icivicih PROFETN BTS432E2
SWIETT Wiiitule oz SWIiO N

Features Product Summary
* Load durrm and reverse battery Drofectionl) VA Al 80 Vv
» Clamp of negative voltage at output Vbb-VouT Avalanche Clamp 58 Vv
* Short-circuit protection Vhb (nnorptipnil 45 .. 42 \V/
; Current limitation Vbb (reverse) _oA LA
Thermal _shutdown Ron 38 mQ
» Diagnostic feedback 14 A
Qriar; . datai; imOWLgtota /L(SCp) & *
« UMUS compatible input W\Wvﬁ; 3% a
* Electrostatic discharge (ESD) protection /L(iSO) 1

» Overvoltage protection
IInHen/nltane and nvon/nltano ahntrlown with aiitn-restart and hvsteresis

AR AL R0 D

* jiC compatible power switch with diagnostic feedback
for 12 V and 24 V DC grounded loads

« All types of resistive, inductive and capacitve loads

®Replaces eiectromecnanicai reiays and discrete circuits

uenerai Description

N channel vertical Dower FET with eharae oumo. around referenced CMOS comoatible inout and diaanostic

f 1o\ - i inr i A . i X R . ~ A ' "+ A\ HEDRHHAHABH N SHINA
ihuaurx, ATHIPIRYEME 0P Q@i v FIFm Wi ORI RUINPNIRY Yy . Ml rMintar+Qrl Iny INKRIBAABA rnicZ-Hiv:

functions.

| Vi
unltape uvervoiTage  XAroni
source protection limit Drotection 7K
Logic
P ouTt
Voltage Charge pump Limit for
. undamped
QonQnr Level shifter ina. ioaas 1CTI | 1[3U1 C4l1UICT
Redctifier sensor
Load
ESD Logic detection
Short circuit
detection
©
signal unu? Lood "UMU

u No external components required, reverse ioad current iimited by connected ioad.
2) Additional external diode required for charged inductive loads
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Pin eym &l
y rMAS
0 IN [
K, +
A 61 8
Cc iy
(Load, L)

i
TUmmun

L00iC prog.inrd

BTS432E2

input, activates the power switch in case of iocsical high signa!

Pasitive* nnygor snnnlv valtano
the tab is shorted to this pin
Diagnostic feedback, low on failure

i s < Hhv dx< 1l
uulpul U uicCc Iuau

Maximum Ratings at Tj = 25 °C uniess otherwise specified

Parameter
Supply voltage (overvoltage

W)/ mhgl

protection see page 3) Vhh
1# v

Load dump protection Vioadoump = L/-a +VS,17. = i35V v sa

R\=2Q, R =11 fl, «a= 200 ms, IN= low or high
Load current (Short-circuit current, see page 4) L
Qpereting femnomtlire 1oRRg '
Storage temoperature ranae T 9
Power dissipation (DC) R Ot

Inductive load switch-off energy dissipation,

single pulse 7]=150°C: ¢ ..
Clrvntrog|+ntin rlirr\lo/i-rirv. r»o.rvri Kili+\r /CCR X T
Licuiu ifauc uiol®iiciiyc OCanIIIy(LOUj vtSuU
(Human Body fvlodei)
ﬁ.B"'u'T \//J’iL+c°|%' {Ln/\(/) )>) \V/|N
Current throuah inout Din (DQ /im
Current through status pin (DC) /st
see internal circuit diagrams page 6...
Thermal resistance chip - case: RhIC

junction - ambient (free air): Htha

eIVfiDy vierirun, uoviuc U LU

A Ve 0§ oer N WIKDUE AT yaer

Uevice on oumrrroumrrri .omm epoxy rub I-H4 wun oerrr (one layer, /ujum tnicK) copper area Tor

13 v VOHO' Ly Etcolr

connection. PCB is vertical without blown air.

Semiconductor Group
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Values Unit
63 v
66.5 v
seif-limited A
A ki oy,
-55 ...+150
125 W
1.7 J
2.0 N\
0.° 0% \
iS.O mA
+0.0
<1 K/W
<75
\ WU
12.Sep.95



BTS 432 E2
Fi“uliiudi v/iiaiawiciiduud

Parameter and Conditions Symbol Values Unit
at Tj =25 °C, Vbb = 12V uniess otherwise specified min typ max

Load Switching Capabilities and Characteristics
On-state resistance (pin 3 tu 5)

