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Smart High-Side Power Switch

PROFET

Product Summary

The BTS 5441G is a four channel high-side power
switch in P-DS0-28-19 package providing embedded
protective functions including ReverSaveT

The power transistor is built by a N-channel vertical
power MOSFET with charge pump. The device is
monolithically integrated in Smart SIPMOS

BTS 5441G

P-DS0O-28-19

technology.

Operating voltage Vob(on) 45..28V
Over-voltage protection Vob(AZ) 41V
On-State resistance Rps(on) 25 mQ
Nominal load current (one channel active) I\ (nom) 56 A
Current limitation Iy 40 A
Current limitation repetitive I (scn 95A
Stand-by current for whole device with load ob(OFF) 15 pA
Basic Features

* Very low standby current

e 3.3V and 5 V compatible logic pins

* Improved electromagnetic compatibility (EMC)

e Stable behavior at under-voltage

* Logic ground independent from load ground

e Secure load turn-off while logic ground disconnected

* Optimized inverse current capability

Type Ordering Code Package

BTS 5441G Q67060-S6150 P-DS0O-28-19

Data Sheet 3 V1.0, 2004-02-27
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Protective Functions

» ReverSave™ channels switch on in case of reverse polarity
* Reverse battery protection without external components

e Short circuit protection

* Over-load protection

e Multi-step current limitation

* Thermal shutdown with restart

* Thermal restart at reduced current limitation

* Over-voltage protection without external resistor

e Loss of ground protection

» Electrostatic discharge protection (ESD)

Diagnostic Functions

* Enable function for diagnosis pins (IS1 .. I1S4)

* Proportional load current sense signal by current source

* Open load detection in ON-state by load current sense

* Open load detection in OFF-state by voltage source

* Feedback on over-temperature and current limitation in ON-state

Applications

e uC compatible high-side power switch with diagnostic feedback for 12 V grounded
loads

* All types of resistive, inductive and capacitive loads

* Most suitable for loads with high inrush currents, so as lamps

* Replaces electromechanical relays, fuses and discrete circuits

Data Sheet 4 V1.0, 2004-02-27
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techno|ogies/ BTS 5441G
Overview
1 Overview

The BTS 5441G is a four channel high-side power switch (four times 25 mQ) in
P-DS0O-28-19 package providing embedded protective functions including ReverSave.

ReverSave is a protection feature that causes the power transistors to switch on in case
of reverse polarity. As a result, the power dissipation is reduced to almost forward
condition.

The Enhanced IntelliSense pins 1S1 to 1S4 provide a sophisticated diagnostic feedback
signal including current sense function and open load in off state. The diagnosis signals
can be switched on and off by the sense enable pins SENA and SENB.

Integrated ground resistors as well as integrated resistors at each input pin (IN1, IN2,
IN3, IN4, SEN) reduce external components to a minimum.

The power transistor is built by a N-channel vertical power MOSFET with charge pump.
The inputs are ground referenced CMOS compatible. The device is built by two dual
channel chips, each monolithically integrated in Smart SIPMOS technology.

1.1 Block Diagram
. , ,J]VBB
channel 1,2 (Chip A) L
| load current ft/\
- sense ReverSave
internal gate control |
power > & } A
supply logic charge pump clamp for H
inductive
INT [ > > «—] openload load ouT2
IN2 ESD ' h detection E
IS1[ ]« . multi step OuT1
1S2 protection < | temperature o] load current
SENA > > h sensor "l limitation
M
.Y
IN3 clnhannel 3,4 (Chip B) ||
IN4 control and protection circuit > k—} A
IS3 equivalent to —
1S4 channel 1,2 ouT4
SENB a OuUT3
QRGND g RSND
GNDA— GNDB ™

Figure 1 Block Diagram
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Overview
1.2 Terms
Following figure shows all terms used in this data sheet.
Vbb ’Elbb
LT
VBB
IN1
IN2 oUTT Vosty
IS 1 BTS 5441G Vours
152 ouT2 Ml
VOUT2
SENA Chip A
IN3
IN4 ouT3 osow
V,
1S3 ouT3
ouT4 Voot
1S4 VOUT4
SENB Chip B
GNDA GNDB
—
Y YYYVYY YYY ¢ IGND y vy v
Terms4ch.emf

