SIEMENS

PROFET® BTS409L1

Smart Highside Power Switch

Features

* Overload protection

* Current limitation

* Short circuit protection

* Thermal shutdown

* Overvoltage protection (including load dump)

* Fast demagnetization of inductive loads

* Reverse battery protection?)

* Undervoltage and overvoltage shutdown with
auto-restart and hysteresis

* Open drain diagnostic output

* Open load detection in ON-state

* CMOS compatible input

* Loss of ground and loss of Vi protection

* Electrostatic discharge (ESD) protection

Application

Product Summary

Overvoltage protection Vbb(AZ) 43 V

Operating voltage Vbbon) 5.0...34 V

On-state resistance RoN 200 mQ

Load current (ISO) IL(1S0O) 23 A

Current limitation IL(scr) 4 A
TO-220AB/5

* uC compatible power switch with diagnostic feedback for 12 V and 24 V DC grounded loads
* All types of resistive, inductive and capacitve loads
* Replaces electromechanical relays, fuses and discrete circuits

General Description

N channel vertical power FET with charge pump, ground referenced CMOS compatible input and diagnostic
feedback, monolithically integrated in Smart SIPMOSU technology. Fully protected by embedded protection

functions.
| T + Vbb 3
: Voltage Overvoltage] | Current Gate | !
source protection limit protection| |f— /N
; 1
| V| ogic [ : Jf ! |
Voltage Charge pump Limit for ouT
) unclamped 5
| sensor Level shifter ind. loads Temperature "
2w | Rectifier sensor
- — Open load
| . Short to Vbb -4 | Load
ESD Logic detection
4 lgr Ro [J
' I
GND
PROFETD
| - - — GND _ - - =l
1
Signal GND Load GND

1) with external current limit (e.g. resistor Rgnp=150 Q) in GND connection, resistor in series with ST
connection, reverse load current limited by connected load.
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SI EM ENS BTS409L1
Pin Symbol Function
1 GND - | Logic ground
IN I Input, activates the power switch in case of logical high signal
Vbb + | Positive power supply voltage,
the tab is shorted to this pin
4 ST S | Diagnostic feedback, low on failure
5 ouT O| Output to the load
(Load, L)

Maximum Ratings at Tj = 25 °C unless otherwise specified

Parameter Symbol Values Unit
Supply voltage (overvoltage protection see page 3) Vb 43 \%
Supply voltage for full short circuit protection Vbb 34 \%
Ti star=-40 ...+150°C
Load dump protection? Vioadoump = Ua + V5, Uan =13.5V | Vioad dump? 60 \Y
RP=2Q, Ri=5.3 Q, ty= 200 ms, IN= low or high
Load current (Short circuit current, see page 4) I self-limited A
Operating temperature range T; -40 ...+150 °C
Storage temperature range Tstg -55 ...+150
Power dissipation (DC), Tc <25 °C Piot 18 W
Inductive load switch-off energy dissipation, single pulse
Vin =12V, Tistart =150°C, Tc =150°C const.
[ =2.3A,Z =98mH, 0 Q: |Eas 335| mJ
Electrostatic discharge capability (ESD) IN: | VEsD 1.0 kv
(Human Body Model) all other pins: 2.0
acc. MIL-STD883D, method 3015.7 and ESD assn. std. S5.1-1993
Input voltage (DC) Vin -10 ... +16 \%
Current through input pin (DC) In 2.0 mA
Current through status pin (DC) Ist 5.0
see internal circuit diagrams page 6
Thermal Characteristics
Parameter and Conditions £ ymbol Values Unit
min typ | max
Thermal resistance chip - case: | Rinic -- -- 7| KIW
junction - ambient (free air): | Rthia -- -- 75
SMD version, device on PCB>): 39

2) Supply voltages higher than Vpp(az) require an external current limit for the GND and status pins, e.g. with a
150 Q resistor in the GND connection and a 15 kQ resistor in series with the status pin. A resistor for the

protection of the input is integrated.

