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SIEMENS BTS 100
Electrical Characteristics
at 7;= 25 °C, unless otherwise specified
Parameter Symbol Values Unit
min. typ.- max.
Static Characteristics
Drain-source breakdown voltage Verpss \%
I/GS = 0, iD = - 025 mA - 50 - -
Gate threshold voltage Vasin
Vas=Vos In=—1mA -25 -3.0 -35
Zero gate voltage drain current bss uA
/o o=0V V..=—50V
Vas =0V, Vps 50V
I;=25°C - -1 -10
T,=150°C - -100 - 300
Gate-source Ieakaqe current hes
1/ =_20\/ = ('\
¥ GS eV v, DS
T,=25°C - - 10 - 100 nA
=150 °C - -2 -4 uA
I,=150 °C 2 ] uA
Drain-source on-state resistance Roson) Q
17 —_ AN\N7 T _ C A n NEg n N
Vegs=— 11UV, Ip=—0A - U.2£9o v.o
Dynamic Characteristics
Cammarmuvn] domom o im Al 1omdeom v —~ [ay
I_UIWd.IU lldllbbUlIUubldllbU Sis ()
Vbs 22 % In X Rogonymax, In =—5 A 1.5 2.3 4.0
Input capacitance Ciss pF
Vs =0, Vos=—-25V, f=1MHz - 900 1200
Output capacitance Coss
17 =N 17 —_ NE NS £ _ 4 AALI- neEN cCEN
Vgs= U, Vpg=— 20 V,J =1 MMAZ - ooU felel¥)
DAaviarea tranaefar nananitanan
11T VTl OoT Lalioicl bapabltallbc k’l’SS
Vas=0, Vps=—25V, f=1 MHz - 130 230
Turn-on time #,, (fon = fan + &) Td(on) - 20 30 ns
Voe==30V, Vee=—10V [, ==-29 A ) nn ac
L ’ oo 1 4‘ J— OU vo
D Y 7 o WPaN
Ngs QU L2
Tiirm_~ff +irma ¢ {+ 7N an
LUrm=OIn uime fof, \loff = Ld(off) T i) Ld(off) - [AY =AY
VCC=_SOV, VG 10V 1D 29A £ _ [~ = 7R
=500 !
R.s=50Q
Semiconductor Group 6-2



SIEMENS BTS 100

Flantrinal Chavantarvietine (Annt' A)

=ivwiliIvdl viidiIQu vl iviuiivo \UUI I U,

at 7;= 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. typ.- max.

Reverse Diode

Continous source current k - - - A

Pulsed source current L - - -32

Diode forward on-voltage Vso \%

T — 42 A T/ —nN 4N 4 7

IF=—10A, Vgg= VU - - 1.V — 0.f

Da\larea rannvans timao f nc

1T VCTioT IUUUVUI’ e bn— 1o

= [, digfdt =—100 Afus, Vg=-30V - 90 -

Reverse recovery charge om uC

k= k,dig/dt=-100 Afus, Vg=-30V - 0.23 -

Temperature Sensor

Forward voltage Vision \%

7 — 4N A T — |l L AEN °N 4 A [

fgen = — IVIMA, ;=—00... T 10V L - - 1.4 = 1.0

Sensor override, 7, < 100 us

T,=-55..+160°C - - -10

Forward current Lsion) mA

I,=-55..+150°C - - -10

Sensor override, 7, < 100 us

T=_EEK L4an _ _ _ann

1]' (O 1O N 1OV v \OLVAV)

Holding current, Vigo =—5V, 7,=25"° 1 —-0.05 -01 -05
T,=150°C -0.05 -0.2 -03

Switching temperature Trs(on) T

Vig==5V 150 - -

Turn-off time tos us

V.=—8V .. =_2mA 05 - 25

VTS ~7 V,lTS(on) [ ERIAY A s NS

Semiconductor Group 6-3
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Example
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Lo
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o

b

-25

Lo
(o8}

Ko}
L0

Symbol

ISC

I'sc
1
Lsc(off)

C, uniess otherwise specified.

Parameter

Drain-source voitage

[0}
©

4=

g

ource vo
Short-circuit current

®
2
©
O]

C, before short circuit

L2

SIT00401

. BTS 100

5
*e

=rTransient =

f (Vps)

N,

Diagramto determine I

DC

Short-circuit protection /g
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Drain-source on-state resistance
RDS(on) = (T|)
Parameter: I;=—5A, Vpg=-10V
BTS 100  (Jp=-5A, Ves=—10V) SIT00407
Q
_ 0.6 e
RDS(on) ’./
? /v
| 99 4
98% A
‘/ I/,
0.4 ’_I )7 4
l‘ /
.4" /'
0.3 y <
.
> "
Py
0.2 =¥ e
+
0.1
-80 -40 0 40 80 120 °C 160

Typ. transfer characteristic
In=f (Vas)

Gs/s

Daovamatar- + = QN e I/ — _ OE\/
rardalrieler. Lp ov H&, ¥ Ds o Vv
30 BTS 100 (fp=80 s, Vos=—-25V) SIT00408
A y
/
P /
Ip !
| /
Fi
//
_10 I’
/
y 4
y 4
]
/I
0L —==
n 1N Ay "N
v -~ 1uv Y T4V
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Parameter: Vg = Vgs, [p=—1m
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BTS 100
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Typ. transconductance g;, = f (Ip)
Parameter: 7, =80 us, Vpg=—-25V
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Parameter: V,
10!
nF

e
BTS 100
1
Typ. capacitances

T E—

F
I
p

(9]

102

160

SIT00411

. O Lo =

°C

y Al

] / =

[a] V.

100 120

\\ co

(o]

60 80

w0

N i

N

N

(=)

L S

(o]

20 40

(3]

.M_ "
, ¢
= 3

0

(o]

.. BTS 100

L E

"y 8

(Ves2-10Y)
-3
A
B -
7
6
5
4
3
n
L
1
0
yp- gate-source leakage current

Parameter: Vg >— 10V

-10°
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SIEMENS BTS 114A
Flantriaal Chavantarvietine
=ivwiliIvdl viidiIQu vl iviuiivo
at 7;= 25 °C, unless otherwise specified
Parameter Symbol Values Unit
min. typ.- max.
Static Characteristics
Drain-source breakdown voltage Verpss \%
I/GS = 0, iD = 0 25 mA 50 - -
VWS e Y RO iy Ry [N [ I ey 17
(aate inresnoia voitage VGs(h)
Vas= Vos In=1.0mA 2.5 3.0 3.5
Zero gate voltage drain current bss uA
/e=0V Voe=50V
Ves=0V, Vps=50V
I;=25°C - 0.1 i.0
T,=125°C - 10 100
Gate-source leakage current hes
1/ =20\/ I/ =N
¥ GS &V VvV, ¥pg v
T,=25°C - 10 100 nA
T.=150°C - 2 4 uA
] g
Drain-source on-state resistance Roson) Q
17 = +4N\7 T _0ONA n No N 4N
Vegs= 1U V, Ip =3J.UA - u.uo U.lu
....................
Uylldllllb \.:Ildrdbl.t:rlbl.lbb
Cammarmuvn] domom o im Al 1omdeom v —~ [ay
I_UIWd.IU lldllbbUlIUubldlle Sis ()
Vbs 2 2 % In X Rogonmax: In =9 A 5.0 8.0 -
input capacnance Ciss pF
Ves=0, Vs =25V, f=1MHz - 450 600
Output capacitance Coss
17 =N 17 —NE N/ £ _ 4 ALl nNnNN nNeEN
Vas= VU, V¥pg =20 V,j =1 NnZ - ZcVU ooU
DAaviarea tranaefar nananitanan
11T VTl OoT Lalioicl LIGPGL’ILGI v L’I’SS
Ves=0, Vps =25V, f=1 MHz - 85 150
Turn-on time #,, (fon = fan + &) Td(on) - 20 30 ns
Vee =30V, Vgs=10V, I =3.0 A, ) A0 an
L 7 o ’ [ 7 4 J— 4U oU
D Y 7 o WPaN
Ngs QU L2
Tiirm_~ff tima ¢ [+ =% 4 £\ [~ 7N
HUIM-00 UMe Lofr, \ott = Lty ™ L) Ld(off) - 99 [AY]
Vee=80V, Vos =10V, [ =3.0 A, 1. _ 40 80
=500 !
Rz =50 Q
Semiconductor Group 6-64
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at T = 25 °C, unless otherwise specified.
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(0]

Symbol

Values

Unit

min.

typ.

max.

—a
(&)}

—a
Qo

(e}
Q

e
w

Reverse recovery charge
=k, dig/dr =100 Afus, V=30V

a

Temperature Sensor

Forward voltage

I =40 mA T = _E~
fgEn — IVITIA, ;=—900 ... T
Sensor override, 7, < 100 us
T,=-55..+160°C

-4
»

-
(@)

—h

(@]

n
(@]
(@]

mA

I
o
Q
=]
«Q
]
c
=]
=
]
3
‘l-.'
S
%)
B
Il
o
(@]
<
1.
Il
N

oo
QO
o1 O

oo
w O

o
(&)

ro
o

us
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' = VIl U BRTS 114A
SIEIVIEND
Fvamnlae far cehavi_aivanit neatantinn
I—I\alll'.ll\vc IV 211VI TwilvuiL .JI Wi wiLivii
at 7,=—55 ... + 150 °C, unless otherwise specified
Parameter Symbol Examples Unit
i 2 -
Drain-source voltage Vos 15 30 - \Y
Gate-source voltage Vs 7.2 52 -
Short-circuit current Isc 37 17 - A
[ ] P A N 1L I IS Iy -y n [ nya = Wa AT
ONOr-Circuit aissipdauon Fge tele V) e RV - v
DAacmAamaon fimaa + Ao
nesponse time Isc(offy ims
1;= 25 C, before short circuit 25 25 -
Short-circuit protection /s = 1 (Vps) Max. gate voltage Vsgsc) =/ (Vps)
Parameter: V, Paramatar T'=_5EF +480°C
- GS I AlCITITLCTI l] L L) Ivv W
Diagramto determine Igcfor 7;7=—55...+150°C
45 TS 1184 Sou7s g B1S 114 (; =-55...+150°C) $IT00480
- DC -t Transient =
Isc A V
A Ves=7.2V Voo .
| —— e 4 A
| 35 7.0V ‘ \
T\ | \
30 6.5V 1\ ! N
T\ : N
25 6.0V \ \\
! AN PSCrn.ux ™ nu
nn [ Y \\ ™~
20 e ¥ N\ g
o N\ -
15 2.0V "~_.
r ey e
] 4.3 el
0] —+— = 4
l 4.0V
5 S SRR VNS I
I
N ]
or\ c an c nn nE n zc AN \Y2 [ ¥a} 1N 14 19 nn ac n ZA \/ AN
v J v IVd 4V 4La 9OV 9J 4V A\ U v 14 10 LL A’ ~J v L Y 4V
. — Vps
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0.01, 7c=25°C)

(0

0.01, T,

o BTS 114A

Safe operating area I
Parameter: D

-~

c
SIT00483

Tl"
VY& 74

S (Vos)

¥

| I
T
(=R 2
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Typical output characteristics I,
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Parameter: r, = 80 us
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SIEMENS BTS 114A
Nerain_cnlirna an_ctata vracictanna Nata thrachald vo nltana 1/ = (T
wiaiii=SOuiCl Ori-Swail rCSisSwaiicc GAC uifcSnoiha vonage vegin) =J W4 ]
Rosony =/ (T) Parameter: Vg = Vs, Ip =— 1 mA (spread)
Parameter: I =9 A, Vs =10V
D y ¥ GS
i8 BTS 114A  (Jp=9A, Vgs=10V) SIT00486 5 BTS 114A  (Vps=Vps: Jp=1mA) SIT00489
Ve
_ V. \
RDS(on) / v
. 7 YGs(th)
0.14 s <
| AT S
: 1 | - =L
0.12 98% 44 ~— _—
7 p e~ fyp e
. 7 / 3 — “’\ ——
0.10 7 /' o~ o7 “\
4', /, ~ !L/a \‘\»
0.08 L AT =
) & " p 1\'Ip 2 ~ b
‘/ ~
0.06
uv.u4 1
0.02
0.00 0
~80 -40 0 40 80 120°C160 ~60-40-20 0 20 40 60 80 100120 °C 160

Typ transfer characteristic

=f(Vas)
nnnnnnnn + — ON 1/ —_ oc \/
I_GI.IGI.IIIUI.UI Lp = OUV }.lb, VDS = — LIV
L 1144 (,=80us, Vps=—25V) SIT00487
A i
Iy /
i -14 ‘
| |
I —12 /
|
-10 ,I
[
-8 [
|
X ]
_6 'l
/
_4 [
/
B /
/
0
0 2 4 6 8 VvV 10
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Typ. transconductance g;

=f(Ip)

Parameter: 7, =80 us, Vpg=—-25V

BTS 114A

(#,=80pzs, Vpg=—25V)
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D87 4un
£3/e0

Il

150%typ.