Figure 2 Terms

Channel related symbols without channel number are valid for each channel separately.
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Pin Configuration

2 Pin Configuration
2.1 Pin Assignment BTS 5441G
(top view)
VBB [T][1e® 28 [ 1] VBB
GNDA [1|2 27 17 OUT1
INT 173 26 1] OUT1
IS1 [1]|4 25 1] OUT1
1S2 1|5 24 177 OUT2
IN2 (1|6 23 1] OUT2
SENA [T|7 22 177 OUT2
GNDB [1]|8 21 11 OUT3
IN3 1|9 20 [ 1] OUT3
IS3 [][10 19 [1J OUT3
1S4 1|11 18 [1T1 OUT4
IN4 T[12 17 [1J OUT4
SENB 11|13 16 [ ] OUT4
VBB [T |14 15 1] VBB
Figure 3 Pin Configuration P-DS0O-28-19
2.2 Pin Definitions and Functions
Pin Symbol /0 | Function
3 IN1 I Input signal for channel 1
6 IN2 I Input signal for channel 2
9 IN3 I Input signal for channel 3
12 IN4 I Input signal for channel 4
4 1S1 O Diagnosis output signal channel 1
5 1S2 O Diagnosis output signal channel 2
10 1S3 0] Diagnosis output signal channel 3
11 1S4 O Diagnosis output signal channel 4
7 SENA I Sense Enable input for channel 1&2
Data Sheet 7 V1.0, 2004-02-27
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Pin Configuration

Pin Symbol /0 | Function

13 SENB I Sense Enable input for channel 3&4

25, 26, 27 |OUTA1 O Protected high-side power output channel 1

22, 23,24 |OUT2 O Protected high-side power output channel 2

19, 20,21 |OUTS3 O Protected high-side power output channel 3

16, 17,18 |OUT4 O Protected high-side power output channel 4

2 GNDA - Ground connection chip A

8 GNDB - Ground connection chip B

1,14,15, | VBB - Positive power supply for logic supply as well as

28 output power supply

Data Sheet 8 V1.0, 2004-02-27
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Electrical Characteristics

3 Electrical Characteristics

3.1 Maximum Ratings

Stresses above the ones listed here may cause permanent damage to the device.
Exposure to maximum rating conditions for extended periods may affect device reliability.

T; = 25 °C (unless otherwise specified)

Pos. |Parameter Symbol | Limit Values | Unit | Test
min. | max. Conditions
Supply Voltage
3.1.1 | Supply voltage Vb -16 28 |V
3.1.2 | Supply voltage for full short Vob(sc) 0 28 |V L=8pH
circuit protection (single pulse) R=02Q"
(T;=-40°C .. 150°C)
3.1.3 | Voltage at power transistor Vbs - 52 |V
3.1.4 | Supply Voltage for Load Dump | Vi p) - 53 |V |[R=2Q?
protection R =6.8Q
Power Stages
3.1.5 |Load current I - | hum|A ¥
3.1.6 | Maximum energy dissipation | Epg - 0.26 |J 4)
per channel (single pulse) li0=55A
Ti0) = 150°C
3.1.7 | Total power dissipation (DC) | Py - 20 |w |9
for whole device T,=85°C
T;< 150 °C
Logic Pins
3.1.8 |Voltage at input pin VIN -5 19 |V
-16 t< 2min
3.1.9 | Current through input pin IN -2.0 20 |mA
-8.0 t< 2 min
3.1.10 | Voltage at sense enable pin Vsen -5 19 |V
-16 t< 2 min
3.1.11 | Current through sense enable | Iggy -2.0 20 |mA
pin -8.0 t< 2min
3.1.12 | Current through sense pin Iis -25 10 |mA
Data Sheet 9 V1.0, 2004-02-27
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Electrical Characteristics

