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SI E M ENS PROFET® Preliminary Data Sheet BTS640S2
Smart Highside Power Switch

Features

Product Summary

:gxfr:z‘:zrﬁit’:‘t‘?g:"“ Overvoltage protection  Vbpiaz) 41 v

* Short circuit protection Operating voltage Vbbon) 5.0..34 V

* Thermal shutdown On-state resistance ARON 30 mQ

* Overvoltage protection (including load dump) Load current {ISO) hLso) 126 A

* Fast demagnetization of inductive loads ey

* Reverse battery protection’) Current limitation 5 h.(scn 24 A

* Undervoltage and overvoltage shutdown with Current sense ratio ks 5000
auto-restart and hysteresis

* Open drain diagnostic output

* Propottional load current sense TO-220AB/7

* CMOS compatible input
* Loss of ground and loss of Vip protection
* Electrostatic discharge (ESD) protection

Application

* 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, proportional sense of load current, monolithically integrated in Smart SIPMOS® technology. Fuily
protected by embedded protection functions.

I e e ——— &

Standard

) Voltage Overvoltaged | Cument Gate — !
l source protection limit | Jprotection l fo—rs } l
N T |
] L Vnguc [ 1 - ouT : 6.7
| Voltage Charge pump Umit for I parey
unclamped I h
1 sensor Level shifter ind. loads Curent '
3w 1 Rectifier Sense
— 1 Output
] . Voltage [— 1 Load
1 )st| ESP Logic detection
-+ el
] Temperature ]
' sensor
5lis GND
| Is [}
s S S s s S 8
3 Load GND
Signal 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.
Semiconductor Group 627 03.97
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Pin Symbol Function
1 ST Diagnostic feedback, invers to input level
2 GND Logic ground
3 IN Input, activates the power switch in case of logical high signal
4 Vbb Positive power supply voltage, the tab is shorted to this pin
5 IS Sense current output, proportional to the load current, zero in
the case of current limitation of load current
6 ouT Output, protected high-side power output to the load.
(Load, L) Both output pins have to be connected in parallel
7 ouT for operation according this spec (e.g. kiuis).
(Load, L) Design the wiring for the max. short circuit current

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

Parameter Symbol Values Unit
Supply voltage (overvoltage protection see page 630) Voo 41 Vv
Supply voltage for full short circuit protection Vb 30 \'4
T; stan=-40 ...+150°C

Load dump protection? Vicadoump = Ua + Vs, UA=13.5V | Vicadaump® tbd Vv

RR=2Q, A=1Q, ts= 200 ms, IN= low or high

Load current (Short circuit current, see page 631) I self-limited A
Operating temperature range T; -40 ...+150 °C
Storage temperature range Tag -565 ...+150
Power dissipation (DC), Tc <25 °C Piot 85 W

Inductive load switch-off energy dissipation, single pulse
Vipp =12V, Tistan =150°C, Tc =150°C const.

IL,=126A,Z =tbdmH, 0 Q: Ens tbd J

Electrostatic discharge capability (ESD) IN:| Vesp 1.0 kv

(Human Body Model) all other pins: 8.0

acc. MIL-STD883D, method 3015.7 and ESD assn. std. S5.1-
1993
Input voltage (DC) Vin -10 ... +16 Y
Current through input pin (DC) I +5.0] mA
Current through status pin (DC) Ist +5.0
Current through current sense pin (DC) hs 14

see intemal circuit diagrams page 633

2) Supply voltages higher than Vib(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 = intemal 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

Semiconductor Group 628
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Thermal Characteristics

Parameter and Conditions Symbol Values Unit
min typ| max

Thermal resistance chip - case: | Rnyc -~ - 1.47 | KW
junction - ambient (free air): | Rina - - 75
SMD version, device on PCB9): -~ 33 -

5) 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 629
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Electrical Characteristics

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

Load Switching Capabilities and Characteristics
On-state resistance (pin 4 to 6)

IL=5A =25 °C: | Ron - 27 30| mQ
T=150 °C: 54 60
Output voltage drop limitation at small load
currents (pin 4 to 6), see page 639 Vonny - 50 -~ mv
iL=05A 7;=-40...+150°C: |-
Nominal load current, ISO Norm (pin 4 to 6)
Von=0.5V, Tc=85°C hgso) 11.4] 126 --
Nominal load current, device on PCB®
Ta=85°C, Tj<150°C Vons<0.5V, ILinom) 4.0 4.5 -- A
Qutput current (pin 6) while GND disconnected or | /(GNDhigh) -- -- 8| mA
GND pulled up, Wwb=30 V, ViN= 0, see diagram
page 635
Turn-on time INJ " t0 90% Vour: | lon 25 70 150| s
Turn-off time IN L to 10% Vour: |t 25 80| 200
A =12 Q, 7j=-40..+150°C ’
Slew rate on dV /dton 0.1 - 1| Vius
10 to 30% Vour, AL=12 Q, T} =-40...+150°C
Slew rate off -dV/dte 0.1 -- 1| Vips -

