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Sl EME NS PROFET® BTS 726 L1

Smart Two Channel Highside Power Switch
Product Summary

Features Overvoltage Protection Vbb(az) 43 Vv
* Overload protection Operating voitage Vbobon) -5.0..34 V
: Current limitation active channels: one two parallel
. %’:mﬂmwt protection On-state resistance  Ron 60 30 mQ
ermal shutdown A
* Overvoltage protection Nominal .Iogd «::urrent Lvomy 4.0 6.0 A
(including load dump) Current limitation Liscn 16 16 A

* 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 Vb 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 capacitive loads

* Replaces electromechanical relays 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.

Pin Definitions and Functions

Pin Symbol | Function | . i )

1,10, |V Positive power supply voltage. Design the Pin configuration (top view)

11,12, wiring for the simultaneous max. short circuit

15,16, currents from channel 1 to 2 and also for low Vnf|1 ® 20| Vi

19,20 thermal resistance GND1|f2 19| Vi,

3 IN1 Input 1,2, activates channel 1,2 in case of IN1j|3 18|OUT1

7 IN2 logic high signal ST1| 4 17| OUT1

17,18 {OUT1 | Output 1,2, protected high-side power output N.C.||5 16| Vi,

13,14 |OUT2 of channel 1,2. Design the wiring for the max. GND2j 6 15} Vi
short circuit current IN2}{ 7 141 0UT2

4 ST Diagnostic feedback 1,2 of channel 1,2, ST2||8 13| OUT2

8 ST2 open drain, low on failure N.C.l19 12| Vi,

2 GND1 | Ground 1 of chip 1 (channel 1) Vil 10 1] Vi

6 GND2 | Ground 2 of chip 2 (channel 2)

59 N.C. Not Connected

1} With external current limit (e.g. resistor Rano=150 ) in GND connection, resistor in series with ST
connection, reverse load current limited by connected load.
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SIEMENS BTS 726 L1

Block diagram
Two Channels; Open Load detection in on state;
[— - - - """
| ] *%l aqdframe
! Voltage | buervottagd] Current]| Gate — !
source protection limit { brotectiorn l'o—} |
! > Viogio — 4 1 Lo ' [
Voltage [Charge pumg Lirnit for < JouTy17.18
) unclamped |
} sensor Level shifter ind. loads | femperatur 1
3l i Rectifier sensor l
\ u . Open Ic?od l Load
AlsTe ESD | Logic detection
R
[} o 1
1)GND1
-l | Chip 1 GND1 -
Signal GN
Chip 1 = e e o s o e = e = —-—-—-—-——-I Load GND
+ Wyl eadframe
L] 1
HE |
1 ' ]
out413,14
Logic and protection circuit of chip 2 |
! (equivalent to chip 1) !
7]ne
I ' Load
8|s12
A
02
6|GND2 !
Chip 2 GND2
h 4
S'”“E’,;"] e o e o _PEOET________J Load GND
Leadframe connected to pin 1. 10, 11, 12, 15, 16, 19, 20
Maximum Ratings at 7j = 25°C unless otherwise specified
Parameter l Symbol | Values Unit
Supply voltage (overvoltage protection see page 772) Voo 43 \
Supply voltage for full short circuit protection Voo 34 v
Istan=-40 ...+150°C

B 4235605 0093059 DAL WA
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SIEMENS BTS 726 L1

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

Parameter | Symbol | Values | Unit
Load current {Short-circuit current, see page 773) I self-limited A
Load dump protection? Viesdpume = U+ Ve, Ua=13.5V | Vicadaump® 60 \

R =28, t4=200ms; IN = low or high,
each channel loaded with A =3.4Q,

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

Storage temperature range Tetg -55 ...+150

Power dissipation (DC)5 . Ta=25°C: [Pt 3.7 w
(all channels active) Ta = 85°C: 1.9

Inductive load switch-off energy dissipation, single pulse
oo =12V, Tjstat =150°C9),

IL 4.0A, Z =50mH, 0Q one channel: | Eas 0.5 J
I.=6.0A, 2 _=42mH, 0Q two parallel channels: 1.0
see diagrams on page 777 and page 778
Electrostatic discharge capability (ESD) Vesp 1.0 kv
{Human Body Model)
Input voltage (DC) Vin -10 ... +16 Vv
Current through input pin (DC) In 20| mA
Current through status pin (DC) Ist 15.0

see internal circuit diagram page 776

Thermal resistance

junction - soldering point8).&) each channel: | R 12} KW
junction - ambient one channel active: |Rna 41
all channels active: 34
\

?) Supply voltages higher than Vinaz) require an external current limit for the GND and status pins, e.g. with a
150 Q resistor in the GND connection arid a 15 kQ resistor in series with the status pin. A resistor for input
protection is integrated.