L BTS 1144
_Tl

102—=

160

°C
Ie

100 120

60 80

™

20 40

0

Parameter: Vg >— 10V
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SIEMENS BTS 121A
Electrical Characteristics
at 7;= 25 °C, unless otherwise specified
Parameter Symbol Values Unit
min. typ.- max.
Static Characteristics
Drain-source breakdown voltage Verpss \%
I/GS=0’ iD=025 m/‘\ ﬁOG - -
Gate threshold voltage Vasin
Vas = Vps In =1 mA 1.5 2.0 2.5
Zero gate voltage drain current bss uA
/e=0V. Vie=100
Vas =0V, Vpg =100
I;=25°C - 0.1 1.0
T,=125°C - 10 100
Gate-source leakage current hes
174 =+9290N\/ 1/ =N
¥ GS T &V vV, ¥pg v
T,=25°C - 10 100 nA
T.=150°C - 2 4 uA
] g
Drain-source on-state resistance Roson) Q
17 = A NI T _ 0O A N Nnorc n 4
Vgs = 4.0V, Ip=Y.0A - U.uoo Ul
....................
Uylldllllb \.:Ildrdbl.t:rlbl.lbb
Cammarmuvn] domom o im Al 1omdeom v —~ [ay
I_UIWd.IU lldllbbUlIUubldllbU Sis ()
V_SZZ XIDX RDS(on)maxv ID=95A 8 14 —
Input capacitance Ciss pF
Vs =0, Vs =25V, f=1MHz - 1200 1500
G 2 DS ' J
Output capacitance Coss
17 =N 17 —NE N/ £ _ 4 ALl nNnN con
Vas= VU, V¥pg =20 V,j =1 NnZ - ocU folel¥)
DAaviarea tranaefar nananitanan
11T VTl OoT Lalioicl bapabltallbc L’I’SS
Vas=0, Vps =25V, f=1MHz - 160 260
Turn-on time #,, (fon = fan + &) Td(on) - 25 40 ns
Vr\n=30\_/. V/‘c‘_SV ,r\—3A X~ 50__ P PRPIY 47N
Tiivem bl divam~n « [+ N4 N 07N
FUTTI=OI UTNE Lo, Lo d(Off) T i) Ld(oﬁ) - £ 1V iV
VCV=30V,VJS=5VI—3ARS=SOQ + 41NN 49N
Lf - [RAVAV] 19V
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SIEMENS BTS 121A

Flantrinal Chavantarvietine (Annt' A)

=ivwiliIvdl viidiIQu vl iviuiivo \UUI I U,

at 7;= 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. typ.- max.

Reverse Diode

Continuous source current k - - 19 A

Pulsed source current L - - 76

Diode forward on-voltage Vso \%

I —NQO A 1/ =N 4 N 4 7

IF=O0 A, Vgg= VU - 1.00 [

Da\larec rannvans timao f nc

1T VCTioT IUUUVUI’ e bn— 1o

= [, digfdt =100 Ajus, V=30V - 150 -

Reverse recovery charge om uC

k= k, dig/dr =100 Afus, V=30V - 0.58 -

Temperature Sensor

Forward voltage Vision \%

7 — E A T — | L AEN N 4 N 4 A

fgen = O MA, ;=00 ... T 10V L - 1.0 1.4

Sensor override, 7, < 100 us

T,=-55..+160°C - - 10

Forward current Lsion) mA

I,=-55..+150°C - - 5.0

Sensor override, 7, < 100 us

T=_EEK L4an _ _ ann

1]' (O 1O S v s \SAVAV)

Holding current, Vigon =5V, T1,=25° 1 0.05 0.1 0.5
T,=150°C 0.05 0.2 0.3

Switching temperature Trs(on) T

Visg=5V 150 -

Turn-off time tos us

V..=5V L. =92mA 05 - 25

14 TS ~ v ] lTS(on) [ R RN A s NS
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' = VIl U BRTS 121A
SIEIVIEND
Fvamnlae far cehavi_aivanit neatantinn
I—I\alll'.ll\vo IV 211VI TwilvuiL .JI Wi wiLivii
at 7,=—55 ... + 150 °C, unless otherwise specified.
Parameter Symbol Examples Unit
i 2 -
Drain-source voltage Vos 15 30 - \Y
Gate-source voltage Vs 55 4.0 -
Short-circuit current Isc 66.7 26.7 - A
[ ] P A N 1L I IS Iy -y n d NANN [eTaYa) AT
ONOr-Circuit aissipdauon Fge 1UUV [e1V]V) - v
DAacmAamaon fimaa + Ao
nesponse time Isc(offy ims
T, = 25 C, before short circuit <25 <25 -
Short-circuit protection /s = 1 (Vps) Max. gate voltage Vsgsc) =/ (Vps)
Paramatar: I/ Para atar T =_ KR +~ 185N °N
I CAICUTIITLCTl . VGS I AlCITITLCTI l] L L) . ' Ivv W
Diagramto determine Igcfor 7;7=—55...+150°C
BTS 121A SIT00543 BTS 121A ([=-55...+150 *C) SIT00544
75 nel I T ok 6.0 :
=T U= iransient -
;A v
Is¢ = v V6s=5.5V
i 65 { 765(sC)
| soH-o,d bosal L1
| \ | \
55 { |
50 \ 5.0 A
45 i \
4.5V \
40 \ 4.6 N
kLY | X ™N
n I.I_ \ D )
U 4.0V \ /'scmax 4.2 ‘
251F P
an S zZ 0
PAY) -, 2.0
Q‘s\
Sed
.i"~-.
10 ks TN 3.4
5
"0 10 20 30 40 50 60 70 80 VY 100 N0 14 18 22 26 30 34 V40
_"VDS —_— VDS
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Parameter: Vpg

174 = £IT
Gsgh = J \Lj)

Vss, In =1 mA (spread)

BIS 1214 (Vee=W. Io=1mA) SITO0552
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SIEMENS BTS 130
Electrical Characteristics
at 7;= 25 °C, unless otherwise specified
Parameter Symbol Values Unit
min. typ.- max.
Static Characteristics
Drain-source breakdown voltage Verpss \%
I/GS = 0, iD = 0 25 m/‘\ 50 - -
Gate threshold voltage Vasin
Vas=Vos In=1mMA 2.5 3.0 3.5
Zero gate voltage drain current bss uA
/e=0V Voe=50V
Ves =0V, Vps=50V
I;=25°C - 1 10
T,=125°C - 100 300
Gate-source leakage current hes
Vas=20V, Vps=0
T,=25°C - 10 100 nA
=150 °C - 2 4 uA
I,=150 °C 2 1 uA
Drain-source on-state resistance Roson) Q
54 7 A nnNnA la et~
Vas=10V, I =17 A - u.u4 U.Uo
....................
Uylldllllb blldrdbl.t:rlbl.lbb
Forward transconductance Gis S
Vbs 22 % In X Rogonymax, In = 17 A 8.0 13.0 18.0
Input capacitance Ciss pF
Ves=0, Vs =25V, f=1MHz 700 940 1250
Output capacitance Coss
17 =N 17 —NE N/ £ _ 4 ALl NN TEN
Vas= VU, V¥pg =20 V,j =1 NnZ - o100, oV
Reverse transfer capacitance Cise
Vas=0, Vps =25V, f=1MHz - 180 270
Turn-on time #,, (fon = fan + &) Td(on) - 25 40 ns
Ve =30V, Ves=10V, I;=3 A, R;s=50Q [ . nn an
L 7 =i \v [w) l;_ j— OU uu
Tui‘-‘l'Off ti’ne toff! (Zof ‘d(Off) + Lf) Ld(oﬁ) - 100 130
Vee=30V, Vss=10V, [, =3 A, Rzs=50Q |, 7E oE
Lf - fJ IJ
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SIEMENS BTS 130

Flantrinal Chavantarvietine (Annt' A)

=ivwiliIvdl viidiIQu vl iviuiivo \UUI I U,

at 7;= 25 °C, unless otherwise specified.

Parameter Symbol Values Unit

min. typ.- max.

Reverse Diode

Continous source current k - - 27 A

Pulsed source current L - - 108

Diode forward on-voltage Vso \%

I —EA A T/ =N 4 £ N

IF= 04 A, Vgg= VU - 1.0 .U

Da\larec ramnmuvanrug +ima f nc

1T VCTioT IUUUVUIy e bn— 1o

= [, digfdt =100 Ajus, V=30V - 150 -

Reverse recovery charge om uC

k= k, dig/dr =100 Afus, V=30V - 1.0 -

Temperature Sensor

Forward voltage Vision \%

7 — 4N A T — | L AN °M 4 A [~

frgen) = TVIMA, [j=—00 ... T 10U L - 1.4 1.0

Sensor override, 7, < 100 us

T,=-55..+160°C - - 10

Forward current Lsion) mA

I,=-55..+150°C - - 10

Sensor override, 7, < 100 us

T=_EEK L4an _ _ ann

1]' (O 1O S 1OV v \SAVAV)

Holding current, Vigon =5V, T1,=25° 1 0.05 0.1 0.5
T,=150°C 0.05 0.2 0.3

Switching temperature Trs(on) T

VTQ =5V 150 -

Turn-off time tos us

V..=5V L. =92mA 05 - 25

14 TS ~ v ] lTS(on) [ R RN A s NS
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SIEMENS BTS 130
Fvamnlae far cehavi_aivanit neatantinn
I—I\alll'.ll\vo IV 211VI TwilvuiL .JIUI.\'\II.IUII
at 7,=—55 ... + 150 °C, unless otherwise specified.
Parameter Symbol Examples Unit
i 2
Drain-source voltage Vos 15 30 \Y
Gate-source voltage Vs 8.1 5.9
Short-circuit current Isc <80 <37 A
Short-circuit dissipation Psc 1200 1100 W
DAacmAaman +irman + Ao
nesponse time Isc(offy ims
1, = 25 C, before short circuit 25 25
Short-circuit protection /s = 1 (Vps) Max. gate voltage Vsgsc) =/ (Vps)
Paramatar: I/ Para atar T =_ BR +~ 185N °N
I CAICUTIITLCTl . VGS I AlCITITLCTI l] L L) Ivv W
Diagramto determine Igcfor 7;7=—55...+150°C
BTS 130  (7;=-55...+150°C) SIT00575
90 BTS 1|.'50 I | SIT?0576 9 fi +
l’ - %5:8!1\/ [PA9) - | FAnsient = V
A .
A 8.0V e N
| 7n 7.8V \ 'G:S(SC) - \\
| 70 AAA i N\
| AN | N
60 7.0V 41—\ oy R S
T\ N\
6.5V
50 l - AN . N
I [ N " SCmax 6 P
40 6.0V A ~
| SR N
| 5.5Y .|
30 [j—— s 5
|' 5'-Gv .....".'
20 1 N A
e | 4.5V o 1] )
T 1T T ] 4
10’ 4.0V N O
r
o! 3
0 5 10 15 20 25 30 35 40 V 50 10 14 18 22 26 30 34 V 40
—Vs — Vs
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SIEMENS BTS 130
Drain-source on-state resistance Gate threshold voltage Vg, =/ (7)
Y% YGsih) —J \Lj)
Rosony =/ (T) Parameter: Vg = Vag, I =1 mA
Parameter: I;=17 A, Vs =10V (spread)
A%l d 7
.~ BIS 130 (p=17A, Vgs=10V) SIT00583 _ BTS 130 (V=¥ L=1mA) SIT00585
U.1£ 2 1
a v
0.10 ’ 7
o b G5(th) 4
7 DS(on) L T~
! ’ S
4 Sl 8%
| 0.08 v — | L ] Py
I VD4 . =+ <
S 32 =_frp <<
087 ’l, / ~ [T
0.06 A P 0
- v’ I/ ™~ ~ N
L — / " | ~—
0.04 o // : —
. typ
”
) //
L~
- 1
0.02
0.00 0
-80 -40 0 40 80 120°C160 —60-40-20 0 20 40 50 80 100120 °C 160
=T = Ti
Typ transfer characteristic Typ. transconductance g;, = f (Ip)
=f(Vss) Parameter: 7, =80 us, Vpg =25V
.—arameler' t,=80us, Vpg=25V
BTS 130 (£,=80us,ps=25Y) SIT00581 BTS 130  (f,=80us, Vps=25V) SIT00584
55 7 20
) / .
A I S
e /
‘D 40 I vis 1 6
b / f pus=
| 40 | 14 u
L ! | //
’ [ 2 ~
r
30 / yd
/ 10 y G
25 /
/ N
20 / /
/ 5|/
15 f /
/ /
10 / 4
5 ./ 2 ./
/ /
0 0
01 2 3 45 6 7 8 V 10 0 10 20 A 30
— s —p
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CIERAEARIC oA EETE BT A4n =
DIRIVIREIND PROFETY BTS 410 F2
Cuanmnut Llimnhaida DaAawisrauvw QCuasital
SITIAINL FIYIiSIiue rower owiwini
Features Product Summary
*® Overload protection Mwarunlama mrebondism \/ _ Py \/
. Overvoiiage protection Vbb(AZ) 00 \