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

Operating Parameters

Operating voltage ¢) . Tj =-40...+150°C: | Vioion) 5.0 -- 34 \'4
Undervoltage shutdown 7j=-40...+150°C: | Vibtunden 3.4 - 5.0 Vv
Undervoltage restart 7i =-40...425°C: | Vobu sy -- 45 55 \
7j =+150°C: 6.0
Undervoltage restart of charge pump
see diagram page 638 Tj =-40...+25°C: | Vibucp) -- 4.7 6.5 A
7] =25...150°C: -- - 7.0
Undervoltage hysteresis AViounden -- 0.5 -- \
A Voo(under) = Vbbu rst) = Vob(unden)
Overvoltage shutdown 7j =-40...+150°C: | Vho(oven 34 -- 43 \
Overvoltage restart Tj =-40...+150°C: | Voo rsyy 33 - -- \'
Overvoltage hysteresis Tj =-40...+150°C: | A Vibioven -- 1 -- Vv
Overvoltage protection” Tj =-40...+150°C: | Veoiagy 41 46 -- Vv
Ib=40 mA

6 At supply voltage increase up to Vip= 4.7 V typ without charge pump, Vout =Vbb -2V
7} See also Von(cy) In table of protection functions and circuit diagram page 634.

Semiconductor Group 630
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Parameter and Conditions Symbol Values Unit
at 7j = 25 °C, Wb = 12 V unless otherwise specified min I typ l max
Standby current (pin 4)
Vin=0 Ti=-40...425°C: | (ot -- 4 15] pA
Ti= 150°C: -- 12 25
Leakage output current (included in hiofr)) Iotp - - 10| pA
ViN=0, 7j =-40...4+150°C
Operating current (Pin 2)®, Vin=5V IcND - 1.2 3 mA
Protection Functions
Initial peak short circuit current limit (pin 4 to 6) hscp)
Ti =-40°C: 48| 56| 65| A
7i =25°C: 40 50 58
7j =+150°C: 31 37 45
Repetitive short circuit shutdown current limit h(scn)
Ti = Tj (see timing diagrams, page 637) - 24 -- A
Output clamp (inductive load switch off)
at Vour = Vin - Voniey fi=1A, 7)=-40..4150°C: | Voney 40 47 - \%
Thermal overload trip temperature Tit 150 - -l °C
Thermal hysteresis ATy - 10 - K
Reverse battery (pin 4 to 2) 9) -Vio - - 32 v
Reverse battery voltage drop (Vout > Vbb)
L=-5A T=150 °C: | -Vongey) -| tbd - mv
Diagnostic Characteristics
Current sense ratio, static on-condition,
Vbb-Vout < 1V, Vis = 0...5 V, Vobion) = 6.510)...27V,
kus =1L/ ks Ti=-40°C, L. =5 A: | K¢ 4550| 5000| 6000
Tj=-40°C, 1.=0.5 A: 3300{ 5000| 8000
Ti= 25...+150°C, =5 A: 4550| 5000 5550
Ti=25...+150°C, IL=0.5 A: 4000| 5000} 6500
Vin = 0: .- 0 -
Sense off threshold 11 Vongs) 1.0 1.2 - \Y}
Current sense output voltage limitation
Ti=-40 ..+150°C hs =0, IL=5 A: | Visgim) 5.4 6.1 6.9 Vv

8) Add fgr, if s> 0, add hn, if VinN>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 628 and circuit page 634).

Valid if Vi rsty was exceeded before.

In the case of current limitation (Von > Vongis)) the current sense ratio Kiys is undefined zero and the
diagnostic feedback potential Vs is High. See figure 2b, page 636.

Semiconductor Group 631

10)
11)
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Parameter and Conditions Symbol Values Unit
at Tj = 25 °C, Vbb = 12 V unless otherwise specified min| -~ typ| max

Current sense leakage/offset current
Tj=-40...+150°C ViN=0, Vis =0, L= 0: | gy 0 - 1| pA

Vin=5V, Vis =0, IL=0: | ksqn 0 - 10

Current sense settling time t0 /s statict10% after
positive input slope, L =01 5 A, Tj= Lson(is) - - 300 Hs
-40...+150°C (not tested, specified by design)

Current sense settling time to 10% of lis static after
negative input slope, L =5"LOA, Ti= bsoti(sy -- 30| 100| pus
-40...4+150°C (not tested, specified by design)

Current sense rise time (60% to 90%) after change

of load current 4 =2.5 — 5 A (not tested, Licys) - 10 -] ps

specified by design)
Open load detection voltage‘Z) (off-condition) Vouroy 2 3 4 A"

j=-40..150°C:

