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Smart High-Side Power Switch
for Industrial Applications
1 Channel: 1 x 200mQ

Features Product Summary

* Short circuit protection Overvoltage protection Vib(AZ) 47 |V

* Current limitation Operating voltage Vbb(on) 12..45 |V

* Overload protection On-state resistance RoN 200 |mQ
» Overvoltage protection Operating temperature Ta -30...+85 | °C

(including load dump)

» Undervoltage shutdown with auto-
restart and hysteresis

» Switching inductive loads

» Clamp of negative voltage at output
with inductive loads

PG-S0T223

* CMOS compatible input

* Thermal shutdown with restart

» ESD - Protection

* Loss of GND and loss of V), protection

» Very low standby current

* Reverse battery protection with external resistor
 Improved electromagnetic compatibility (EMC)

Application

* All types of resistive, inductive and capacitive loads

« UC compatible power switch for 12 V and 24 V DC industrial applications
* Replaces electromechanical relays and discrete circuits

General Description
N channel vertical power FET with charge pump, ground referenced CMOS compatible input,

monolithically integrated in Smart SIPMOSU technology.
Providing embedded protective functions.
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Block Diagram
| I Voo 14
! Voltage Overvoltage | | Current Gate I :
source protection lirnit protection| (f— /N
1 L’VLoqlc [ : 1 I 1
Voltage Charge pump Limit for ouT
nd
1 sensor Level shifter Lljnda;ga%esd Temperature " 1
' Redlifier o
R. —
N Load
— 1 eso | Logc !
1 |
L ) i i ) oo \ i n’ini_PROFI:—_r®_I
2
Signal GND Load GND
Pin Symbol Function

1 ouT Output to the load
2 GND Logic ground
3 IN Input, activates the power switch in case of logic high signal
4 Vbb Positive power supply voltage
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Maximum Ratings

Parameter Symbol Value Unit
at T; = 25°C, unless otherwise specified

Supply voltage Vib -0,31)...48 Vv
Continuous input voltage?2) VIN -10...Vpp

Load current (Short - circuit current, see page 5) |/, self limited A
Current through input pin (DC) IN 5 mA
Reverse current through GND-pin?) -lGND -0.5 A
Junction temperature Tj internal limited °C
Operating temperature Ta -30...+85 °C
Storage temperature Tstg -40 ... +105 °C
Power dissipation 4) Piot 14 w
Inductive load switch-off energy dissipation4)®) | Exg 0.7 J
single pulse

T;=125°C, /[, =05A

Load dump protection® Vi gaqpump®= Va + Vs | Vioaddump \Y
Ri=2Q, t4=400ms, V/N= low or high, Vs=13,5V

R =47 Q 83

Electrostatic discharge voltage (Human Body Model) | VEgp kV
according to ANSI EOS/ESD - S5.1 - 1993

ESD STM5.1 - 1998

Input pin +1

All other pins +5

Tdefined by Piot

2t VIN > Vbb, the input current is not allowed to exceed +5 mA.

3defined by Piot

4Device on 50mm*50mm*1.5mm epoxy PCB FR4 with 6 cm2 (one layer, 70um thick) copper area for Vpp,
connection. PCB is vertical without blown air.

Snot subject to production test, specified by design

6VLoaddump is setup without the DUT connected to the generator per ISO 7637-1 and DIN 40839 .

Supply voltages higher than Vbb(AZ) require an external current limit for the GND pin, e.g. with a
150Q resistor in GND connection. A resistor for the protection of the input is integrated.
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Electrical Characteristics
Parameter Symbol Values Unit
at T; = -40...125 °C, Vpy, = 15...30 V unless otherwise specified min. | typ. | max.
Thermal Characteristics
Thermal resistance @ min. footprint Rin(JA) - - 125 |KIW
Thermal resistance @ 6 cm? cooling area 1) Rin(A) - - 70
Thermal resistance, junction - soldering point RinJs - - 7 |KIW
Load Switching Capabilities and Characteristics
On-state resistance Ron mQ
T;=25°C,[L=05A - 150 | 200
T;=125°C - 270 | 320
Nominal load current?) I (nom) 0.7 . - A
Device on PCB 1)
Turn-on time t0 90% VouT 4= V&
R =47Q,ViN=0to 10V - 50 100
Turn-off time to 10% Vour tot
R =47Q,ViN=10t0 0V - 75 150
Slew rate on 10 to 30% Vour, dV/dtyn, V/us
R =47 Q, V,p, =15V - 1 2
Slew rate off 70 to 40% Voyr. -dV/dt 5
R =47 Q, V,p =156V - 1 2