Current limitation Operating voltage Vbbon) 4.7..42 V
* Short circuit protection TRy ~ _ e
* Thermal shutdown On-state resistance RoN 0 mQ
a ~ " : a ,4 ' i f N1 \ I And Alireanmt /1CQMN) I rien~y 4 O A
¢ Overvoitage protection (inciuding ioad dump) LOaa current (ioV) IL(ISO) 1.0 A
* Fast demagnetization of inductive loads Current limitation /L(SCr) 2.7 A
* Reverse battery protection!)

y PIULCULIUII /

* Undervoltage and overvoltage shutdown with

auto-restart and hysteresis
, arores yseresss TO-220AB/5

VPCII UIGIII UIGyIIUOLIL’ UUL UL
* Open load detection in ON-state R /A ™ o~
* CMOS compatible input TN =y N AN =
¢ Loss of ground and ioss of Vb protection S < W SNl U

JIOUNY P SR\ \Jﬁ‘\\‘\\\ SUwESy
* Electrostatic discharge (ESD) protection \W 1\\ ~
Standard Straight leads SMD

Application

¢ uC compatibie power switch with diagnostic feedback for 12 V and 24 V DC grounded ioads
* Most suitable for inductive loads
[ ] Dnnlanne QIQF*I‘I'\MQI"L\QI‘\II‘QI I'QIQ\IQ anrl !‘Iiet‘l’ﬁ"ﬁ Firf\l |i+e

1 IUPIQUUO CITwL VIHTTWwI Al TIval |c|o|.yc CQIIUV VIowITLT il VUil
AClIcidl Wooul I|JI.IUI 1
N channel vertlcal power FET with charge pump, ground referenced CMOS compatible input and dlagnostlc

I T —
1 | *Vepb 13
| Voltage Overvoltage Current Gate il d !
)
source protection iimit | [protection] [fe— ZN
. 7 T T i <
i — V¥ Logic | 1 ' !
Voltaoe Charae pump Limit for ouT
Voltage ge bump
) unclamped 5 |
' sensor Level shifter ind. loads Temperature i I
2N l Rectifier s |
1 | Open load |
] . Vo D <« | J_Load
ESD ogic detection .
4 st : [ |
| L Short circuit [ .
detection I
® |
. | anD PROFET |
' - - - - - - - - -l |
[ I
| signal GND Load GND
L _____J b4

4\ e : f TR . - AR AN AT c. . . . TRV 1 A
7 With externai current iimit (e.g. resistor Hanp=150 Q) in GND connection, resistors in series with iN and ST
connections, reverse load current limited by connected load.
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65
+150
tbd

se
-55 ..

A

Rina

i ST

Phot

s

z

uniess otherwise specified

OV | Viocad dump‘”

with 8cm* (one layer, 70um thick) copper area for Vi,

3.

7

a

T=150 °C: | Eas

~
2 x

4
Page 2

R

low or high
F

t (Short circuit current, see page 4)
B

C

P

'y

5 (e}
junction - ambient (free air):

= 25°C

—_—
~

Load dump protection? Vioadpump = Ua + Vs, Ua = 1

(Load, L)
(DC), Tc <

Y

50mm*50mm*1.5mm epoxy
connection. PCB is vertical without blown air.

~

ly voltage (overvoltage protection see page 3)

’

2Q,R =6.6 Q,t4=400 ms, IN

protection of the input is integrated.

R,

AVA L H
VLoad dum
Device o

single pulse

R®
Load curren
£)
5)

Current through status pin (
see internal circuit diagrams page 6
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CIERAERIC e
DILIVIKRIND BTS 410 F2
Elantuianl Alicavaalsawiaki s
Icuiirivdl vildiauv ilerlioilivo
Parameter and Conditions Symbol Values Unit
at Tj = 25 °C, Vpb = 12 V unless otherwise specified min | typ | max
iLoad Swiiching Capabiiities and Characteristics
On-state resistance (pin 3 to 5)
L =18A =05 °C . - 100 200 | mo
L e\ 7 v lJ s NS P UUN LAY _i v [ R R NY4
T=150 °C: 390 440
Nominal load current (pin 3 to 5) ILgs0) 1.6 1.8 -- A
1M DemAvaAan~l \V4 — N C \7/ T _ OLC oM
1oV Fioposal. VoN = U.0V, IcT00 U
Outnut current (nin 5) while GND disconnected or | P, - - 10 mA
Output current (pin 5) while GND disconnected o I aNphigh) 10! mA
GND puiied up, Vbb=30 V, ViN= 0, see diagram
page 7, Ti =-40...+150°C
L 1
Turn-on time to 90% Vour: |fon 12 -1 125| us
Turn-off time to 10% VouT: |tosf 5 -- 85
R =12 Q, Tj =-40...+150°C
Siew rate on dV jdion -- -- 3| Vjus
1Nt RN, V. R =12 0O T: =_AN 1+41EN°C
1V W ouv /0 vOUT, 1L 1& 3z, 1 =TV 1JV v
Slew rate off -dV/dty -- -- 6| Vlus
70 tn AN, /A, =12 O =_AN +1EN°"
VWU TV /0 VOUTy 7L e I | Vv, LI LV I O
Operating Parameters
Oneratina voltane 6) T: =-A0 +150°C Y/ A7 - A9 \/
rl\.ll LARLD Iv V\.llluv\.l I J TN 1 \IJ A4 v DD(On) T f = v
Undervoltage shutdown Tj =25°C: | Vibunden) 2.9 -- 4.5 \Y/
Tj=-40...+150°C 2.7 -- 4.7
Undervoltage restart Tj=-40...+150°C: | Vpburst) -- -- 4.9 \Y
Undervoltage restart of charge pump Vis(uep) -- 5.6 6.0 \
enoon dianram namna 19
=l v Uluululll puuv 1
Undervoltage hysteresis AVppunder) -- 0.1 -- \
AV, . =V, o VL
4V bb(under) v bb(u rst) = V bb(under)
Overvoltage shutdown Tj=-40...+150°C: | Vip(oven 42 -- 52 \
Overvoitage restart Tj=-40...+150°C: | Voo rsy) 40 -- - \Y
MNrmnvirnldn e atAarAaanin T. — AN 4 CNOM AlZ n 4 \V
UVvVeivaitage nysieiesis Ij=-4u...Tiou'uv A Vpb(over) -- U. i -- Vv
Overvoltaage protection?) T: =40 +150°C Vivian 65 70 - \/
Overvoltage protectior Tj=-40... 90°C: | Vipaz) 65 /70 y
lbb=4 MA
Standby current (pin 3)
‘/Il\l=n T:=-An -I-QEO(" II.-.I..IASS\ - 10 15 IIA
Vin=0 T=-40...+25°C: | lopoft) 10 15 A
Ti=150°C -- i8 25
Leakage output current (inciuded in ipb(off) I o) -- - 20| pA
Vin=N
VINT

8 At supply voitage increase up to Vpp= 5.6 V typ without charge pump, Vout =V -2 V

7)  Meassured without load. See also Von(cl

INLLL

Semiconductor Group

Page 3

y in table of protection functions and circuit diagram page 7.
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CIERAERNIC i
DILRIVIKLIVNYD BTS 410 F2
Parameter and Conditions Symbol Values Unit
Ak T AE O iy — A0V 11mlmaca ~tlhamaion amemifin e fiin | o~
at Tj= 25 °C, Vpb = 12V unless otherwise bpcullcu min | yp | max
Nnaratina ~nrirrant (Din 1\8) Va.,.=K \/ | PR, . 4 N4 mA
MCITAllly LUIITIIL TN 1 )7/, VINTI vV, IGND 1 P4r | M
Ti =-40...+150°C
Protection Functions
initial peak short circuit current iimit (pin 3 to 5)9), ILscp)
(max 450 us if Von > Vongso))
Ti =-40°C 4.0 - 11 A
j =25°C 3.5 5.5 10
T; =+150°C: 2.0 3.5 7.5
Overload shutdown current limit IL(scn
v/ .. _ O \7J T _ T Lo A 1 — . PIaNY n 7 A
VON=0 V, Ij= I} (see timing diagrams, page 10) -- Z.f -- A
Short circuit shutdown delay after input pos. slope
\V4 ~ 17 T — AN 4 ECNOM. F —
VON ” VON(SC), 1j=-4U.. 10U [1d(SC) — _ 450 us
min value valid nnl\/ if i inpu t "low" time exceeds 60 us
Output clamp (inductive load switch off)
at ‘-/OUT = th - ‘-/ON(C') I 40 mA, Ti =-40“+1 50°C: \./QN(CL) 61 68 73 \Y
ii=1 A, T;=-40..+150°C -l -~ 75
Qlimrt Airmi it alht bl aian Aatantine vialba~a
ONoft Circuit SnUtaown aetection voitage
(PIn 310 O) Vonsc) -- 8.5 - V
ThaAavinal AviavlandA Fvi;m FAarmamAaAvrad v~ 4CN o
I nermai overioaa trip temperature It 10U - - v
Thermal hysteresis AT - 10 - K
Inductive load switch-off energy dissipation10), Eas -- -- tbd J
Tjstart = 150 °C, singie pulse Vob =12 V! | Eloadt2 tbd
Vi =24\ F. . o4 tbd
v bb 5 — LoadZ24
Davaren hattans fnin 2 +A 1)\ 11\ _\/ _— _— nn \/
INMovoioo vallcol \PIII v I} 7 V bb Jo v
Niarnnactkina Nhavantavialtiaa
|.l|ag| IVollLv wiidadl auviviiolivo
Open load detection current I oy mA
(- nanditinn =_A0 1850°C b} . 150
\U [l 10 IUII.IUII) l] b A ¥ 19V v o 1wy
8) Add IsT, if IsT > 0, add /N, if VIN>D5.5V
9)  Short circuit current limit for max. duration of td(SC) max=450 ps, prior to shutdown
10) Whila damaanatizina load indiintanca dicsinatad anarayv in PROEET ie Eac= f VAo * i () At annray
yYvine UclllclslchILllly IV\JraU nivuuvLal ive, UIODIPGLUU <l |c|9 mirnrriNvi k=il 1o b o J VUN((_,L) IL\L} L, GPPIUA
—. 11 %1 *12*/ﬂ@_\ R [ o 1
EAS="[o "L " (Y o - V — ), see diagram page 8
11) Raniirac O raci :n\..w:: el IN ~rnnardinm van | prmead fhlasot tmrla fradiimad Avaim amiipma Aliadal ia
7 ncqunca I\)U A2 TeoloWlII 1T A VEi el \LIIIUUUII IIII.IIIIDIL; dialli-suuive UIUUU) (=3

normally limited by the connected load. Input and Status
2 and circuit page 7).

