|
1 IV IC IH PROFET® BTS410F2

Olliciill“:ll| “iici\iue ruvvceci ovviium
Features Product summary
* Overload protection Overvoltage protection  ybb(Az) Y,
* Current limitation .

- . Qno N wnltano : 4.7 .42 V
« Short circuit protection QRoring . !
« Thermal shutdown Qn-state reS|sFance HON 220 mQ
« Overvoitage protection (including ioaa dump) Luau uuiiciii fi8%) /L(ISO) HE A
 Fast demagnetization of inductive loads Current limitation N §.QCr 2.7 A
: '\31/<:W\/'/<:'V1|oncl:1 b%lllL/LMAPy‘ pi WLCL-1IUI | /
« Undervoitage and overvoitage shutdown with

auto-restart and hysteresis TO-220AB/5

® Jlmv I-Jio /- \rSIA/ 0 f\l\l Hr\l 14
wopoci iaiaili %Y I ol

» Open ioad detection in ON-state

* CMOS compatible input _ 0 7TW 3 . 5
* Loss of ground and loss of '/bb protection

* Electrostatic discharge (ESD) protection

oianaara oiraigm ieaas avu

Application
juo compaiioie power switch wun aiagnosnc TeeaoacK Tor v ana " "V 00 grounaea ioaas
Most suitable for inductive loads

°Ponhooc QIo"tIQmQrkonlrol r,’gIN\Kyo onrl

r <"ir/"\ iito
o uiia ui AU Lo

S Weaen bR RSP ab M
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

r 1 i
|  +vbo 13
Voltage Overvoltage  Current Gate 1 '
source protection iimit protection
X
Voltage Charge pump Limit for our
. undamped
sensor Level shifter inH Irinrlc Temperature
. AN\
Rectifier oo e
Open load
Load
hsL) Logic detection

Short circuit
rIGitr'tirmn

PROFET

Sional QND Load GND

With external current iimit (e.g. resistor Rgna=150 Li) in GND connection, resistors in series with iN and ST
connections, reverse load current limited by connected load.
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AN &Kindil Function
1 M W i-uyiu yloui 10
0 IN 1 Innut antix/atoc tho nnwor ciAl/itnh in poca
3 o +  Pps2tiVp nnwpr <?nnnly x/nltanp.
the tab is snorted to this pin

' &Bh B [iaynusui E8UUEEK, low on lanure
Y WUl AUipUL K LLIt? ILQU

(Load, L)

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

RAremarer
Supply voltage (overvoltage protection see page 3)

Load dump protection2 MoadDurp = ua + vs,Ua = 135 'v
Fix=2 Q, F1= 6.6 Q, td= 400 ms, IN= low or high

Load current (Short circuit current, see page 4)
@ BaOrgHng AW aLTe 18R IVE

Storage tempnerature ranpe

Power dissipation (DC), Tc < 25 °C

inductive Iced switch-off energy dissipation,

single pulse 7j=150°C:
iNitfuu uoicuiu Uituila.iyt; ucajjauniiy
(Human Body Moaei)
input vuuayec )
Current through innut.nin DO
Current through status pin (DC)
see internal circuit diagrams page 6
Thermal resistance chip - case:
junction - ambient (free air):

W e o e o e N
8% veisian; tfciviut tn D v,

- QyValiimf i
Vbb

~Load dumpH

E as

VIN
/iM

/ST

PhJC
PthJA

BITS410FZ

X AR I & 6
65
100

seif-iimitea
“Hy .. 1100
-55 ...+150

50

tbd

+5.0
+5.0

nf Inninal hinh cinnal

1ipisy

K/W

2) (RimnivVypitanoc hinh@r than Viddazy ram liggan ayviarngl glirrent imit 1oy the o MR #nd ¢iatide ping, &» 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

41 VYioad dump Idaeiujj vviuiuui tiic @ 1X wwiicuicu u tiic yciitriciigrpei 1487V G89% 1Tai v 10 YwlRGE
5/ Device on 50mm*50mm*1 ,5mm epoxy RGB FR4 with 6cm2 (one iayer, 70pm thick) copper area for V/b

connection. PCB is vertical without blown air.
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Parameter and Conditions Svmbhol Values Unit
at Tj =25 °C, Vbb = 12V unless otherwise specified min typ max

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

(=104 T=9A on o i —H€eD 220 m%
7i=150 °C: 390 440
Nominal load current (pin 3to 5) /L(150) 1.6 1.8 A
ion . . i/ _nc\/ =t oaoo
low riupudai. von = V.S] v, #c™ o
Hiitnnt gprant (pina BY\AZhip ("MD gligggnnprtprl nr AL(GNDhigh) 10 mA