Internal output pull down

(pin 6 to 2), Vour=5V, Tj=-40..150°C Ro 5 15 40| kQ
Input and Status Feedback1?)
Input resistance see circuit page 633 ’ A tbd 4 tbd| kQ
Input turn-on threshold voltage /~ 7} =-40..+150°C:| Vinrrs) - - 3.5 \
Input turn-off threshold voltage \_ Tj =-40..+150°C:{ Vinr- 1.5 - -- Vv
Input threshold hysteresis A Vinm -- 0.5 - \';
Off state input current (pin 3), Vin =0.4 V Ingory 1 - 50| pA
On state input current (pin 3), in=5V Ingon) 20 50 80| pA
Delay time for status with open load ta(sT oL3) -1 400 -] us

after Input neg. slope (see diagram page 638)
Status delay after positive input slope (not tested,

specified by design) Tij=-40 ... +150°C: | Lion(sn -- 13 - yus
Status delay after negative input slope (not tested,

specified by design) Ti=-40 ... +150°C: | lyosisT) -- 1 -- us
Status output (open drain)

Zener limit voltage 7j=-40...4150°C, st = +1.6 MA: | VsTqnign) 5.4 6.1 6.9 v

ST low voltage Tj =-40...4+25°C, Ist = +1.6 MA: | Vst(tow) - - 0.4

Tj = +150°C, Ist = +1.6 mA! -- -- 0.7

Status leakage current, Vst =5V, Ti=25 ... IsTirigh) -- -- 2| pA
+150°C

12) External pull up resistor required for open load detection in off state.
13} If a ground resistor Rgyp is used, add the voltage drop across this resistor.

B 8235605 0092921 3TH -

Semiconductor Group ' 632
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Truth Table
Input Output Status Current
Sense
level level level Iis
Normal L L H 0
operation H H L nominal
Current- L L H 0
limitation H H'4) H >0 14}
Short circuit to L L H [}
GND H L'S) H 0
Over- L L H [}
temperature H L H "]
Short circult to L H L& []
Vbb H H L <nominal 17)
Open load L L18) H (L) 0
H H L 0
Undervoltage L L H 0
H L L 0
Overvoltage L L H 0
H L L 0
Negative output L L H 0
voltage clamp
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 637...638)
Terms Input circuit (ESD protection)
F——————————
R '
Yon — '
! /]
out ‘SJ- =S ESD-ZD, '
: I
out le— o
2 Vout
l lanp ESD zener diodes are not to be used as voltage clamp
Ranp at DC conditions. Operation in this mode may result in
a drift of the zener voltage (increase of up to 1 V).

14) The voltage drop over the power transistor is typ.1.2V<V4p- Vour<typ.3V. Under this condition the sense

current /is is no longer proportional to the load current /.

The voltage drop over the power transistor is Vip- Vour>typ.3V. Under this condition the sense current /s is
zero

An external short of output to Vi, in the off state, causes an intemal current from output to ground. if Rgnp
is used, an offset voltage at the GND and ST pins will occur and the Vgr o signal may be errorious.

17) Low ohmic short to Vi may reduce the output current /_and therefore also the sense current /s.
18) Power Transistor off, high impedance

19) with extemal resistor between pindandpine M 8235605 0CY92922 c30 =
Semiconductor Group 633

186}

16)
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Status output
(=L
] Ag (R
| R
]
] —J ESD-
LGN 2

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

RST(ON) < 440 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).

Current sense output

D=

hs

-

ESD-ZD Ris

L o e = ——— -

ESD-Zener diode: 6.1 V typ., max 14 mA;
As=1 kg nominal

Inductive and overvoltage output clamp

! ) _VZZS !

! Y |4 Zk ! Vou

I e

1 '

e o ooy __PROFEy
Von clamped to 47 V typ_|—

M 8235kL0S

Semiconductor Group 634

Overvoltage protection of logic part

+5

I_'—-—-—-—-—I‘Vbb
R |
g vl 9
N —
s % |
is Logic ]
A | R 2 L |
a ' Vo 1
Y [ [ D S
aND
Ranp
Signal GND

Vz1 = 6.1V typ., Vzz =46 V typ., A= 4 kQ typ,
RGND= 150 Q, Ast= 15 kQ, Aig= 1 kQ, Av= 15 k2,

Revers?vbattery protection

Signal GND
Theload Ay is inverse on, temperature protection is
not active

RGND= 150 Q, A= 4 kQ typ, AsT2500Q,

Ris2 200 Q, Av>2500 Q,

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

[ PRGN RPN

Signal GND

0092923 177 M
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GND disconnect

Any kind of load. In case of Input=high is Vout = Vin - Vina sy .
Due to Vanp >0, no Vst = low signal available.

