy = 5V

Viy High Level Input Threshold - 24 35 Vv

Vi Low Level Input Threshold 15 2.3 -

ki Input Current 50 150 300 A Vin = 5V

2 - 15 5 mA Vin = 30V

Vee = 30V

VoaL Diagnostic Output Low Level - 0.3 0.6 Vv lbg = 06 MA

lbgH Diagnostic Output Leakage - 0 10 pA Vpg = 5V

lout (1SO) Output Current (ISO Standard) 35 47 - A Vbs (ON) = 05V

Tc = 85°C

Rbs(on) “On State” Resistance — 75 100 Ve = 14V
- 80 - mQ Voo = 8V
- 120 - Vee = 5V

loL Output Leakage Current - 0.001 04 mA Vour = OV

lon - -0.05 -2 Vour = 14V

Vopen Open Load Detection Threshold Voltage 2 33 4 Vv

lLm Internal Current Limit 12 15 18 A Voo = 14V

lLime - 126 - Vee = 8V

Ve Current Limit Vpg Threshold Voltage - 28 - V

Ipk Peak Output Current - 30 - A

tek Peak Current Duration - 50 - uS

fo Over-Current Cycling Frequency 400 600 1000 Hz

Dc Over-Current Duty Cycle 5 15 25 %

taton)t Turn-On Delay Time - 40 200

1 Rise Time - 60 200 uS

ta(oif)1 Turn-Off Delay Time - 100 200

te Fall Time - 40 200

Vav Output Avalanche Voltage 60 72 - Vv b = 2A
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Thermal Characteristics

IR6001

Symbol Parameter Min Typ Max Unit
T.sp Over Temperature Shutdown Threshold - 175 - oC
Thys Over Temperature Shutdown Hysteresis - 5 -

Rauc Thermal Resistance, Junction to Case - 3 - oC/W
Rgua Thermal Resistance, Junction to Ambient - 50 -
Notes:
@ Repetitive avalanche energy shall not be exceeded
@ The maximum junction temperature Tjop shall not be exceeded
Truth Table
Condition In Out DG

Normal H H H

Normal L L L

Open Load H H* H

Open Load L H* H

Shorted Output H Current Limiting L

Shorted Output L L L

OverTemperature H L L

OverTemperature L L L

*With external pull-up resistor
Case Outline
1054 (415), 396 (156) B
2.94 (.116) 1 9.91 (.390)" 3.53 (.139) 1.39 (055
254 (.700) l | S ing 385035}
: 6.60 (.260) |
T [ AN 6.00 (.236)
15.87 (.625 !
14.48 (570)
{ |
12345
14.09 (.555
1359 (.535) IR RIRINE
) ) ! 1.01 (.040) w 0.63 (.025)
: e 0.51(.020) T’l X531 (0712
1.70 (067) | = =  [#[0.25(010) @B A C | L 292(115
4 4.82 (.190) _| L 216 (.085)
NOTES. 319 (.165)
1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M-1982. 3. ALL DIMENSIONS ARE SHOWN IN MILLIMETERS (INCHES).
2. CONTROLLING DIMENSION: INCH. 4, ALL DIMENSIONS REFER TO JEDEC OUTLINE TS-001

Fig. 3 - Package Information
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Vin ! !
1 ! ! Vin
| | : L | ] 1
Voe | | | || ]
! I
| l : : : : I ouT PK e
1
Tour } : Tum t ok
]
e LIOEIT = H1
! ]
I | I |
v ¢ i vDG HI<
ouT ' i LA
[} | (3 (-]
[ —
]
- ¥ 4 Short applied prior turn-on  Short applied after turn-on
Normal Load : Load Open | Load Shorted
1
Fig. 4 - Typical Waveforms Fig. 5 - Detail of Short Circuit Operation
VIN
b .
Vin Iout
e e ——— l /-—————\
Vout
90%] — +— L———————‘\—— v Vour
10% |- — 1T TN cp;/ \
tatony tr ld(d. 4 vAV
VRee
Fig. 6 - Switching Time Definition
VIN T
T [ E By QN
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2 e B
g I
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T ams 2 1
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‘ Fig. 8 - Thermal Cycling on a Permanent
Short Circuit

B 43855452 0021390 707 M

Load current [A]

Fig. 9 - Maximum Output Current vs. Load
Inductance for Single Pulse Avalanche
Operation (Vge = 14V)
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150 600
T=p5°C N T=p5°
125 Taoff 500 =p8°C
g 100 400
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Fig. 10 - Delay Time vs. Vge Fig. 11 — Switching Time vs. Vg¢
20 14 1
Vee =14V DC
18 =z 12 1sec poys
~— ms
\\ & } e 300ms 50ms
16 P~ é 10 T—
- —
14 - 8
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IS - 2
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10 &5 4 -
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8 ‘_‘;,’ 2 Single Pulse
6 0
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Fig. 12 - I ;4 vs. Temperature Fig. 13 - Short Circuit Max. Time
160 Vee={14V 160 loutg1A
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- ! -
2 120 2 120
; ” £
@] Q
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g - 5
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2 80 / 2 80
60 — 60
40 40
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Fig. 14 - Rpgony vs. Temperature Fig. 15 - Rps(on) vs. Vee
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Application Information

Introduction

High-side switches are commonly used in automotive and
industrial applications. The high-side switch isolates the
wiring and load from the positive terminal of the power
supply or battery. If the wiring or load short circuits to
the negative terminal of the power supply or battery (body
of the car), the circuit can be protected from the effect
of excessive current by turning off the high-side switch.
This configuration also prevents the load being energized
at ground short fault. The IR6001 contains all the
protection circuitry required to build a fully protected
circuit in a harsh industrial or automotive environment.

