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1 General Information

u These models are meant to be used with Cadence Capture CIS (Allegro Design Entry CIS @ )
as it will be explained in the following slides.

u The *.lib files are encrypted to protect the Infineon IP.

u The PROFET+ PSPICE Simulation models show the typical device behavior.

u It is not possible to use the PSPICE 9.1 student version or LTSPICE.

u The dynamic switching shutdown (Datasheet parameter P_6.6.8) is not implemented in the models
BTSxxx.

= The models for 24V PROFET+ have the dynamic switching shutdown (Datasheet parameter
P_6.6.8) implemented and provide additional pins to show the junction temperatures (TJx).

n For the thermal behavior (Zth/Rth-ja) the JEDEC 2s2p setup is considered.

u The Pin “TAMB” sets the ambient temperature for the device. Use a voltage source (VDC) to set it.

u To avoid convergence issues, use VPWL or VPULSE sources for INx and VS Pins.

2 How to use the PROFET+ Model

The following section gives a short guidance on how to include the PROFET+ models into the Cadence
Environment.

2.1 Files

u The delivery package (*.zip) contains important files that enable the use of the model in custom
schematic test benches.

u * lib: encrypted PSpice behavioral description

n *.0lb: contains the symbol view for the graphical user interface “Capture” compatible with Allegro
ver. 15 and newer

n *_16_2.olb: contains the symbol view for the graphical user interface “Capture” compatible with
Allegro ver. 16.2 and newer

u * 16_3.olb: contains the symbol view compatible with Allegro ver. 16.3

2.2 Graphical User Interface

Once you have opened Cadence OrCad Capture CIS and you have a custom test bench or wish to create one,
in order to use the PSpice model the following steps are necessary:
1) from the PSpice menu choose Edit simulation profile:

Allegra Design Entry CIS - [/ -
E File Edit View Teools Place Macro Im Accessories  Options  Window  Help

R T = ' [ New Simulation Profile {
W ™ = » L
E = | Edit Simulation Profile | QA

s
ESEHEMATIU-hias - Q@ [0 EBun @ {

Wiew Simulation Results  F12

@ PAGE1* View Output File

Create Metlist A E—
WView Metlist

Advanced Analysis 4

Markers 4

Biaz Points 4
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2) On the window menu that pops up go to the Configuration files tab and from the Category options
choose Library. Under Details, at the Filename tag click Browse and select the model *.lib file (in
this case *.lib) from the folder you have it stored.

%] Allegro Design Entry CIS - [C?

] File Design Edit View Tools PSpice Accessories Reports Options Window Help
U = = R

SKHEMATIC1-bias  ~ Qo (V) @ (W)
\

£ e |E%, Hierarchy|

= Design Resources

9 gui.dsn

EI SCHEMATICL
LB PAGEL

H--C] Design Cache

- Igh

@ gui.opj

C:| f\dd File |capture\librar}r\pspice\analog.olb

[
m-loh e capturelibrany\pspice\breakout.olb
-[oR C Part Manager capture\library\pspice\source.olb
[j--- Ch\Cadence\SPE_16.3\tools\captureilibrany\pspice\sourcstm.olb
£
0

j--- Ch\Cadence\SPE_16.3\tools\capturetlibrany\pspice\special.olb
utputs

PSpice Resources

3) After validating the selection, you have to choose how you want the library to be available: as
Global to all the designs or just for the current Design.

4) Add the Capture part *.olb symbol file: From the Project tab, under Design Resources, right click
on Library and choose Add File.

General | Analysis | Corfiguration Files |Options I Data Collection I Probe Window
Details
Filename:

Configured Files

Add as Global /

Add to Design

4| 1
Library Path
"C:\Cadence\SPB_16.3\tools"\P SpiceLibrary”
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5)

Adding that file to the design resources makes the model available for use: Searching for it in the

Place Part sidebar, you can place the Model Symbol in a schematic of your choice.

cadence

- | &
Y e @ - #-
""" = Place Part L oTx
. — Part Q @
|~ BTS5020 /
>L Part List:
I S
[ - 3
N I s
I— r
JRE— — -
el -
oo Libraries:
gL
== | |INFINEON [
INFINEOMN_BSx i
= IMFINEOW RILZ
T 4 4| T | 3

6)

Packaging
Partz per Plg: 1

Type: Homogeneous

=

@ Mormal Correert

Search for Part

To set the right parameters for simulation, click on Edit Simulation Profile. It is recommended

to set the Maximum step size to 1us to increase the accuracy. To increase the simulation speed
you have to increase this value.