3) R, = internal resistance of the load dump test pulse generator
4 Vioad dump is setup without the DUT connected to the generator per ISO 7637-1 and DIN 40839
5) Device on 50mm*50mm*1.5mm epoxy PCB FR4 with 6cm? (one layer, 70pm thick) copper area for Vi,

connection. PCB is vertical without blown air.
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SI EM ENS BTS409L1

Electrical Characteristics

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

Load Switching Capabilities and Characteristics

On-state resistance (pin 3 to 5)
IL=18A T=25 °C: | Ron -| 160| 200| mQ
T=150 °C: 320 | 400
Nominal load current, ISO Norm (pin 3 to 5) 1.8 2.3
VON =05 V, 72; =85°C IL(ISO) -- A
Output current (pin 5) while GND disconnected or | / Gnphigh) -- -- 10| mA
GND pulled up, Vbb=30 V, Vin= 0, see diagram
page 7
Turn-on time IN I to 90% Vout: | ton 80 200 400 HS
Turn-off time IN 1 to 10% Vout: | tost 80| 200| 400
R =12 Q, Tj=-40...+150°C
Slew rate on dV /dton 0.1 -- 1| Vius
10 to 30% Vour, RL=12 Q, Tj =-40...+150°C
Slew rate off -d VIdtos 0.1 -- 1| Vius
70 to 40% Vout, RL=12 Q, Tj =-40...+150°C

Operating Parameters

Operating voltage®) Tj =-40...+150°C: | Vip(on) 5.0 -- 34 V
Undervoltage shutdown Tj =-40...+150°C: | Vopunder) 3.5 -- 5.0 V
Undervoltage restart Tj =-40...+25°C: | Vipursy) -- -- 5.0 \Y
Tj =+150°C: 7.0
Undervoltage restart of charge pump Viob(ucp) -- 5.6 7.0 V
see diagram page 11 Tj =-40...+150°C:
Undervoltage hysteresis AViob(under) -- 0.2 -- \Y
AVhounder) = Vbb(u rst) = Vbb(under)
Overvoltage shutdown Tj =-40...+150°C: | Vop(over) 34 -- 43 \Y
Overvoltage restart Tj =-40...+150°C: | Vhporsy) 33 -- - \Y
Overvoltage hysteresis Tj =-40...+150°C: | AVhp(over) -- 0.5 -- \Y
Overvoltage protection?) Tj =-40...+150°C: | Vhpaz) 42 47 -- \Y
Ihp=40 MA
Standby current (pin 3)
Vin=0 Tj=-40...4+25°C: | lon(off) -- 10 23| pA
Tj= 150°C: -- 12 28
Leakage output current (included in lyp(off)) I (ot - =" 12 HA
Vin=0

6) At supply voltage increase up to Vpp= 5.6 V typ without charge pump, Vout =Vhp - 2 V
7) See also Von(cL) in table of protection functions and circuit diagram page 7.
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SIEMENS

BTS409L1
Parameter and Conditions Symbol Values Unit
at 7j = 25 °C, Vpp = 12 V unless otherwise specified min | typ | max
Operating current (Pin 1)8), ViN=5V, IenD - 1.8 35| mA
T; =-40...+150°C
Protection Functions
Initial peak short circuit current limit (pin 3 to 5) IL(scp)
T, =-40°C: 5.5 9.5 13 A
Ti =25°C: 45| 75 11
T; =+150°C: 25| 45 7
Repetitive short circuit shutdown current limit I(scr
T; = Tjt (see timing diagrams, page 9) -- 4 -- A
Output clamp (inductive load switch off)
at Vour = Vi - VON(CL) I.=40 mA: VON(CL) 41 47 53 \Y
Thermal overload trip temperature Tit 150 -- - °C
Thermal hysteresis AT -- 10 -- K
Reverse battery (pin 3to 1) 9) Vo - - 32 Y,
Diagnostic Characteristics
Open load detection current Ti=-40 °C: | I (o 10 --| 200 mA
(on-condition) Tj=25 ..150°C: 10 -- 150
Open load detection voItagelO) (off-condition) VouTt(ou) 2 3 4 \%
7j=-40..150°C:
Internal output pull down
(pin 5to 1), Vout=5V, Tj=-40..150°C Ro 4 10 30| kQ