Turn-on time t0 90% Vout: ton 12 125 |us
Turn-off time to 10% Vout: toff 5 - 85
Ri= 12 Q. Ti =-40...+150°C
Siew rate on dV'/aton - - 3 vlVs
TE<iT %% Youasgu = 05 Y7 =0 45RO
Slew rate off -dV/dtoff -- 6 Vljis

B $6/mo i Vigarp, i = 19 Mg, 1 =210 Jalin°p,

Operating Parameters

Fpognutinin Voliang 6) Ti =80 awl1®O°(7 Voo AH — 42 W
Undervoltaae shutdown ) Tj =25°C  vhh(under) B — 4.5 \Y
f/.j iia . A|DU’SO o i
Undervoltage restart Tj =-40...+150°C  vbb(u rst) - — 4.9 Vv
Undervoltage restart of charge pump Ihh/i -- 5,6 6,0 v
see diagram page 12
IIndervoltaoe hysteresis A Vhbfimbiar, 0.1 — v
AV ootungen) =™V'walh rsi) « V' obunden)
Overvoltaae shutdown Ti =-40...+150°C  Vhh/nvior\ 42 — 52 Y
Overvoltage restart Tj =-40...+150°C  vbb(o rst) 40 — — \Y
wvcivuuayc I(WRTC%K{A;‘@{R 7j SR TIRES At/bb(over) — & — V
Overvoltage protection¥) Tj =-40...+150°C  VW¥ikr) 65 70 — \"
/bb=4 mA
Standby current (pin 3)
\/JN=0 Tj=-40...+25°C: &y, — 10 15 i
Tj= 150°C: 18 25
Leakage output current (included in /bb(ofn) ) L(off) — - 2 ufi

VIV-

w At suppiy voitage increase up to vbb= 5.6 V typ without charge pump, vout “vbb-2V
7) Meassured without load. See also Von(Cl) in table of protection functions and circuit diagram page 7.
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Parameter and Conditions Symbol Values Unit
(;fl T/J = Eco OE;, vz.)b . “1/\0 v |"\ e& s u4u191w I1Is>t2 i>[Je LJ\(I\I7 uI mln typ rnaX

NNnorotinn niirront /Din "_i\81 =" \/ 5 o1 m._A
WSS aiasns A2 W N V=a N CUND — £ iy

Ti =-40...+150°C

Protection Functions

initiai peak short circuit current iimit (pin 3 to 5)3), /L(SCp)
(max 450 USif vdn > VaNrsm y

ar\ P > » i A
n =-wW~u: Ar.u f 1 A
Tj =25°C: 3.5 5.5 10
«j =tlsn°n- 20 35 75
Overload shutdown current limit IL(SCY)
VON=° v> ;j= /jt (see timing diagrams, page iQ - o - it
sshairt giroJit ehUtundA/n, delay after inmut 110 QJOFJ,Q,
Yons \Von(sc)j fj=-W' .1T9{0°0.  td(S0) _ _ 450 S
min valna w/liH_nnly . if innnt * W’W time avraoHc RH ne
Output clamp (inductive load switch off)
At Ve = UK - VIOMIGY /A= 4D fTIA 1 =-40 _+1.S0°0_  VIQMU Yy 61 68 73 v
n_= 1 A, Tj =-40..+i50°C: 75
Short circuit shutdown detection voltage
(pin 3to 5) Von (sc) — 8.5 — \Y
Thermal overload trip temperature T iR _ _ or
Thprmfll hyQtprpQIQ A, - 10 _ K
Inductive load switch-off energy dissipationl0), E as tbd J
Jistart — iou °7 smyie puise Vbb = " Vi cload12 Loy
wio = QAN E Loadz thd
Poversn pessy omgw L N b _ _ <o 2
Open load detection current N\ gy o mA
" Lorroordition T4 ARSI 9 — 10
8 Add ist,if1se >0, add /[N, if Vin>5.5 V
3) Snort circuit current limit for max. duration of td(SC) max=450 ps, prior to shutdown
10 NI G tieeyt otz my WAL BRIUIIAMNAS, vicoffhicu ""&IVE WP POA § T L Gaes Vo U Ly wn
2 fCl
CAS= /2 1 ‘L LynN . \/hh > see a'agram page o
m ntryuntro éL|JCS 3 iteris>iui hiru'i'\{lnn UUiﬂiCOuul\.%E~VC.i/\ iuciu |u||c’>|||5\unuuy||Mlullldlu vicuii-aduiot? uiuucij io

normally iimited by the connected ioad. input and Status currents have to be iimited (see max. ratings page
2 and circuit page 7).
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arameter and Conditions

