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Sl EM ENS PROFET® BTS 307

Smart Highside Power Switch )

Fg:t:::: toction Product Summary

* e .

. Curront “rgimion Overvoltage protection  Vobaz) 65 V
* Short circuit protection Operating voltage Vbb(on) 5.8...58 V
* Thermal shutdown On-state resistance RON 250 mQ
* Overvoltage protection Load current (ISO) hLaso) 17 A

* Fast demagnetization of inductive loads
* Reverse battery protection™)

® Open drain diagnostic output TO-220AB/5
* Open load detection in OFF-state

* CMOS compatible input

* Loss of ground and loss of Vb protection
* Electrostatic discharge (ESD) protection

Application

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

* Most suitable for inductive 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
teedback, monolithically integrated in Smart SIPMOS® technology. Fully protected by embedded protection

functions.
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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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SIEMENS BTS 307

Pin Symbol Function
1 GND - | Logic ground
2 IN | | Input, activates the power switch in case of logical high signal
3 Vbb + | Positive power supply voltage,
the tab is shorted to this pin

4 ST S| Diagnostic feedback
5 ouT O| Output to the load

(Load, L)

Maximum Ratings at 7j = 25 °C unless otherwise specified

Parameter Symbol Values Unit

Supply voltage (overvoltage protection see page 350) Voo 65 \")

Supply voltage for full short circuit protection2 Vo 40 \%
jsmn=-40 ...+150°C

Load current (Short circuit current, see page 351) i self-limited A

Operating temperature range Ti -40 ...+150 °C

Storage temperature range Tsig -55 ...+150

Power dissipation (DC), Tc €25 °C Plot 50 w

Electrostatic discharge capability (ESD) IN, ST:{ Vesp 1.0 kv
{Human Body Model) all other pins: tbd (>1.0)

Input voltage (DC) Vin -0.5... 436 \Y

Current through input pin (DC) hn 2.0 mA

Current through status pin (DC) Ist , 5.0

see internal circuit diagrams page 353

Thermal Characteristics

Parameter and Conditions Symbol Values Unit
min typ | max

Thermal resistance chip - case: | Rnic - -- 25| Kw
junction - ambient {free air): | Rna - - 75

2 Status fault signal in case of short to GND. Internal thermal shutdown after several milliseconds. External

shutdown in response to the status fault signal in less than about 1 ms necessary, if the device is used with
higher Vpo.

Semiconductor Group 349
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SIEMENS BTS 307

Electricall Characteristics

Parameter and Conditions Symbol Values Unit
at 7j = 25 °C, Vbb = 12 V unless otherwise specified min | typ | max

Load Switching Capabilities and Characteristics

On-state resistance (pin 3 to 5)

L=2A, Von=24V T=25 °C: | Fon - 220| 250| mQ
7=150 °C: 390 500
Nominal load current, ISO Norm (pin 3 to 5) 1.4 1.7
Von=0.5V, It=85°C hgso) -- A
Output current (pin 5) while GND disconnected or | fianonigh) -- -- 1.1 mA
GND pulled up, Wbb=32 V, Vin= 0, see diagram
page 354
Turn-on time to 90% Vour: ton 15 -~ 80| ps
Turn-off time to 10% Vour: Lot 20 -- 70
AL=12Q, Vop = 20V, 7] =-40...+150°C
Slew rate on, 10 to 30% Vour, dV /dten -- - 6| Vius
A =12 Q, Vb, =20V, Tj =-40...4+150°C
Slew rate off, 10 to 30% Vour, -d Vidtos -- - 7| Vius

AL=12Q, Vipb =20V, 7} =-40...4+150°C

Operating Parameters

Operating voltage ) 7j =-40...+150°C: | Vbton) 58 -- 58 \

Undervoltage shutdown 7j =-40...+150°C: | Vhb(unden 2.7 -- 4.7 \'

Undervoltage restart Tj =-40...+150°C: | Voo st -- -- 4.9 \'4

Undervoitage restart of charge pum Vob(ucp) - 5.6 7.5 v
see diagram page 358 7j =-40...+150°C:

