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1 Overview

Potential Applications

1x6.6 mQ

+ Suitable for driving 12.5 A resistive, inductive and capacitive loads

+ Replaces electromechanical relays, fuses and discrete circuits
+ Suitable for driving glow plug, heating loads, DC motor and for power

distribution

infineon

Package

PG-TSDSO-14

Marking

7006-1P

VBAT

L

!
L
Cvs
Dz
VDD

T

VS

I

IN

Control

DEN

GND

Optional elements marked
in grey

Rot
B
L] R/Lcable
.—D 7

ouT

VDD
GPIO Rin
GPIO { Roew F—
Microcontroller
A/DIN —@—
Sl
VSS

ouT

Rioap

App_lch_heatemf

Figurel BTS7006-1EPP Application Diagram. Further information in Chapter 10

Data Sheet
www.infineon.com

Rev. 1.03
2019-04-29



BTS7006-1EPP
PROFET™+2 12V

infineon

Overview

Basic Features

+ High-Side Switch with Diagnosis and Embedded Protection

+ Partof PROFET™+2 12V Family

« ReverSave™ for low power dissipation in Reverse Polarity

« Green Product (RoHS compliant)

Protection Features

« Absolute and dynamic temperature limitation with controlled reactivation

+ Overcurrent protection (tripping) with Intelligent Latch

+ Undervoltage shutdown

+ Overvoltage protection with external components (as shown in Figure 37)

Diagnostic Features

« Proportional load current sense

+ Open Loadin ON and OFF state

+ Shortcircuit to ground and battery

Product Validation

Qualified for automotive applications. Product validation according to AEC-Q100 Grade 1.

Description

The BTS7006-1EPP is a Smart High-Side Power Switch, providing protection functions and diagnosis.

Table1 Product Summary

Parameter Symbol Values
Minimum Operating voltage Vsiop) 4.1V
Minimum Operating voltage (cranking) Vsuy) 3.1V
Maximum Operating voltage Vs 28V
Minimum Overvoltage protection (7,225 °C) Vos(cLamp)_25 35V
Maximum current in OFF mode (T, <85 °C) Iys(oFF)_ss 0.4 A
Maximum operative current lenp(on_p) 3mA
Typical ON-state resistance (T,=25 °C) Rosion) 25 6.6 MQ
Maximum ON-state resistance (T, =150 °C) Rosion) 150 12mQ
Nominal load current (T, =85 °C) I (nowm) 12.5A
Minimum overload detection current I (ovL0)_-a0 81A
Typical current sense ratio at /| =/, o) Kus 17700
Data Sheet 2 Rev.1.03
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Block Diagram and Terms

2 Block Diagram and Terms
2.1 Block Diagram
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Figure2  Block Diagram of BTS7006-1EPP
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Block Diagram and Terms

2.2 Terms

Figure 3 shows all terms used in this data sheet, with associated convention for positive values.
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Figure3  Voltage and Current Convention
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Pin Configuration

3 Pin Configuration
3.1 Pin Assignment
GND CT|1@ 14T ouT
IN T2 | 1131 ouT
DEN 1|3 I 11211 OUT
IS T4, VS 11113 nec.
n.c. 1|5 1 (1011 ouT
nc. C1 6! ' 9[I7 out
n.c. I:I: 7exposedpad (bottom)8:|:| OUT
PinOut_PROF ET1ch_PDH.emf

Figure4  Pin Configuration
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Pin Configuration

3.2 Pin Definitions and Functions

Table 2 Pin Definition

Pin Symbol Function

EP VS Supply Voltage
(exposed pad) Battery voltage

1 GND Ground

Signal ground

2 IN Input Channel

Digital signal to switch ON the channel (“high” active)

If not used: connect to GND pin or to module ground with resistor R, = 4.7 kQ
3 DEN Diagnostic Enable

Digital signal to enable device diagnosis (“high” active) and to clear the
protection latch of channel

If not used: connect to GND pin or to module ground with resistor Rygy =4.7 kQ

4 IS SENSE current output
Analog/digital signal for diagnosis
If not used: left open

5-7,11 n.c. Not connected, internally not bonded
8-10,12- |OUT Output
14 Protected high-side power output channel

1) Alloutput pins of the channel must be connected together on the PCB. All pins of the output are internally connected
together. PCB traces have to be designed to withstand the maximum current which can flow.

