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SlEMENS PROFET® BTS 410 H2

Smart Highside Power Switch

Features Product Summary
* QOverload protection vervol ¢
« Current limitation Ove qtage protection Vob(az) . 654 x
« Short circuit protection Operating vo_ltage Vobon) 4.7 ... 42
* Thermal shutdown On-state resistance RON 220 mQ
: gve'néoltage pr:_:te;:_tion gi{l:;uiitng I?add dump) Load current (ISO) h(so) 1.8 A
ast demagnetization of inquctive loads PR .

* Reverse battery protection') Current limitation h(scy 15 A
* Undervoltage and overvoltage shutdown with

auto-restart and hysteresis TO-220AB/5

* Open drain diagnostic output

* 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 foads

* 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 SIPMOS® technology. Fully protected by embedded protection

functions.
I_______._..__.__—.._._._I
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1} With external current limit (e.g. resistor Ranp=150 Q) in GND connection, resistors in series with IN and ST
connections, reverse load current limited by connected load.
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SIEMENS BTS 410 H2

Pin Symbol Function
1 GND - | Logic ground -
2 IN I | Input, activates the power switch in case of logical high signal
3 Vbb + | Positive power supply voitage,
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 7j = 25 °C unless otherwise specified

Parameter Symbol Values Unit
Supply voitage (overvoltage protection see page 560) Voo 65 \'/
Load dump protection? Vicadpump = UA + Vs, Ua= 135V | Vicad dump® 100 Vv

RP=0.5Q, A= 6.6 Q, lg= 400 ms, IN= low or high
Load current (Short circuit current, see page 561) I self-limited A
Operating temperature range T -40 ...+150 °C
Storage temperature range Tetg -65 ...+150
Power dissipation (DC), Tc < 25 °C Plot 50 w
Inductive load switch-off energy disszgation, single pulse

Vin =12V, Tistan =150°C, Tc =150°C const.

L =1.8A,Z =2.3H,0Q: |Exs 4.5 J

Electrostatic discharge capability (ESD) IN: | Vesp 1 kv

{(Human Body Model) all other pins: 2

acc. MIL-STD883D, method 3015.7 and ESD assn. std. S5.1-
1993
Input voltage (DC) Vin -05..+6 \'
Current through input pin (DC) In 5.0 mA
Current through status pin (DC) Ist 15.0

see internal circuit diagrams page 563

Thermal Characteristics

Parameter and Conditions Symbol Values Unit
min typ| max] .
Thermal resistance chip - case: | Bnic - -- 25| KW
junction - ambient (free air): | Rna - - 75
SMD version, device on PCB9): - 35 -

2) Supply voltages higher than Vio(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.

AR, = intemal resistance of the load dump test pulse generator

Vicad dump is Setup without the DUT connected to the generator per ISO 7637-1 and DIN 40839

Device on 50mm*50mm*1.5mm epoxy PCB FR4 with 6cm? (one layer, 70um thick) copper area for Vbb
connection. PCB is vertical without blown air.

Semiconductor Group 559
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SIEMENS BTS 410 H2

Electrical 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=16A T=25 °C: | Ron -1 190] 220| mQ
=150 °C: 390 | 440
Nominal load current, ISO Norm (pin 3 to 5)
Von=0.5V, Tc=85°C hso) 1.6 1.8 - A
Output current (pin 5) while GND disconnected or | fLGnphigh) - -- 1| mA
GND pulled up, Vbb=30 V, Vin= 0, see diagram
page 564
Turn-on time INJT to 90% Vour: | ton 15 -1 125! pus
Turn-off time INL_to 10% Vour: |t 5 -- 85
R.=12Q, Tj=-40...4150°C )
Slew rate on dV /dten - - 3| Vius
10 to 30% Vour, AL=12 Q, Tj =-40...+150°C
Slew rate off -dV/dty -- -- 6| Vips

70 to 40% Vour, AL= 12 Q, Tj =-40...+150°C

Operating Parameters

Operating voitage ©) 7j =-40...+150°C: | Viion) 4.7 - 42 Vv
Undervoltage shutdown 7j=25°C: | Voo(unden 297 -- 45 \'
Tj =-40...+150°C: 27 - 47

