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1 Overview

The BTS3160D is a one channel low-side power switch in

PG-T0O-252-5-13 package providing embedded protective functions.

The power transistor is realized by a N-channel vertical power

MOSFET.

The device is controlled by a chip in Smart Power Technology.

Features

* Logic level input compatible to 3.3 V or 5V micro controllers

*  Supply by ¥, line, down to 6 V

* Very low over all leakage current

» Providing digital fault information

» Electrostatic discharge protection (ESD)
* Green Product (RoHS compliant)

+ AEC Qualified

BTS3160D

PG-TO-252-5-13

Table 1 Basic Electrical Data

Drain voltage Vo 40V
Supply voltage Vs 6.0...45V
On-State resistance at 25°C Rps(on,max) | 10 mQ
Nominal load current Ionom 7.8A
Maximum inrush current Ipsc 70 A
Leakage current MOSFET at V,, =13.5V, T, =85°C |Ipgg 2 uA
Supply current in off mode at 7, =13.5V, T, =85 °C |Iggg 4 uA
Clamping Energy Epg 0.3J
Type Package
BTS3160D PG-TO-252-5-13

Datasheet

Rev. 1.1, 2008-02-28
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Overview

Digital Diagnostic
*  Over temperature shutdown

e Over load shutdown
e Short circuit shutdown

Protection Functions

Electrostatic discharge (ESD)

* Under voltage lock out

» Over temperature (shutdown with latch)
Over voltage (active clamped)

Application

Micro controller compatible low side power switch with digital feedback for 12V loads
All types of resistive, inductive and capacitive loads

Suitable for loads with high inrush current, such as lamps

Also suitable for LEDs because of low leakage current

Replaces electromechanical relays, fuses and discrete circuits

Description

The BTS3160D is a latching one channel low-side power switch in PG-T0O-252-5-13 package providing embedded
protective functions. The power transistor is build by a N-channel vertical power MOSFET. The device is controlled
by a control chip in Smart Power Technology.

The device is able to switch all kind of resistive, inductive and capacitive loads. For lamp loads the lamp-inrush-
current, eight- to ten-times the nominal current, has to be considered. The maximal inrush current has to be below
the minimum short circuit shutdown current.

The ESD protection of the Vg and IN/Fault pin is in relation to GND.

The BTS3160D is supplied by the Vg Pin. This Pin can be connected to battery line. The supply voltage is
monitored by the under voltage lock out circuit. The Gate driving unit allows to operate the device in the low ochmic
range even with 3.3 V input signal. For PWM application the device offers smooth turn-on and off due to the
embedded edge shaping function, in order to reduce EMC noise.

The over voltage protection is for protection during load-dump or inductive turn off conditions. The power MOSFET
is limiting the drain-source voltage, if it gets too high. This function is available even without supply.

The over temperature protection is in order to save the device from overheating due to overload and bad cooling
conditions. In order to reduce the device stress the edge shaping is disabled during thermal shutdown. After
thermal shutdown the device stays off until the latch is reset by a IN-Low signal. For high dynamic overload
conditions such as short circuit the device will turn off if a certain load current is reached. The short circuit
shutdown is a latch function. The device will stay off until the latch is reset by IN-Low signal. In order to reduce the
device stress the edge shaping is disabled during short circuit turn off.

Datasheet 4 Rev. 1.1, 2008-02-28
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Block Diagram

2 Block Diagram
Under { 1Drain
vV, [H>19— voltage |
lockout Over- Over-
voltage temperature 13
Protection Protection
Gate
IN / . o |
Fault [— Dr|V|.ng ‘ >
Unit |_I
Error | ]
Logic | l
ESD rouit
Protection Protection
l l & { ITGND
BlockDiagram.emf

Figure 1 Block Diagram for the BTS3160D
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Block Diagram

2.1 Voltage and current naming definition
Following figure shows all the terms used in this datasheet, with associated convention for positive values.

