1 IV IC IH PROFET® BTS412B2
Olliciitiiiyiidiuc ruvvci ovviium

Features product summary

* Overload protection Overvoltage protection  '/bb(AZ) gV

» Current limitation :
. . Qparatinp wnltan ) 4.7 .42 V
« Short circuit protection Qnarating o v

« Thermal shutdown On-state resistance HON 220 mMQ

« Overvoitage protection (including ioaa dump) Luau uuiiciii {\8\5\]/5 /L(ISO) HE A

 Fast demagnetization of inductive loads Current limitation N Q0 5 A

© HIOVAEC WALy B WAHIUTY

« Undervoitage and overvoitage shutdown with
auto-restart and hysteresis

® UV Uyl st taijjut

» Open ioad detection in OFF-state

* CMOS compatible input

* Loss of ground and loss of Wb protection

* Electrostatic discharge (ESD) protection

TO-220AB/5

vs.

O ZW >

oianaara oiraigm ieaas iSMLI
Application
* juC compatible power switch with diagnostic feeabacK tor id V and 24 V (' grounded ioaas
* All types of resistive, inductive and capacitve loads
coponteooo QIR M B LMW Y TEMYS 03U UISVA A Wi (NIGAUITS

Yitron U@ Pip it
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

' El"ﬂ

Voltage Overvoltage  Current Gate M I
source protection iimit protection
"
X
Voltage Charge pump Limit for out
. undamped
sensor Level shifter inH Irinric Temperature
Rectifier sl it
Open load
Loaa
Lso Logic detection
Short circuit
rIGit"r'tirrn
PROFET
Siana! QND Load GND

connection, reverse load current limited by connected load.
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icmcni BTS 412B2
A 9§/im%i1 Function

1 MR I-uyiu Yioo1 10
0 IN 1 Innut antix/atoc tho nnwor ciAlitnh in poca nf Inninai hinh cinnal
el +  Peifixip nnwpr ennnly x/nitanp
the tab is snorted to this pin
8 E%-E &) ﬁ\i-aynusJU"IééUU'a"éK,"Iow on [anure
¢ wull AUipUL K LLIE? IUQU
(Load, L)

Maximum Matings at T\ = 25 °u uniess otherwise specified

Poard Aty QYmih vollme 1inig
Supply voltage (overvoltage protection see page 3) Vib 65 \%
Load dump protection?) vicasoume =Ua + VS, Ua = 135V «Load dumon 100 'V
R\3=0.5 Q, R\ =6.6 Q, fd= 400 ms, IN= low or high
Load current (Short circuit current, see page 4) . seif-iimitea A
Orxnrotinn tAm riArntiirn ronriA T. /in on
Storape temnerature ranne ,Tlm -55 ...+150
Power dissipation (DC), Tc <25 °C b tot 50 W
inductive Iced switch-off energy dissipation,
single pulse 7j=150°C: ... tbd J

iritfuu uo iu uifuiladiyt; ucajjaum iy Vbsu v

(Human Body Moaei)

R v
Current throunh innut nin fDCJ [in 50 mA
Current through status pin (DC) st 5.0
see internal circuit diagrams page 6
Thermal resistance chip - case: BhiC <2.5 KW
junction - ambient (free air): EhIA <75
SV veisitin, tfgvice i BV, VY

2) Rimnl/ypltanoc finher than Vidyizn ram lirg gn ayviarng! Shirrent limit 1o the v MRaNU ¢1atiie ping. &n with
150 Q resistor in the GND connection ana a 15 kE2 resistor in series with the status pin. A resistor for the
protection of the input is integrated.