P =O& -OC o sy — @ @ o
f=igd ‘N-m 79
Nominal load current (Din 3 to 5} /1(ism 9 1 — A
i“u rroposai: ‘von=U.0V, /c=00"
GG Cuirevnl (Rin O sk ("M UiesumessiR W {anerigh) i A

GND puiied up, Vin= 0, see diagram page 7,
i] :'w "+-1i\Rvnovr)1/

Turn-on time to 90% Vout: (on 50 160 300 Jus

Turn-off time to 10% Vout: (off 10 80
R1=12 Q, Tj =-40,,,+150°C

Siew rate on dv/dton 0.4 - 25 VMs
M 88% Vour, AL = MR AV §j _/in . ;¢q08

SIeW rat -dVv/du 1 - 5 Vljis

i h %UT)I’\L“ h Py — R 4 0p

Operating Parameters

STy Ve o XS B E1TRO0 vbb(on) e - £ v
Undervoltage shutdown Ti=-ztn 4 iF inon B0 e 2.4 - 4.5 Vv
Undervoltage restart Tj =-40...4150°C  vbbfu sy — , 4.5 \%
Undervoltage restart of charge pump Ibb(ucp) - 6.5 7.5 Vv
see diagram page 12 Tj =-40...+150°C:

Undervoltage hysteresis AVbb(under) - 0.2 - V

AVbb(under) = 'Vbb(u rst) - Vbb(under)

Overvoltage shutdown iz 100 % Vb ieven o _ or WA

O XV R XA SRk 21 ERAV AT Y Ty TAAD st A » dd(o rsi) 42 — - W

Overvoltage hysteresis Tj =-40...4150°C  Avbb(overn) - 0.2 - V

Overvoltage protection6) Tj =-40°C  vpp(az) 60 - %
o =% M ThTet gy Ty, vivs Vi

Standby current (pin 3) Ti--an v 3sco  pnmil - 12 25 UA
V|N=0 Tj=150°C — 1s 60
Leakage output current (included in /'bb(off)) - L(off) - o - JUA
VIN=0

Operating current (Pin 1)7), Vin=% V /gnd . 1 , mA

8 Al ouray vunayeiiticaos HEHY Vap= © © VOB WA i ye Voor—Y oo

°> see aiso V'on(CL) in tabie of protection functions and circuit diagram page /. Meassured without ioad.
7) Add Ist . if s« >0, add /in, if vin>5.5 V

Semiconductor Group Page 3 12.Sep.95



BTS 432 E2

Parameter and Conditions Symbol Values Unit
othj=£9 %, Vo = 1977 untess afheiwise speued min typ max

Protection Functions

Initial peak short circuit current limit (pin 3 to 5)8), 1.(SCp)
fmax 400 USifvam > VnNtsint 1

Tj =-40°C: 74 A
Ti =25°C: 44
Tj =+1aRn°n-g 24
Repetitive short circuit current limit IL(SCT)
7j = 7jt (see timing diagrams, page 10) Q—Q— %' W

orf DI Ui %UFEBWWI]\QW aftor IHBU el
@ON" VZN(SC) /j'- U. Tf /@g

td(SC) 80 — 400 us

min \aliig, \(NiH nnly if inggt “low” timo oypooh 3D mc

Output clamp (inductive load switch off)
WQAW.&

\[lwww Hl= 36 mAx IRL) — 58 — \Y;
Short circuit shutdown detection voltage
(pin 3to 5) Von (sc) - 8.3 V
Thermal overload trip temperature Tt 150 — — °C
Thermal hysteresis Rl —  lu — K
IndLigiRe IKig el enargy Hgssicaisd), ne Ly g
Tjstart = 150 °C, single pulse Vob = 12 Vi grioadi2 13
Voo = R \VI:' A Load24 o
Reverse battery (pin 3to i) 10 -Vbb — — 32 v
integrated resistor in Vbb line nbb — lpf.\l — e
Diagnostic Characteristics
Open load detection current _ T:=-4Q °n- s 2 — 900 mA
(on-condition) 7j=25..150°C: 2 — 750

L

9

10

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

While demagnetizing load inductance, dissipated energy in PROFET is £as= f Von(c1) */4_(t) dt, approx.
nJ

. o \/nw/n \
Fas= V?*L*/f* (’\tJ\(-[L')A' i’/‘l:b)’ see diagram page 8
Reverse ioad current (through intrinsic drain-source diode) is normaiiy iimited by the connected ioad.
Reverse current U Mh of » 0.3 A at Viy,= -32 V through the logic heats ug the device. Time allowed under
u IIUIUL'IIPS lucl it uii ui® 01z.0 \';V\fluI“ Pl%gl_tglilnu;( Jhs\larf>o ,QND 5&[‘1k0|cu” k\\y/dolrll uouul!_-'l—lusl\mll
external UNU-resistor (iou L2). input ana status currents nave to oe nmitea (see max. ratings page ” ana
circuit page 7).
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Parameter and Conditions