General Description

The IR6001 is a fully protected, monolithic high-side
switch with an 75mQ DMOS output device, intended for
industrial and automotive applications. The IR6001 is
available in a 5-pin TO-220 plastic package with industry
standard pin-out offering easy upgrade from other
devices. Excellent ESD and fault condition circuitry
protects the IR6001 during both installation and
operation. Low on-resistance minimizes conduction loss,
allowing free air operation in many applications. The 72V
negative transient clamp capability provides fast turn-off
of unclamped inductive loads like valves and fuel
injectors. The slow switching speed minimizes conducted
and radiated electromagnetic noise.

Block Diagram

The block diagram of the IR6001 is shown in Figure 1
(front page). The input signal is received by a logic-level
compatible CMOS schmitt trigger. A 20k pull down
resistor between the input and ground keeps the input low
if the input pin is not connected. During normal
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operation, the output of the AND gate follows the output
of the input buffer.

The charge pump starts generating gate voltage for the
MOSFET at the output when logic ““1’’ appears at the
output of the AND gate. The output of the AND gate
is also affected by output of the thermal protection and
the chopper circuits. The thermal protection inhibits the
operation of the IR6001 when the junction temperature
exceeds the upper temperature threshold and restores
operation when the junction temperature drops by 5°C,
the temperature hysteresis.

The over-current limiting circuit turns the protection on
when the drain-source voltage of the output device exceeds
the predefined threshold level. During the overcurrent
condition, the chopper periodically turns the MOSFET
on, checking the conditions at the output. If the load
current drops under the overcurrent threshold level, the
IR6001 restores normal operation. The open drain
diagnostic (DG) output requires an external pull-up
resistor to the logic power. During normal operation, the
DG output follows the input signal, and at fault condition
it opposes the input (for details see truth table). The
changing DG output makes possible continuous
monitoring of the protection circuit and related wiring.

Short Circuit Protection

The TR6001 protects itself against excessive load currents
and hard shorts at the output. When the output is shorted
to ground, the TR6001 sets the output MOSFET linear
mode and limits the output current at 15A. To reduce the
power dissipation the output is pulsed with 600Hz
frequency and 20% duty cycle. With the removal of the
short the IR6001 returns to normal operation. Typical
waveforms are shown in Figure 16.




input 10V/éiv

’w m M Output current

SA/div

Horiz: { 1ms/div

Fig. 16 - The IR6001 turns on into a short, and limits the
output current and cycles the output to minimize the power
dissipation.

When the output current increases slowly, typical for
inductive loads the MOSFET does not go into linear
mode, and the current threshold is set to

Imax = 2'8V/RDS(ON)

Where: Rpgony is the on-resistance of the fully
enhanced MOSFET at the junction temperature
where the current limiting is activated.

Typical waveforms are shown in Figure 17. The current
in the 0.8mH inductive load ramps up to 33A where the
current limiting shuts down the output.

Input:{ 10V/div

[l
TR

‘1 1 Output voltage: 10V/div

/ \ % Load purrent: 10A/div

Horiz: 1ms/d.v M““"v\
— :

Pl

Fig. 17- Limiting slow rising current. While the IR6001 drives
a 0.8mH inductor, the current limiting turns the high-side
switch off at 33A. The current threshold is set by an internal
2.8V reference and the on-resistance of the internal MOSFET.
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Thermal Protection

The IR6001 can be operated without a heatsink in many
applications due to the low Rpgon, of the MOSFET.
Handling extreme conditions, the thermal protection
circuit continuously monitors the junction temperature
and disables the output if the junction temperature
exceeds 175°C. Normal operation will be restored when
the junction temperature drops under 170°C. Figure 18
illustrates the operation of the overtemperature shut down
circuit. For the test, the input of the IR6001 was held
continuously high while the output was connected to
ground via a 0.25Q resistor. The heavily overloaded IR6001
was operating in overcurrent cycling mode until the
junction temperature reached 175°C, where the
overtemperature protection turned the output off. The
output turned back on after 72ms, when the junction
temperature dropped under 170°C.

Avalanche Capability

The fully characterized avalanche capability of the IR6001
allows designing high speed circuits for inductive loads
without the use of freewheeling diodes. Figure 19 shows
the difference in switching speed between the freewheeling
diode and by taking the MOSFET into avalanche.
Utilizing the avalanche capability of the IR6001, this
results in a turn-off delay of a NEMA size 4 contactor
over the freewheeling diode circuit by a factor of three.

Voo= 24V i Load:ourrent: 2A/div
Load iR = 0.250hms I Horiz: 20ms/div

e

Fig. 18- Thermal cycling. As the junction temperature of the
heavily over loaded IR6001 reaches 175°C, the
overtemperature protection turns off the output. After about
72ms the junction temperature falls under 170°C and the
IR6001 returns to overcurrent cycling mode.
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The speed improvement can significantly extend the
lifetime of the contacts by reducing arcing. The higher
speed can be utilized in other electro-mechanical systems
as well such as ABS systems, fuel injectors, hydraulic, and
pneumatic valves.

During avalanche, the voltage difference across the load
is 48V, which can be calculated:

Vrec = Vav - Vee

Where: V,v is the avalanche voltage of the IR6001
between the Vo and Voyur pins. The typical
value of VAV is 72V. VCC = 24V,

The maximum single pulse energy and the power
dissipation due to repetitive avalanche operation are
limited by the maximum junction temperature. The
maximum avalanche current should not be exceeded.

Figures 19a and 19b indicate three times response time
improvement at turn off of a NEMA size 4 contactor
when the avalanche capability of the IR6001 is utilized.
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Fig. 19a - Waveforms with freewheeling diode. The response
time of the contactor is 95ms.
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Fig. 19b - With utilizing the avalanche capability of the IR6001
the response time is 29.5ms.
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