T; = 25 °C (unless otherwise specified)

Pos. |Parameter Symbol | Limit Values | Unit | Test
min. | max. Conditions
Temperatures
3.1.13 | Junction temperature T; -40 150 |°C
3.1.14 | Dynamic temperature increase | AT] - 60 |°C
while switching
3.1.15 | Storage temperature Tstg -55 150 |°C
ESD Susceptibility
3.1.16 | ESD susceptibility HBM VEsD kV | according to
IN, SEN -1 1 EIA/JESD
IS -2 2 22-A 114B
ouT -4 4

1 R and L describe the complete circuit impedance including line, contact and generator impedances

Load Dump is specified in ISO 7637, R, is the internal resistance of the Load Dump pulse generator

Current limitation is a protection feature. Operation in current limitation is considered as “outside” normal
operating range. Protection features are not designed for continuous repetitive operation.

Pulse shape represents inductive switch off: I (1) = 1) (0) * (1 - 1 / tyeai); 0 < < fpeak

Device mounted on PCB (50 mm x 50 mm x 1.5mm epoxy, FR4) with 6 cm? copper heatsinking area (one
layer, 70 pm thick) for V,,;, connection. PCB is vertical without blown air.

Data Sheet 10 V1.0, 2004-02-27
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Block Description and Electrical Characteristics

4 Block Description and Electrical Characteristics

4.1 Power Stages

The power stages are built by a N-channel vertical power MOSFET (DMOS) with charge
pump.

411 Output On-State Resistance

The on-state resistance Rpgon) depends on the supply voltage as well as the junction
temperature TJ Figure 4 shows these dependencies for the typical on-state resistance.
The on-state resistance in reverse polarity mode is described in Section 4.2.2.

ol
-50 -25 0 25 50 75 100 125 150

T/°C

Figure 4 Typical On-State Resistance

4.1.2 Input Circuit

Figure 5 shows the input circuit of the BTS 5441G. There is an integrated input resistor
that makes external components obsolete. The current source to ground ensures that
the device switches off in case of open input pin. The zener diode protects the input
circuit against ESD pulses.

Input.emf

Figure 5 Input Circuit (IN1 .. IN4)

Data Sheet 11 V1.0, 2004-02-27

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/701678/BTS5441G.html

—

i Smart High-Side Power Switch
infineon BTS 5441G

Block Description and Electrical Characteristics

A high signal at the input pin causes the power DMOS to switch on with a dedicated
slope, which is optimized in terms of EMC emission.

v

dv/ ddBV /
dtON FF
309

Figure 6 Switching a Load (resistive)

SwitchOn.emf

41.3 Inductive Output Clamp

When switching off inductive loads with high-side switches, the potential at pin OUT
drops below ground potential, because the inductance intends to continue driving the
current.

Ll
VBB

L,

GND

OouT| V,
OUTJ L,

R

Figure 7 Output Clamp (OUT1 .. OUT4)

OutputClamp .emf

To prevent destruction of the device, there is a voltage clamp mechanism implemented
that keeps that negative output voltage at a certain level (Voyr(cr))- See Figure 7 and
Figure 8 for details. Nevertheless, the maximum allowed load inductance is limited.

Data Sheet 12 V1.0, 2004-02-27
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Block Description and Electrical Characteristics

v A
ouT| IN =5V IN = 0V
Vbb
t >
VOUT(CL
/LI
t »
InductivelL.oad.emf
Figure 8 Switching an Inductance

Maximum Load Inductance

While demagnetization of inductive loads, energy has to be dissipated in the
BTS 5441G. This energy can be calculated with following equation:

[Vourcy) ( Ry I j L
oy v S LOUTELL jnlq 4 L7 I |- =
(Voo + [Vour(cy)) { R, " +‘VOUT(CL)‘ o R

Following equation simplifies under the assumption of R = 0:

V,
E = %LI,_Z-[1 +—LJ
VouTcy)

The energy, which is converted into heat, is limited by the thermal design of the
component. See Figure 9 for the maximum allowed energy dissipation.