3 R, =interna! resistance of the load dump test pulse generator

4% Yioad dump Idaeiujj vviuiuui i ic "FASiwwiTiicuicu u tiic ycinricitwirpei 1067 Wo%X 1 aiiu 10114 A8l

w  Device on 50mm*50mm*1,5mm epoxy RGB FR4 with 6cm2 (one iayer, 70pm thick) copper area for Vb
connection. PCB is vertical without blown air.
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icmcni BTS 412B2
Licuuiucii uimiciuicriouud
Parameter and Conditions Svmhol Values Unit
at 7] =25 °C, Vbb = 12 V uniess otherwise specified min typ max
Load Switching Capabilities and Characteristics
On-state resistance (pin 3 to 5)
/17 b ."L.tl i4» Wj: ?.75 on. . 1LJIM — _llon 220 {ri»”/\
7i=150 °C: 390 440
Nominal load current (pin 3to 5) ILuso) 1.6 1.8 A
H ntnnt ovnv\/rgvn(( (/I"IAIT!.R/\ \_A_/_h__ll_p (~ N D (qulwnnnpr(prl nr AL(GNDhigh) 10 mA
uNu puiied up, Vbb=30 V, vin= 0, see diagram
pape 7
Turn-on time to 90% Vout: ton 15 60 las
Turn-off time to 10% Vout: toff 5 - 50
R1- 12 Q
Siew rate on dVv/dton _ _ 3 VIVs
iAn tgsnol, i/ d.=ioo0
iu U’ i/ oTio; mL iE- A~
Slew rate off -dVv/dtoff 6 Vliji
17v W 4'”0/6’ ”IJu\ »Q| 119 O "
Operating Parameters
Dy BRI ER YRR G 6) P =90 atals® 77 Voprm A% - 42 W
Undervoltaae shutdown TJI =25°C  vhh(under) £ 8 _ 4.5 \%
(IR e 7
Undervoltage restart Tj =-40...+150°C  vbb(u rsy) - — 4.9 \Y
Undervoltage restart of charge pump 1/hh /i irn) 5.6 6.0 \Y,
see diagram page 12
IJndervoItaoe hysteresis AvhhyunHoi 0.1 - \Y
A \/ ‘DD(unaer) ~ V'da{u rsi) “ \/'DD(unaer)
Overvoltaae shutdown Tj =-40...+150°C  vhntnuon 42 - 52 Y
Overvoltage restart Tj =-40...+150°C  vhb(orst) 40 — - \Y;
WVCIVuIlayC l(l‘l\)I/nTcAnKtAéll’r\l 1/-]’—|4|L] .'-I‘j:l?oo AVbb(over) — Ra 3 — \\/
Overvoltage protection?) Tj =-40...+150°C  wyyamn 65 70 - %
/bb=40 mA
Standby current (pin 3), i bb(off) JIA
VW\% _n 19'[<m t J: 'ér%v\«. l-!- iA»rlom-4 - 40 70
Operating current (Pin 1)8), Vin=5 V /gnd - 1 - mA

e) A =>uppty Williciy ©2 101 eci&e up 1w VBE— 8.6

8) Add /st.if/st>0. add /in. if Vin>5.5V

Semiconductor Group Page 3

Yoy Wwid Yot oidTy BRUT TR, vieuT—=" bb ~
A Meassured without load. See also \/on(CL) in table of protection functions and circuit diagram page 7.
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Parameter and Conditions Symbol
a@lj= 0% 0, vod- 1°V unless utfieiwise sjjenieu rnlri

Protection Functions

Initial peak short circuit current limit (pin 3 to 5)9), IL(SCp)
(max 450, S if I/nw > VnMian 1

Ti =-40°C: 9
Ti =25°C:
ri =+l GooR: 4
Overload shutdown current limit IL(SCr)

von= 8V, 7] = Tjt (see timing diagrams, page 10)
S li i itE A TRr !
9=7W§V5<;1'I;<§JE SNULIRAA/NL ORIBY edter I_[r‘I’IHUHA%UBI,a%'%E_
VONA VON(SO), [i=-w ..fjiou u. 2d(SC)

nin Valiio Vidin fnly if inmit "InALtinmp ovnooric fif) ne

Output clamo (inductive load switch off)
WO = Y Lrwrij 4= AD MA; ¥ =-AD) +13RDogw Vi | 61
/1= 1A, 7j =-40..+150°C:
Short circuit shutdown detection voltage

(pin 3 to 5) Von (sc) -
Thermal overload trip temperature -Tjt 4160
Haernah 2\ eierosis, Alj —
Inductive load switch-off energy dissipationl0, Eas