Undervoltage hysteresis A Vbb(unde) -- 0.4 - \%

A Vibiunden = Vbbu rst) = Vbb(under)

Overvoltage protection) Tj =-40...+150°C: | Viniaz) 65 70 - \
Ibb=40 mA

Standby current (pin 3), hovoty pA
Vin=0 Ti=-40...+150°C: -- 10 50

Operating current (Pin 1)8, ViN=5V " | feno - 2.2 -| mA

3) At supply voltage increase up to Vup= 5.6 V typ without charge pump, Vour =VWbb -2 V
4 See also Von(cL) in table of protection functions and circuit diagram page 354.
5) Add fst, if IsT > 0, add I, if ViN>5.5 V

Semiconductor Group 350

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



SIEMENS BTS 307

Parameter and Conditions Symbol Values Unit
at 7j= 25 °C, Vpb = 12 V unless otherwise specified min| typ | max
Protection Functions
Initial peak short circuit current limit (pin 3 to 5) h(scp)
7i =-40°C: -- -- 19 A
Ti =25°C: -~ 10 -
7 =+150°C: 4.0 -- --
Output clamp (inductive load switch off)
at Vour = Vo - VON(CL) =1A, 7] =-40..+150°C: VON(CL) 59 -- 75 \Y}
Thermal overload trip temperature Tit 150 - - °C
Thermal hysteresis ATy -- 10 -- K
Reverse battery (pin 3 to 1) ¢) “Vio - - 32 Vv

Diagnostic Characteristics

Open load detection current foty - 6 -1 pA

_(included in standby current fopiomn)

Open load detection voltage 7j=-40..150°C: | Vouroy 2.4 3 4 \'

Short circuit detection voltage A"
(pin 3 to 5) Von(sc) -- 25 --

6)

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 349 and circuit page 354).

B 82356505 0092640 503 M
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SIEMENS BTS 307

Parameter and Conditions Symbol Values Unit
at 7j = 25 °C, Vbb = 12 V unless otherwise specified min] typ] max

input and Status Feedback?)

Input resistance R - 20 -1 k&
see circuit page 353
input turn-on threshold voltage /"~ Vinr+) 1 -- 25 \%
Input turn-off threshold voltage \_ VingT-) 0.8 - -- 3
Input threshold hysteresis A Vinm -- 0.5 - \'
Off state input current (pin 2), Vin=0.4V oty 1 - 30| pA
On state input current (pin 2), Vin=3.57 V hnon 10 25 70| pA
Delay time for status with open load tusT oLy -1 200 -1 wus
after Input neg. slope (see diagram page 358)
Status output (open drain)
Zener limit voltage 7j =-40...+150°C, st = +1.6 MA: | Vsrnigh) 5.4 6.1 -- v
ST low voltage  Tj =-40...+150°C, Jst = +1.6 MA: | Vsr(ow) -- - 0.4

7} If a ground resistor Rgyp is used, add the voltage drop across this resistor.

B 8235605 0092bL41 44T M
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Truth Table
Input- | Output | Status

level level BTS 307

BTS 707
Normat L L L
operation H H H
Open load L 8 H
H H H
Short circuit L L L
to GND H L L
Short circuit L H H
to Vbb H H H
Overtem- L L L
perature H L L
Under- L L L
voitage H L L

Overvoltage | no overvoltage shutdown,

see normal operation

L ="Low" Level X = don't care Z = high impedance, potential depends on extemal circuit
H = "High" Level Status signal after the time delay shown in the diagrams (see fig 5. page 358)
Terms Status output
lbb e e e 35y
I r L
N v [ R N
IN bb | STION) sT| T
2 | von Ny 1
st PROFET  OUTE [ | N !
= P | ESD-
4 0
Vin Vsr| Gho I < .>) I |
Vo = *le v, .
Ran ND our ESD-Zener diode: 6.1 V typ., max 5 mA;
RST(ON) <0 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).