8) Add IsT,if IsT >0, add f, if ViIN>5.5 V

9) Requires 150 Q resistor in GND connection. The reverse load current through the intrinsic drain-source
diode has to be limited by the connected load. Note that the power dissipation is higher compared to normal
operating conditions due to the voltage drop across the intrinsic drain-source diode. The temperature
protection is not active during reverse current operation! Input and Status currents have to be limited (see

max. ratings page 2 and circuit page 7).

10) External pull up resistor required for open load detection in off state.
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BTS409L1
Parameter and Conditions Symbol Values Unit
at 7j = 25 °C, Vpp = 12 V unless otherwise specified min | typ | max
Input and Status Feedback 11)
Input resistance R 2.5 3.5 6| kQ
see circuit page 6
Input turn-on threshold voltage /"~ T =-40..+150°C:| Vine+ 1.7 - 3.5 \
Input turn-off threshold voltage *“_ Tj =-40..+150°C:| Vi(t-) 1.5 - - \Y
Input threshold hysteresis A Vinem - 0.5 - \Y
Off state input current (pin 2), Vin =0.4V, Iingoff) 1 -- 50| pA
Tj =-40..+150°C
On state input current (pin 2), Vin=3.5V, Iingon) 20 50 90| pA
Tj =-40..+150°C
Delay time for status with open load after switch la(sT oL4) 100| 400| 800| ps
off
(see timing diagrams, page 10), 7j =-40..+150°C
Status invalid after positive input slope lasT) --| 250| 600 Us
(open load) Tj=-40 ... +150°C:
Status output (open drain)
Zener limit voltage Tj =-40...+150°C, Ist = +1.6 MA: | Vs1(high) 5.4 6.1 - \Y
ST low voltage 7} =-40...+25°C, Ist = +1.6 mA: | VsT(ow) - -- 0.4
Tj = +150°C, Ist = +1.6 mA: - - 0.6

11) I a ground resistor Rgyp is used, add the voltage drop across this resistor.
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BTS409L1

Truth Table
Input- Output  Status
level level
Normal L L H
operation H H H
Open load L ) H (L13)
H H L
Short circuit L H L14)
to Vibb H H H (L19)
Overtem- L L H
perature H L L
Under- L L H
voltage H L H
Overvoltage L L H
H L H

L = "Low" Level X =don't care

H = "High" Level
Terms
llbb
| 3
IN
e Y
2 I Von
——
| PROFET  OUT
ST 5
—
= B
Vin VST) GND
Y 1
bb o *'GND VouTt
GND

Input circuit (ESD protection)

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

12) power Transistor off, high impedance
13) with external resistor between pin 3 and pin 5

Z = high impedance, potential depends on external circuit
Status signal after the time delay shown in the diagrams (see fig 5. page 10...11)

Status output

_ _+I5V’-L

' ' 11
RST(ON) STI 'T'

| Ny T |

! b N !

| H ESD- |

- -—0CNDL__ _ ZD_ -

ESD-Zener diode: 6.1 V typ., max 5 mA;

RsT(ON) <380 Q at 1.6 mA, ESD zener diodes are not
to be used as voltage clamp at DC conditions.
Operation in this mode may result in a drift of the zener
voltage (increase of up to 1 V).

Inductive and overvoltage output clamp

- - - - - =1 +Vpp

\
0 z 0

N
AV N v,
| | | |

\

ouT

T

[} [}
GND | PROFEll

Von clamped to 47 V typ.