3) A = internal resistance of the load dump test pulse generator

4 Vioad dump is setup without the DUT connected to the generator per 1ISO 7637-1 and DIN 40839

5) Device on 50mm*50mm*1.5mm epoxy PCB FR4 with 6cm? (one layer, 70um thick) copper area for Vi,
connection. PCB is vertical without blown air. See page 783

6} Soldering point: upper side of solder edge of device pin 15. See page 783
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BTS 726 L1
Electrical Characteristics
Parameter and Conditions, each of the two channels | Symbol Values Unit
at Tj = 25 °C, Vbb = 12 V unless otherwise specified min | typ I max
Load Switching Capabilities and Characteristics
On-state resistance (Vpp, to OUT)
IL=2A each channel, T7j=25°C: | Ron - 50 60| mQ
7j=150°C: 100 120
two parallel channels, 7j=25°C: 25 30
Nominal load current one channel active: | fnom 36| 40 -- A
two parallel channels active: 5.5 6.0
Device on PCB®), T, =85°C, Tj<150°C
Output current while GND disconnected or pulled | fianohigh) - - 10| mA
up;, Vob=30V, Vin= 0, see diagram page 777
Turn-on time to 90% Vout: | ton 80( 200| 400| ps
Turn-off time 10 10% Vour: | L 80| 230| 450
A =12Q, Tj=-40...+150°C
Slew rate on dVidto, 0.1 - 1| Vius
10 to 30% Vour, AL=12Q, Tj=-40...+150°C:
Slew rate off -d Vidtey 0.1 - 1| Vius
70 t0 40% Vour, RL=12Q, 7j =-40...+150°C:
Operating Parameters
Operating voltage”) Tj =-40...+150°C: | Vonion 5.0 -- 34 \
Undervoltage shutdown Tj =-40...+150°C: | Voniunden 3.5 -- 5.0 v
Undervoltage restart 7j=-40...4+25°C: | Voo sy - -~| 5.0 \Y
7j =+150°C: 7.0
Undervoltage restart of charge pump Vob(ucp) - 5.6 7.0 \
see diagram page 782 Tj =-40...+150°C:
Undervoltage hysteresis A Vbbunden - 02 - \%
AVhbbunden = Vobtu rst) = Vob(unden
Overvoltage shutdown Tj =-40...+150°C: | Vhn(oven 34 -- 43 Vv
Overvoltage restart Tj =-40..+150°C: | Vinorsy 33 -- -- \
Overvoltage hysteresis 7j =-40...4+150°C: | AVopioven) -{ 05 -~ \2
Overvoltage protections) Tj=-40...4+150°C: | Viviaz) 42 47 - v
Iob =40 MA
Standby current, all channels off T =25°C: | hbyoty - 20 50| pA
ViN=0 7;=150°C: - 29 56
Leakage output current (included in kpotn) luoty - -- 12| pA
ViN=0

7) At supply voltage increase up to Vob =5.6V typ without charge pump, Vour ='Vbb -2V