Vo O

+ v

bb

Drain[

IN / Fault

{I
—v o GND — —v
GND O

Figure2 Terms

Terms emf
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Pin Configuration

3 Pin Configuration
3.1 Pin Assighment BTS3160D
(top view)
5 11 GND
4 11 GND
Drain 6 (Tab) 3 ]
2 [ 17 IN/ Fault
1 [ Vg
PinConfiguration.emf
Figure 3  Pin Configuration PG-TO-252-5-13
3.2 Pin Definitions and Functions
Pin Symbol Function
1 Vs Supply Voltage; Connected to Battery Voltage with Reverse polarity protection
2 IN Control Input and Status Feedback; Digital input 3.3 V or 5 V logic.
3, Tab |Drain Drain output; Protected low side power output channel
4,5 GND Ground; Signal ground, Pin 4 and 5 must be externally shorted”

1) Not shorting pin 4 and 5 will considerably increase the on-state resistance and reduce the peak current capability.

Datasheet 7 Rev. 1.1, 2008-02-28
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General Product Characteristics

4 General Product Characteristics

4.1 Absolute Maximum Ratings

Absolute Maximum Ratings "
T,=-40°Cto+150 °C; Vg =6 V1o 30 V.
All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. ‘ Max.

Voltages

411 Supply voltage Vs -0.3 30 V -

4.1.2 Supply voltage during active clamping | Vsppuise) -0.3 45 \Y, 2)

413 Drain voltage Vo -0.3 40 v 3

41.4 Drain voltage for short circuit protection | Vs, 0 30 \Y -

4.1.5 Logic input voltage VN -0.3 5.3 \% -

Energies

41.6 Unclamped single pulse inductive Exg 0 0.3 J In=20A;
energy Vip =30V

Tystary = 150°C

41.7 Load dump protection Vb 0 45 \Y T,=25°C
Vicadoump = Va t Vs

Temperatures

4.1.8 Junction Temperature T, -40 150 °C -

41.9 Storage Temperature Tyq -55 150 °C -

ESD Susceptibility

4.1.10 ESD Resistivity
on all pins Veso -4 4 kv |HBM?Y

1) Not subject to production test, specified by design.

2) Not for DC operation, only for short pulse (i.e. loaddump) for a total of 100 h in full device life.
3) Active clamped.

4) ESD susceptibility, HBM according to EIA/JESD 22-A114B

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

Note: 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
not designed for continuous repetitive operation.

Datasheet 8 Rev. 1.1, 2008-02-28
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/
General Product Characteristics
4.2 Functional Range
Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Typ. Max.
421 Supply Voltage Vs 6 13.5 30 Y -
422 Supply current in off mode I5(0FF) - 1.5 - LA Vin=0.0V;
V=135V,
T,=25°C
- - 4 Vn=0.0V;
V=135V,
T,=85°C"
- - 10 Vn=0.0V;
V=135V,
T,=150°C
423 Supply current in on Ig - 1.6 3 mA Vin=5.0V;
V=30V

1) Not subject to production test, specified by design.

Note: Within the functional range the IC operates as described in the circuit description. The electrical
characteristics are specified within the conditions given in the related electrical characteristics table.

4.3 Thermal Resistance
Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Typ. Max.
4.3.1  |Junction to Case Risc - 0.9 1.1 Kw |
4.3.2 | Junction to Ambient Ria - 80 KW |V @min. footprint
- 45 KW |V @ 6 cm? cooling
area, see Figure 4

1) Not subject to production test, specified by design

Datasheet 9 Rev. 1.1, 2008-02-28
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General Product Characteristics
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Figure 4  Typical transient thermal impedance

Zin= f(tp) ,D=tp/T, T,=25°C
Device on 50 mm x 50 mm x 1.5 mm epoxy PCB FR4 with 6 cm? (one layer, 70 um thick) copper area for
drain connection. PCB mounted vertical without blown air.

Datasheet
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Supply and Input Stage

5 Supply and Input Stage

51 Supply Circuit

The Supply pin Vg is protected against ESD pulses as shown in Figure 5. Due to an internal voltage regulator the
device can be supplied from battery line.

6.0vV..30V

Regulator ——

GND

1
[ Supply.emf

Figure 5  Supply Circuit

511 Under Voltage Lock Out / Power On Reset

In order to ensure a stable device behavior under all allowed conditions the Supply voltage Vg is monitored by the
under voltage lock out circuit. All device functions and protection are given for supply voltages above under voltage
lockout Vgyyon but parameter deviations are possible below V. There is no failure feedback for Vg < Vgyyon-

Device A
functional — l
off >
VSUVOFF VSUVON VS
UVLO_Hysteresis.emf

Figure 6 Under Voltage Lock Out

Datasheet 11 Rev. 1.1, 2008-02-28
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Supply and Input Stage