Data Sheet 6 Rev. 1.03
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4 General Product Characteristics

4.1 Absolute Maximum Ratings - General

Table3  Absolute Maximum Ratings”

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

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Supply pins
Power Supply Voltage Vs -0.3 - 28 v - P_4.1.0.1
Load Dump Voltage Veat(Ln) - - 35 \Y suppressed P_4.1.0.3
Load Dump
acc. to
1SO16750-2
(2010).
R=2Q
Supply Voltage for Short Circuit | Vgar(sc) 0 - 24 v Setupacc.to |P_4.1.0.25
Protection AEC-Q100-012
Reverse Polarity Voltage Veat(rey) - - 16 v t<2min P_4.1.0.5
T,=+25°C
Setup as
described in
Chapter 10
Current through GND Pin lenp -50 - 50 mA | Rgyp according | P_4.1.0.9
to Chapter 10
Logic & control pins (Digital Input =DI)
DI=IN, DEN
Current through DI Pin Iy, -1 - 2 mA |2 P_4.1.0.14
Current through DI Pin Ioygev) -1 - 10 mA |2 P_4.1.0.36
Reverse Battery Condition t<2min
IS pin
Voltage at IS Pin Vis -1.5 - Vs v l,s=10 pA P_4.1.0.16
Current through IS Pin ls -25 - hssamm |MA |- P_4.1.0.18
AX
Temperatures
Junction Temperature T, -40 - 150 °C - P_4.1.0.19
Storage Temperature Tsre -55 - 150 °C - P_4.1.0.20
Data Sheet 7 Rev. 1.03
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Table 3 Absolute Maximum Ratings® (continued)

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

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

ESD Susceptibility

ESD Susceptibility all Pins Vesopawy | -2 - 2 kv |HBM® P_4.1.0.21

(HBM)

ESD Susceptibility OUT vs GND | Vespigw ou | -4 - 4 kv |HBM® P_4.1.0.22

and VS connected (HBM) T

ESD Susceptibility all Pins Vespcowy ~ |-500 |- 500 |V cbm¥ P_4.1.0.23

(CDM)

ESD Susceptibility Corner Pins | Vespicpwy cr |-750 |- 750 % cbm? P_4.1.0.24

(CDM) N

(pins 1, 7,8, 14)

1) Not subject to production test - specified by design.
) Maximum V;, to be considered for Latch-Up tests: 5.5 V.
3) ESD susceptibility, Human Body Model “HBM”, according to AEC Q100-002.
) ESD susceptibility, Charged Device Model “CDM”, according to AEC Q100-011.

Notes

1. 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.

2. 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.

4.2 Absolute Maximum Ratings - Power Stages

4.2.1 Power Stage - 6 mQ

Table4  Absolute Maximum Ratings®

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

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Maximum Energy Dissipation | E,g - - 95 mJ I =21 (yom P_4.2.12.1
Single Pulse Ty =150°C
Vs=28V
Data Sheet 8 Rev. 1.03
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Table 4 Absolute Maximum Ratings® (continued)

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

Parameter Symbol Values Unit |Noteor Number
Min. Typ. Max. Test Condition
Maximum Energy Dissipation | Eyg - - 24 mJ .= 1 (nom) P_4.2.12.2
Repetitive Pulse Typ=85°C
Vs=13.5V
1M cycles
Load Current I - - lovio), |A - P_4.2.12.3
MAX

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

4.3 Functional Range

Table 5 Functional Range - Supply Voltage and Temperature®

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Supply Voltage Range for | Vo 6 135 |18 |V - P_4.3.0.1
Normal Operation
Lower Extended Supply Vs(ext.Low) 31 |- 6 v 23) P_4.3.0.2
Voltage Range for Operation (parameter

deviations possible)
Upper Extended Supply Vs(ext.up) 18 - 28 |V 3 P_4.3.0.3
Voltage Range for Operation (parameter

deviations possible)
Junction Temperature T, -40 - 150 |°C - P_4.3.0.5

1) Not subject to production test - specified by design.
2) Incase of Vs voltage decreasing: Vseyr Low)min = 3-1 V. In case of Vs voltage increasing: Vseyr owymin =4-1 V.
3) Protection functions still operative.

Note: Within the functional or operating range, the IC operates as described in the circuit description. The
electrical characteristics are specified within the conditions given in the Electrical Characteristics
tables.

Data Sheet 9 Rev. 1.03
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4.4 Thermal Resistance

Note: This thermal data was generated in accordance with JEDEC JESD51 standards. For more
information, go to www.jedec.org.