1Device on 50mm*50mm*1.5mm epoxy PCB FR4 with 6 cm2 (one layer, 70um thick) copper area for Vpp

connection. PCB is vertical without blown air.

2Nominal load current is limited by the current limitation ( see page 5)
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Electrical Characteristics

Parameter Symbol Values Unit
at T; =-40...125 °C, Vpy, = 15...30 V unless otherwise specified min. | typ. | max.
Operating Parameters

Operating voltage Vbb(on) 12 - 45 |V
Undervoltage shutdown Vob(under) 7 - 10.5
Undervoltage restart Vib(u rst) = - 11
Undervoltage hysteresis AVpp(under)| - 0.5 -
AVpbunder) = Vbb(u rst) = Vbb(under)

Standby current Iob(off) HA
T;=-40..85°C, Viys 1,2V - 10 25
Tj=125°C") s § 50
Operating current IaND = 1 1.6 |mA
Leakage output current (included in fyy o) I (off) = 3.5 10 |pA
ViNs12V

Protection Functions?)

Initial peak short circuit current limit I (scp) A
T;=-40°C, Vpp =20V, {, = 130 ps - - 2.1
Tj=25°C - 1.4 -
T;=125°C 0.7 - -
Repetitive short circuit current limit IL(scr) : 1.1 -

T; = T (see timing diagrams)

Output clamp (inductive load switch off) Von(cL) 62 68 - |V
at Vout = Vb - Von(cL): /bb =4 MA

Overvoltage protection 3) Vob(AZ) 47 - -

lbb =4 mA

Thermal overload trip temperature4) Ty 135 - - |°C
Thermal hysteresis ATy - 10 - K

1higher current due temperature sensor

2Integrated 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

3see also VON(CL) in circuit diagram

4 higher operating temperature at normal function available
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Electrical Characteristics

Parameter Symbol Values Unit
at T = -40...125 °C, Vi, = 15...30 V unless otherwise specified min. | typ. | max.
Input

Continuous input voltage®) ViN -102) | - Vo |V
Input turn-on threshold voltage VIN(T+) - - 3.0

Input turn-off threshold voltage VIN(T-) 1.82 - -

Input threshold hysteresis AVINT 7 0.2 -

Off state input current hiN(off) bA
ViNs1,8V 20 - -

On state input current liN(on) = - 110
Input delay time at switch on V},, td(vbbon) 150 | 340 - | Ms
Input resistance (see page 8) R 1.5 3 5 1kQ

Reverse Battery

Reverse battery voltage3)2) ~Vob V
RGND =0Q - N 0.3
RGND =150 Q - - 45

Continuous reverse drain current?) Is - ) 1 1A
Tj =25°C

Drain-source diode voltage (Vout > Vpb) -Von - 06 | 1.2 |V
||: =1A

Tat VIN > Vbb, the input current is not allowed to exceed +5 mA.

2ot subject to production test, guaranted by design
3defined by Py
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EMC-Characteristics

All EMC-Characteristics are based on limited number of sampels and no part of production test.

Test Conditions:
If not other specified the test circuitry is the minimal functional configuration without any external
components for protection or filtering.

Supply voltage: Vpp = 13.5V Temperature: Ty =2315°C;

Load: R =220Q

Operation mode: PWM Frequency: 100Hz / Duty Cycle: 50%
DC On/Off

DUT-Specific.: RcND

Fast electrical transients

Acc. ISO 7637
Test Pulse Test Level Test Results Pulse Cycle Time and
On Off Generator Impedance
1 -200 V C C 500ms ; 10Q
2 +200 V C C 500ms ; 109
3a -200 V C C 100ms ; 50Q
3b + 200V C C 100ms ; 50Q
41) -7V C C 0,010
5 175V E(70V) E (70V) 400ms ; 2Q
The test pulses are applied at Vpp,
Definition of functional status
Class Content
C All functions of the device are performed as designed after exposure to disturbance.
E One or more function of a device does not perform as designed after exposure
and can not be returned to proper operation without repairing or replacing the
device. The value after the character shows the limit.
Test circuit:

Pulse

Bat.