8 seealso Voncwy in circuit diagram on page 776.
Semiconductor Group 772
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Parameter and Conditions, each of the two channels | Symbol Values Unit
at Tj =25 °C, Vbb = 12V unless otherwise specified min| typ| max
Operating current 9, ViN=5V, 7j =-40...+150°C
Janp = lanpt + lanpz, one channel on: | loND - 18] 35| mA
two channels on: —-| 386 7
Protection Functions
Initial peak short circuit current limit, (see timing
diagrams, page 780)
each channel, 7;=-40°C: | L(scp) 21 32 43 A
7] =25°C: 15 25 35
7, =+150°C: 11 17 24
two parallel channels twice the current of one channel
Repetitive short circuit current limit,
Ti=Ty each channel | L(sc -- 16 -- A
two parallel channels - 16 -
(see timing diagrams, page 780)
Initial short circuit shutdown time  Tjstan =-40°C: | li(sc) - 5 - ms
Tj,stan = 25°C: -- 4 --
(see page 779 and timing diagrams on page 780)
Output clamp (inductive load switch off)10) Vonicy -- 47 - \
at Vonien) = Vi - Vour
Thermal overload trip temperature Tit 150 -- -] °C
Thermal hysteresis ATy - 10 - K
Reverse Battery
Reverse battery voltage 1) -Vio - -- 32 v
Drain-source diode voltage (Vout > Vbb) -Von -1 610 -| mv
hL=-4.0A, Tj=+150°C

9) Add Jgt,if IsT>0

10) 1f channels are connected in parallel, output clamp is usually accomplished by the channel with the lowest
Von(cy)

ReqtgireL a 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 771 and circuit page 776).

Semiconductor Group 773
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BTS 726 L1
Parameter and Conditions, each of the two channels | Symbot Values Unit
at Tj = 26 °C, Vbp = 12 V unless otherwise specified min ] typ | max
Diagnostic Characteristics
Open load detection current, (on-condition)
each channel,” Tj=-40°C: | /Loy 20 -1 850 mA
Tj=25°C: 20 -| 750
Tj=150°C: 20 -| 750
two parallel channels twice the current of one channel
Open load detection voltage')  7j =-40..+150°C: | Vourion 2 3 4 Vv
Internal output pull down
(OUT to GND), Vour =5V 7j=-40..+150°C: | Ro 4 10 30| kQ
Input and Status Feedback'3) v
Input resistance AR 25| 35 6| kQ
(ses circuit page 776) 7j=-40..+150°C:
Input turn-on threshold voltage _/~ Viner) 1.7 - 35 \
7j =-40..+150°C:
Input turn-off threshold voltage ~\_ Vinery) 1.5 -- - v
7j =-40..+150°C:
Input threshold hysteresis A Vinm -| 05 -- \
Off state input current Vin= 0.4 V: | Ine 1 - 50| pA
T =-40..+150°C:
On state input current Vin=5V: | finen 20 50 80| pA
7j =-40..4+150°C:
Df(felay time for status with open load after switch IysT oL 100| 520( 1000( . pus
o(see timing diagrams, page 781), 7j =-40..+150°C:
Status invalid after positive input slope lasm) -1 250| 600| us
(open load) 7j=-40..+150°C:
Status output (open drain)
Zener limitvoltage  7j =-40...+150°C, lst = +1.6 mA: | Variign 54| 6.1 -- A
ST low voltage Tj =-40...4+25°C, Ist = +1.6 MA: | Vir(ow - - 04
Tj = +150°C, st = +1.6 mA; - -{ 08
12} External pull up resistor required for open load detection in off state.
13} If ground resistors Rgnp are used, add the voltage drop across these resistors.
BN 3235605 009303 502 W
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Truth Table
Cannel 1 Input1| Output1 | Status 1
Cannel 2 Input 2 | Output2 | Status 2
level level BTS 726L1
Normal L L H
operation H H H
Open load L z H(L'%)
H H L
Short circuit L H LS
to Vb H H H (L'S)
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

Z = high impedance, potential depends on external circuit

Status signal valid after the time delay shown in the timing diagrams

Parallel switching of channel 1 and 2 is easily possible by connecting the inputs and outputs in parallel. The
status outputs ST1 and ST2 have to be configured as a ‘Wired OR' function with a single pull-up resistor.

Terms
—
Ibb
\Z Leadframe
i
IN1
! v,
™ &b
L1 | Voni Vonz
. PROFET  OUT1 [t
— Chip 1
ST1
Ving| VsT1 GND1
- - Honos Voutt Vouz
GND1

Leadframe (V) is connected to pin 1,10,11,12,15,16,19,20

External Rgnp optional; two resistors Rano1, Ranpz = 150 Q or a single resistor Renp =75 Q for

reverse battery protection up to the max. operating voltage.

14) With extemal resistor between output and Vbb

15) An external short of output to Vi 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 Vst jow Signal may be errorious.