- nc o/ hoy! .._i—F 44—

t-_ .. _ _ - - —t—
o1 ij T £0 o, vt)t> = v umess ineiwise speuilneu

n*«*. . -
Ilipui clliu OlctlUb rCCuUUdO IV 1w/

Inputturn'on throshold V0|th© _ ! ) )
=0 u! 7958 .
Input turn-off throshold voltsg®© \
t _ lin hcnop.
1] -"-+U.. T 1JU
input threshold hysteresis
Off state input current (pin 2) vm = 0.4 V:
On state input current (pin 2) uss = 3.5 V:
StatUs inValiu aftGT pOSitiVG input SIOpG
(short circuit) T\=-dn +150°C;
Status invalid after positive input slope
(open load) Tj=-40 ... +150°C:

niitnut fpnpn_rimin’)

Zener limit voltage T =-40...+150°C, /s« = +1.6 mA:

ot i—... i+~ ~ ~ tm ar\ mhunorl # ta o — a.
/

o i iuvv vuuayt?

11) If a ground resistor Ry 4N is used, add the voltage drop across this resistor.

Semiconductor Group Page 5

j— hu.-.tiuu u ,/st - t i.o iiim .

Symbol

*d (ST sC)

fd(ST)

VsT(high)

VsT(low)

min

15

1.0

350

5.4

Values Unit
typ max

- 2.4 V

_ _ \/

0.5 - \Y

- 30 uA

NO

25 50 A

uu A0 0 (1s
— 1600 Ms
6.1 v
A
12.Sep.95



BTS 432 E2

Truth Table
Input-  Qutput  Status
level level 432 432 432
no ‘QCZ/IICO Q_
Normal L L H H H
QRPN H H w H w
Open load L 2 h' H L
H H L L H
Short circuit ! 1 H H H
iy UMT v L L L L
Short circuit L H H H L
to Vbb H H H (L13) H (L13y H
Overtem- L L L L L
perature - 1 L & L
Under- L L L14) H L14)
voltaae H L L1 H L1
Vvvci vuuayc L L I:I; ';'EJL i
H L L H L
L ="Low" Level
'I—I-: "WiShl" I1aiml
ierms diaius output
+5V,
i1t
oi\ ST|. L
GND
ESD-Zener diode: 6.1 V typ., max 5 mA,
1 loig] <<t+h ¢ 7—a Ccon
= | (UND) ~ £.<JyJ cii i.u llil, Tou =ciici uiuuci auc

not designed for continuous current

GNors Ui AV UAA I

Incut circuit (ESD crotection) Fauit Condition: VN> 8.3 V typ.; iN high

R
IN

Z|X BSD-ZN t—J

zom R 'Ti i,
— 1
i
ZDn 6.1 V ESD diod desi df Logic . Short circuit
n 6. typ., zener diodes are not designed for dotection

continuous current unit

¥ Pawei Siansisiti off, hiyh irnpeucuite
13, Low resistance short Vibto output may be detected by no-ioad-detection
14) No current sink capability during undervoltage shutdown
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Inductive and overvoltaae output damn GND disconnect
m N Vb
zp. |
out
ST
GND
bb IN 'ST 1
Von damped to 58 V typ. /
-1
UVvCI VULl cliu 1evel vdll. piulculluK Any kind of load. In case of Input=high is Vout b Vin - Vin(t+

Due to Vgnd >0, no Vst = low signal available.

CNn Hicrnnnprt uuith CNn null nn

3
IN vbb
hveur rtiurb i |
ST ~
GND r
GND
"X sianal GND v
Rbb =120 Qtyp., Vz +Rbb*40 mA = 67 V typ., add bb IN- ST 'lA GND

Rmun. Rin. RsTfor extended orotection
Any kind of load, !f Vgnd >Vin - Vin(t+) device stays off

Diip tn Vown >0 nn \/ct = Inw .Ainnnl nvnilnhin

upeh-ioaa detection .
) : I Uk GOATIALY TP, aaia Lo
ON-state diagnostic condition: J/ON< Ron * l1(ol); IN
hinh load
I "Vu
. \/
1_4 hlgh IN vbb
7K ouT
"ON
ST
GND
Logic . Open Ipad o+
unit detection
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Inductive Load switch-off enerav
ul'aél-pél.uluii