14)  An external short of output to Vyy, in the off state, causes an internal current from output to ground. If Rgnp
is used, an offset voltage at the GND and ST pins will occur and the Vs jow Signal may be errorious.
15) Low resistance to Vi,p Mmay be detected in ON-state by the no-load-detection

Semiconductor Group 6



SIEMENS

BTS409L1
GND disconnect
Overvolt. and reverse batt. protection
= = = = =77+ Vob
3
! Vz2 !
Rin R, Vbb
{2 FH 1F 2|"
—EST' togie ' PROFET OUT -
Rer NN 1 o
i Va1 PROFELll 4 GND
GND Voo| ViN|VsT

Reno
Signal GND

Vz1 = 6.2 V typ., Vzo = 47 V typ., RGND = 150 Q,
Rst= 15 kQ, Ri= 3.5 kQ typ.

Open-load detection
ON-state diagnostic condition: Voy < Ron* liouy; IN
high

- - - - - =y +Vpp

| } |
; T | |v
ON o—| } ON

[ ouT

Logic Open load |
unit detection
I - - - -

L

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

— 7= D

OFF ||

Vourt

! Logic Open load
unit detection o

e Signal GND

Semiconductor Group 7

/

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

GND disconnect with GND pull up

Vbb I:]

3
vV
2
PROFET OUT5
—4sT
4
GND I:I
1
v v /
IN|" ST VGND

Any kind of load. If Vanp > Vin - Vin(T+) device stays off
Due to Venp >0, no Vst = low signal available.

Vpb disconnect with energized inductive

load
/
3
high N Vob
2
PROFET  OUT=
ST
4 GND
1
Vb

Normal load current can be handled by the PROFET

itself.
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BTS409L1

Vbb disconnect with charged external
inductive load

S
S 3
high N Vbb
2
PROFET  OUT
5 D
ST
4
oD [] I N
1
Vb

If other external inductive loads L are connected to the PROFET,
additional elements like D are necessary.

Inductive Load switch-off energy
dissipation
E bb

E
_I Load
Vb
— NN
PROFET  OUT]
C_D ST EL
GND

Energy stored in load inductance:
= 1.2
EL =Ll
While demagnetizing load inductance, the energy
dissipated in PROFET is
Eas= Eob + E - Er= [ Von(cyyiL(®) dt,
with an approximate solution for R, > 0Q:

IL'RL

oL
Eas= 2._RL'(Vbb +Vouren))- In (1+ IVourenl )

Semiconductor Group 8

Maximum allowable load inductance for
a single switch off

L=f(IL); Tjstart =150°C,Tc =150°C const.,

Vbpb =12V, RL.=0Q

L [mH]
10000 +—
\
\
\
\
\
1000 \
\
\
\
\
100 o
\\
N
N\
\
10 —
N
N
1
1 2 3 4 5
Al
Transient thermal impedance chip case
Zihyc = fitp)Zihac [KIW]
10 il
i
il
[f
I
AT
Il /f—‘ /;;ﬂil
o
1
4
mil 05
0.1 0.2
20/ mn 0.1
; S TR T 0.05
A - HHEE 0.02
T HH—==0.01
1E-5 1E-4 1E-3 1E-2 1E-1 1E0 1E1 1E2
Iy [s]
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Timing diagrams

_ Figure 2b: Switching an inductive load
Figure 1a: Vpp turn on:

h :

t
bb
ST 1= 48D
*)
\Y
ouT VOUT

ST open drain |

L(OL)
\ t
t
proper turn on under all conditions

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

Figure 2a: Switching a lamp,

Figure 3a: Short circuit
shut down by overtempertature, reset by cooling

IN
IN
ST T
X
v . IL(sCp)
\ : IL(scn)

/\ I . |

Heating up may require several milliseconds, depending on
external conditions
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Figure 4a: Overtemperature:
Reset if Tj <Tj

ST

ouT ‘ ‘

Figure 5a: Open load: detection in ON-state, turn
on/off to open load

IN
|t |t
T %‘ asT) < | d(ST OL4)
| %\ <—
|
Vv |
ouT
!
L
open

The status delay time tq(sT oL4) allows to ditinguish between

the failure modes "open load" and "overtemperature".