Table 6 Thermal Resistance®

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. | Max. Test Condition

Thermal Characterization  |¥ 7op - 3 5 KW |2 P_4.4.0.1
Parameter Junction-Top
Thermal Resistance Rinsc - 2.1 3.5 KW |2 P_4.4.0.2
Junction-to-Case simulated at

exposed pad
Thermal Resistance Rinn - 329 |- K/W |2 P_4.4.0.3
Junction-to-Ambient

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

2) Accordingto Jedec JESD51-2,-5,-7 at natural convection on FR4 2s2p board; the Product (Chip + Package) was
simulated ona 76.2 x 114.3 x 1.5 mm board with 2 inner copper layers (2 x 70 um Cu, 2 x 35 um Cu). Where applicable
a thermal via array under the exposed pad contacted the first inner copper layer. Simulation done at T, = 105°C,

Poissipation = 1 W.

4.4.1 PCB Setup

70 um modeled (traces, cooling area)

1,5mm

»

70 um, 5% metalization™®

*: means percentual Cu metalization on each layer
PCB_Zth_1s0p.emf

Figure5 1sOp PCB Cross Section

y 70 um modeled (traces)

35 um, 90% metalization*®

1,5mm

35 um, 90% metalization*

»

70 um, 5% metalization™

*: means percentual Cu metalization on each layer

PCB_zth_2s2p.emf

Figure6  2s2p PCB Cross Section
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Diagnosis
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Figure 34 Iin OFF State

It is necessary to wait a time tiso, orr)_p between the falling edge of the input pin and the sensing at pin IS for
Open Load in OFF diagnosis to allow the internal comparator to settle. In Figure 35 the timings for an Open
Load detection are shown - the load is always disconnected.
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Figure 35 Open Load in OFF Timings - load disconnected
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Diagnosis

9.4 SENSE Timings

Figure 36 shows the timing during settling ;s oy) and disabling t s oer) Of the SENSE (including the case of load
change). As a proper signal cannot be established before the load current is stable (therefore before tg,),

+t

tasoinc) = 3 % ( ton_max ¥ tsis(on)_max )-

IN
OFF ON OFF

DEN T

A /
I /—
bais(c tsis(oFF) Esison Lsis(orr)
4 B Lis(p1ac) R
ls < >

/

Figure 36 SENSE Settling / Disabling Timing

<

Ty

Diagnose_PROFET_SENSE_timings_Heat.emf
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9.5

V.=6Vto 18V, T,=-40°Cto +150 °C
Typical values: V=135V, T,=25°C
Typical resistive load connected to the output for testing (unless otherwise specified):

Electrical Characteristics Diagnosis

R =210
Table19 Electrical Characteristics: Diagnosis - General
Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
SENSE Saturation Current | /igsan 4.4 - 15 mA |Y P_9.6.0.1
Vsis=Vs-Vis22V
See Figure 33
SENSE Leakage Current hsorp) - 0.01 0.5 HA DEN = “low” P_9.6.0.2
when Disabled V=0V
SENSE Leakage Current hs(en)._ss - 0.2 1 A Y P_9.6.0.3
when Enabled at T, <85 °C T,=85°C
DEN = “high”
I.=0A
See Figure 32
SENSE Leakage Current lisen)_150 - 0.2 1 pA T,=150°C P_9.6.0.4
when Enabled at T,=150 °C DEN = “high”
I.=0A
See Figure 32
SENSE Operative Range for | Vg5 - 0.5 1 v 2 P_9.6.0.6
ks Operation Vs=6V
(Vs-Vs) IN = DEN = “high”
=271 (now)
SENSE Operative Range for | Vs o - 0.5 1 v 2 P_9.6.0.7
Open Load at OFF Diagnosis V=6V
(Vs-Vs) IN = “low”
DEN = “high”
SENSE Operative Range for | Vg ¢ - 0.5 1 v 2 P_9.6.0.8
Fault Diagnosis Vs=6V
(Vs-Vs) IN = “low”
DEN = “high”
latch#0
Power Supply to IS Pin VsisicLamp)_- |33 36.5 |42 v ls=1mA P_9.6.0.9
Clamping Voltage at 0 ,=-40°C
T,=-40°C See Figure 16
Power Supply to IS Pin VaisicLamp) 25 | 35 38 44 v 2 P_9.6.0.10
Clamping Voltage at ls=1mA
T,225°C T,225°C
See Figure 16
1) Not subject to production test - specified by design.
2) Tested atT,=150°C.
Data Sheet 45 Rev. 1.03
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9.5.1 Electrical Characteristics Diagnosis