Eth

bAS

N Vbb

ouTt

L=) ST
QND

"Load

L

D

Promy diedvared in PREFPT P25 = Peo + P PR,

ELoad</L, E1 = 2 */-*/

Semiconductor Group

Page 8

12.Sep.95



BTS 432 E2
Q0 n t«i.[lﬂ HIQO Q“O\er.\é\liﬂl\l VVV((

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

H /M IA KA ft I>18 IM IA tfiM LA n
[EAAVESE Ko Xa Ny Iiu

uau Icuiliun , i uicuiiuii ciyvoniidi iuod \j i yiuunu
Type BTS 432D2 432E2 432F2 43212
I nnin x/pr,Apn 0 : :

DvprtpmnprQtiirp nmtpntinn

Tj >150 °C, latch function1516¢ X X X
1T >*10U ° U, Wit clULU-I fedSicti | O TOUUNT iy X

LANTE-RIRLIE IR C M D, RIRTRRTIAN

switches off when l/on>8-3 V typ.15) X X X X
(when first turned on after approx. 200 ps)

Open load detection

inurr-siaie with sensing current 30 juA typ. A
in ON-state with sensing voltage drop across X X X

Dower transistor
Undervoitage shutdown with auto restart X X X X
Overvoitage shutdown with auto restart X X X X
Status feedback for
overtemperature X N B N
short circuit to GND X X X X
short to Vbb 1 " ) X
Mo tiwau X X X X
undervoitage X X
overvoitage X X
Qtoti io pitm,it niRa
CMOS X X
Open drain X X
W IR TE 08REEYS PN waniarh Mk

(fast inductive ioad switch off)
T - K e R 2% " x
Load current limit
high level (can handle loads with high inrush currents) X X
medium level N
law level (better protection of application) X

15 Latch exceptwhen Vhh-VQ|,t < \ZN*n” after shutdown. In most cases VO|,t = 0V after shutdown (VgiiT
wf) V nnlv if fnrned externallvl So the devine remains latnhed unless Vi, < g, , (s€e.nans 41 No latnh
between turn on end td(sc)-

16) With iatch function. Reseted by a) input iow, b) Undervoitage, c) Overvoitage

17) Low resistance short VK< to output may be detected by no-load-detection
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yim mj mcmicnno

Figure ia: Vbb turn on:

Mrrkk jmi
*\/
‘bb

/\VUUi

ti open arain

in case of too early V||sj=high the device may not turn on (curve A)
frvhhiNi aoorox. 150 us

Figure 2a: Switching a iamp,

A IN
1
L
e i
\Y
A ouT

Semiconductor Group

Page 10

Figure 2b: Switching an inductive load

td(ST)
AS TA"

*);

f
T L ’ uil

if A

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

Figure 3a: Turn on into short circuit,

a IN
1 l
I
ast |
1 1
,/\V OUT:
i
A -L
e
N4
3 t

td(SC) approx. 200ps if 'vbb - Vout > 8.3 V typ.
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BTS 432 E2

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

AIN
a ST
1 i
| 1 i ]
\/
\%
A G
>
Heating up may require several rniiiiseconds , Vbb - Voirr < 8.3 V typ.
Figure 3c: Short circuit while on: Figure 5a: Open load: detection in ON-state, turn
on/'off to open ioad
iN
A
/\II ll
ar
d(sT
AST (ST)
1 1
1
r o\
VoilT
A li **\
Al
open
n
t
*¥) current peak approx. 20 ps »
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Figure 5b: Open load: detection in ON-state, open

load occurs in on-state

A.
1
1
tilcx ., M
A51 A
i
1
Y
q ot
1 normal ooen
N L

=

td(STon) =tbhd ns typ., td(ST OL2) = thd jus typ

Figure 6s: Undervoltage:

IKlN

t

Vbb(under). \

AN
VvV OuT

ST, nnon drain

Semiconductor Group

voy i
1
tnrm Ws;piv
n
ntt
normal
t
5
charge pump starts at Vbb(uop) =6.5 V typ.
Figure 7a: Overvoltage:
>
-/ Vbb(u cp)
bb(u rst)
i
ST
A
t
Page 12

BTS 432 E2

Figure 6b: Undervoltage restart of charge pump

bbtover)

Vb V]

12.Sep.95



BTS 432 E2

pavftl(ﬁ(rl\ﬁr(f) ciiiu v/iuci mu uv/uc

All dimensions in mm
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