18) Low resistance to Vp, May be detected by no-load-detection

Semiconductor Group
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BTS 726 L1

Input circuit (ESD protection), INToriN2 -

R

4
ESD-ZD,

| P
ESD zener diodes are not 1o be used as voltags clamp at

DC conditions. Operation in this mode may resuilt in a drift
of the zener voltage (increase of up to 1 V).

Status output, ST10rST2

—"—"— .
] A P
| S{ON) ST
i
b0 %

ESD-Zener diode: 6.1V typ., max 5.0 mA; RgT(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,
QUT1 or OUT2

'
| «
I JouT
|}

e
Power GND

VON clamped to VdN(cu =47 V typ.

M 4235k05

Semiconductor Group

Overvoltage protection of logic part
GND1 or GND2

e —— e — Y,

| |
vz 1
R

Sl &= |
) Logic ]

-1
Rer ST' ZP S 1 |
' V21 PROFEL;

GND

Ranp
Signal GND

Vz1=6.1V typ., Vz2 =47V typ., Ri = 3.5k typ.,
Ranp =150Q, RsT = 15k nominal.

Reverse battery protection

Ranp
Signal GND
ReND =150 Q, A = 3.5 kQ typ,

Temperature protection is not active during inverse current
operation.

00930L5 385 WA
776
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Open-load detection, OUT1 or OUT2
ON-state diagnostic condition:
Von < Ron - Igoty; IN high

N1}

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

]
' OFF
1
i

BTS 726 L1
GND disconnect with GND pull up
|
N Yeb
PROFET OUT,
—]sT
GND
Vbb iN VST : llVGND

Any kind of load. If VGND > VIN - VIN(T+) device stays off
Due to VGND >0, no VsT = low signal available,

Vbb disconnect with energized inductive

Logic |

unit

Open load
detection

—

load
/ I
high N Vo
PROFET  OUT
GND
Voo

e Signal GND

GND disconnect

For an inductive load current up to the limit defined by Eas

v,
N bb

PROFET OUT

GND
)l lVGND

Vio| Vin|Vst

Any kind of load. In case of IN=high is VouT = VIN- VIN(T+).

Due to VGND >0, no VsT = low signal available.

(max. ratings see page 771 and diagram on page 778)
each switch is protected against loss of Vi,

Consider at your PCB layout that in the case of Vbb dis-

connection with energized inductive load the whole load
current flows through the GND connection.

B 8235605 009306b 211 HE
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Inductive load switch-off energy

dissipation
B
1 i
-1 v ELoad
— N bb
> PROFET OUT]
<= ST By
GND

Energy stored in load inductance:
EL=Y-L-1?

While demagnetizing load inductance, the energy
dissipated in PROFET is

Ens=Ew + EL - Er= [ Voncyy * i) dt

with an approximate solution for Ry > 0

IL-L IL-R
Eas= Z_RL (Vo + Vouticpl) In (1+ m )

Maximum allowable load inductance for
a single switch off (one channel)®
L=f(IL); Tistart = 150°C, Vpp =12V, R =0Q

L [mH]
1000

100

»
L1

10

2 3 4 5 6 7 8 9 1011 12
I [A]
i B 8235605 0093067 156 WA
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BTS 726 L1

Typ. on-state resistance

Ron =f(Vbb,Tj); IL=2A, IN=high

Typ. standby current
Ipb(ofn =f(T}); Vbb=9...34 V, IN1,2 = low

RoN [mOhm) loboff) [MA]
150 l 40
35 _ /
125 ~ /
\ 30 - y -
100 \ Tj=150°C
25
75 - N +—85°C — 20 ,
25°C 15
50 -
-40° 10
25
5
0 0
0 10 20 30 40 -50 0 50 100 150 200
Vob V] Tj [°C]
Typ. open load detection current Typ. initial short circuit shutdown time
Iior) =f (Vpp Tj); IN=high tofftSC) =f (Tj sae )i Vbb =12V
ILioL) [mA] toff(sC) [msec]
500 . - ; 6
1 -40°C -
450 ' -
400 i : 5 - B ; [
B — 25 ’ \ =
b33 .
®re | 85°C 4 \ ,
a0+ 83 . \
5% ol T, =150°C \ o
250 + B : 3 '
£3 N
200+ 3
8 2
150 + &
o
100 1
50
0 0
0 10 20 30 -50 0 50 100 150 200
Vbb [V] Tj.start [°C]