Vbb

—q N

PROFET OUT

GND

RGND

1Supply voltage Vpp = 12 Vinstead of 13,5 V.
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Conducted Emission
Acc. IEC 61967-4 (1Q / 150Q method)

Typ. Vpp-Pin Emission at DC-On with 150 Q-matching network

100 I = :’****‘**‘L*L*‘*‘*::
90 - |t |=———1500hm Class6 [l— —|

E 1500hm Class1 ||= —
80 ———VBB, noise floor H——
70 1 T
60 4~ I T L
50 44— — - —

PO B I | . I 8-H |- —

& 40 - -

Q - 717 1= [ [ I
30 40— e = A e
204 N N B b _ A

77777 F-— 11 b BN —
LA I I I T
o4 - - 1] 2 cgany ||
UK B ST ] . D EE™
O
-20
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90
80

70 4

60 o

50 4

dBpvV

40

30 A

204

10

0 4+—————— T
_10_::&&:‘:::’? T |
-20

Test circuit:

5uH / 150Q-Network]

- |

Vbb

—1 IN PROFET OUT

GND 5uH

Rano R

For defined decoupling and high reproducibility a defined choke (5uH at 1 MHz)
is inserted between supply and Vp-pin.
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Conducted Susceptibility
Acc. 47A/658/CD IEC 62132-4 (Direct Power Injection)

Forward Power CW
Amplitude and frequency deviation max. 10% at Out

Direct Power Injection:
Failure criteria:

Typ.- Vbb-Pin Susceptibility at DC-On/Off

Py — —
,,,,, P e e ™ L e — — epepae — e
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° —L,,\ ?3—>;</’ ;_,.:.-Mff'://:

A Semmemm— S _sar

dBm
N
o
1

Device: BTS 4142

Load: 47 Ohms
O-Mode: ON/OFF /PWM
Coupling Point: VBB

Monitoring: Out

Modulation: cw

T
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T
15 [ et I
| - S - B - |- 4 W == = | pevice: BTS 4142 =
,,,,,,,,,,, e Z| —veB, PWM Z =] Load 47 0hms = IE=
10 o ———— | = i O-Mode: ON /OFF /PWM .
P T — D L - N -+~ — | Coupling Point: VBB . —
Monitoring: Out
5 Modulation: CWw
) P—— L S N R———— i @ — 7i 7777777777 ‘77$7<’J:7‘77 —

1 10 100 1000

[

Rao RLIG&F

For defined decoupling and high reproducibility the same choke and the same
150Q -matching network as for the emission measurement is used.
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Terms Inductive and overvoltage output clamp
- - - - -—— i \/
ilbb _ bb
I 'z I
Vob /N I v
N_ L] von Y |k & o
IN  pPROFET OUT|—— ! —— !
ouT
ViN GND ' oD )
y . - = » Y 4
bb "GND Vout
ND|

Von clamped to 63 V min.

Input circuit (ESD protection)

- - Overvoltage protection of logic part
| . == e —
IN . .
| I Ve |
] - ZS' b
IN I . I
I ~ Logic .
L I : I
- &
T GND
The use of ESD zener diodes as voltage clamp ! i Rgnp
at DC conditions is not recommended 12 optional
Signal GND

V22=V bb(AZ)=47V min -

Reverse battery protection R=3 KQ typ., R anp=1500

I_ " m—— T T 'I Vibb
| [ & |
| — N I
— ouT
I L o g ic |Pn0VMe/ I'eSre I
i_ Diode -
— e —

rla
(- Renp
! | optional L

Signal GND L Power GND

RGND=1 509, R|=3kQ typ,

Temperature protection is not active during inverse
current
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Inductive Load switch-off energy