Input circuit (ESD protection)

Short circuit detection
Fault Signal at ST-Pin: Voy > 2.5 V typ, no switch off
by the PROFET itself, external switch off

recommended!
l - —I +Vby
1 |—I— |
| J = 25|,
ESD zener diodes are not to be used as voltage clamp ] = I ] o
at D'C conditions. Operation in this mode may resuit in I r—_—IO—UT
a drift of the zener voltage (increase of up to 1 V)., \ Logic | Shortcircuit ]

L =1

8)  Power Transistor off, high impedance, internal pull up current source for open load detection,
Semiconductor Group 353
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Inductive and overvoltage output clamp

Von clamped to - V typ.

Overvolt. and reverse batt. protection

I-_-_-_-_-_I‘Vbb
|
) Vo 1
Ry Ry i
21 |
] ] Logle 1
T |
] ]
= PROFET)
GND
RGND
Signal GND

Vz1 =6.2V typ., Vz2 =70 V typ., RAGND = 150 Q,
Rst= 15 kQ, R1= 20 kQ typ.

Open-load detection
OFF-state diagnostic condition: Vour > 3 V typ.; IN fow

Signal GND

GND disconnect

IN Vo
2
12 PROFET  OUTE-
ST
4 GND
Vio| Yn| Vet

)1 lVGND

For Vpp=24V and V)y=0V: Vs1>2.8V @ Ist >0 if pulled up as shown.
Any kind of load. In case of input=high is Vour= ViN - ViN(T+) -

GND disconnect with GND pull up

3
lin Yoo
2
) PROFET  OUTE=
g ST
4 GND
il
e Ab
vbb[:] N[ ST lvGND

Any kind of load. If Vanp > Vin - Vi) device stays off
Due to Vano >0, no Vsr = low signal avallable.

Vbb disconnect with energized inductive
load

/ GI

high n Vb
3
OouT)
_ PROFET E
—Jst

GND

1|

Vi

Normal load current can be handled by the PROFET
itself.

Hl 8235605 0092k43 212 1N
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Vbb disconnect with charged external
inductive load

/
s 3
high N Voo
2
PROFET  OUT
s D
L i i
1
Voo

If other external inductive loads L are connected to the PROFET,
additional like D arer Y-

Semiconductor Group 355
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Inductive Load switch-off energy
dissipation
Epp

T

| =4S
E;
—|_ Load
— N Vb
PROFET OUT]
© —
GND

Energy stored in load inductance:
EL="pL?

While demagnetizing load inductance, the energy
dissipated in PROFET is

Eps=Epp + EL - Ep= jVoN(CL)'iL(l) dt,
with an approximate solution for Ry > 0Q:

_ L IRy
Eas= Z_RL-(Vbb+ ‘VOUT(CL)l)' In(1+ |V0UT(CL]| )

B &235605 D092644 159 W
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Options Overview
all versions: Higls'n-side switch, Input protection, ESD protectionand reverse battery

protection with 150 Q in GND connection, protection against loss of ground
Type BTS | 410D2| 410E2|410G2| 410H2| 307 | 308
Logic version D E G H
Overtemperature protection with hysteresis

Tj >150 °C, latch function®'0) X X X
7} >150 °C, with auto-restart on cooling X X X

Short circuit to GND protection

switches off when Von>3.5 V typ. and Vx> 8V X X
typ®! (when first tumed on after approx. 150 ps)

switches off when Von>8.5 V typ.9) X X

{when first turned on after approx. 150 us)
Achieved through overtemperature protection X X

Open load detection

in OFF-state with sensing current 6 [LA typ. X X X
in ON-state with sensing voltage drop across X X X

power transistor

Undervoltage shutdown with auto restart X x | x X X X
Overvoltage shutdown with auto restart X X X X . X
Status feedback for

overtemperature X X X X X X
short circuit to GND X X - X X X
short to Vbb RN LU R X X X
open load X X X X X X
undervoltage . X - - - X -
overvoltage X - - - - -
Status output type

CMOS X .
Opendrain - X X X X X
Output negative voltage transient limit

(fast inductive load switch off)
to Vbb - VON(CL) X X X X X X
Load current fimit

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

low level (better protection of application) X X X X
Protection against loss of GND X X X X X X

) Latch except when Viw -Vour < Vonisc after shutdown. In most cases Vout = 0 V after shutdown (Vour
# 0 V only if forced externally). So the device remains latched unless Vi, < Vonscy (see page 351). No
latch between tumn on and ty(sc).