Table20 Electrical Characteristics: Diagnosis

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
SENSE Fault Current hs(rauL) 4.4 5.5 10 mA |- P_9.6.4.1
SENSE Open Load in OFF lisioLorF) 1.8 2.5 3.5 mA |- P_9.6.4.2
Current
SENSE Open Load in OFF tisoorr) o | 70 185 300 us Vos < Vororr) P_9.6.4.4
Delay Time from IN falling
edge to Vis = Reeyse
*0.9* IIS(OLOFF),MIN
DEN = “high”
Open Load Vs Detection Vbs(oLoFr) 1.3 1.8 23 v - P_9.6.4.5
Threshold in OFF State
SENSE Settling Time with | t5on) - 5 40 us I =1 (nowm) P_9.6.4.6
Nominal Load Current DEN from “low” to
Stable “high”
SENSE Disable Time tasiorn) - 5 20 us |V P_9.6.4.8
From DEN falling
edge to /js = lisiofr)
See Figure 36
SENSE Settling Time after |ty - 5 20 us |V P_9.6.4.13
Load Change from/ =1, to
I =1l
See Figure 36
1) Not subject to production test - specified by design.
Data Sheet 46 Rev. 1.03
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9.6 Electrical Characteristics Diagnosis - Power Output Stages

V.=6Vto 18V, T,=-40°Cto +150 °C

Typical values: V=135V, T,=25°C

Typical resistive load connected to the output for testing (unless otherwise specified):
R =2.1Q

9.6.1 Diagnosis Power Output Stage - 6 mQ

Table21 Electrical Characteristics: Diagnosis - 6 mQ

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Open Load Output Current |/, g} 4, 25 71 117 mA | s=lsoy=4HA |P_9.7.12.1
at/g=4pA
Current Sense Ratio at KiLisoa -65% |17700 |+65% l04=50mA P_9.7.12.8
I.= 104
Current Sense Ratio at KiLisos -65% 17700 |+65% lLog =150 mA P_9.7.12.10
I =6
Current Sense Ratio at KiLiso9 -55% 17700 |+55% I 09 =450 MA P_9.7.12.13
I =09
Current Sense Ratio at KiLisio -40% | 17700 |+40% l1,=15A P_9.7.12.16
=1y,
Current Sense Ratio at Kiis1s -24% |17700 |+24% l15=4A P_9.7.12.19
I =145
Current Sense Ratio at Kiisi7 -8% 17700 |+8% l1;=TA P_9.7.12.21
I =1
Current Sense Ratio at KiLisis -8% 17700 |+8% l.;5=10A P_9.7.12.22
I =1
SENSE Current Derating Dkysoy | -30 0 +30 | % 1 P_9.7.12.27
with Low Current I can) = lios
Calibration I cany_ 1 = oo

Iiieany L= Tioa

Tacay=25°C
SENSE Current Derating Dksvomy | -4 0 +4 % 2 P_9.7.12.29
with Nominal Current lcany = e
Calibration licany n=1s

lcan L= s

Tacay=25°C
1) Not subject to production test - specified by design.
Data Sheet 47 Rev. 1.03

2019-04-29



BTS7006-1EPP iﬁneon |

PROFET™+2 12V

Application Information

10 Application Information

Note: The following information is given as a hint for the implementation of the device only and shall not
be regarded as a description or warranty of a certain functionality, condition or quality of the device.

10.1 Application setup

VBAT

_l_ R/Lcable
0
Optional elements marked
in grey
T
Cus
Dz
VDD
VDD VS
H7]
GPIO Riy N -
Control |7 B oL
h R/Lcable
. —
—— Protection| oyt o |
GPIO {_ Roen | DEN
COUT
. . R
Microcontroller Diagnosis oD
ADIN ——@— Rio  —@— R exor H@—IS oD

J-

CSENSE

-1 Dz

R
SENSE

VSS

-

App_ich_heatemf

Figure 37 BTS7006-1EPP Application Diagram

Note: This is a very simplified example of an application circuit. The function must be verified in the real
application.