7jstat =150 °C, singie puise vib=12V: tLoad12

VD= O\, Py iy
ncvcitc Hg'-l:l'—%\{,)\/ i QTUA H i}) "%b —
L/icay miu ™ uu V/iiciiduiciis>uus>
Open load detection current 7j=-40...+150°C! /i L
(included in standby current s o)
Dnpn Inarl riptpntinn vnltanp T;=-4.n 1'Sn°ni
VoUT(OL) 2

9) Short circuit current limit for max. auration ot td(sc) max=">'l/} le>pfimxto shutdown

O yyiier SMWMS G REART WA 1R g BAGILIGLO N e NS SRRV a3 g it 1 DD OCET . MC5— VUN(UL)

2. VoNtCl 1 )
CAS= 72 L /L ty . Vhh), see Diagram page o

[+u

11) ) I —_— ~
ne®unea t|1jCLI;] itssisiui ni (/]Mir_]/ oui licoliuii. ntrvtsist? iuciu oui icih

normaiiy iimited by the connected ioad. Input and Status currents have to be iimited (see max. ratings page

2 and circuit oaae 7).
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r1 EIVI

Parameter and Conditions

~j. T: nc or* —h el 4y M\— i
ell /J= £0 o, mD: O\‘?’unless Ullieiwise Sfjeuilieu

[ _i i
mpul ana ol

MG 19 G IGi18 NP
see circuit page 6

lrm i apirpegrathire e Ao vttan e _f
t/J - Ha-cu\, LT 1§J\J o
Input turn-off threshold voltage \
rl__a N ,acnor”
j —H-U.. T 1JU o

Input threshold hysteresis
Off state input current (pin 2), VIN- 0.4V

Op, stfltp inpnt piirrpnt fnin =5 . v - a6 v

LRV

Delay time for status with open load
after input neg. slope (see diagram page 11)

Status invalid after positive input slope

(short circuit) 7-j=-a0 +150°C -

Status output (CMOS)
fj =-40...+150°Ci, s~ - 50 IliA:

TN =-40...+150°C, 1st - +1.6 mMA:
Max. status current for

current source (out):

valid status outDut. current sink fin) -

7j =-40...+150°C

12) i a yrddifa """ PON\D  uscu, auu uic vunayc; uiulj
1o\

io; v St high " vbb dLirin9 undervoltage shutdown
No current sink caoabilitv durino undervoltaoe shutdown

Semiconductor Group Page 5

Symbol

X
* AN( 1)
\/Mo~
* M 1-)

A Vin(T)

/ 1N(0ff)

iin (u iij

(ST

*d(ST sSC)
- AL ANy i
VsT(low)

Slst

+/stl4)

ulie

rrilu

b

1.0

10

4.4

Values

typ

0.5

51

BTS 412B2
Unit
rnaX
Wit
2.4 \
_ \Y
— V
30 uA
70 A
fts
6.5 V
0.4
0.25 m A
1.6
15.Jan.96



icmcni BTS 412B2

Truth Table
Input- Output Status
level level 412 410 410 410 410
0o no 940 o 4o
Normal L L H H H H H
u u u Ll H Ll H
] H L L L .
upen loaa L _ L n n n L
H h H L L L H
Short circuit | L H H H H H
U B0 H L L b t H !
Short circuit L H L H H H L
tO Vhh H H H H(L16) H (L) HQA1e) H
Q\Olaliv,m — L L L L L L L
peraiure n r e L L L L
Under- L L L17> L17) H H H
voltage H L L17) L17) H H H
Ové6rvoliage L L L - !1 !1 !1
H L L L H H H
L ="Low" Level
ierms status ouipui
,h4' Logic
i»-i st
- TK'
ESD-
7D
GND
Zener diode: 6 V typ., max 5.0 mA, V|_ogic 5V typ,
ESD zener diodes are not to be used as voitage damp
at DC conditions. Operation in this mode may result in
a drift of the zener voltage (increase of up to 1V).
Inout circuit CESD protection) Short circuit detection

i el cuiiviuuii' Yon R 8.6 Y 87 1B niyii

T
r
h—, 7K
[ 1
_ —r |
+
\l ouT
tSU zener diodes are not to be used as voitage damp Logic Short circuit I
at DC conditions. Operation in this mode may result in detection .

a drift mf-tho -79:[10r unltano \f,i,nnr‘p.ae.plf q‘n twml \g\/.