2 T T T T T T T T T T T T T T
1
2 ;
2 05 -
uF 04 |
03
02 |
0.1 I | | | | | | | I | | | | |
2 3 4 5 6 7 8 9 10 11 12 13 14 15
I, /A
Figure 9 Maximum energy dissipation single pulse, T gtat = 150°C
Data Sheet 13 V1.0, 2004-02-27
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Block Description and Electrical Characteristics

41.4 Electrical Characteristics

Vopb=9 V1o 16V, T;=-40 °C to +150 °C (unless otherwise specified)
typical values: Vp, =13.5V, T;=25°C

Pos. |Parameter Symbol Limit Values Unit | Test Conditions
min. | typ. | max.
General
4.1.1 | Operating voltage Voo 4.5 28 |V Vin=45V
R =12 Q
VDS <05V
4.1.2 | Operating current IgnD mA |Vy=5V
one channel 1.5 4
all channels 5.6 16
4.1.3 | Stand-by current for | IypoFF) PA | V=0V
whole device with Veen=0V
load Vour < Vourt(ow)
10 15 T;j=25°C
15 T;=105°C ")
40 T;=150°C
Output characteristics
4.1.4 | On-State resistance | Rpg(on) mQ |[.=5A
per channel 19 25 T;=25°C
35 48 T;=150°C
4.1.5 | Output voltage drop | Vpgny) 40 mV |, <05A
limitation at small load
currents
4.1.6 | Nominal load current | I (nom) A T,=85°C
per channel T;< 150 °C 2)3)
one channel active 5.6
four channels active 3.2
41.7 OUtpUt clamp VOUT(CL) -17 |-145] 12 |V IL =40 mA
4.1.8 | Output leakage I\ (oFF) 1.5 8 |[pA Vin=0V
current per channel
4.1.9 |Inverse current I\ (iny) 3 A R
capability
Data Sheet 14 V1.0, 2004-02-27
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Block Description and Electrical Characteristics

Vob=9V 1o 16V, T;=-40 °C to +150 °C (unless otherwise specified)
typical values: Vi, =13.5V, 7;=25°C

Pos. | Parameter Symbol Limit Values Unit | Test Conditions
min. | typ. | max.
Thermal Resistance
4.1.10 | Junction to case Rinje 30 |[kw |1
4.1.11 | Junction to ambient | Ryja Kw |12
one channel active 40
all channels active 32
Input characteristics
4.1.12 | Input resistance RN 23 | 3.6 | 53 |kQ
4113 L-input level V|N(L) -0.3 1.0 |V
4.1.14 | H-input level VINH) 2.6 17 |V
4.1.15| Input hysteresis AViN 0.4 Vv R
4.1.16 | L-input current IlN(L) 3 75 |pA VlN =04V
4.1.17 | H-input current IiNgH) 10 38 75 |pA Vin=5V
Timings
4.1.18 | Turn-on time to 'ON 120 | 250 |ps R . =12Q
90% Vy, Vop =135V
4.1.19 | Turn-off time to IOFF 135 | 250 |ps R =12Q
10% Vpp Vb =135V
4.1.20 | slew rate dV/dtgn| 0.1 | 025 | 0.5 |V/ps R =12Q
30% to 70% Vbb Vbb =135V
4.1.21 | slew rate -dV/ 0.1 |025| 0.5 |V/us |[R . =12Q
70% 10 30% Vi, dtorr Vp=135V

Y Not subject to production test, specified by design
2) Device mounted on PCB (50 mm x 50 mm x 1.5mm epoxy, FR4) with 6 cm? copper heatsinking area (one

layer, 70 pm thick) for V,,;, connection. PCB is vertical without blown air.

8) Not subject to production test, parameters are calculated from Rbs(on) and Ry

Note: Characteristics show the deviation of parameter at the given supply voltage and
junction temperature. Typical values show the typical parameters expected from
manufacturing.