Semiconductor Group

Figure 5b: Open load: detection in ON-state, open
load occurs in on-state

IN
t t
d(ST OL1) d(ST OL2)
ST — ke ] e
|
\
vV | |
ouT ‘

| normal normal

tast oL1) = 30 ps typ., tast oL2) = 20 Ys typ

Figure 5¢c: Open load: detection in ON- and OFF-state
(with RexT), turn on/off to open load

: Jt
ST <—> d(ST)

ouT

open
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Figure 6a: Undervoltage: Figure 7a: Overvoltage:
T IN IN
Vbb , Vbb Y(_)N(CL) Vbb(O\_/?r_): \_/bb(o rst)

£ Vbb(u cp)
/" Vob(u rst)

Vob(unden \

Vour

_ ST
ST open drain

Figure 6b: Undervoltage restart of charge pump

Vv VON(CL)

off-state
on-state
off-state

v bb(over)

\%
Vbb(u rst) bb(o rst)

I

4 _j/ Vbb( )
ucp
A /|

1V bb(under)

I—A — — Vbb

charge pump starts at Vhbucp) =5.6 V typ.
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Package and Ordering Code

SMD TO-220AB/5

Opt. E3062 Ordering code

All dimensions in mm | BTS400L1 E3062A [T&R:  Q67060-S6107-A4 |
Standard TO-220AB/5 Ordering code
| BTs4o9L1 | Q67060-S6107-A2 | a4
_99_ 7 13|
J" | ]
= 99 = Iy A m‘r‘ ‘ I [}
i i 23| o o | 43
; y LI | | ' |
Q H ISLUSATIYL 1
PO i T i ]
© eg) [} 0\5§ﬁ ee)
w : [ < 0.8_ e} I
i O I N 7 cN; 1.7 " 2.4
I = 1 4 - -
H % %i ﬂws 4x1.7=6.8 GPT05904
o8|l 2.4 7
1.7 =T |os j
- . a5 IS Changed since 04.96
1.7=6.8 — 82 = Date |Change
GPT05165 — -
1) shear and punch direction no burrs this surface Dec Zth SpeC|f|Cat|on added
2 min. 'j?gfh by :’“””‘”bgl e 1996 |tysT oL4) max reduced from 1500
max. mm allowable y Tinning tO 800“5
ESD capability increased

TO-220AB/5, Option E3043 Ordering code

BTS409L1 E3043 | Q67060-S6107-A3

added

Eas maximum rating and diagram

9.9

Components used in life-support devices or systems must be
expressly authorised for such purpose!
of the Semiconductor Group of Siemens AG, may only be used in
life supporting devices or systemsl7) with the express written
approval of the Semiconductor Group of Siemens AG.

Critical components’®

—~_ 25 |- Mt
|3 7 |~ | -

| A}
J b NN

o } o f

Yol 00

I DR

— IPJIFAYEY) r *

/N?ILD

& =

0.8]|] jos
tz L 24| |
CWx1.7=6.8 GPT05316

1) punch direction, burr max. 0.04
2) dip tinning
3) max. 14.5 by dip tinning press burr max. 0.05

Semiconductor Group
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A critical component is a component used in a life-support

device or system whose failure can reasonably be expected to

cause the failure of that life-support device or system, or to
affect its safety or effectiveness of that device or system.
Life support devices or systems are intended (a) to be
implanted in the human body or (b) support and/or maintain
and sustain and/or protect human life. If they fall, it is
reasonably to assume that the health of the user or other
persons may be endangered.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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