5.2 Input Circuit

Figure 7 shows the input circuit of the BTS3160D. It's ensured that the device switches off in case of open input
pin. A zener structure protects the input circuit against ESD pulses. As the BTS3160D has a supply pin, the
operation of the power MOS can be maintained regardless of the voltage on the IN pin, therefore a digital status
feedback down to logic low is realized. For readout of the fault information, please refer to “Readout of Fault
Information” on Page 12

IN/Fault
[] T_ il
/ =
AN
20pA 1.0mA
1dopA¢ L 3.0mA
GND
LT inputemf
Figure 7  Input Circuit
5.21 Readout of Fault Information

The BTS3160D provides digital status information via an increased current on the IN / Fault pin.

The voltage on this pin is pulled down to logic low if a proper resistor is used. An example for the required circuitry
is shown in Figure 8.

The increased current /i,y is an order of magnitude above the normal operation current /iy,om) therefore the
voltage at the IN/Fault pin will decrease. The voltage at the pin is determined by the current and the serial resistor.

We recommend 3k3 for a 3.3V pyC and 5k6 for a 5V pC to achieve a logic low signal.
For detailed calculation please refer to “Dimensioning of serial Resistor at IN pin” on Page 26

Vbb O
VCC O
Vcc VS
Micro BTS3160D
controller
DO IDO R1 IIN
+»——{ eo—»{ ] INFault
L
D) L]
GND

T v, GND
GND O

Fault Readoutemf

Figure 8 Readout of Fault Information

Datasheet 12 Rev. 1.1, 2008-02-28
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Supply and Input Stage

5.3 Electrical Characteristics Supply and Input Stages

Vs=6V1to30V, T;=-40 °C to +150 °C
All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. |Typ. |Max.

Under Voltage Lockout
5.3.1 UV-switch-on voltage Vsuvon  |— - 5.5 \Y, Vg=55V
5.3.2 UV-switch-off voltage Vsuvore |40 - - \ Vg=4.0V
5.3.3 | UV-switch-off hysteresis Vsovay  |— 0.2 - \ Vsuvon - Vsuvore
Digital Input / Fault Feedback
534 Low level voltage VINL - - 0.8 \Y, Vs=6V;

no fault condition
5.3.5 High level voltage ViNH 20 - - \Y, Vg=6V;

no fault condition
5.3.6 Input pull down current In 20 50 100 nA Vn=53V;

no fault condition

IiNFautt 1 2 3 mA Vin=53V;

all fault conditions

5.3.7 |Input Fault ON threshold Tk autt_oNth 600 uA R

1) not subject to production test

Datasheet 13 Rev. 1.1, 2008-02-28



® o Smart Low Side Power Switch
@l neon HITFET - BTS3160D

Power Stage

6 Power Stage
The power stage is built by a N-channel vertical power MOSFET (DMOS)

6.1 Output On-state Resistance

The on-state resistance depends on the supply voltage as well as on the junction temperature 7,. Figure 9 shows
the dependency over temperature for the typical on-state resistance Rpgpn),While Figure 10 shows the
dependency over Vs.

V=10V

16,00
14,00 -

12,00 - T
10,00 - 7

8,00 | //
6,00 _—

4,00

RDS(on) [ mQ ]

-40 15 10 35 60 85 110 135150
T [°C]

rdson_Tjemf

Figure 9  Typical On-State Resistance
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Power Stage

50,00
45,00 -
40,00
35,00
30,00
§ 25,00
20,00 - \ "
15,00

10,00 \

5,00

R

0 10 20 30
VsV

vvvvvvvvvvv

Figure 10 Typical On-State Resistance Rpg,, = f(V)

- V= 10V / /
N &VS=3OV/ /VS=6V
o |/
/e

o

ol )

O T T
0 0,5 1 1,5

VDS [V] Outputchar.emf

Figure 11  Typical Output Characteristics, 7, = 25 °C, Parameter Vg

Ip [A]
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Power Stage

6,00

0,00

typ.

-50

-25

0

25 50 75 1
T, [°C]

00 125 150 175

Zeroindrain.emf

Figure 12 Typical Zero Input Voltage Drain Current, Ig5 = f(7)
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Power Stage

6.2 Output Timing and Slopes

A high signal on the input pin causes the power MOSFET to switch on with a dedicated slope which is optimized
for low EMC emission. Figure 13 shows the timing definition.