15) PraNAZar Trangictne nff hinh imﬂg\;l@lnvrgl uorcinnc RTR A1HU RTR A19R- jntarncij pu iin Qurront SOUTCO fOT

am open load detection.
m) Low resistance short Vbbto output may be detected by no-load-detection
17) No current sink capability during undervoltage shutdown

Semiconductor Group Page 6 15.Jan.96



yicih BTS 412B2

| GND disconnect

. A tIlIA Q. Wr M f . A 11e le TVI B™'* «0f
Ifuuvuuvcec Clliu uvceclr vuuayc Uulﬁ/ul rcnnp

, i Vbb
ZlA m
nT
PROFET ouT “

GND ﬁ

41

bb 'IN VST 1 ~OMn

ST

PDDFPT .

/]
von ciampea to t>8 v typ.

Any kind of load. In case of Input=high is Vout b Vin - Vin(t+
Due to Vgnd >0, no Vst = low signal available.

Overvolt, and reverse batt. orotection

CNn Hi<srnnnprt uuith CNn null nn

rnlirc i

ST
GND

bb VIN ST }llk| UNJ

Signal GND Any kind of load= If Vgnd > Vin - Vino'+) device stays off
9 Due to VAMn >0 no V=1 = low signal available.

hisT— kit Bie 5 o ivp. B vdd UiohOrmaAt ®itH viici ijeu KGR
ioad

ufjcinuau ucicbuun

OFF-state diagnostic condition: VOut > 3 V typ.; IN low

| _j_'

.l

@]
Logic . Open load Normal load current can be handled bvthe PROFET
iinit detection
Signal GND
Semiconductor Group Paae 7
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iyicih
Vhh disconnect with charaed externa!

jo 11 imca | a
ND'U Ve tuctt

Semiconductor Group

BTS 412B2
Inductive Load switch-off enerav
dis Siplatio i
Ebb _
Load

i_iid yy Gi8%6tjjciicu A% PP T Zais T Eego 4 &L m e

Eload < B\, EL = ¥2*/-*/f

Paae 8 15.Jan.96



icmcni BTS 412B2

Options Overview

all versions: High-side switch, input protection, ESD protection, load dump and
reverse battery protection with 150 Q in GND connection, protection against loss of
ground

lype BTS 412 B2 410D2 410E2 410F2 410G2 410H2

Logic version B D E = G H

Overtemperature protection with hysteresis

Ti >150 °n latnh fiinntinn18)19) X X X X
Tj >150 °C, with auto-restart on coding X X

Short circuit to GND protection

ﬁ/%‘(g%h-.% wffw h eN SWIN RV Wp.anrd ., WV X
WPIF-(Wried rrd lurr?d un'Cuter—tippred i 0—us;

switches off when Vom>8,5V tyn.18 X X X X

R WP iiicu uiidiici 8PP ua, CAV NS

Achieved through overtemperature protection X

Open ioaa detection

X

ui \';\-r/]:[r:-&iciie vviui Gotiion ly uu 1 t2i 11 8W p/R iyjj. %
in ON-state with sensing voitage drop across X X X X
power transistor

Undervoitage shutdown with auto restart X

Overvoltage shutdown with auto restart)

X
>

Status feedback for

overtemperature X X X X X X
short circuit to GND X X - X
short to Vbb K OF P R P
nppg Inarl x X X X X X
undervoitage > X

overvoltage X X

Status output type

CMOS X X

Open drain M X % W

Output negative voitage transient limit
(fast inductive load switch off)

to Vbb - yON(CL) X X X X X X
Load current limit

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

low level (better protection of application) X hat W

Protection against loss of GND X X X X X X

AN |I_CUU|| UAUURWIWITéT\\/b b ”:\I/'/OUT '/ gn(sc) after shutdowr Tose———0out = U ¥ enved iillobwit {rouT

* 0V only if forced externally). So the device remains latched unless M < 1/0n(sc) (see page 4). No latch
between turn on and td(sc)-