GND disconnect with GND pull up

Vs

Al

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

| Vanp

Vbb disconnect with energized inductive
load

—_—
4I
i V)
hi k] P tb o
ouT .
——st  PROFET I
. ouTl
—s GND
2 |
Vb

Normal load current can be handled by the PROFET
itself.

Bl 8235kL0S

Semiconductor Group 635

Power ed by | Cniner.com El ectronic

Vbb disconnect with charged external
inductive load

_our

NIl ©

[

GND

bb

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

Inductive Load switch-off energy
dissipation
Ebb

Energy stored in load inductance:

EL="%L4?

While demagnetizing load inductance, the energy
dissipated in PROFET is

Eps=Ew + EL - Ep= IVON(CL)'iL(Q) dt,
with an approximate solution for R > 0Q:

I-L IL-Ry
Eas= 2R (Voo + Wourcyl)- In (1+ Vourco) )

0092924 003 .
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Timing diagrams

Figure 2a: Switching a lam
Figure 1a: Switching a resistive load, 9 9 °

change of load current in on-condition:

IN
IN I—_—‘
ST, . tdon(sT) s )
. v : le
— 2. < ‘doﬁ(sn.r sT s>
Vout X I
—> <ton toss - vom
_%: —
(T tatc(s): * o+ tsle(is) (
. . Lo i
| N L
Load1 ' )
hs s o t
NI I g
< soff(ISy—>
I,:':nzznz,elz?:‘;"uﬁ:&f valid during settiing time after tum of Figure 2b: Switching a lamp with current limit:
IN : :
Figure 1b: Vpp tum on:
IN
| ]
Vob
"
hs
! ST
__\ l_.l N

proper tum on under all conditions

BN 8235605 0092925 TuT IB
Semiconductor Group 636
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Figure 2¢: Switching an inductive load:

Preliminary Data Sheet BTS640S2

Figure 4a: Overtemperature:

Reset if Tj <Tj;
IN
ST .
Vout .

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

Figure 5a: Open load: detection in ON-state,
IN apen load occurs in on-state
IL 'iscp) : IN |
'(scn) st -
Vour
s
I
normal open normal
ST
t
Heating up may require several milliseconds, depending on extemal I|S t
conditions
fiscpy = 50 A typ. ir with o ing temperature e
v Bl 4235635 0092926 96L WA
Semiconductor Group 637
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Figure 5b: Open load: detection in ON- and OFF- Figure 6b: Undervoltage restart of charge pump
state (with RexT), turn on/off to open load

T

1 Von Vonicy
/]\ IN
' YysToLg 1 "
ST - "
I I T 2 © ©
8 ] =
v 1l 2 By w
ouT 5 5 bb(over) %
L _ ,
h Vbb(u rst) bb(o rst)
IL v
open load T bb(u cp)
4V bbunden)

|
T IS ! : : Yoo
charge pump starts at Woep) =4.7 V typ.

i

. Figure 7a: Overvoltage:
Figure 6a: Undervoltage:

T IN ’l\‘N —
ST not defined ST I

‘ ' . Vob VON(CL) Vbb(over)
V ! . .

\-/ bb(under) bo(u cp) . ' '
‘vbb(u rst) . : :

L Lo L p

VI::b(o rst)

Em 3235L05 0092927 412 W

Semiconductor Group 638
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Figure 9a: Output voltage drop versus load current:

Figure 8a: Current sense versus load current:

1.3

[{:?2/\]1_ lis M}

0.2

0.1

0.0 + } [ b

Figure 8b: Current sense ratio:

15000 T:

o ks
10000

: (Al I

I e e ST U G S Sl i
012345678 910111213
M 8235L05 0092928 759 W

Semiconductor Group 639
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Package and Ordering Code

All dimensions in mm
Standard TO-220AB/7 Ordering code

[ erse0sz | Q67060-S6307-A2__ |
—= 99 |-
—= 95 fp=— —] 3,4
‘—-ISJ B 1.3 ==
SIS ES |
AN £
Lt <
2 ol ¢ ne | 4
N B LS
ot}
»
r
0.6 2.4
1.27 — —~}=— 0.5
39
6x1.27=7.62 —-1 B84
GPT05167
1} shear and punch direction no burrs this surfoce

SMD TO 220AB/7, Opt. E3128 Ordering code
[ BTS640S2 E3128A | T&R: __ Q67060-S6307-A3 |

— 4.4
93 2 1.3
0
g 2 ! o~
& {%} i 02l 1=
¢
7 o6 L ‘.n* o5 1 =
1.27 ” 2.4
_STI 27= 7.642_ GPT05906
Bl 8235605 0092929 L£95 mR
Semiconductor Group 640
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