i.T
"o

_ oc or* m.. _ h o N/ ,.—i U —— \t\— i
1= £.0 o, VE)D * 1" v Ullie& s U LI161 W i=[JeLlllieU

o4

mpui ana ofaius feeacackt

[Mipolh diuir 2z o1 iee vy Valta g8

TrA ar\ arzrior”®
1j =_H.U ii-fT Juu
IR dy Suirpi- 60 Waie g0 NI x/nitano \a
t+ _ ac\ acnoo,
Ij =-H-U..T 1yJ\J o .
R D Ta g e tereQie
O ff state input current (pin 2). Vm:0.4V
o etatfa g " gy (e Q) s s B Y
oiciiUu s iiiVcuiu cuitsi pusSiiivt; inpUi Siuijjt;
(short nirnuit) Ti=-40 - + 150°Q ;
S tatus invalid after positive input slope
(open load) Tj=-40 ... +150°C :
% - . . .
?tatiic Qoifiwodt fnnongUryin
Zener limit voltage T\:-40..+150”C,:|st:+50 uA
nx i — . - X, _ ar\ rnoo - > _ a
o1 IUW vuile /) =-qU ...flOU U, /ST = meml.D him;

12) If a around resistor FUm" is used, add the voltaae droo across this resistor.
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Symbol

*N( +)
» 1IN(1-)

SMoA
voHIN 1)

JiNdpLt)

eiin(uii)

‘d(ST scC)

fd(ST)

Vsi(hjgh)

VsT(low)

1

0

0

Values

2

5

BITS41I0F2
Unit
2 4 \\;

30 uA

7o B

a0 (is

1400 us

U.H-
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Truth Table
input- Output Status
level level 412 410 410 410 410
28, P e nn 4Q
Normal L L H H H H H
u u 1 il u i H
Open load L L h hi hi L
H hi H L L L H
Short oirouit 1 L H H H H H
U UiNy b 1 L L 4 u L
Short circuit L H L H H H L
{O Vbb H H H H(L14) H (L1 H (L) H
9% ° wiv,m — L L L L L L L
perature ) L L L L L L
Under- L L L1 L15 H H H
voltage H L L15 L15 H H H
Overvo Stage L L L L R h h
H L L L H h h

L ="Low" Level

ierms Input circuit (ESD protection)

IN
~xr v
| Z S ESD-2Z K 1f—)

ZDm ZD2 “ v . ..
m e ifli

GND

ZD1l 6 V typ., ESD zener diodes are not to be used as
voltage clamp at DG conditions. Operation in this
mode may result in a drift of the zener voltage
(increase of up to 1V).

13 power Transistor off, high impedance, versions BTS 41 OH, BTS 412Bi interncii pu  jp current source for
open load detection.

14" Low resistance short Vbbto output may be detected by no-ioad-detection

15 No current sink capability during undervoltage shutdown
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Status outout

TV

ST(ON)

GND

ESD-Zener diode: 6 V typ., max 5 mA;

RST(ON) < 250 Q at 1.6 mA, ESD zener diodes are
not to be used as voltage clamp at DC conditions.
Wi cinui e Waomrooer ey 1S 0t w2 unin ui e

zener voitage (increase of up to i V).

Short circuit detection
Fault Condition: vOn> 8.5V typ.; IN high

Inductive and overvoltage output clamp

| out

PRONtI

\/lom clamoed to 68 V tvo.

Semiconductor Group

BTS 410 F2

Overvolt, and reverse batt. orotection

oiynai oimu

Vz\ = 6.2 Vtyp., V72 =70 V typ., Rqnd= 150 Q, R|n,
_D"-,j—_ /ixC IXO

Hptprtinn

(0] p_pf-ln aH
ON-state diagnostic condition: VOn<ron */ic1) IN
high

GND disconnect

3
N Vbb
PROFET <U1 1
ST L
GND -
bb IN ‘ST /l Mon

Any kind of load. In case of Input=high iS Vout “ Vin - Vin@t+) =

Due to vand >0, no vst = low signal available.