Data Sheet 15 V1.0, 2004-02-27
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4.2 Protection Functions

The device provides embedded protective functions. Integrated protection functions are
designed to prevent IC destruction under fault conditions described in the data sheet.
Fault conditions are considered as “outside” normal operating range. Protection
functions are neither designed for continuous nor repetitive operation.

4.21 Over-Load Protection

The load current It is limited by the device itself in case of over-load or short circuit to
ground. There are two steps of current limitation which are selected automatically
depending on the voltage Vpg across the power DMOS. Please note that the voltage at
the OUT pin is Vi, - Vpg. Please refer to the following figure for details.

40 +

30

20 H

10

»

[ T T T f f »
5 10 15 20 25 30 Vos CurrentLimitation.emf

Figure 10 Current Limitation (minimum values)

Current limitation is realized by increasing the resistance of the device which leads to
rapid temperature rise inside. A temperature sensor for each channel causes an over-
heated channel to switch off to prevent destruction. After cooling down with thermal
hysteresis, the channel switches on again. Please refer to Figure 11 for details.

'
I Q/

L(SsCr
tOFF(SC / | r

.

Figure 11 Shut Down by Over-Temperature

\4

OverLoad .emf

In short circuit condition, the load current is initially limited to IL(LIM)- After thermal restart,
the current limitation level is reduced to I gcy- The current limitation level is reset to
I\ (Limy by switching off the device (Vi =0 V).

Data Sheet 16 V1.0, 2004-02-27
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4.2.2 Reverse Polarity Protection

The BTS 5441G is ReverSave. This means, no additional components are required to
protect the device in reverse polarity mode. In case of reverse polarity, the device
switches on the power transistor to almost forward condition, so the power dissipation is
reduced. Additional power is dissipated by the integrated ground resistor. Use following
formula for estimation of power dissipation Pjs(rey) In reverse polarity mode.

2
v%b

IQGND

2
P giss(rev) = (RON(rev)' > j+ 2

all channels

The reverse current through the power transistors has to be limited by the connected
loads. The current trough sense pins IS1 to 1S4 has to be limited (please refer to
maximum ratings on Page 9). The temperature protection is not active during reverse
polarity.

42.3 Over-Voltage Protection

In addition to the output clamp for inductive loads as described in Section 4.1.3, there is
a clamp mechanism for over-voltage protection. Because of the integrated ground
resistor, over-voltage protection does not require external components.

As shown in Figure 12, in case of supply voltages greater than Vbb(AZ), the power
transistors switche on, and the voltage across logic part is clamped. As a result, the
internal ground potential rises to Vpp - Vppaz)- Due to the ESD zener diodes, the
potential at pin IN1, IN2 and SEN rises almost to that potential, depending on the
impedance of the connected circuitry.

] 1

internal ground
Reno ouTt Vour
GND

T

\ 4

OverVoltage .emf

Figure 12 Over-Voltage Protection

Data Sheet 17 V1.0, 2004-02-27
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4.2.4 Loss of Ground Protection

In case of complete loss of the device ground connections, but connected load ground,
the BTS 5441G securely changes to or keeps in off state.

Data Sheet 18 V1.0, 2004-02-27

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/701678/BTS5441G.html

—

i Smart High-Side Power Switch
infineon BTS 54416
4.2.5 Electrical Characteristics

Vopb=9 V1o 16V, T;=-40 °C to +150 °C (unless otherwise specified)
typical values: Vp, =13.5V, T;=25°C

Pos. | Parameter Symbol Limit Values Unit | Test Conditions

min. | typ. | max.