Undervoltage restart 7j =-40...+150°C. | Vob(u rsy -- -- 4.9 \'

Undervoltage restart of charge pump Vib(ucp) - 5.6 6.0 \'
see diagram page 570

Undervoltage hysteresis A Vibunden - 0.1 - \

AViojunden = Vbbu sty - Vbbiunden

Overvoltage shutdown Tj =-40...4+150°C: | Vinioven 42 -- 52 \'4

Overvoltage restart Tj =-40...+150°C: | Voo rsy 40 -- -- \'

Overvoitage hysteresis Tj =-40...+150°C: | A Von(oven -~ 0.1 -- \%

Overvoltage protection?) _ Tj=-40...+150°C: | Viniaz) 65 70 - Vv
hb=40 MmA

Standby current (pin 3), hobyotn) pA
ViN=0 j=-40...4150°C: - 40 70

Operating current (Pin 1)®, ViN=5 V IaND .- 1 - mA

6 At supply voltage increase up to Vip= 5.6 V typ without charge pump, Vout =V -2 V
Meassured without load. See also VoncL) in table of protection functions and circuit diagram page 564.
8) Add fgr,if IsT>0,add i, if ViN>5.5V

Semiconductor Group 560
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SIEMENS BTS 410 H2

Parameter and Conditions Symbol Values Unit
at 7j= 25 °C, Vbb = 12 V unless otherwise specified min I typ I max
Protection Functions
Initial peak short circuit current limit (pin 3 to 5)9), h(scp)
{ max 450 us if Von > Vonsc))
Ti =-40°C: 4.0 - 11 A
Ti =25°C: 3.5 55 10
7] =+150°C: 2.0 3.5 7.5
Overload shutdown current limit hiscn
Von=3V, Tj= Ty (see timing diagrams, page 568) - 1.5 -1 A
Short circuit shutdown delay after input pos. slope
Von> Vonse) , Vob > 8V, 7j =-40..+150°C: tasc) - - 450 us
min value valid oruy, if input "low" time exceeds 60 us
Output clamp (inductive load switch off)
at Vour = Vip - VON(CL) .= 40 mA, 7j=-40..4+150°C: VON(CL) 61 68 73 \"
I=1A, Tj=-40..4+150°C: - - 75
Short circuit shutdown detection™) voltage
(pin 3 to 5) Von(sc) -- 3.5 - \'/
Thermal overload trip temperature Tj 150 - -- °C
Thermal hysteresis ATy -- 10 - K
Reverse battery (pin 3to 1) ') -Vio - - 32 Y
Diagnostic Characteristics
Open load detection current Ti=-40...+150°C: hot 15 30 60| pA
_(included in standby current kosem)
Open load detection voltage =-40..150°C: | Voutioy 2 3 4 \'

9)  Short circuit current limit for max. duration of td(SC) max=450 ps, prior to shutdown

1¢) Short circuit detection only active for Vb, > 8 V typ.

1) 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 voitage 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 559 and circuit page 564).
B 38235605 0092850 214 WM
Semiconductor Group 561
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SIEMENS BTS 410 H2

Parameter and Conditions Symbol Values Unit
at 7} = 25 °C, Vbb = 12 V unless otherwise specified min | typ | max
Input and Status Feedback'?)
Input turn-on threshold voltage -/~ 7j =-40..+150°C:| Vinrs) 1.5 -1 24 Vv
Input turn-off threshold voltage \_ 7j =-40..+150°C:| Vinr) 1.0 - -- \'/
Input threshold hysteresis A Vinm -- 0.5 -- \'/
Off state input current (pin 2), Vin=0.4V gt 1 - 30| pA
On state input current (pin 2), Vin=3.5V Jingon) 10 25 70| pA
Delay time for status with open load tysT oL --| 200 -- us
after Input neg. slope (see diagram page 569)
Status invalid after positive input slope ty(sT sc) -~ --| 450| ps
(short circuit) Tj=-40 ... +150°C:
Status output (open drain)
Zener limit voltage  Tj =-40...+150°C, Ist = +50 UA: | Vst(nigh) 5.0 6 - \
ST low voltage  Tj =-40...+150°C, st = +1.6 MA: | Vsr(ow) - -- 0.4