Paae 7
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BTS 410 F2

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 ...:. 410G2 410H2
Logic version B D E . G H
Overtemperature protection with hysteresis
Ti »150 - latnh fiinntinn16i17i X X X X
Tj >150 °C, with auto-restart on coding X X
Short circuit to GND protection
\%X»'Q/_Ik[vv_h.lavcvv; Wf'when » WIN R \/ l\lr}.anrl »>uu 7\ X
ioo-fc) /i £ _4.x i Ei___ wcr\__\
ty p 1'-" (w riyn nrsi lurnAu un cuter cipprux iou jus;
switches off when o« > 5.5 V typ.is) X X X X
ABHESS PO e w i anen SHGTY SO0 Mmay
Achieved through overtemperature protection X
Open ioaa detection
Wi 8 F% b id e vviui oftM jonm ly wu it o w bpin Ty Xv Yv
in ON-state with sensing voitage drop across X X . X

power transistor
Undervoitage shutdown with auto restart X X X . X X

Overvoltage shutdown with auto restart18

Status feedback for

overtemperature X X X X X X
short circuit to GND X X X X

short to Vbb A o S %y o N
nnpn Inarl X X X X X X
undervoitage X X

overvoltage X X - - - -
Status output type

CMOS X X

Open drain X X X5 X

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

to Vbb - Von (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 M v

Protection against loss of GND X X X X X X

«/ Lelionm—"w'riem Vbbb~V oUT '/ gn(sc) after shutdowr OB "VOUT = U'v cuLd BMUIUUWIT | vouT
*

0 V only if forced externally). So the device remains latched unless t/bb < von(sc) (see page 4). No latch
between turn on and td(sc)-
17) With latch function Heseled by a) input low, b) Undervoitage
12> No auto restart after overvoltage In case of short circuit
') Low resistance short VA to output may be detected by no-load-detection
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Figure ia: Vbb turn on:

IN
“d(bb iN)
hh
Vv
ouT
A

A ST open drain

X

in case of too early V|N=hi9h the device may not turn on (curve A)

fd(bbiN) approx. 150 ps

Pingry SRl @AYrrien an intdeesiva gt

AIM

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

Semiconductor Group

BTS 410 F2

Figure 3a: Turn on into short circuit,

aST

f "ouT

s’

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

Figure 3b: Turn on into overload,

LT

IHsupj

Iircr.]

Heating up may require several seconds,
Vhh- Vmic < 8.5V t\D

Paae 10
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IC 1Y IC IH BTS 410 F2

Figure 3c: Short circuit while on: Figure 5a: Open load: detection in ON-state, turn
nn/nff th nnen Inarl

IN
A
A IN
A ST t
ST d(s1)
\ I**\
) VL open
M
*1 current oeak aoorox, 20 us
Figure 4a: Overtemperature, Figure 5b: Open load: detection in ON-state, open
ncoci |I|f {‘Jl;l.'\r,\‘n;Hﬂv'vAy cmiu {/TJ"AsTjt\/
A 1IN
IN
d(stoL1) , d(ST OL2
ST <- ( )
\% A UU
A
| normal open normal
A L
t
/ / \ ot
\ P

1d(ST OL1) = t00 IS typ., 1d(ST OL2) = 10Q [is lyp}
*) Si goes high , when V|N=iow and 7j<7jt
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Figure 6a: Undervoltage:

1M

Ul

C51 open araih
A

AN
()
uu~ruUlLIuul)

NE
--h;(-vbb(ucp)

V- /.; “mf[bilou
\% of

1 7/

1

Figure 6b: Undervoltage restart of charge pump

on

off

Y

’
uu(u rsLj

I 00(U op)

bb(under)

VoNfcy

DD(over)

on

cnarge pump starts at Vob(ucp) =t>b v typ.

Semiconductor Group

Figure 7a: Overvoltage:

Al

ouT

ST

BTS 410 F2
I
vON(CL) v bb(over), bb(o rst)
X S X

Figure 9a: Overvoltage at short circuit shutdown:

iN
A
V
vbb V Kk« 1A
/ \ uu)u |
-Sr
Output short to GND
A vouT
short circuit shutdown
\
.
\1L
y \
->
ST
1
Overvoltage due to power line inductance. No overvoltage auto-
restart of PROFET after short circuit shutdown.
2.Feb.96
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All dimensions in mm

Standard TO-220AB/5

BTS 410 F2

TruU

1J

Nx1.7=6.8

U iu &rmia" u

#er

U

3 8a*

&&
[

Orderina code
Q67060-S6103-A2

4.4
13
\
QN
t
&
N-»
1
(3 1 Y \
CF IolT T
t Ty
24
0.5
45
82

GPT05165

13‘ chonr nnrl h nrh Hirprtinn nn hnrr<; +hic cnrfnrp

'{5 1L icily U1 uy 11y

max. 11 mm aiiowabie by tinning

Semiconductor Group

BTS 410 F2

TO-220AB/5. Ootion E3043 Orderina code

BTS 410 F2 E30

9.9
9.5
3.7

Li

~4x1.7=6.8

43

SS ™

CN

Q67060-S6103-A3

2.4

1) punch direction, burr max. 0.04

2) dip tinning

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

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

Paae 13

1.3
a3
0.2
05"
2.4
GPT05904
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