GND disconnect

dissipation

Vb l Eas
ELoad

IN prROFET OUT Vob
L

—1 |

GND C) PROFET  OUT
V.| v - EL
bb| VIN )LVGND GND >
l -

GND disconnect with GND pull up
Energy stored in load inductance: E| =% * L * | 2

While demagnetizing load inductance,
Vi the enérgy dissipated in PROFET is

Eas = Epp + EL -Er = Von(cr) " iL(t) dt,
with an approximate solution for R|_> 0Q:

—] N pROFET OUT
GilB |:| E_IL*L*V+V" - It* Re
AS_2*RL (Vob+| Vourccey)™In( 7“/0(]“&)')
v /
vbe:I IN VoND
Vpp disconnect with charged inductive
load
4/’/ |
Vbb
high IN pROFET OUT
GND I
Viob
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Typ. transient thermal impedance
Zihaa=f(t,) @ 6cm? heatsink area

Parameter: D=tp/ T
102

111
Y

K/W

10 1M 1

AT T T

!
i?
I~

1 T 7T T
| o i -
T IIVANRVAREY, |
| T s

o T T T[TH

i
I

sl
LT
LT
|;m|

Typ. on-state resistance
Ron =f(Tj) ; Vb =15V Vin = high

300

mQ

/]

200 /

RoN

150
/

100

50

(-)40 20 0 20 40 60 80 100 °C

— T

published by WWW.SKYTECH.IR

140

Typ. transient thermal impedance
Zinya=f(ty) @ min. footprint
Parameter: D=tp/T

102

T
T

KIW

10 '

coooo00 .
OO O -~NO;
e e e e e e

| A 4
A

77Ty
7T

i
!
I
i
i!l A.
i
|
I
/

-1
10~

10* 102 1072 10

Typ. on-state resistance
RON = f(Vbb); /|_ =0.5A; Vin = hlgh

300
mQ
125°C
=z
& 200
x
150 P
T 100 -40°C
50
0

0 &5 10 15 20 25 30 35 40 \y 50

— > VW
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Typ. turn on time Typ. turn off time
ton = f(Tj), RL =47Q toff = f(Tj), RL =47Q
100 120
s HS g
15...30V
P 15V /
= | vd
L 30V 80
£ 6 — 2 //
L] —
] 60
|- !
40
20
20
(-)40 20 0 20 40 60 80 100 °C 140 (-)40 20 0 20 40 60 80 100 °C 140
— T — T
Typ. slew rate on Typ. slew rate off
dV/dt,, =f(Tj) ; RL =47 Q dV/dto = 1(Tj); R =47 Q
2 4
V/us Vips
1.6
——
%:ag 148 - >|
1.2 B I~ 25
\\ 30V \
1 2
— \\
0.8 \\ 1.5
15V ' ™~
0.6 T~ ™~ 3ov‘
1 T~ ‘
02 0.5
940 20 0 20 40 60 80 100 °C 140 (-)40 20 0 20 40 60 80 100 °C 140
— T — T
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Typ. initial peak short circuit current limit  Typ. initial short circuit shutdown time

I.(scp) = f(Tj) ; Voo = 20V; £y = 150ps tofi(sc) = f(Tj start) ; Vb = 20V
2 300
A
\ ms
1.6
e 14 s 9
8, . \ = 200
— 1.2 ‘.9
1 \
150

o T |
. ] N
A\

0.2 \
\\
0 0
-40 -20 0 20 40 60 80 100 °C 140 -40 -20 0 20 40 60 80 100 °C 140
— T — T

Typ. initial peak short circuit current limit  Typ. input current
I.(scp) = f(Vbb); tm = 150ps hnGoniof) = f(T;); Vipp = 15 V; Vi = low/high
VINIow 1,8V; VINhlgh =5V