B A235605 0093068 094 N
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Timing diagrams

Both channels are symmetric and consequently the diagrams are valid for channel 1 and

channel 2 '
Figure 1a: Vpp tum on: Figure 2b: Switching an inductive load
IN1
| [ l [ IN
/I\IN2 T
| t
Vb §T (€4S
=
|
\ |
’ ouT
|
v |
out2 r___
I
| J
!
ST open drain B
v t 7 ! \ t

Figure 2a: Switching a lamp:

IN

[ 1

ST

ouT

The initial peak current should be limited by the lamp and not by the
initial short circuit current | sy = 25 A typ. of the device.

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

Figure 3a: Tumn on into short circuit:
shut down by overtemperature, restart by cooling

INT gther channel: normal operation

|

|

|

lscp) |
'Liscn) |

/ |

|

| 1 f
—> oft(SC) £
ST | or )l
l [

t

Heating up of the chip may require several milliseconds, depending
on external conditions (toff(SC) v8. T},stan $66 page 779)

BN 4235605 0C930L9 T20 WM
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Figure 3b: Turn on into short circuit:
shut down by overtemperature, restart by cooling
(two parallel switched channels 1 and 2)

IN1/2

.

b4
Lt 2
ILiscp)

ILiscn

—! tonso) o |

1

ST1 and ST2 have to be configured as a ‘Wired OR' function ST1/2
with a single pull-up resistor.

Figure 4a: Overtemperature:
Reset if 7j <Tjt

IN

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

|t
ST —> asm €

—

Vv
out

IN

tysT OL4)
I@

=

|
__>:
|
|

open

The status delay time td(STOL4) allows to distinguish between the
failure mades “open load in ON-state™ and “overtemperature”.

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

L r |

T
d(ST OL1) tyeT
I d(ST OL2)

ST

ouT

open normal

ta(sT oL1) = 20 ps typ., tasT orzy = 10 us typ

B 4235605 0093070 742 N
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Figure Sc: Open load: detection in ON- and OFF-
state (with Rex), tum on/off to open load

ST le—s'usm
1

out

open

Figure 6a: Undervoltage:

Vb b

A | '
Y \
bb{under) bby(u rst)

—
v L
b

AT

ST

Figure 6b: Undervoltage restart of charge pump

v Von(cLy

off-state
on-state
off-state

v bb{over)

\
1 Vbh(u rst) bbfo rst)

\"
bb{u cp)

IN = high, normal load conditions.
Charge pump starts at Vob(uep) = 5.6V typ.

- Figure 7a: Overvoltage:

——

Vo JAYonecy  Vbbioven A Vobio rst)
|

ouTt

e

ST

Bl 4235605 0093071 L&Y W
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Package and Ordering Code
Standard P-DS0-20-9 Ordering Code

| srsrasts ] 067060-57003:A2 - |
TS 0.35x45
168l el
Sy e~ L
T = £ 3 E/

127 L 4 ( 04108

0 3500.IS 2
== ——ell—5{0.2] 20x 10,3403 |-

20 il
fAABAARAR

Index __|
Marking

o
LERLLLELE
1 104

~12.89.2"

All dimensions in miimetres
1) Does naot include plastic or metal protrusions of 0.15 max per side
2) Does not include dambar protrusion of 0.05 max per side

Definition of soldering point with temperature Tg:
upper side of solder edge of device pin 15.

7 Salderi
9
point

Pin 15

Printed circuit board (FR4, 1.5mm thick, one layer
70um, 6cm? active heatsink area) as a reference for
max. power dissipation Py, nominal lodd current
IL(Nomy and thermal resistance Rinja

T
}Q:En muun IJ.JI?"J“'LI. Vil

CNDI
L (o ]

R | o |
LT [ ]

jehid
N o4

NEE ]
e o

L“:::22:*4

+5V Voo QUTRTUTR QUT2UTR  Vibh
Serme  Sense Sense

—

18

B 8235605 0093072 515 mA
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