Data Sheet 48 Rev. 1.03
2019-04-29



BTS7006-1EPP
PROFET™+2 12V

(infineon

Application Information

10.2 External Components
Table22 Suggested Component values
Reference Value Purpose
Rin 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Polarity
Necessary to switch OFF BTS7006-1EPP output during Loss of Ground
Roen 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Polarity
Necessary to switch OFF BTS7006-1EPP output during Loss of Ground
Rep 47 kQ Output polarization (pull-down)
Improves BTS7006-1EPP immunity to electromagnetic noise
RoL 1.5kQ Output polarization (pull-up)
Ensure polarization of BTS7006-1EPP output during Open Load in OFF
diagnosis
Cout 10 nF Protection of BTS7006-1EPP output during ESD events and BCI
T, BC 807 Switch the battery voltage for Open Load in OFF diagnosis
Cys 68 nF Filtering of voltage spikes on the battery line
D,, 33V Z-Diode |Suppressordiode
Protection during Overvoltage and in case of Loss of Battery while driving
an inductive load
Rsense 1.2kQ SENSE resistor
Ris_prot 4.7kQ Protection during Overvoltage, Reverse Polarity, Loss of Ground
Value to be tuned according to microcontroller specifications
D, 7V Z-Diode Protection of microcontroller during Overvoltage
Rap 4.7kQ Protection of microcontroller ADC input during Overvoltage, Reverse
Polarity, Loss of Ground
Value to be tuned according to microcontroller specifications
Csense 220 pF Sense signal filtering
Atime constant (Ryp + Ris prot) * Csense longer than 1 s is recommended
Renp 47Q Protection in case of Overvoltage and Loss of Battery while driving
(1/16 W) inductive loads
10.3 Further Application Information

+ Please contact us for information regarding the Pin FMEA

« For further information you may contact http://www.infineon.com/

Data Sheet
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11 Package Outlines
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Figure 38 PG-TSDSO0-14 (Thin (Slim) Dual Small Outline 14 pins) Package Outline
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Figure 39 PG-TSDSO0-14 (Thin (Slim) Dual Small Outline 14 pins) Package pads and stencil
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Green product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant
with government regulations the device is available as a green product. Green products are RoHS-Compliant
(i.e Pb-free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).

Further information on packages

https://www.infineon.com/packages

Data Sheet 51 Rev. 1.03
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12 Revision History

Table23 BTS7006-1EPP - List of changes
Revision Changes

1.03,2019-04-29 | Chapter 1 updated ((inserted headline "Product Validation"), (Qualified in accordance
with AEC Q100 grade 1 - Qualified for automotive applications. Product validation
according to AEC-Q100 Grade 1.))

General: updated Product Name (High Current PROFET™ 12V > PROFET™+2 12V)
P_9.7.12.1 updated (Min./Typ./Max.: 60/-/102 mA > 25/71/117 mA)

1.02,2019-02-05 |Figure 9, Figure 10 updated

Page 1: updated (figure product)

Table 22 updated (punctuation)

Chapter 9.3, Chapter 9.3.1 updated (typo)

Page 1: updated (Package PG-TSDS0O-14-22 > Package PG-TSDSO-14)

Figure 38 updated (PG-TSDSO-14-22 (Thin (Slim) Dual Small Outline 14 pins) Package
Outline » PG-TSDSO-14 (Thin (Slim) Dual Small Outline 14 pins) Package Outline)
Figure 39 updated (PG-TSDSO-14-22 (Thin (Slim) Dual Small Outline 14 pins) Package pads
and stencil > PG-TSDS0-14 (Thin (Slim) Dual Small Outline 14 pins) Package pads and
stencil)

Table 1 updated (Parameter: Minimum Overvoltage protection (T, =25 °C) > Minimum
Overvoltage protection (T, = 25 °C))

Table 1 updated (corrected typo in table Product Summary: /5 oer): 1 > 0.4 HA)

Table 1 updated (Symbol: /ysorr) > lysiorr)_ss)

P_6.5.22.1 updated (Symbol: lysor) > lysiorr)_gs)

P_6.5.22.2 updated (Symbol: /yso¢r) > lys(orr)_150)

1.01,2018-06-14 | Page numbering corrected
Figure 1, Figure 29, Figure 37 updated

1.00, 2018-05-23 | Data Sheet available
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IMPORTANT NOTICE

The information given in this document shall in no
event be regarded as a guarantee of conditions or
characteristics ("Beschaffenheitsgarantie").

With respect to any examples, hints or any typical
values stated herein and/or any information regarding
the application of the product, Infineon Technologies
hereby disclaims any and all warranties and liabilities
of any kind, including without limitation warranties of
non-infringement of intellectual property rights of any
third party.

In addition, any information given in this document is
subject to customer's compliance with its obligations
stated in this document and any applicable legal
requirements, norms and standards concerning
customer's products and any use of the product of
Infineon Technologies in customer's applications.
The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer's technical departments to
evaluate the suitability of the product for the intended
application and the completeness of the product
information given in this document with respect to
such application.

For further information on technology, delivery terms
and conditions and prices, please contact the nearest
Infineon Technologies Office (www.infineon.com).

WARNINGS

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

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon Technologies,
Infineon Technologies’ products may not be used in
any applications where a failure of the product or any
consequences of the use thereof can reasonably be
expected to result in personal injury.
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