urrents have to be limited (see max. ratings page

Semiconductor Group Page 4 2.Feb.96



CIERAERIC e
DILIVIKRIND BTS 410 F2
Parameter and Conditions Symbol Values Unit
Ak T AE O iy — A0V 11mlmaca ~tlhamaion amemifin e PR [
Al 1j= 20 U, Vhbb = 1£ V Uiie therwise bpcullcu min | yp | max
Bom ool mom o L Lo cm P M~ ~1.49)
ITTPUL dilNU Sldius recupdc ek s/
Inniit trirn-aon thrachanld vnltana r Vi~ 15 _— 2A \/
|||r.luu LLATTL VI LI wIl IV V\.nua.uu p— V||\](|+) 1 a8/ s T T v
T — AN 4 CNOM.
l] =-4U.,..T IOV U,
Input turn-off threshold voltage N ViNGTS) 1.0 -- -- Vv
T — AN 4 CNOM. ( )
l] =4U..TI1JIVU LU.
Inniit threchnld hveterecis A Vinmr - (RS - \/
Input threshold hysteresis A Vinm 0.5
Off state input current (pin 2), Viy=0.4V Iingott) 1 -- 30| puA
On state inniit clirrent (nin 2 Vi =5V | AN 10 25K 70 ulA
On state input current (pin 2), Viy =5V IiNon) 10 25 /70 pA
CQFmntiin immirmalicdl AfdbAav A ~ temamt 1t Al ACN
olalus Iivaiu aitel pusIilve input sivpe ld(ST SC) - - G490V },lb
(short circuit) Ti=-40 ... +150°C:
Status invalid after positive input slope tasT 300 --| 1400 us
(open load) Tj=-40 ... +150°C:
Status outnut (onen drain)
N LA AD UI. \vrl\.ll 1 NAL AT I,
Zener limit voltage  Tj =-40...4+150°C, Ist = +50 UA: | VsT(high) 5.0 6 -- \Y
OT lasas Py Mpigyiapey T. . AN -4EI‘\OI'\ -4 A . \ V4 n A
Sl IoW voitage 1j=-4U...+10U , Ist = +1.6 MA: VST(low) - - U.4

12) If a ground resistor Ry is used, add the voltage drop across this resistor.

Semiconductor Group Page 5 2.Feb.96



Input- | OQutput Status
r g
level level 412 410 410 410 410
[=Xp] no o Y] =ty ) nn Lin
Do |/ Lojrc Uc <
Normal L L H H H H H
operation H H H H H H H
Open ioad L *3) L H H H L
H H L L L H
Short circuit L L H H H H H
AR [N} 1 1 1 1 [ 1
w anNw n L L L L i L
Short circuit L H L H H H L
to Vbb H H H HLY) | HLY) | H (L") H
Mhiarkam_ 1 1 1 1 1 1 1
A A AR 1] ) [ [ | = | = [ | = [ 5
perature H L L L L L L
Under- L L L19) L19) H H H
voltage H L L15) L15) H H H
MY 7 Yoy RN 1 1 1 1 Ll [ ] [}
vvervonayce L L L L n mn mn
H L L L H H H
L = "Low" Level
H ="Hinh" | aual
L[} 1 Ilyll LT Vol
rerms Innut circuit (ESD nrotection)
P TR LRI ARy
i o - - - - -—
R
3 ' [ '
!iN IIN | p— T Py m B ]
—_— iN Vbb I I — )\ I /_ I
.y I Nesp- /N VY |
— ON | ZDn ZDp \I/I . |
. PROFET OUT|= | Iyl |
'Sl o I N I
- QT L] L]
T e
Vinl Verl GND
v ' i )
bb a Ij' GND Vout ZDi1 6 V typ., ESD zener diodes are not to be used as
GND voltage clamp at DC conditions. Operation in this
T wmm o e mr s mmmrld ta o Aldfh af dlea i a PRy N
noue fray resuit i a urire 01 uie cerier voitaye
(increase of up to 1 V)
18) Power Transistor off, high impedance, versions BTS 410H, BTS 412B: internal pull up current source for

—

N

—_
o
~— N

No current sink capability during undervoltage shutdown

Semiconductor Group Page 6 2.Feb.96



CIERAERNIC e i
DILIVILIVNYD BTS 410 F2
Status output Overvolt. and reverse batt. protection
- d - - - —TIUV T - - - - -1+ Vi,
I I ™
' ' 1 1
| Aston st] T R ! = '
! N — — N /N
' i VAN ' e .
i ||—- AN ] Logic ]
1 L JE 1 | —
I C ESh- — T Nk
| NP zZD | Rer © | 4R 4N T
[ . - - - - - ] v 1 |
I Zi I"I(UH:I_I
ESD-Zener diode: 6 V typ., max 5 mA = = = o
RST(ON) <250 Q at 1.6 mA, ESD zener diodes are . |"| o
not to be used as voltage clamp a onditions GND
MNinavatiomm i daia mamnda aarvs rass 4 ~f dl T Qi AN
vperauull i uins mmuouue 1fay resu ol i -alme S'YNaNGNL
zener voitage (increase of up to 1 V Vz1 =6.2 V typ., Vzo0 =70 V typ., Rgnp= 150 Q, RN,
Rst= 15 kQ
Short circuit detection
Fault Condition: Voy > 8.5V typ; Onen.oad detection
vl'v’ll IWwWTiel VAW asw W alwil
- - - - ON-state diagnostic condition: Voy < Ron * Iow; IN
- +Vbb h|gh
e 1 I
' [ 1| e ey
I b N }v | bb
[] o]V}
! —t ! | T ' |
. L [ 4 —— 1
I ouT N
. 1 Von
S 1 aaia Short circuit M N ON I o
e I i i hehb ' i
i unit detection i '
I- - = = - I ouT
| I Onen load 1
LO9C - iection
- ) ) - _ . Unlt uvcLwovuvii
Inductive and overvoltage output clamp i 3

- - - - +Vpp
! 'z !
N
N1 7 |:A — o
A2 Lo PN Vou
i —_ 1}
Y
out
]
I _ GND|

Von clamped to 68 V typ.

Semiconductor Group

Page 7

GND disconnect

3
v
IN bb
2
PROFET OUT:
[ ST = -
| GND | |
Y] Y] Vv I 4|| ' I I
bo| YIN| VsT]| | [VanD T
| /|
Y B

Any kind of load. In case of Input=high is Vout = VIN - ViIN(T+) -
Due to Vanp >0, no Vst = low signal available.

2.Feb.96



Normal load current can be handled by the PROFET

itself.

CIERAERNIC e i
DILIVILIVNYD BTS 410 F2
GND disconnect with GND pull up Vbb disconnect with charged external
R inductive load
| 3 e
| v s T
_J_ IN bb 3
2 high N Vbb
I I PROFET ouT s )
T F ST i PROFET  OUT 5 5
GND o bl
JI ! " I I 71 A GND (o] - _7 _\_\
N | T I
VI / 1 L
Vi U V'NlVST ,l' lVGND
¢ Viob
Any kind of load. If Vanp > VIN - VineT+) device stays off
Due to Vano >0, no Vs = low signel available. If other external inductive loads L are connected to the PROFET,
additinnal alamante lika N ara naracears
Vi disconnect with charged inductive :
] Bom e cm e | ol acacila e L o e o oo n s
ioad inauctive Load swilch-oit energy
P dissipation
1 E
3| /"”/\
high Vbb Eas ==
=N | \\
J— Ej ~n
PROFET  OUTE L N Vi \\
—dsT 1 \
N GND [ | Py PROFET  OUT] | \
1 | ) m
N\ sT i
GND \
Vb n_
L
é

Semiconductor Group

Page 8

Energy dissipated in PROFET Eas = Ep, + EL - Eg.

* 1 *12

. PR A A I
Eload =~ EL, EL= 2 L 1
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g

Options Overview

all versions: High-side switch, Input protection, ESD protection, load dump and

marsmvuan laatiavis mmunatkantiam warnkla 1EN N iva AN AaAarmmantiam mmuatandisam acnatimat lacaa ~F

ICVECIoC Jallel PIULCLLUHULT WIUL 19V A2 1T GNW VITICLVLVI, MIVICLUHUVIT aydalliol 1Voo VI

ground

Type BTS 412 B2|410D2| 410E2 | 410F2 | 410G2 | 410H2

Logic version B D E H

VO V7N PN O ot TR e g Y gt ) PO PRI PPy

Overtemperature protection witn nysteresis

Tj >150 °C, latch function6)1?) X X X X

Tj >150 °C, with auto-restart on cooling X X

Short circuit to GND protection

ewitchae nff whan VAn>3 85V iun and Vo> 7\

switches off when Von>3.5 V typ. and V> 7 V X

L n AR fialamim LIk b iim o] e b o man, A DA AN

yp o/ (wnen tirst wirned on arter approx. 1oU us)

switches off when Von>8.5V typ.16) X X X X

Hiarlhmm fivatr frirmad An aftar annray 150 .. a)

\VVIICII HIoL WdIlieu vl aiwel GPPIUA 19V HD)

Achieved through overtemperature protection X

Open ioad detection

im MECE _adata wasitlh ammmaimea A ieean + 2N s A b Y Y

I uUrr-stale will DUIIDIIIU CUlienit ov HI"\ l.yp N N

in ON-state with sensing voitage drop across X X X X

power transistor

Undervoltage shutdown with auto restart X X X X X X

P YR TP FRUAT I [ Al ok ..-._;.-....11:\

Overvoitage snutaown witn auto restart’s/ X X X X X X

Status feedback for

overteamneratiire

overtemperature X X X X X X

short circuit to GND X X X X - X

L a_ \ [ s 10) 1Q) 1Q) 10) s

snort 1o Vpb X -1 -19) -19) -18) X

open load X X X X X X

undervoltage X X - - - -

overvoltage X X - - - -

Status outnut tvpe

Draite LUt LAk ]

CMOS X X

Vg YO [ A4 A4 AV v/

vpen darain A A A A

Output negative voltage transient limit

(fast inductive ioad switch off)

to Vbb - VON(CL) X X X X X X

Load current limit

high level (can handle loads with high inrush currents) X X X

| P R S TSNS v v A%

1UVY ISVl (DEeLel proleclor ol dppilcauori) n N N

Protection against loss of GND X X X X X

16) I mbmbe Avmmamd tarda am 1/ \/ - \/ afbaw alaisbAdaiarin lia cammad mmama V7 _ AN afia alas bl miaim [V
LaIcn except wWnen vpb-vouT < VON(SC)arer snutaowi. in most ¢ases yourt = U vV aier snutaowin (voyrt
# 0 V only if forced externally). So the device remains latched unless Vi, < Vonsc) (see page 4). No latch
hatwaan tiirn on and ta/cmy
between turn on and t4(sc).

172 With latch function. Reseted by a) input low, b) Undervoltage

15) No auto restart after overvoltage in case of short circuit

19) Low resistance short V\;;, to output may be detected by no-load-detection

Semiconductor Group Page 9 2.Feb.96



Figure 1a: Vpp turn on:

IN
e o ~
. € “d(bbIN) —>I
Vbb [} 1]
\Y%
A OUT —
\
\
| A
ST open drain
\ t
? A ~

in case of too early ViN=high the device may not turn on (curve A)
td(bb IN) approx. 150 us

IN
o ST
ST i
>
v :
out .
[
|
| -
. I d
; |
. |
L .
o), -~ -
- .I/. . \
/ \ t
/ \ -

*) if the time constant of load is too large, open-load-status may occur

Semiconductor Group
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A IN
|
NST '
v :
~ OouT, .
A
5T d(SC) T
[ '
/N L ' [
! p—
f
{ t
]

td(SC) approx. 200ps if Vpp - Vout > 8.5 V typ.
Figure 3b: Turn on into overload,

IN

2
L] |

o

: 'L(sCp)

-

; / I| (QOr)

K / I_\\JUI}

| I

| =Y

| |

| i -
ST

Heating up may require several seconds,
Viop - Vour <8.5 V typ.