12) if a ground resistor Rgyp is Used, add the voltage drop across this resistor.
Semiconductor Group 562
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SIEMENS BTS 410 H2

Truth Table

Input- | Output Status
level level 412 410 410 410 410
B2 D2 E2/F2 G2 H2
Normal L L H H H H H
operation H H H H H H H
Open load L 3 L H H H L
H H H L L L H
Short circuit L L H H H H H
to GND H L L L L H L
Short circuit L H L H H H L
to Vbb H H H HLM) | HLM) | HOW) H
Overtem- L L L L L L L
perature H L L L L L L
Under- L L L9 L19) H H H
voltage H L L% LS H H H
Overvoltage L L L L H H H
H L L L H H H
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 569...570)
Terms Status output
Ibb e e e +5V
I r T,
N v ] N [
— 3 ™ bb ) l STQ) ST
L Von + I
st PROFET  OUT[- i | PN 1
S . ESD-
Viy| ver|* Sno —_——ONe _ZD_ -
% B
® R GNDﬁheND Vour | 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.
Operation in this mode may resuit in a drift of the
zener voltage (increase of up to 1 V).

Input circuit (ESD protection)
|

Ry

—|—'" T
2N esp- 7]

! ZDy ZDe

'
i i
GND '

ZDi1 6 V typ., 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).

13) Power Transistor off, high impedance, versions BTS 410H, BTS 412B: intemal pull up current source for
open foad detection.

14) Low resistance short Viw to output may be detected in ON-state by the no-load-detection
15} No current sink capability during undervoltage shutdown

Semiconductor Group 563
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SIEMENS

BTS 410 H2

Short circuit detection
Fault Condition: Vo > 3.5 V typ.; Vb > 8 V typ., IN
high

Logic Short circult
V= detection

=

Inductive and overvoltage output clamp

I'_“_'_""'—"_"TV'*
|
V.
1 z '
N
74
! i = 4§ ! Von
| =
|l ___ ey __PROFE
Von clamped to 68 V typ.

.Overvolt. and reverse batt. protection

‘ ————————— =] * Ve
A 1 | Ve !
] &
_l: % Logic []
Ry sr! R L !
B T D | PROFET)

Vz1=6.2V typ., Vzo =70 V iyp., Ranp= 150 Q, Rin,
RsT= 15 kQ

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

)
B

GND disconnect

Vi
IN o

PROFET  OUTE

GND

Vio| Vin|Vsr J IVGND
|

Any kind of load. In case of Input=high is Vout = ViN - ViN(Ts) -
Due to Vanp >0, no Var = low signal available.

GND disconnect with GND pull up

IN Voo
2
) PROFET  OUTE=
—4 ST
4 GND
ﬂ
v
Ve IN|'ST 1 &GND

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

M 3235605 0092853 T3 IE
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SIEMENS

BTS 410 H2

Vbb disconnect with energized inductive
load

/ a

high IN Voo
2
eROFET  OUT
—st

GND

T

Vo

Normal load current can be handled by the PROFET
itself.

Vbb disconnect with charged external
inductive load

S
s 3]
high N Voo
2
PROFET  OUT
s D
: . i
1

Vbb

if other extemal inductive loads L are connected to the PROFET,
additional el like D are Y.

Inductive Load switch-off energy
dissipation

Epp
-1 v El cad
— N bb

PROFET  OUT]

ST

Energy stored in load inductance:
EL="rLi

While demagnetizing load inductance, the energy
dissipated in PROFET is

Eas= Ewp + EL - Ep= | VonuyiL(t) dt,

with an approximate solution for R, > 0Q:
L IRy
Epas=3 RL'(Vbb +Voureyl) in (1+ NoutoL)! )
Maximum allowable load inductance for
a single switch off
L=f(IL); Tistant = 150°C,Tc = 150°C const.,
Vio =12V, RL=0Q

L [mH}
10000
\
1000 \‘
A
N
N
\\
S
100 + " . ) ;
16 175 2 225 25 275 3

iL (Al

M 8235605 0OCY92854 96T HE

Semiconductor Group

565

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



SIEMENS BTS 410 H2

Typ. transient thermal impedance chip case
Zic = fitp, D), D=/T
Zinac [KIW]