Over-Load Protection

4.2.1 | Load current limitation | 1, ) 40 55 |A
4.2.2 | Repetitive shortcircuit | I (scy) 9.5 A T, = Tjsc) 1)
current limitation
4.2.3 | Initial shortcircuit shut | 7oFr(sc) 0.5 ms | Tigtan =25 °C R
down time
4.2.4 | Thermal shutdown | Tjsc) 150 | 170 °C
temperature 1
425 |Thermal hysteresis | AT; 7 K R
Reverse Battery
4.2.6 | On-State resistance | Ronyrev) mQ || =-35A
per channel in case of Vpp =-13.5V
reverse polarity 30 35 T,=25°C
50 70 T,=150 °C
4.2.7 | Reverse current -IgND 70 mA |V, =-135V 1)

through each GND pin

Ground Circuit
4.2.8 |Integrated Resistors | RgnDp 120 | 175 | 260 |Q

in GND lines
Over-Voltage
4.2.9 |Over-voltage Vobazy | 41 | 47 | 53 |V |Iy, =300 pA®
protection
Loss of GND
4.2.10 | Output current while | I (gD 1 |mA |Iy=0"3
GND disconnected Isegn=0
Isnp =0
Lg=0

" Not subject to production test, specified by design

2) Current is measured by ramping up Vi, until test condition (lny) is reached

3) no connection at these pins

Data Sheet 19 V1.0, 2004-02-27
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4.3 Diagnosis

For diagnosis purpose, the BTS 5441G provides an Enhanced IntelliSense signal at pins
IS1 to 1S4 that is enabled by pin SEN. The current sense signal 1|5, a proportional signal
to the load current (ratio k|5 = I, / I|s), is provided as long as no failure mode occurs.
In case of open load in OFF-state, the voltage V|gtaun) is fed to the diagnosis pin.

l SOL
+ .
ROL
i
— —
IN1 1 Jt‘—}
" ~
R
Rim 1S1 ™ 0 OuUT1
« Fe—Ho] g {1+
SEN
HC > F—D_” VOUT(OL) IL(PD)
SN channel 1 ?
IN2 :
» | » gate control
R
Rllm 1S2 " 0
<« ] — %4—{ diagnosis
_ Ris1| Rz
D ouT2
channel 2 1
mGND
I |;|;| load
- Diagnosis equivalent for channel 3 and 4 Sonse.omf
Figure 13 Block Diagram: Diagnosis
Table 1 Truth Table
Operation Mode Input Output Level Diagnostic Output
Level SEN =H SEN=L
Normal Operation (OFF) L Z Z 4
Short Circuit to GND Z Z Z
Over-Temperature V4 4 Z
Short Circuit to Vbb Vbb VIS = VIS(fauIt) Z
Open Load < VouT(on) Z y4
> Voutoy) | Vis = Vis(taun) YA
Data Sheet 20 V1.0, 2004-02-27
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Table 1 Truth Table
Operation Mode Input Output Level Diagnostic Output
Level SEN=H SEN=L
Normal Operation (ON) H ~Vob Ls=1_/kys z
Current Limitation < Voo Y4 y4
Short Circuit to GND ~GND Z Z
Over-Temperature Z Z 4
Short Circuit to Vyy, Vob Lis <1 /kys z
Open Load ~Vbb z z

L = Low Level, H = High Level, Z = high impedance, potential depends on leakage currents and external circuit

4.3.1 ON-State Diagnosis

The standard diagnosis signal is a current sense signal proportional to the load current.
The accuracy of the ratio (kg = I/ I;5) depends on the temperature. Please refer to
Figure 14 for details. Usually a resistor R|g is connected to the current sense pin. It is
recommended to use sense resistors Rjg > 500 Q. A typical value is 4.7 kQ

7000 ! ! ! T T T

: : : T;=150°C ——
6500 T]-=-40°C —_—
6000 |~ NG — e o -

0
2 5500 [ . R S R =

: : : ; : @
ool - - o
4500 |-z S rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr <) |

—

o 3 3 : :

4000 | | | | | |

0 1 2 3 4 5 6

I, /A

Figure 14  Current sense ratio k. s"

) The curves show the behavior based on characterization data. The marked points are guaranteed in this Data
Sheet in Section 4.3.4 (Position 4.3.7).
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In case of over-current as well as over-temperature, the current sense signal is switched
off. As a result, one threshold is enough to distinguish between normal and faulty
operation. Open load and over-load can be differentiated by switching off the channel
and using open-load detection in off-state.