2.Feb.96



DILIVILIVNYD BTS 410 F2
Figure 3c: Short circuit while on: Figure 5a: Open load: detection in ON-state, turn
on/off to open load
IN
IN .
ST — ot e
AST o dshy
/\V ouT v
A OUuT
N o N |
L open
ll t
| t
1
**) current peak approx. 20 us =
Figure 4a: Overtemperature, Figure 5b: Open load: detection in ON-state, open
lnad nrclire in nngstate
Reset if (IN=low) and (Tj<Tj)
iN
IN \ '
. : i
-—— — d(ST OL1) , tysT OL2
: : ¥ ST I oo )
. ' V! N : . —= s
ANST ' : o . : .
| a : —
j i : . .o
' ' : = vV . . '
\Y; : . ' \ OuT . :
out ! : ' . :
. : : | normal : open + nhormal
T . . : L . :
N : : : . :
L eenn 3 e NG -
T/ '\ / AN
/ N/ - /
- ta(sT oL1) = tod ps typ., ty(sT oL2) = tod ps typ
*) ST goes high , when V|N=iow and Tj<Tjt
Semiconductor Group Page 11 2.Feb.96



CIERAEARIC e e e
DIRIVIREIND BTS 410 F2
Figure 6a: Undervoltage: Figure 7a: Overvoltage:
iN
/ iN
| - .
Vg Vi AV ON(CL Vbb(over), . Y bb(o rst)
P ¥ N SN
[/ bounden\ A \-,bb(u P : P
\/ - \' = l bb(u rst) : v :
. E h \Y} ' ' .
. e ~ouTr ., A N
Wour —\! i/ 1 : —1 N—
| \ | : [
f 1 7 \ : | |
| | ]. | 7\ Al
| ! - | ] -
ST open drain : ST '
/N
t i
Figure 6b: Undervoltage restart of charge pump Figure 9a: Overvoltage at short circuit shutdown:
v} Von(cL)
| Yon S IN
1/ off
1 ]|
- V., -
1 il I V bb(o rst)
I SN
| ~ Oidnit chort 1o GND
il |——=Output short to GND
off bb(over) WV ouT
T v short circuit shutdown
T \
v [\ \ .
VAN D Y bl rst) | )
(U TS1) COC TSy ANTL
0 N
+ V. Y
/I I/ pBU CP) 1| A
1 1 w T
+ b_b(und?r) on N2
L& — — V.. +
1 ] | bb !
charge pump starts at Vib(ep) =5.6 V typ. Overvoltage due to power line inductance. No overvoltage auto-
restart of PROFET after short circuit shutdown.

Semiconductor Group Page 12 2.Feb.96



CIERAEARIC e e e
SIEIVIEIND BTS 410 F2
raGCihnaytc diiu viuciiiiy vuuc
All dimensions in mm
Standard TO-220AB/5 Ordering code TO-220AB/5, Option E3043 Ordering code
| BTS 410 F2 | Q67060-S6103-A2 | | BTS 410 F2 E3043 | Q67060-S6103-A3
- 9.9 |~ A
= 9.9 = —= 95 |=— 1‘3
—— 95 |- A 13,7 b | —=| =
1.3 . Y
=137 = | — i : o)
‘ : i b o H
bbb o h o | ) b i
o | ]! ol % : 0 ’
YK DR I T VLY T >
v Ll o L] = ) i i
T —~ 1 J (] | !
HHHHH L I =)
HITHT B 7 15 < [ | -
o YUVY r A T \
=l 24| |_| [N !
7T | 05 Y 0
e 45 0.8 ]85
4x1.7=6.8 Bt 170 24| |
GPT05165 _; - - - -
1) shear and punch direction no burrs this surface 4x1.7=6.8 eroeste
23 min. length by finning o 1) punch direction, burr max. 0.04
3) max. 11 mm allowable by finning 2) dip finning
Sl) muv 1.4.5 by dip tinning press burr max. 0.05
SMD TO-220AB/5, Opt. E3062 Ordering code
| BTS410F2 E3062A |T&R:  Q67060-S6103-A4 |
. _ 44
99 7 1.3 |
llll vmr
Y |
po i
‘:w ) T+T [ 0'27 ﬂﬁi m“”
:n JLL TIT J‘l‘ Jil J}l [:L' I
CHIP ) 0.5 o
— U.0_ ) TUeg <
1.7 ” 24| |
Zﬂl J= 6.§ GPT05904
Semiconductor Group Page 13 2.Feb.96



CIERAEARIC o AEETE BTe A<4nDA
DIRIVIREIND PROFET® BTS 412B2
Cuanmnut Llimnhaida DaAawisrauvw QCuasital
SITIAINL FIYIiSIiue rower owiwini
Features Product Summary
*® Overload protection P N Ty T U 1/ _ ac \/
. Overvoiiage protection Vbb(AZ) 00 \

Current limitation Operating voltage Vbbon) 4.7..42 V
* Short circuit protection —EeEy o i s
* Thermal shutdown On-state resistance RON 0 mQ
a ~ " : a ,4 "R T] f N1 \ I And Alireanmt /1CQMN) I rien~y 4 O A
¢ Overvoitage protection (inciuding ioad dump) LOat Cuireit ouv) IL(ISO) 1.0 A
* Fast demagnetization of inductive loads Current limitation /L(SCr) 5 A
* Reverse battery protection!)

y PIULCULIUII /

* Undervoltage and overvoltage shutdown with
« OMOS dagrostio oot TO-220AB/5

IV O \.ua.yl Ivoleuv UULP
* Open load detection in OFF-state ) PN o~
* CMOS compatible input PN L WA= PSS ID
* Loss of ground and loss of Vb protection VA W NS S Ul

J P SR\ \Jﬁ‘\\‘\\\ SUwESy
* Electrostatic discharge (ESD) protection \W 1\\ ~
Standard Straight leads SMD

Application

¢ uC compatibie power switch with diagnostic feedback for 12 V and 24 V DC grounded ioads
* All types of resistive, inductive and capacitve loads
[ ] nnlanne QIQF*I‘I'\MQI"L\QI‘\II\QI I'QIQ\IQ anrl !‘IIQI‘I’Q"Q Flrf\l |i+e

1 lcr.l UVTo TITWL VIHITWI Al liIval |c|o|.yc CQIIUV VIowITLT il VUil
AClIcidl Wooul I|JI.IUI 1
N channel vertical power FET with charge pump, ground referenced CMOS compatible input and diagnostic
feedback, monolithically integrated in Smart SIPMOS® technology. Fully protected by embedded protection
fiinAtinne
yalrivuviio

I T YR
] i Voo | 13
' Voltage Overvoltagel 1 Current Gate i - A
I 'H’
source protection iimit | [protection] [fe— ZNT
. 7 T T | <
i — V¥ Logic | 1 ' !
VVoltaoe Charae bump Limit for OUT
Voltage ge pump
unclamped 5 |
N ~ A4
' sensor Level shifter ind. loads Temperature i I
2N l Rectifier s |
1 | Open load |
| . L L —1 _| Load
ESD ogic detection .
4 st : [ |
| L Short circuit [ .
detection I
® |
. | anD PROFET |
! - - - - |- - - - - -l |
[N I
| signal GND Load GND
L _____J b4

4\ e : f TR . - AR AN AT c. . . . Gl T
7 With externai current iimit (e.g. resistor Hanp=150 Q) in GND connection, resistor in series with ST
connection, reverse load current limited by connected load.

Semiconductor Group Page 1 of 14 15.Jan.96
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65
+150
tbd

se
-55 ..

A

Rina

i ST

Phot

s

z

uniess otherwise specified

(s

OV | Viocad dump‘”

—

L]

with 8cm* (one layer, 70um thick) copper area for Vi,

3.
h

7

i

low or hig

t (Short circuit current, see page 4)

T=150 °C: | Eas

~
2 x

4
Page 2

FR

PCB

'y

5 (e}
junction - ambient (free air):

= 25°C

—_—
~

Load dump protection? Vi oadpump = Ua + Vs, Ua

(Load, L)
(DC), Tc <

Y

50mm*50mm*1.5mm epoxy
connection. PCB is vertical without blown air.

~

ly voltage (overvoltage protection see page 3)

’

0.5 Q, R =6.6 Q, tq= 400 ms, IN

protection of the input is integrated.

R,

AVA L H
VLoad dum
Device o

single pulse

R®
Load curren
£)
5)

Current through status pin (
see internal circuit diagrams page 6

Semiconductor Group

Power dissipation

Maximum Ratings at 7j
Supp
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CIERAERIC e
DILIVIKRIND BTS 412B2
Elantuianl Alicavaalsawiaki s
iculirivdi Ulldldblﬁllbllbb
Parameter and Conditions Symbol Values Unit
at Tj = 25 °C, Vpb = 12 V unless otherwise specified min | typ | max
iLoad Swiiching Capabiiities and Characteristics
On-state resistance (pin 3 to 5)
L =18A =925 °C . - 100 290 moO
L e\ 7 v lJ s NS P UUN LAY _i v [ R R NY4
T=150 °C: 390 440
Nominal load current (pin 3 to 5) ILgs0) 1.6 1.8 -- A
1M DemnvmaAann~ 1. 1 la =~ T _ OLC oM
1oV Fioposal. VoN = U.0V, IcT00 U
Qutput current (nln R\ while GND disconnected or | P, - - 10 mA
Qutput cur ND disconnected or |/, anphigh) 10! mA
GND pulied up, Vbb=30 V, V|n= 0, see diagram
page 7
| 7
Turn-on time to 90% Vout: |fon 15 -- 60 us
Turn-off time to 10% Vourt: | tof 5 -- 50
R =12Q
Siew rate on dV jdion -- -- 3| Vjus
1Nt RAANL V. R =12 O
1V W ouv /0 vOUT, 1L 1L 32
Slew rate off -dV/dty -- -- 6| Vlus
70 tn AN, VA =12 0O
VWU TV /0 VOUTy 7L 1L 22
Operating Parameters
Oneratina voltaae 6) =_A0 +150°C Y/ A7 - A9 \/
rl\.ll LARLD Iv VUILMv\J I J T\ 1 \IJ A VDD(On) T f = v
Undervoltage shutdown Ti =25°C: | Viobunder) 2.9 -- 4.5 \Y/
Tj=-40...+150°C 2.7 -- 4.7
Undervoltage restart Tj=-40...+150°C: | Vpburst) -- -- 4.9 \Y
Undervoltage restart of charge pump Vbbiucp) -- 5.6 6.0 V
see diagram page 12
Und ervo!t_age hysteresis AVpounger) -- 0.1 -- \
Al . =\/. -\
A vpb{under) — Vv bb(urst) = v bb{under)
Overvoltage shutdown Tj=-40...+150°C: | Vip(oven 42 -- 52 \
Overvoitage restart Tj=-40...+150°C: | Voo rsy) 40 -- - \Y
MNrmnvirnldn e atAarAaanin T. — AN 4 CNOM AlZ n 4 \V
UVvVeivaitage nysieiesis Ij=-4u...Tiou'uv A Vpb(over) -- U. i -- Vv
Overvoltaage protection?) T: =40 +150°C Vivian 65 70 - \/
Overvoltage protection”)  T;j=-40... 1530°C: | Vipaz) 65 /70 y
lbb=40 mA
Standby current (pin 3), Tbb(off) pA
Vin=0, ls7<0 Ti=-40...+150°C - 40 70
Operating current (Pin 1)8), V=5V IGND -- 1 - mA
6) At sup voltage increase up to Vin= 5.6 V tvp wi D . TT T yruuy VSR ¥ 4 2V
’ pply vailage inciease up o vpp= 0.0 v iyp without ¢l idirge puinip, vOuT Vb -
7)  Meassured without load. See also Von(cl) in table of protection functions and circuit diagram page 7.
8) Add IsT, if IsT > 0, add /N, if VIN>5.5V
Semiconductor Group Page 3 15.Jan.96