10) with latch function. Reseted by a) Input low, b) Undervoltage, c) Overvoltage

1) Low resistance short Vi, to output may be detected in ON-state by the no-load-detection

Semiconductor Group > 356
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Timing diagrams

Figure 1a: Vpp turn on, : Figure 3a: Short circuit:
shut down by overtempertature, reset by cooling

IN IN
v €— t4ob IN) —> : L
bo ¢ Vour :

normal

operation Output short to GND
VOUT .

' {
I Lsc) |
A L(SCr)
ST open drain l:
t ST .
a1 |
t

in case of too early ViN=high the device may not turn on {curve A)

Lapb IN) @pProx. 150 us Heating up requires several milliseconds, depending on extemal
conditions. Extemal shutdown in response to status fault signal
racommended.

Figure 2a: Switching an inductive load,
Figure 4a: Overtemperature:

Reset if Tj <Tj
IN IN
L/ L
sT ST
1 1 1M [
VOUT VOUT .
I
L -
/ \ t t
BB 48235605 009264 T2l WA
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SIEMENS BTS 307

Figure 5a: Open load, : detection in OFF-state, turn Figure 6a: Undervoltage:
onvoff to open load

IN
IN
: t
- <—>t d(ST OL3)
L L
v
ouT

L open : normal ST open drain

9t | L t

Figure 6b: Undervoltage restart of charge pump

ta(st,0L9) depends on extemal circuitry because of high impedance

") A=6uAtyp T
Von
Figure S5b: Open load, : detection in OFF-state, open
load occurs in off-state 4
IN
t o P
£ 5
1 @ [
- L
sT ° §
l I 4 \% bb(u
v
out , 4 \%
. : / bb{u cp)
» ' . Vv
, Y; —+ ¥ bb{under)
....... - . TouT(oL)
'| | L — — — Ve
lL normal , open , normal . charge pump starts at Vobiuep) =5.6 V typ.
') ') t
") A=6pAtyp
BN 3235L05 0092647 968 HE
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Figure 7a: Overvoltage, no shutdown:

B 38235605 0092k48 &4TYH HE
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SIEMENS BTS 307
Package and Ordering Code

All dimensions in mm
Standard TO-220AB/5 Ordering code SMD TO-220AB/5, Opt. E3062 Ordering code

[ BTS307 | tod | [ BTS 307 E3062A [T&R: _ C67078-55204-Ad
4.4
— 99 |~ —
— 95 f— Mhce 99, 2 13_],
; "'1;'1[1‘ i mﬁi’ | fl:
3 B s ' k) gl S {Jj} 0.2 | T3
T -+ § ' *
‘ _‘_ ' T I m?
GR -L =l 0.8 n 0‘4'5 |l _ ':
T 15 1.7 - 2.4
0.8 2.
ol 25 4x1.7=6.8 GPT05904
Tix1.7268 %
GPTOS185

1} shear and punch direction no burrs this surface
2} min. length by tinning
3) max. 1t mm ollowable by tinning

Components used In life-support or sy must be
expressly authorised for such purpose! Critical componsrws“zl of
the Semiconductor Group of Siemens AG,-may only be used in life
supporting devices or systems 19) with the express written approval of

the Semiconductor Group of Siemens AG.
TO-220AB/5, Option E3043 Ordering code
[ 8BTS 307 E3043 C67078-55204-A3 |
— 9.9 =
- 35 |- i
1371 —=
t ]
@ } [ i
- & R
R
Wi s
. =)
= 2
osf] 05
1] 24
Tixr7=63 oPIas3e
1) punch direction, burr max. 0.04
2) dip tinning
3) max. 14.5 by dip finning press burr max. 0.05

12) 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

- 5 235 b 05 U U ‘l E h l4 =| ? 3 D - that the health of the user or other persons may be endangered.
Semiconductor Group 360 :
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