10

0.1 4

0.01 A -
1E-5 1E-4 1E-3 1E-2 1E-1 1E0 1E1

Bl 4235605 0092855 4TH 1N
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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

Type BTS |412 B2| 410D2| 410E2|410G2|410H2| 307 | 308
Logic version B D E G H
Overtemperature protection with hysteresis
Tj >150 °C, latch function'é1?) X X X X
7j >150 °C, with auto-restart on cooling X X X
Short circuit to GND protection

switches off when Von>3.5 V typ. and Vip> 8 V X X
typ16} (when first turned on after approx. 210 ps)

switches off when Von>8.5 V typ.16) X X X
{when first tumned on after approx. 210 ps)

Achieved through overtemperature protection X
Open load detection

in OFF-state with sensing current 30 [LA typ. X 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
Overvoltage shutdown with auto restart's)

Status feedback for
overtemperature

>
x
x

x
x
x
>
x

X X X X X X X
short circuit to GND X X X - X X X
short to Vb X S19) [ A9y | L19) X X X
open load X X X X X X X
undervoltage X X - - - X =
overvoltage X X - - - - -
Status output type
CMOS X X
Open drain 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 X
Load current limit
high level (can handle loads with high inrush currents) X X X
low level (better protection of application) X X X X
Protection against loss of GND X X X X X X X

16,

—

Latch except when Vin -Vour < Von(sc) after shutdown. In most cases Vour = 0 V aiter shutdown (Vour
# 0V only if forced extemally). So the device remains latched unless Vis < Vonsc (see page 561). No
latch between tum on and tq(sc).

With latch function. Reseted by a) Input low, b) Undervoltage

No auto restart after overvoltage in case of short circuit

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

Semiconductor Group 567
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S|EMENS BTS 410 H2
Timing diagrams

Figure 3a: Turn on into short circuit,
Figure 1a: Vpb tum on: 9

IN N
L | L \
e taob IN) —>% ;
Yoo - ST ! :
Vool ?
Vour,.. R OUTE
: © tysc)
A A | : :
ST open drain R I .
N | - § f t

in case of too early ViN=high the device may not tum on (curve A}

et thy @PPFOX. 150 s 1d(SC) approx. - us Wb - Vour < 3.5V typ.

Flgure 2a: Switching an inductive load Figure 3b: Tum on into overioad,

IN
T IN |
[ | :
0w
'usc
v
out
J STE
| . E E
/— \ [ "
t Heating up may require sever;l seconds Vbh - Vour < 3.5V typ.
B 3235605 0092857 79 IR
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SIEMENS BTS 410 H2

Figure 3c: Short circuit while on: Figure 5a: Open load: detection in OFF-state, tum
on/off to open load

IN
1 T IN
ST sT i lysTory
I_*L '_
Vour
Vour
I - I :
« L open : normal
t 3 t
**) current peak approx. 20 us

in case of external capacity taisT,oLs) May be higher due to high
impedance ‘) k= 30pAtyp
Figure 4a: Overtemperature,

Reset if (IN=low) and (Tj<Tj) :)lag::;::r:s %pgfrf\_ﬁ::ie: detection in OFF-state, open

IN : IN
st : ¥ ST
Vour ! : : v
: : our . \
| normal open . normal
X - load i load : |oa¢
t : :
) *) t
*) ST goes high , when ViN=low and Ti<Th
*) L= 0pAp

B 8235L05 0092858 505 mW
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Figure 6a: Undervoltage: Figure 7a: Overvoltage:

Vo -anoNecy  Vbbloven),

<

out
ST :
ST open drain
t t
Figure 6b: Undervoltage restart of charge pump Figure 9a: Overvoltage at short circuit shutdown:
Von VoN(cL) N
vV,
1 " bb \/_\ _V bb(o rst)
T2 Y ry
12 7 v 7 |—>Output short to GND
5 5 bb(over) =

VOUT
T———\ short circuit shutdown

1 Vbb(u rst) L
1 v - '\
bb{u cp)
4V bbunder) ST
bl — — — Veb I I t

charge pump starts at Vobucp) =5.6 V typ. Overvoliage due to power line inductance. No overvoitage auto-
restart of PROFET after short circuit shutdown.

Bl 28235605 0092859 uul I
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