Details about timings between the diagnosis signal /|5 and the output voltgage Vo1 and
the load current /_in ON-state can be found in Figure 15.

INT OFF | ON
y T fon
outr /r

I

v

\4

\4

tysiony tysio
hsT

»
t
SwitchOn.emf

Figure 15  Timing of Diagnosis Signal in ON-state

4.3.2 OFF-State Diagnosis

Details about timings between the diagnosis signal /,5 and the output voltgage Vg and
the load current /_in OFF-state can be found in Figure 16.

A
N
ON OFF
v A t
our .
Open Load, pull-up resistor active pulli-:gctrﬁ/s(;stor //
t »
ta(tauy é(faultL
I|S r L~
/ VIS(fauIt)/ Rs \ /
t »
SwitchOff.emf

Figure 16 = Timing of Diagnosis Signal in OFF-state

For open load diagnosis in off-state an external output pull-up resistor (Rg) is
necessary, because the integrated pull-down current /| pp) causes secure suppression
of the open load condition as long as no pull-up resistor is activated. For caluclation of
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the pull-up resistor, the pull-down current /) (ppy and the open load threshold voltage
VouT(ov) has to be taken into account.

R~ Yoo(min) ~ Yout(oLmax)

IL(PD,max) + Ileakage

lieakage defines the leakage current in the complete system e.g. caused by humidity.
Vob(min) is the minimum supply voltage at which the open load diagnosis in off-state must
be ensured.

To reduce the stand-by current of the system, an open load resistor switch (Sg|) is
recommended.

4.3.3 Sense Enable Function

The diagnosis signals can be switched off by a low signal at sense enable pin (SEN).
See Figure 17 for details on the timing between SEN pin and diagnosis signal /|s.
Please note that the diagnosis is enabled, when no signal is provided at pin SEN.

v

! I tsIS(SEN) {:HS( SEN), tsIS(SEN) td IS(SEN)
IS

v

SEN.emf

Figure 177  Timing of Sense Enable Signal

The SEN pin circuit is designed equal to the input pin. Please refer to Figure 5 for details.
The resistors Ry, are recommended to limit the current through the sense pins IS1 to
IS4 in case of reverse polarity and over-voltage.

The stand-by current of the BTS 5441G is minimized, when all input pins (IN1 and IN2
or IN3 and IN4) and the according sense enable pin (SENA or SENB) are on low level
or left open and Voyt < VouT(oL). In case of open load in off-state (Voyt > VouT(or) and
Vin = 0 V), diagnosis tries to switch on automatically which causes an increase in supply
current. To reduce the stand-by current to a minimum, the open load condition has to be
suppressed by opening S .
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4.3.4 Electrical Characteristics

Vpp=9 V1o 16V, Tj=-40 °C to +150 °C, Vggy = 5 V (unless otherwise specified)
typical values: Vp, =13.5V, T;=25°C

Pos. | Parameter Symbol Limit Values Unit | Test Conditions
min. | typ. | max.
Open Load at OFF state
4.3.1 | Open load detection | Voyroy) | 20 | 3.2 | 44 |V
threshold voltage
4.3.2 | Integrated output pull- | -1, (pp) 200 | 300 | 400 |pA Vout > VouT(on)
down current
4.3.3 |Sense signalincase | Viggaur | 5.0 | 6.4 8 |V Vin=0V
of open load Vout = Vb
IlS =1mA
4.3.4 | Sense signal current | Iig u) 4 mA |ViN=0V
limitation Vour = Vi
4.3.5 |Sense signal invalid | yauit) 1.2 'ms |Vy=5VtoOV
after negative input Vout = Vb
slope
4.3.6 | Fault signal settling | z5(taui) 200 |ps Vin=0V
time Vour=0Vto
> VouT(oL)
IIS =1mA
Load Current Sense
4.3.7 |Currentsenseratio |k s ViN=5V
I, =05A 4170 | 5420 | 6670 T;=-40°C
I, =3.0A 4300 | 4850 | 5400
I, =6.0A 4350 | 4850 | 5350
I, =05A 4450 | 5250 | 6050 T;=150°C
I, =3.0A 4500 | 4950 | 5400
I, =6.0A 4550 | 4950 | 5350
4.3.8 |Currentsensevoltage | Vigq vy | 50 | 63 | 7.5 |V Iis=0.5mA
limitation I, =5A
4.3.9 | Current sense Lis(Lh) 5 |pA Vin=5V
leakage/offset current I, =0A
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Voo =9 V1o 16 V, Tj = -40 °C to +150 °C, Vggy = 5 V (unless otherwise specified)
typical values: Vi, =13.5V, 7;=25°C