CIERAERNIC e
DILRIVIKLIVNYD BTS 412B2
Parameter and Conditions Symbol Values Unit
Ak T _ DE O Vi — A0V s imlman ~tammarion amemifiad | fiin | o~
LIJ= 20 "L, Vpb = 1« V UNIESS ouerwise specitied min | yp | max
Protection Functions
Initial peak short circuit current limit (pin 3 to 5)%), |/ scp)
(max 450 us if Von > Vongsc))
Tj =-40°C 9| | 23| A
j =25°C -- 12 --
7, =+150°C 4 - 15
Overload shutdown current limit I (scr
Von=8V, T; = T; (see timing diagrams, page 10) -- 5 -- A
Chnrt rirnniit chitdnwn dalav aftar innit nne clnna
SZLIVIL Wil VUL ol Tultuauvuyyl i uvlu_y il 11 Ui PUO. \)IU'JG
Von > Vonsc), Iy =-40..+100°C:. |ld(sc) . . 450 us
min valiie valid anlvy if innut "low" time aveceade B0 1o
min value valid only, if input "low" time exceeds 60 us
Output clamp (inductive load switch off)
Vair =V - Vaneery =40 mA. T: =-40. +150°C: /AN 61 68 73 \V/
vOU I ¥ 00 v OUNLL) L AR AT I | AJLIME A At v UN{LL) ~i hdd . v
I'=1A, T;=-40..+150°C: - -- 75
Short circuit shutdown detection voltage N - N
(pin 3 to o) VON(SC) -- 8.5 -- V
il PR IS P U [ Y- e T T E N =yal o
Inermai overioaa irip temperature It 100 -- -- C
Thermal hysteresis ATj -- 10 -- K
Inductive load switch-off energy dissipation19), Exs - -- tbd J
Tistart = 150 °C, singie puise Vbb =12 V. | Elcadi2 tod
Vi =24V | E o4 tbd
14 5T v, i oadZ4 (1940
Davaren hatams (mim 2 4~ 1) 11) v/ nn \/
NTVvVeloT ballol \PHHT O W 1) 7 “Vbb - - (o V'l \"
Micnmmantioa MNMlhhavanbaviadi oo
wiayiivsu wildaiauvilclisuu
Open load detection current T=-40...+150°C: |} . 15 30 60 HA
~ T (off) 1J v ouv uA
(included in standby current /pp(off)
Open load detection voltage T=-40..150°C:
Voutov) 2 3 4 \
®)  Short circuit current limit for max. duration of td(SC) max=450 ps, prior to shutdown
10) Whila damaanatizina load indiintanca dicsinatad anarayv in PROEET ie Eac= f VAo * i () At annray
’ yviice UclllaslchILllly IV\JraU nivuuvLal ive, UIOOIPGLUU <l |c|3 HmHinmrivi =1 1o o J VUN((JL) IL\L} L, GPPIUA
—. 11 %1 *12*/ﬂ@_\ R [ o 1
EAS= 'I2 "L " (amen - Vi, ) S€8 diagram page o
11) Damitivas 150 O ..A...:.:;:\::I:( r:r\r;\ Anmmantinm Davaran laad atieramt fdlheaiiale imbeimain deain antivomn diada) ia
7 ncqunca 1OV 32 T2ol0oWlVI 1T GINL CUTITIEULVLLL. Nevelor Iuau CUlIlelIL \LIIIUUyII miuieIic urailli-suui e UIUUU) (=3
normally limited by the connected load. Input and Status currents have to be limited (see max. ratings page

2 and circuit page 7).

Semiconductor Group Page 4 15.Jan.96
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Unit

q
2

uA

<
=

<
ol

30

o
~-

Yo}
%)

Values

(o))

0.5

L0
Al

o

~-

ac

A VIN(T)

Iingott)

ld(ST sC)

+

Parameter and Conditions

\

Off state input current (pin 2), Vy=0.4V

Input threshold hysteresis

(CMO

after Input neg. slope (see diagram page 11)
Status output

mA
15.Jan.96

0.25
1.6

VsT(ow)

-Ist
)i |+

AN

Page 5

current sink (in) :

current source (out):

<

s

rrent sink capability during undervoltage shutdown
Semiconductor Group

") Vgt high = Vpb during undervoitage shutdown

14) No cu

Max. status current 'fOI'

4



Input- | Quiput Status
level level 412 410 410 410 410
[= 1) no cCNiED mn Lin
D4 |/ ojrc A\ Vdl r<
Normal L L H H H H H
operation H H H H H H H
Open ioad L *5) L H H H L
H H L L L H
Short circuit L L H H H H H
2 AR [ ] 1 1 1 1 [N ] 1
w anNw | L | | . L L n L
Short circuit L H L H H H L
to Vpb H H H H(L®) | H(L®) | H(L®) H
Mhiarkam_ 1 1 1 1 1 1 1
A A AR A2 0]) | = [ = [ = | = —_ | = —
perature H L L L L L L
Under- L L L1 L) H H H
voltage H L L17) L17) H H H
l @ WY 7 rpny IpRgups 1 1 1 1 () [ ) [ )
vvervonayce L L L L mn n mn
H L L L H H H
L ="Low" Level
H = "Hinh" | aual
i 1 Ilyll LT VTl
Terms Staius ouiput
'ob B - Ty T
3 ‘ '_l vLogic
[ N N
L I Vi . | [ .
IN | y | ST
L_ ON I |E—1
lsT PROFET  OUTE- ! - AN !
=T |_|I—< ESD-
Tal ZD
Vin| Vsl GND I - —CGND - -
Vb v 11 {i v
R GNDIj GND ouT Zener diode: 6 V typ., max 5.0 mA, V[ ogic 5 V typ,
I ESD zener diodes are not to be used as voitage ciamp
at DC conditions. Operation in this mode may result in
a drift of the zener voltage (increase of up to 1 V).
Input circuit (ESD protection) Short circuit detection
Cainild MAamAidiam: V/ ~ O E\/ fqrin INI lindla
|- - - - -_| I auil WUIIJILUVIL. VoN ~ O.U V l.y'J., 1y Illyll
! R !
| [ |
/N — I}_ o - - - - - —
| —L A2 | .
! ! . 1l I . |
' ESD-ZD, | T, ! : [ D
, I | e— Z~ 11,
| Anp | [ [Von
- - —_— -l ' 1 1y
¥
—— — s . . . . . i OUT
ESD zener diodes are not to be used as voltage clamp . Short circuit
.. . . . § Logic | . '
at DC conditions. Operation in this mode may result in ¢ unit detection .
a drift of the zener voltaage (increase of un to 1 W) I I
S MRL VL AIT 25T VG T i East Vi VY B V. [ - - - -t
15) Power Transistor off, high impedance, versions BTS 410H, BTS 412B: internal pull up current source for

—

(2]

-
N
22

Low resistance short V|, to output may be detected by no-load-detection
No current sink capability during undervoltage shutdown

Semiconductor Group Page 6 15.Jan.96
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Options Overview

all versions: High-side switch, Input protection, ESD protection, load dump and

marsmvuan laatiavis mmunatkantiam warnkla 1EN N iva AN AaAarmmantiam mmuatandisam acnatimat lacaa ~F

ICVECIoC Jallel PIUVLICLUUIT WIUT 19V A2 1T GINW VUTITITUVLIVLL, PTUVLICLLTIVLT aydlliol 1Voo Vi

ground

Type BTS (412 B2|410D2| 410E2 | 410F2 |410G2 | 410H2

Logic version B D E F H

VO V7N PN O ot TR e g Y gt ) PO PRI PPy

Overtemperature protection witn nysteresis

Tj >150 °C, latch function8)') X X X X

Tj >150 °C, with auto-restart on cooling X X

Short circuit to GND protection

ewitchae nff whan VAn>3 85V iun and Vo..> 8V

switches off when Von>3.5 V typ. and V> 8 V X

PRI - ) T AU TR - IIPiy A TR (PR 1 TR o 1 I o S |

yp'c/ (wnen tirst wirned on arer approx. 21U us)

switches off when Von>8.5V typ.18) X X X X

Hiarlhmm fivatr frirmad An aftar annray 2410 ..a)

\VVIICII HIoL WdIlieu vl aiwel GPPIUA v HD)

Achieved through overtemperature protection X

Open ioad detection

im MECE _adata wasitlh ammmaimea A ieean + 2N s A b v Y

N vrr-siale widl selisilly Culierit ov HI"\ yp- N N

in ON-state with sensing voitage drop across X X X X

power transistor

Undervoltage shutdown with auto restart X X X X X X

P YR TP FRUAT I [ Al ok ..-._;.-....on\

Overvoitage snutaown witn auto restari<>/ X X X X X X

Status feedback for

overtemperature X X X X X X

short circuit to GND X X X X - X

Y TR I N S w 213 21) 21\ 21\ 7

snort 1o Vpb X -21) -21) -21) 21 X

open load X X X X X X

undervoltage X X - -

overvoltage X X - - - -

Status outnut tvpe

Draite LUt LAk ]

CMOS X X

Vg YO [ A4 v/ AV v/

vpen darain A FAS A A

Output negative voltage transient limit

(fast inductive ioad switch off)

to Vbb - VON(CL) X X X X X X

Load current limit

high level (can handle loads with high inrush currents) X X X

| P R S TSNS A4 v A%

1UVY ISVl (DEeLel proleclor ol dppilcauori) N N N

Protection against loss of GND X X X X

18) I mbmbe Avmmamd tarda am 1/ \/ - \/ afbaw alaisbAdaiarin lia cammad mmama V7 _ AN afia alas bl miaim [V
LaIcn except wWnen vpb-vouT < VON(SC)arer snutaowi. in most ¢ases yourt = U vV aier snutaowin (voyrt
# 0 V only if forced externally). So the device remains latched unless Vi, < Vonsc) (see page 4). No latch
hatwaan tiirn on and ta/cmy
between turn on and t4(sc).

192 With latch function. Reseted by a) input low, b) Undervoltage

<Y) No auto restart after overvoltage in case of short circuit

21) Low resistance short V\;;, to output may be detected by no-load-detection

Semiconductor Group Page 9 15.Jan.96
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V MLIT
/y\ b —————————

\

\

| A

|
4\ ST CMOS
\ .
‘ T
\ A -

in case of too early V|N=high the device may not turn on (curve A)

td(bb IN) approx. 150 us

N
N
VOUT
' |
{ |
I |
|
L A
AN
’L
1 t
| | )
| \

Semiconductor Group

Figure 2b: Switching an inductive load

/h INI
J 1N
J
IsT
[
|
[
-V
N out
J /
) ,'
p -
. |
wL /
\ L
f Ve 1
/ / \ .
I 4 \ t
| / \_
Figure 3a: Turn on into short circuit,
+ INI
/‘\ 1
ST . .
\/ ' '
YouT! :
:é_— t,uor\\é:
: o) 7
. .
: ﬁ'
/ t
]
td\gg) approx. 200us if Vb - Vour > 8.5 V typ.
15.Jan.96
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Figure 3b: Turn on into overload,

IN
J
I
s 'L(sCp)
. e
l(scn
I\, /
| o
| Y
| |
I 1
ST :
= . r—
Heating up may require several seconds
Voo - Vour <85V typ
Figure 3c: Short circuit while on:
IN
ST
/ V ouT
N L .
‘ )
A
| t
!
**) current peak approx. 20 us
Semiconductor Group Page

Nacat if (IN=lata amal (T T\
NESELil (INTIOW) ana (/j<ijy)
IN , ;
QT ' ' : :
NS 1 ' e
\ ' ' '
ouT . '
T : . :
N : : '
% : - !