60 %
40 %

10 %

OutputTiming.emf

Figure 13 Switching a resistive Load

In order to minimize the emission during switching the BTS3160D limits the slopes during turn on- and off to slow
slew rate settings.The definition is shown in Figure 14. For best performance of the edge shaping the supply pin Vg
should be connected to battery voltage. For supply voltages other than nominal battery the edge shaping can differ
from the values in the electrical characteristics table below.

IN
High
>

Low
t
LA
100% 4—— — —— S
;\di/dqslow ;
80% 4— - — — — — — - SN — . —
|di/dfast
0% —-—fpo VY ¥ S
|di/dtjslow %
>

EdgeShaping.emf

Figure 14 Typical Slopes for resistive Loads
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6.3 Inductive Output Clamp
When switching off inductive loads with low-side switch

Power Stage

es, the Drain Source voltage 7 rises above battery

potential, because the inductance intends to continue driving the current.

The BTS3160D is equipped with a voltage clamp mechani
level. See Figure 15 for more details.

sm that keeps the Drain-Source voltage 7 at a certain

g] Drain

5

———ﬁ%mo

OutputClamp emf

Figure 15 Output Clamp
Overtemperature or
short circuit detected
IN ¢
High
Low »
\ [ t
I ( \ \ |
\ e N \
\ \ [\
\ \ >
t
von A \ \ [
Vowr T B L B —
\ \
\ \
\ \
Vio I
T~ \
1 1 -
t
InductiveLoad .emf
Figure 16 Switching an inductance

While demagnetization of inductive loads, energy has to be dissipated in the BTS3160D. This energy can be

calculated with following equation:

g

Following equation simplifies under assumption of R, =0

LI L

R -1

—] +IL:| .
(CL)

Vob = Vs

Voo = Vosiel) n L
R

b - oseu [

1
£=3

Datasheet
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Figure 17 shows the inductance / current combination the BTS3160D can handle.

For maximum single avalanche energy please also refer to E,g value in “Energies” on Page 8

Power Stage

10,0
V,, =30V
— 1,0 -
I
E
-l
Max.
0,1
\
0,0 \
10 100
15 [A]
EAS.emf

Figure 17 Maximum load inductance for single pulse
L=7 (1), Tjstan= 150 °C
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Power Stage

6.4 Electrical Characteristics Power Stage

Vs=6V1to30V, T;=-40 °C to +150 °C
All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. |Typ. |Max.

Power Supply
6.4.1 On-state resistance Rpsion) - 8 10 mQ Ip =20 A;

Vin = high;
Vg=10V;
T,=25°C

- 14 18 mQ  |Ip=20A;

Vi = high;
Vs=10V;
Ty=150°C
6.4.2 |Nominal load current Ionom 7.8 9.7 - A V,,=05V,;
T, = 85 °C SMD?;
Vn=5.0V;
Vg2 10V;
T,<150°C
6.4.3 |ISO load current Iniso 33 41 - A Vy,,=05V,;
T = 85 °C;
Vn=50V;
Vg210V;
T,<150°C
6.4.4 Off state drain current Inss - 6 12 LA Vip =32 V;
Vn=0.0V
6.4.5 - 1 2 HA VP, =13.5V;
Vn=0.0V;
T,=85°C

Dynamic Characteristics
6.4.6 | Turn-on delay tond 20 75 110 us R =224

Vo = Vg =135V
80 150 250 us R =22Q;

Vep = Vg =135V
6.4.8 | Turn-off delay totia 20 75 110 us R =22Q;

Vo = Vg =135V
6.4.9 | Turn-off time foit 80 150 250 us R =22Q;

Vo = Vg =135V
6.4.10 |Slew rate on -dVp/de,, 0.1 0.3 0.7 Vius |R =2.2Q;

Vep = Vg =135V
6.4.11 | Slew rate off drp/dey 0.1 0.3 0.7 Vips  |R =2.2Q;

Vep = Vg =135V
6.4.12 |Slew rate during edge shaping |dl/dt|go, |— 0.04 [0.07 |Aus VR =22Q

Vep = Vs =135V,
ohmic load

6.4.7 Turn-on time ton

Datasheet 20 Rev. 1.1, 2008-02-28
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Power Stage

Vs=6V1to30V, T;=-40 °C to +150 °C
All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Typ. Max.
6.4.13 |Slew rate between edge shaping ||dI/dt;, |- - 0.3 Alus |YR =22Q
Vep = Vg =135V,
ohmic load
6.4.14 |Fault signal delay ttault - 4 10 us R
Inverse Diode
6.4.15 |Inverse Diode forward voltage Vb -0.3 -1.0 -1.5 \Y, Ip=-12 A;
Vs=0V;
Vin=0.0V

1) Not subject to production test.