Pos. | Parameter Symbol Limit Values Unit | Test Conditions

min. | typ. | max.

4.3.10 | Current sense lis(dis) 2 |pA Vsen=0V
leakage, while I, =5A
diagnosis disabled

4.3.11 | Current sense settling | 7550N) 300 |ps Vin=0Vto5V
time to /g static £10% I, =5A R
after positive input
slope

4.3.12 | Current sense settling | 7515(.c) 50 |ps ViN=5V
time to /ig static £10% I[[=3Ato5A"
after change of load
current

Sense Enable

4.3.13 | Input resistance Rsen 23 | 3.6 | 53 |kQ

4.3.14 | L-input level Vsene) | -0-3 1.0 |V

4.3.15 H-input level VSEN(H) 2.6 17 |V

4.3.16 | L-input current Isenq) 3 75 |PA Veen =04V

4.3.17 | H-input current IsenH) 10 38 75 |pA Vsen=5V

4.3.18 | Current sense settling | z515(sen) 3 10 |ps Veen=0Vito5V
time VlN =0V

Vourt > Vour(ow)
4.3.19 | Current sense TdIS(SEN) 10 |ps Vesen=5Vto0OV
deactivation time Lis=1mA
Rg=5kQV
1 Not subject to production test, specified by design
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Package Outlines BTS 5441G

5 Package Outlines BTS 5441G
P-DS0O-28-19
(Plastic Dual Small Outline Package)
- 0.35 x 45°
N © B
S| S| E 7.6 55" &
M NinE
o | uf iy &o IS
,,,,,,,,,,,,,,, | S 5:’/
| | 0.8
e ! o
+0. +U.
O e~ @02] 28x “lo) 10377 o
28 15
AAAAAAAARAAAAR
o
U g
18.194"
Index Marking

1) Does not include plastic or metal protrusions of 0.15 max per side
2) Does not include dambar protrusion of 0.05 max per side GPS05123

You can find all of our packages, sorts of packing and others in our
Infineon Internet Page “Products”: http://www.infineon.com/products.

SMD = Surface Mounted Device Dimensions in mm
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Revision History

6 Revision History

Version |Date Changes

V1.0 04-02-27 |initial version of Data Sheet
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Revision History
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St.-Martin-Strasse 53,
D-81541 Miinchen, Germany

© Infineon Technologies AG 3/12/04.
All Rights Reserved.

Attention please!

The information herein is given to describe certain components and shall not be considered as warranted
characteristics.

Terms of delivery and rights to technical change reserved.

We hereby disclaim any and all warranties, including but not limited to warranties of non-infringement, regarding
circuits, descriptions and charts stated herein.

Infineon Technologies is an approved CECC manufacturer.

Information

For further information on technology, delivery terms and conditions and prices please contact your nearest
Infineon Technologies Office in Germany or our Infineon Technologies Representatives worldwide.

Warnings

Due to technical requirements components may contain dangerous substances. For information on the types in
question please contact your nearest Infineon Technologies Office.

Infineon Technologies Components may only be used in life-support devices or systems with the express written
approval of Infineon Technologies, if a failure of such components can reasonably be expected to cause the failure
of that life-support device or system, or to affect the safety or effectiveness of that device or system. Life support
devices or systems are intended to be implanted in the human body, or to support and/or maintain and sustain
and/or protect human life. If they fail, it is reasonable to assume that the health of the user or other persons may
be endangered.
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