*) ST goes high , when V|N=low and Tj<Tjt
Figure ba: Open load: detection in OFF-state, turn
PRy DAY Y SRR PR |
Orf 011 W0 Vperl 1IVau
IN
:‘ > td'STOL‘
ST <> d )
V.
ouT
- L
I :
L open : normal
*) t
—

in case of external capacity tyst oL may be higher due to high
impedance *) /.= 30 pAtyp

11 15.Jan.96



CIERAERNIC e
DILIVILIVNYD BTS 412B2
Figure 5b: Open load: detection in OFF-state, open Figure 6b: Undervoltage restart of charge pump
load occurs in off-state N
vV VoN(cL)
1 on F
IN off
1 n
Il
1 "
/N ST (1}
1 Il
> + Vv
v off bb(over)
A OUT . - A
: /1 o 1 )
: : /711 v Vi
' ' [l pblursy PRLOTSY
I l - i o
: ; A
| normal . open normal A | — bblucp) 1]
L ' load P I | w
load : load 1V bo(unden) .
: Lol v
*) *) t ‘ ‘ , b
charge pump starts at Vipucp) =5.6 V typ.
) J = 30 pAtyp
Figure 7a: Overvoltage:
Figure 6a: Undervoltage: IN
!Ik‘l \7 \7
A Vip .. A ONCL  Vbbover), A " bb(o rst)
| /O N/ N\ —
Vob ; :
™\ I_\ : ' /_ ; : : -
\ / \; -/ Voo cp) B : : :
/ bb(unde‘ [i’ \Lb u |S N VOUT : A N
— : d\ - d IN—
o | : |
oo | : | |
' . \ A\ [N
Y, \ o/ : ' :
Y ouT \: 4
) hd ST
| I a5
ST CMOS ; t
if Voo > Vip(az) increase of Vst due to GND resistor voltage
t
Semiconductor Group Page 12 15.Jan.96
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Figure 9a: Overvoltage at short circuit shutdown:

IN
\VI ’
bb VN
A\ . oblorsy
/ \
~
| Midmi b ablhavd 34 AN
\%uutput SN W anNg
VOUT
.\ short circuit shutdown
/
\ =
1 _
'L M\
/ \\
L\
ST
i
Overvoltage due to power line No overvoltage auto-

restart of PROFET

Semiconductor Group Page 13 15.Jan.96



CIERAEARIC e
DIRIVIREIND BTS 412B2
raGCihnaytc diiu viuciiiiy vuuc
All dimensions in mm
Standard TO-220AB/5 Ordering code TO-220AB/5, Option E3043 Ordering code
| BTS 412B2 | Q67060-S6109-A2 | | BTS 412B2 E3043 | Q67060-S6109-A3
- 9.9 |~ A
= 9.9 = —= 9.5 [|=— 1‘3
—— 95 |- A 13,7 b | —=| =
1.3 . Y
37t | A . <
‘ : i b o H
bbb o h o | ) b i
o | ]! ol % : 0 ’
YK DR I T VLY T >
v Ll o L] = ) i i
T —~ 1 J (] | !
HHHHH L I =)
HITHT B 7 15 < [ | -
o YUVY r A T \
=l 24| |_| [N !
A 0.5 aalll 0e
e 45 0.8 ]85
4x1.7=6.8 Bt 170 24| |
GPT05165 _; - - - -
1) shear and punch direction no burrs this surface 4x1.7=6.8 eroeste
23 min. length by tinning 1) punch direction, burr max. 0.04
3) max. 11 mm allowable by finning 2) dip finning
Sl) muv 1.4.5 by dip tinning press burr max. 0.05
SMD TO-220AB/5, Opt. E3062 Ordering code
| BTS 412B2 E3062A|T&R:  Q67060-S6109-A4 |
N _bd
99 7 1.3 |
llll vmr
Y |
po i
‘:w ) T+T m 0'27 ﬂﬁi m“”
:n JLL TIT J‘l‘ Jil J}l [:L' I
CHE ) 0.5 w0
— U.0_ ) el —
1.7 24_1 |
Zﬂl J= 6.§ GPT05904
Semiconductor Group Page 14 15.Jan.96



CIERAENIC e
CSILIVILIVYD BTS 432 E2
Qurnvk Llinhaida DAaunravr Quiital
SIfidait TyrisSiuc rowecr oswiteii
Features Produci Summary
* Load dump and reverse battery protection) Vi oad dump 80 \V
* Clamp of negative voltage at output Vbb-VouT Avalanche Clamp 58 Vv
*® Short-circuit protection Vb (operation) 42 \V/
® Current limitation VA . nn ¥
o L Vbb (reverse) o2 v
* Thermal shutdown RON 38 moO
* Diagnostic feedback o an A
® Open load detection in ON-state IL(sCp) as A
o mrAmo IL(scn 35 A
* CMOS compatible input "l"" P .

* Electrostatic discharge (ESD) protection IL(1s0) L A
* L oss of gluunu and loss of vbb pi‘utcuiO"‘lg)
* Overvoltage protection
® Undervoltage and overvoltage shutdown with auto-restart and hysteresis /Ab/\

Y

Annlicatinn 61 ;< O )N
nrrllvullvl 1 "% \/&Q

* uC compatibie power switch with diagnostic feedback N s

for 12V and 24 V DC grounded loads N
*® All types of resistive, inductive and capacitve loads

* Repiaces eiectromechanicai reiays and discrete circuits

Generai Description
N channel vertical power FET w

-

fandhanlk intanratad in Q ri ~rhin An nh.n tarhnalAamsyg il nra
icouvavn, IIILUE’IGLCU ni il VI UIIIP vil Ulllr.l LCUIIIIUIUE’_Y ui PIU
functions.
Y - | }
] | —R 3
| Voltaoe T ~ PPN
vOnLg© Overvoitagey | Current Gate
source profection limit protection N
T . r T T
| » vLogic | + i
Voltage Charge pump Limit for
) unciamped 5
. sensor level ghifter "4 . Tamna
i SR ind. loads iempe
2 I I Rectifier
- = ONnan lnaA
VVG o
1 N
. ESD Logic detection !
4 st
[ o
| Short circuit
detection
| .
| GND
e Signai GND

1) No external components required, reverse ioad current iimited by connected ioad.

2)  Additional external diode required for charged inductive loads

Semiconductor Group Page 10of 13
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<

63
1.7

.+150

-55 ..

o
(qV]

Pot

<

3.5V

1
h
7j=1 50 °C: EAS

~

uniess otherwise specified
= low or hig

r

C

o]

200 ms, IN

~
~

tTj=25

)

10N VicadDump = UA T Vs, UA =
C

dQ, g

D

(Load, L)
otecti
(

~

'

single pulse

Supply voltage (overvoltage protection see page 3)

Storage temperature range

Power dissipation

Maximum Ratings a

—

NfY Y

KIW

12.Sep.95

z

<1

[JRY

-~

Rinia

;

2

with 6cm* (one iayer, 70um thick) copper area for Vi,

~

junction - ambient (free air):

4
Page 2

FR

CB

connection. PCB is vertical without blown air.

DC)

see internal circuit diagrams page 6...

(

Current through status pin
Semiconductor Group
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CIERAENRNIC L
CSILIVILIVVYD BTS 432 E2
Clantuianl Alhavaantavialkiaa
LITUVLUIIVA] viididadulTliolivo
Parameter and Conditions Symbol Values Unit
at Tj = 25 °C, Vpp = 12 V uniess otherwise specified min i typ i max
Load Swiiching Capabiiities and Characteristics
M Nens mdmdn cm it mim o [cmioa ) 2o [N\
UTl-sldle fesistdlice (piil v 10 o)
. =92 A T.=0K oM. D _ . 2N N0 ——)
L M If=co . IMTON (o 1V IO mxz
T=150 °C: 55 70
Nominal load current (pin 3 to 5) I (s0) 9 11 -- A
iSO Proposai: Von=0.5V, Tc=85°C
Ohaitni it Airrant inin 5\ whila (NN Aiernnnarntad Ar T . . 4 mA
UUI.IJUI. VUII Tl \IJIII \J} YWIIHIGC \AINLY UlouuUl iniIculou vl ’L((JNUhlgh) 1 1im
GND pulied up, Vin= 0, see diagram page 7/,
T; =-40...+150°C
Turn-on time to 90% Vourt: |fon 50| 160 | 300 us
Turn-off time to 10% VouT: |tos 10 -- 80
R =12 Q, T. =-40...+150°C
Slew rate on dV /dt,, 04 -- 25| Vlus
4N +~ DNO/ V7 D 40 N T. — AN 4 CNoM
1V 10 OUY Vour, NL= 1£ 82, 1] =-4U...T1oU' U
Slew rate off -dV/dt 1 -- 51 Vius
TN+~ ANO/L \/ D — 409N T: —_AN a4 ENnoMm
TV wwuau /0 vouT, L — IL&L,IJ—"-I-U TIVVU U
Operating Parameters
Nnaratina vynltana 5\ T: =_AN 41 E5N°M: \/ AR _ AD \/
UPUIGLII Iy VUILGHU 7/ IJ V... T I JIU . Vbb(on) “+.J L v
Undervoltage shutdown Tj=-40...+150°C: | Vibunden) 24 -- 4.5 \Y
Undervoltage restart Tj=-40...+150°C: | Voo rsy -- -1 4.5 \
Undervoltage restart of charge pump | Vipuep) - 6.5 7.5 \
see diagram page 12 Tj=-40...+150°C:

- P i o o AVZ n N \7
unuelvuudge nyb eresis AVpb(under) -- u.z2 -- \Y
AVbb(under) = Vbb(u rst) ~ V bb(under)

Y YW 7wy U Ny PO Y . T. _ AN 4 CNOM. \ V4 AN cN \7
uvervoilage Snutaowi Ij=-4U...+10U Ul | Vib(over) 47z -- oL V
Ovarvnltane recta =A0 +150°C: |V, . w A9 - - \/
A A | vvltuvv I\l L lJ i B SN 1 \IJ A VDD(O rS[) = v
Overvoltage hysteresis Tj =-40...+150°C: | AVib(over) -- 0.2 -- \Y
Overvoitage protection®) Tj=-40°C: | Vopaz) 60 -- -- \
L.=AN mA T: =2K 11EN°M: A R7
Ipp™=rv 11y IJ —J 1vyv . I \Y ¥/
Standby current (pin 3) T=-40...425°C: | losot -- 12 25| puA
Vin=0 T=150°C: -- i8 60
Leakage output current (included in /pb(off) IL(ott) - 6 - MA
VIN=0
Operating current (Pin 1)7, ViN=5 V IGND - 1.1 -| mA
5) At supply voltage increase up to Vin= 6.5 V tvp without charge pump. Vout =V 2V
7 Pply VUILGyC nivicaoco UP W vpbh V.J Vv L,YP wilivuiL ui |a|9c PUIIIP, VUU| VDD
8) see also Von(cL) in table of protection functions and circuit diagram page 7. Meassured without ioad.
7)  Add Is, if IsT > 0, add /i, if ViN>5.5V

Semiconductor Group Page 3 12.Sep.95



CIERAENIC e
CIRIVIKLIVND BTS 432 E2
Parameter and Conditions Symbol Values Unit
Mk T AL O Vfi . _ AONS smlmmm bl minsiionm o mi€lm - | PR .
dalL 1| = £0 U, Vpp = 12 V Ullies lIIEIWIbe bPEDIIIEU n | [yp | max
Protection Functions
Initial peak short circuit current limit (pin 3 to 5)8), IL(scp)
(max 400 us if Von > Von(sc) )
Ti =-40°C: -- -- 74 A
Ti =25°C: -- 44 --
T; =+150°C: 24 -- --
Repetitive short circuit current limit I (scr
. A ~y\ nn ne- A
Ij= Ijt (see timing diagrams, page 10) Zc K1) -- A
Short circuit shutdown delay after input pos. slope
\ V4 ~ 17 4 TP= A% --lEf\glf'\. I R - R,
VON ~ VON(SC)s 1j=-4U..+10U Ul |Id(SC) 80 . 400 us
min value valid only, if input "low" time exceeds 30 s
Output clamp (inductive load switch off)
Rt \'/ﬁl IT = \'/ - \/ﬁll\‘IICL)‘ Il q{) mA "/OI"‘II(CL) - 58 - \'/
Short circuit shutdown detection voltage
(pin 3to 5) VON(SC) -- 8.3 -- Vv
Thermal overload trip temperature Tt 150 -- - °C
Thermal hysteresis ATj -- 10 -- K
Indiintiva lnad cwitrh_nff anarnv dicecinatinn9) . — - 17 |
IHHIvUwLI VY TG vyviltuwi il v i I\Jls_y \JI\J\JIPULIUII 3 —AS | v
Tistat = 150 °C, single pulse Vb =12 V: | Eicadi12 1.3
Vbb =24 V: | Eloados 1.0
— \ -~ .
Reverse battery (pin 310 i ) ) -V -- -- 32 V
lindmnrmrntand vrAacictAr i 40N n
Ineyiaicu IUblblUI III Vbb I Mpb - 12U - AV
Micmsrmmadio Ml avealbaowiads o-
UIdgllUbllb wllal dblCllbllbb
Open load detection current Ii=-40°C: |/ oy 2 -1 9001 mA
(on-condition) Ti=25..150°C: 2 -- 750

8)  Short circuit current limit for max. duration of 400 us, prior to shutdown (see td(SC) page 4)

9  While demagnetizing load inductance, dissipated energy in PROFET is Eas= [‘VON(CL) i (t) dt, approx.
Epas= 1/ *L* I‘ * (To'k‘l{i}\,—) see diagram page 8

n\ - YONGL) = ¥bb N i e - . . .