2 ‘ ‘ 60\
A i & g \\
—T | HA
15 | 25°C \\ \\
oy I
&) — I~
2) 40 on
= 125 Z N
\
125°C ™~
1 — 30 < off
T 0.75 T
20
0.5
10
0.25
0 0
0 5 10 15 20 25 30 35 40 \/ 50 40 20 0 20 40 60 80 100 °C 140
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Typ. input current Typ. input threshold voltage
In = f(VIN); Vb =15V Vineth) = f(Tj) ; Vep=15V
60 — -40°C —— 3 |
on
A 25°C Vv T )
= 40 = | avim >Z 2
30 / 1.5
T 20 T 1
10 05
% 25 5 7510 125 15 vV 20 %0 20 0 20 40 60 80 100 °C 140
— VYIN — T
Typ input threshold VOItage Typ. standby current
Vingth) = f(Vop) ; Tj = 25°C lob(off)= F(T)) s Vpp=32V; Viy< 1,2V
3 22
MA
\%
T | . 18 /
< \ s @b
: , 3 |
< [~ off ;8 14 /
12
1.5
T 10
1 T 8
6
0.5 4
2
% 10 20 30 \Y 50 % 20 0 20 40 60 8 100 °C 140

— > Vb
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Maximum allowable inductive switch-off
energy, single pulse

Ens = f(IL); Tjstart = 125°C
2.5
R

2

w 45

0.5

S

Typ. input delay time at switch on V,,
ta(vbbon) = f(Vip)

400

us

300

250

td(vbbon)

200

T 150

100

50

0
0 5 10 15 20 25 30 35 40 \y 50

— » W
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Typ. leakage current
I(otfy = (T}) ; Vop =32V ; Viy< 1,2V

4
A I e S
3
(=
O
= 25
2
T 1.5
1
0.5
(-)40 -20 0 20 40 60 80 100 °C 140
— Tj
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Timing diagrams

Figure 1a: Vbb turn on: Figure 2b: Switching a lamp
IN T IN
Y/
bb vV
our

i tagbb
) g (Vbbon) \ ,
!
Figure 2a: Switching a resistive load, Figure 2c¢: Switching an inductive load

turn-on/off time and slew rate definition

T IN IN

V
T ouT VOUT

90%
~_f ton Vidtoff [

dV/dton tOff
10% — J
I
N L
f \ t
t
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Figure 3a: Turn on into short circuit,
shut down by overtemperature, restart by cooling

IN

Vour

Output short to GND

Heating up of the chip may require several milliseconds, depending
on external conditions.

Figure 4. Overtemperature:
Reset if Tj < Tjt

Figure 3b: Short circuit in on-state
shut down by overtemperature, restart by cooling

IN

Vour

normal

5 Output short to GND
operation

Figure 5: Undervoltage shutdown and restart

IN IN
Vour Yoo
Y 10,5V F-r===f===mmm == -] - . |= __________
ot | |
il
t ' otgvobon) ' ' Tavobon)
e 18 2006-03-09
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Package and ordering code

all dimensions in mm

Sales code ITS 4141N
Ordering code, standard (1000 pcs.) | SP000219536
6.5+0.2 1.6+0.1
IE 3+0.1 0.1 max |-
8] ‘ ]
4 | +0.
T ; Pt —
Iy 17777777 DIN 6784 % 1‘3')(7 77%
1 2 ‘ 3 EV
N T | = —
0.7+0.1 ] ‘&@4
il
$[0.25 W[ A] =]0.25@®|B]
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© Infineon Technologies AG 2001
All Rights Reserved.

Attention please!
The information herein is given to describe certain components and shall not be considered as a guarantee
of characteristics.

Terms of delivery and rights to technical change reserved.

We hereby disclaim any and all warranties, including but not limited to warranties of non-infringement,
regarding circuits, descriptions and charts stated herein.

Infineon Technologies is an approved CECC manufacturer.

Information

For further information on technology, delivery terms and conditions and prices please contact your
nearest Infineon Technologies Office in Germany or our Infineon Technologies Representatives worldwide
(see address list).

Warnings
Due to technical requirements components may contain dangerous substances. For information on the
types in question please contact your nearest Infineon Technologies Office.

Infineon Technologies Components may only be used in life-support devices or systems with the express
written approval of Infineon Technologies, if a failure of such components can reasonably be expected to
cause the failure of that life-support device or system, or to affect the safety or effectiveness of that device
or system. Life support devices or systems are intended to be implanted in the human body, or to support
and/or maintain and sustain and/or protect human life. If they fail, it is reasonable to assume that the health
of the user or other persons may be endangered.
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