19) with latch function. Heseled by a) input low, b) Undervoitage

20) No auto restart after overvoltage In case of short circuit

21) Low resistance short to outout mav be detected bv no-load-detection

Semiconductor Group Paae 9 15.Jan.96



ANdiri BTS 412B2

immm uiauiama

. . Figure 2b: Switching an inductive load
Figure ia: Vbb turn on:

I A
| >4
'bb
ST
>
->
\Y;
A ouT
t
x ST CMOS : I

in case of too early V||\j=high the device may not turn on (curve A)
fd(bbiN) approx. 150 ps

Figure 3a: Turn on into short circuit,

iljuic owilunmy d idi
i
A IN
_1 1
A%—E ast X
1 1
Mo
V -Out.
A ouT
K—L/on\-2
AL |
/\

S t

td(SC) approx. 200ps if Vbb - voutr > 8.5V typ.

Semiconductor Group Paae 10 15.Jan.96



icmcni BTS 412B2

Figure 3b: Turn on into overload, Figure 4a: Overtemperature,

Nt i Ay o (47 1o

IL(scP

L(SCr)

Heating up may require several seconds,
IRl - \Zgun < it \gtvp

*) ST goes high , when V|N=low and 7j<7jt

Figure 3c: Short circuit while on:
Fim, gp _ gDppn InpHiHptprtinn in DFF-AAtP turn

VR0
IN
A
1
\
a ST I
" d(s1 uL3)
>
8z
A
|
1 1
AV OUT 1 J A
m 1 w2\
. !
f A L FFLD fnormal
|
*) 1
**) current peak approx. 20 us

in case of external capacity td(STioLs) may be higher due to high
impedance ¥) /L= 30 pAtyp

Semiconductor Group Paae 11 15.Jan.96



e nri
Figure 5b: Open load: detection in OFF-state, open

Inarl nnnnrr; in nff-atatn

BTS 412B2

Figure 6b: Undervoltage restart of charge pump

ivim»
IN / o ff
{
Il
ST 2
v bb(over)
i ig
! \f/ y v
bb(u rst) uu(u rsij
I I
[ normal ;. open normal bb(u cp)
: load
a L load load v bb(under)
*) *) t v bb
> charge pump starts at Vbb(ucp) =5.6 V typ.
*) = 30 pAt
VI pRDP Figure 7a: Overvoltage:
Figure 6a: Undervoltage: nv;
A
I
IN
A Vu yv VON(CL) v bb(over), > bb(o rst)
% /1
hh
\ [ —-memmm e n re-—
v v B Saen y
\ / -bb(unde\.. \f,h,Mren , out >
i
i
A !
Ay r
ouT V (
1 ST
i i
ST CMOS
I| T I
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Semiconductor Group

icmcni

Figure 9a: Overvoltage at short circuit shutdown:

IN
A
\/
v bb
A m dd(o rsi)
b J B UT oTiOT 10 WD
aout
\
\ /
J
NilL r\
/ \
\
\
A ST

Overvoltage due to power line inductance. No overvoltage auto-
restart of PROFET after short circuit shutdown.

Paae 13

BTS 412B2
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BTS 412B2

roav/il\‘/rf'il‘r]{raa gnu U iu CM:EI '-Eéufj. uvﬁjc

All dimensions in mm

Standard TO-220AB/5 Orderina code TO-220AB/5. Option E3043 Orderina code
BTS 412B2 Q67060-S6109-A2 BTS 412B2 E3043 Q67060-S6109-A3
9.9
dK 4.4 -
i3 37
N L rk en
Tru N vy f t
t
* CN l)_’
-e- -» o4 T T
1
i 1 1
. w\
P8 Ti
t t .
y
24
17 05
4.5
N4x1.7=6.8 82 Li 2.4
GPT05165
Iy chonr nnrl |y Nrh Hrprtinn - s e enrfrp ~4x1.7=6.8
r‘in' icilyiii v inii"w 1) punch direction, burr max. 0.04
max. 11 mm aiiowabie by tinning T
2) dip tinning

3) max. 14.5 by dip tinning press burr maxs 0.05

SMD TO-22QAB/5, Opt. E3062 Ordering code

1.3
GjJ
0.2
057
2.4
GPT05904
Paae 14 15.Jan.96
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