YJ Reverse ioad current (through intrinsic drain-source diode) is normaily iimited by the connected ioad.
Reverse current gy of = 0.3 A at V,,,,= -32 V through the logic heats up the device. Time allowed under

thaan randitinn ie Aangnr]ani- an tha ciza Af tha haataink Ravaraa | ran ha radiirad hy an additianal
uicoT CUNUIuUI 15 USpPTii i TN SIZ€ U1 Ui 1Catsiiin. NEVEISe ig\p Laiil B8 reGuleu Uy dil alliuliiai

Uit v
externai GND-resistor (150 Q). input and Status currenis have to be iimited (see max. ratings page 2 and
circuit page 7).

Semiconductor Group Page 4 12.Sep.95



CIERAENIC e
CIRIVIKLIVND BTS 432 E2
Parameter and Conditions Symbol Values Unit
Mk T AL O Vfi . _ AONS smlmmm bl minsiionm o mi€lm e R _
dal 1| = £0 U, Vpb = 1< VvV Ullie lIIEIWIbe bPEDIIIEU n | yp | max
Jemimtsh mimal QFmdriso Eamalleaal-11)
INIPUL allU OoldiuUsS TCCUuvdadc en '’/
Input turn-on threshold voltage _/ Vina+) 1.5 -- 24 Vv
T - AN 14 CNOM. { /
'] —4U.. T 11UV U,
Input turn-off threshold voltage A VineTs) 1.0 -- -- VvV
T. = AN L4ENOMN. e
l] —aU..T 1JVU .
Input threshold hysteresis A Vinm -- 0.5 -- \J
Off state input current (pin 2) Vin=0.4V: | inot 1 -- 30 uA
On state innut current (nin 2) /i =385V | e 10 25 50 ul
~ Pitae YT YRR\ =y TN T ¥ NG Ehd e &
Qintitn imvinlid AaftAar mAacitivia immiit alarma + on [sTaYe) ANN
Qalus livaiiu allcl pusIilve lipul sivpe Ld(ST SC) oV F4v v} “4Uyv HD
(short circuit) Ti=-40 ... +150°C
Status invalid after positive input slope tas 350 --| 1600 | s
(open load) Tj=-40 ... +150°C:
Status outnut (open drain)
Status output (open drain)
Zener limit voltage Tj=-40...+150°C, /st = +1.6 mA: | Vstigh) 54 6.1 -- \
QT lavar vemldm o~ T. — AN 4 CNOM I —_ 4 0O wn A \V4 NnA
ST low vuudgu Ij=-4U... 710U, IsT = T1.0 MA VST (low) -- -- u.4

™) If a ground resistor Ry is used, add the voltage drop across this resistor.

NL/

Semiconductor Group Page 5 12.Sep.95



CIERAENIC L
SILIVILLIVND BTS 432 E2
Truth Table
Input- Output | Status
level level 432 432 432
D2 Ele:’) 12
II = |4
Normal L L H H H
operation H H H H H
Open ioad L 12) H H L
H H L L H
Short circuit L L H H H
tc GND H L L L L
Short circuit L H H H L
to Vbb H H H (L) | H(L1) H
Overtem- L L L L L
perature H L L L L
Under- L L L14) H L14)
voltage H L L14) H L14)
Overvoltage L L L H L
H L L H L
L ="Low" Level
H = "High" Level
Terms Status ouiput
b Ve
o1 r -4
lin i o
" RN Vob i ST(ON) sTi Y
> | . | N | [
L VON | N |
e PROFET OUTj—— ! [ N '
- - | — esp- |
T4 I ZD I
Vin| Vsl GND = - —_GNDI__ _ -
Vis ¥ [ 1, v
R GNDD’ GND out ESD-Zener diode: 6.1 V typ max 5 mA;
I nST(ON) <250 Qat1.6 |||r\ ESD zener diodes aie

not designed for continuous current

Short Circuit detection
Input circuit (ESD protection) N, B o T et
Fauit Condition: Voy > 8.3 V typ.; iN high

- = - -

' | ' - - - - ==

!IN | N I_uk_ | _ +Vpp

| — L S | —1 .

P AN eso- /AN Y ! ! [F—— |

! ZDn ZDp T, ! [e— A< ||

| v | [+ T [V

l = l ' >__| : ' .I. ON

- - e - Y

] ouT
o A4 Ns —e G [ [ f i Short circuit
ZDj1 6.1 V typ., ESD zener diodes are not designed for | LOJIC o— detection '
continuous current | unit |
- - - - p—

12\ D~ Tommaiobns ~Lf Pacle fimmim mal i
.‘n( rower 17ansisior Oll, lllgll |l||peuou|be ) ) N ) o )
') Low resistance short V,, to output may be detected by no-load-detection
14) No current sink capability during undervoltage shutdown
Semiconductor Group Page 6 12.Sep.95
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W
-
\m\
'
(&)
N
m
N

CSILIVILIVYD
Inductive and overvoltage output clamp
- - - = "1+*Vbp
N
1 VZ 1
L Zg L
F = Von
N |l'— FAAN
i 1} i
ouT
] GND | ]

- - - - - — +Vbb
1
I |
' v, Rbb '
R’iN 1 il
oo o IN AN |1 1
-1 _F | PAAN
i L
- ] Logic | ]
— _ = Vout
R.. ST
ST T
? ——— e PROEET
' PROFET?
| |
R

[

GND .
ISiunaIGND
—— 10

Rbb = 120 Q typ., Vz +Rpp,*40 mA = 67 V typ., add
RaND, RIN, RST for extended protection

ON-state diagnostic condition: Voy < Ron * Ioy; IN

- - - - -V

<
o}
=4

T

o [e—————-

UT
' Logic -, Open load |
unit detection
- - - | - -
-l

Semiconductor Group

Page 7

GND disconnect

3
N Vbb
2
PROFET OUT
5
) ST
J M- I
.z .z <5 "y -
Vib| Vin VSTI J IVGND L
f 14
Any kind of load. In case of Input=high is Vout = VIN - ViN(T+) .
Due to Vanp >0, no Vsr = low signal available.
GND disconnect with GND pull up
I 3
V.
IN bb
2
I_I PROFET OUT
| | 5
I'I'I —d 3T
[ — ]
4 | 14| L
r y IV / I
Vbb L_l 'Nl ST lVGND
rF s
Any kind of load. If Vanp > Vin - VingT+) device stays off
Due to Vgnp >0, no Vst = low qlﬂnal available
Vi AdieanAannmant withh alvaveanad indirativa
YD UiIoUVUIITIGUWLL WILT viial gcu INIVUULVLIVEC
load
4
e
3
high IN Vbb
2
PROFET OUTE—1
5 |
T |
GND | =
1 T ]
<
Vl . L*-
bb |
P
—
3|
2
PROFET OUT 5
A ST . .
& GND [ |
- |
s I |
Vbb

12.Sep.95



N
wl
N
,S,
(11]

w
2

L

V)

Inductive Load switch-off energy

Vb

I IN

ST

()
a

o

Elocad <EL, EL="Tp*L *IE
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CIERAENIC L
SILIVILLIVND BTS 432 E2
Options Overview
all versions: High-side switch, Input protection, ESD protection, load dump and
vauravan lhattavis mvatantianm mratantiam amainat lace AF ravAarinad
ICVOCIoU Vallel |JI Vi LuiLiivil 3 IJI ViCLwLIVII ayalllal IVoo VI BIUUIIU
Type BTS |432D2 | 432E2 | 432F2 | 43212
| oqic version n c - |
it - AadhAd i U c r i
Overtemneratiire nrotectio
Ovenrtemperature protection
Tj >150 °C, latch function?9)'6) X X X
T ~4dCN OM e s ik vk ik mam o | AV4
Ij>100 ~C, witn auto-restart on cooiing X
Short-circuit to GND protection
switches off when Von>8.3 V typ.15) X X X X
{when first turned on after anorox. 200 us)
ATVEREE IR A WA MY =Y )
Open load detection
in OFF-state with sensing current 30 pA typ. X
in ON-state with sensing voltage drop across X X X

power transistor
Undervoitage shutdown with auto restart X X X X
Overvoitage shutdown with auto restart X X X X
Status feedback for
overtemperature X X X X
short circuit to GND X X X X
short to Vpb _17) A7 A7) X
Anan laad Y Y Y Y
Ur.lcll wvau N\ n N\ VAN
undervoltage X - - X
overvoitage X - - X
Ctatiie nitni it hvno
wiAiluo Uulr.lul. lyPG
CMOS X X
Open drain X X
MNiitn it nanativia vnltana franciant limit
VUI.IJUI. ||Uyauvc vuu.ayU UQIIOITHIL T

(fast inductive ioad switch off)
A Vi - VAN~ s AV s AV
C Vb - VON{CL A A A
Load current limit
high level (can handle loads with high inrush currents) X X
medium levei X
low laval rhetter nrataction of annlicatian _X_

SV AUTLO prUobaln U Qppibaalny

18) Latch except when V VO.,T < Vonese
# 0V only if forced externally). So the devic
between turn on a Cl' ld(SC)-

—

-
~N O
~—

Semiconductor Group

Page 9

y after shutdown. In most cases V7 =
/7
vice remains latched unless V._._ < Vm.

With iatch function. Reseted by a) input iow, b) Undervoitage, ¢) Overvoitage
Low resistance short V,,, to output may be detected by no-load-detection

=0V fter shutdown (Vo1

I
N{oL

{

A

page 4). No latch
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INI
1IN
‘' trl(hh INY —'
[ g U\UU Il‘l g}
/\\vl ' '
bb
vV
/‘N [@]0]]
| A

ST open drain

"~

A

& A
in case of too early V|N=high the device may not turn on (curve A)
td(bb IN) approx. 150 us

Figure 2a: Switching a lamp,

Figure 2b: Switching an inductive load

A IN
O sh
ST i
VAR
N DU '
r—
,' :
: ( -
\ . |
p |
iLoL): - \
._!_. \ ,
/- \ t
\ / \,

*) if the time constant of load is too large, open-load-status may occur

Figure 3a: Turn on into short circuit,

IN A IN
\
ST ST .
V . '
ouT HVO'”; .
/7 e b =3t
/ = d(SC)™
| , :
J \ - : X >
/N L A L : :
A Yo
| | \ t d
J | 1 1 t
\ J \ ]
td(sc) approx. 200ps if Vi, - Vour > 8.3 V typ.
Semiconductor Group Page 10 12.Sep.95



CIERAENIC e
LSIRIVILIND BTS 432 E2
Figure 3b: Turn on into overload, Figure 4a: Overtemperature:
Resetif Tj <Tjt
iN
N
NN
\ ~
I
L, . ST
f X IL(SCp)
_— 'L(SCr)
AN / Voot
I B T
1 nnnn
Co IRERRRIRERIR
: T
A ST : t T"/\/\ .........
— — I I N T
} RURARERRRIR! rd N

Figure 3c: Short circuit while on:

IN

ST

)

**) current peak approx. 20 us

Semiconductor Group

Figure 5a: Open load: detection in ON-state, turn
onjoff to open ioad

-

open

Page 11
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CIERAENIC e
CSILIVILIVYD BTS 432 E2
Figure 5b: Open load: detection in ON-state, open Figure 6b: Undervoltage restart of charge pump
load occurs in on-state Von [VI]
v VoN(cL)
1 v On F
IN
/ off
1 n
bsT ol tyoL sT2) I
\\JI e ' \ 7 1 'l
ST — e e )
L Lo i Il
V . E .o T x v bb(over)
A ouT : : oft ~
' ' 1L A
' ' /II %
: : /7 1 v
. . A | /Vbb(u rst) bb(o rst)
: . . IIV ~
| normal : open . normal T I > ] thn. o)
L : ' . /| | |/ e
. . v Y
T -U(u lut:.‘l) on
t —el— — — Vi

tasT oL1) = tod ps typ., tysT oLz) = thd ps typ

Vb [V]
charge pump starts at Vppucp) =6.5 V typ.

Figure 7a: Overvoltage:
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All dimensions in mm

Standard TO-220AB/5

Ordering code
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GPT05165
1) shear and punch direction no burrs this surface
N it lanath by demine
2) min. length by finning
3) max. 11 mm allowable by tinning

TO-220AB/5, Option E3043 Ordering code

| BTS 432 E2 E3043 | Q67060-56202-A4
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1) punch direction, burr max. 0.04
2) dip tinning
3) max. 14,5 by dip tinning press burr max. 0.05
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SMD TO-220AB/5, Opt. E3062 Ordering code

| BTS432E2 E3062A | T&R:
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