2) Device on 50 mm x 50 mm x 1.5 mm epoxy PCB FR4 with 6 cm? (one layer, 70 um thick) copper area for drain connection.
PCB mounted vertical without blown air.
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Protection Functions

7 Protection Functions

The device provides embedded protection functions against over temperature, over load and short circuit.

Note: Integrated protection functions are designed to prevent IC destruction under fault conditions described in the
data sheet. Fault conditions are considered as “outside” normal operation.

71 Thermal Protection
The device is protected against over temperature resulting due to overload and / or bad cooling conditions.

The BTS3160D has a thermal latch function. The thermal latch is reset by IN-Low signal. See Figure 18 for the
latch behavior.

The diagram naming refers to Figure 8

Thermal shutdown

}

1 /I L
o 1

A A

——d -

— 1 -
> |

IINfamlt

I]Nnom I

0
DI

High ?

Low I

Figure 18 Status Feedback via Input Current at Over temperature

LRl

// ‘ >

Thermal_fault_latch.emf

7.2 Over Voltage Protection

The BTS3160D is equipped with a voltage clamp mechanism that keeps the Drain-Source voltage V' at a certain
level. This stage is also used for inductive clamping.

See “Inductive Output Clamp” on Page 18 for details.

7.3 Short Circuit Protection

The condition short circuit is an overload condition of the device. Dependent on the short circuit resistance the
current increase is more or less steep. In condition of high ohmic short the device heats up and the turn off is due
to over temperature. In condition low ohmic short the device turns off on a threshold current level before the over
temperature condition is detected. In order to allow short current spikes, the turn off occurs with the delay time
tasc- Figure 19 shows the behavior mentioned above. In this example the short circuit always occurs after the
device has switched on under normal load condition - Short circuit type 2. The definitions of voltages and currents
are in respect to Figure 8. The behavior of 7, also depends on R.

Datasheet 22 Rev. 1.1, 2008-02-28
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Protection Functions

Thermal Short Short Circuit
Overload shutdown circuit shut off short spike

Dnom

I[N

IIN fault

INnom

//

t

ShortcircuitType 2.emf

Figure 19 Short Circuit during On State, Typical Behavior for Ohmic Loads

Short Circuit
Thermal shutdown shut off short spike

IN
ngh ¢

|
|
|
!
4???

U
=
e
g

INfauh

INnom

nghﬁ

Figure 20 Turn On into Existing Short Circuit, Typical Behavior for Ohmic Loads

t

ShortcircuitType 1.emf

The case when the device switches on into an existing short circuit - Short circuit type 1- is shown in Figure 20.
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Protection Functions

The test setup for short circuit characterization is shown in Figure 21. The BTS3160D is a low side switch.
Therefore it can be assumed that the micro controller and device GND connection have a low impedance. The ¥
voltage needs to be stabilized to ensure the protection features. In application this is often already covered from
the module standard circuits.

IN
vi@svi@ o —1T 1 [
b Control circuit

BTS3160

__'I'"T"
o

GND

— ]
L

GND

Setup_Short_circuitemf

Figure 21 Test Setup for Short Circuit Characterization Test
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7.4

VS:6V

Electrical Characteristics Protection

to 30V, 7;=-40 °C to +150 °C

Protection Functions

All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. |Typ. |Max.
Thermal Protection
7.41 Thermal shut down junction Tsp 150 175" |- °C Vg=6.0V
temperature

7.42 | Thermal hysteresis AT s - 10 - K Vys=6.0V

Over Voltage Protection

74.3 Drain source clamp voltage Voaz 40 44 - \Y, Ip =10 mA;
Vs=0.0V;
Vin=0.0V

- 45 49 \Y, Io=8A;

Vs=0.0V;
Vin=0.0V

Short Circuit Protection, 6.0 V< 7V5<30V

744 Short circuit shutdown current for | I 70 100 130 A

max. tysc

7.4.5 | Short circuit shutdown delay tasc 1 4 8 us " Ip > Inscy,
ohmic load

1) Not subject to production test, specified by design.
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