Simulatign Settings - bias
Analysis |Conﬁguraﬁon Files | Options | Data Collection | Probe Window|

Analysis type:

ITime Domain (Transient) VI

Options:

General Settings

["|Monte Carlo/Worst Case
[ |Parametric Sweep

[ | Temperature (Sweep)
[|save Bias Point

[ |Load Bias Point
[]save Check Points

[ |Restart Simulation

Bun to time: 40m seconds (TSTOPF)

Start saving data after: 1]

seconds
Transient options

Maximum step Si2® M

[T]Skip the initial transient bias point calculation (SKIPEF)

[[]Runin resume mode l Output File Options... l

e

| Set Maximum step size

OK Cancel

||

Apply
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7 The PSpice Model is not guaranteed to work in every test situation with the default simulator
settings. Therefore when the simulation does not converge it is recommended to change the
simulation options and relax the parameters. Also, the simulator has a special option called
AutoConverge, that helps overcoming convergence issues and it is found under the PSpice\Edit
Simulation Profile menu

Simulation Settings - bias | & AutoConverge Options | & | Enable
s _—AutoConverge
| General I Analysis I Configuration FlleéT Options | Data Collection | Probe Window | ./
LOPTION] RButoConverge
Category: ) ] Option: Relaxed limit:
Relative accuracy of V's and 'z 0.0 [RELTOL)
gﬁmﬂer;ﬂ Simulation Best accuracy of voltages: 1.0u  wolts [VNTOL) @m1 1000
utput fi
Al Best accuracy of currents: 1.0p amps [ABSTOL) Fmz2 1000
Best accuracy of charges: 00p  coulombs [CHGTOL) | e 1000 |
Minimurn conductance for any branch:  1.0E-12 1/ohm  [GMIN] I
A th Simulation _} DC and biss "blind" iteration limit: 150 (L) []reLToL 0.05
ccess the Parameters e I
AutoConverge DC and bias "best quess” iteration limit, 200 [ITLZ] ‘ ABSTOL LOE-6
Option Menu Tranzient time paint iteration lmit: 100 (ITL4] '
WNTOL J
~ Default nominal temperature: 270 *C [THOM] ' pot
PIVTOL 1.0E-10
Use GMIN stepping o improve convergence. [STEFGMIM] @
_|:| Uze preordering to reduce matrix filkin, [PREORDER) Restart
AutoConverge...] [MDSFET Dptions...] [Advanced Dptions...] [ Feset ] [ oK ] [ Cancel ] [ Reset ]
[ ok [ camedl ][ spply Help .
— )
3 External Components
3.1 Voltage Sources

It is recommended to use VPWL or VPULSE voltage sources instead of VDC for the VS and INput pins to
improve the model convergence.

3.2 Inductance

To account for cable in a real application, small inductances can be added. However the possibility to create
oscillations is increased. In case of convergence problems, try to remove the line inductances.
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Wiring

For the wirring of the models it is recommended to follow the setup of the application diagram in the datasheet.
The detailed description for each can be found in Table 1:

PSpice Real Device | Purpose Recommended Wiring

Model Pin Pin

VS Exposed Pad, | Battery Supply, Main supply Connect to a VPWL or VPULSE

VS PROFET+ 12V: 5...28V

PROFET+ 24V: 5...48V

INX INX Digital Input pins to switch the device | Connect to a 3.3V or 5V supply;
channels (OUTx) ON / OFF eg: VPWL or VPULSE

DEN DEN Diagnosis Enable pin, Enables/Disables | Connect to a 3.3V or 5V supply;
the diagnosis current at IS eg: VDC, VPWL or VPULSE

DSELx DSELx Diagnosis Select pin; Selects which | Connect to a 3.3V or 5V supply;
channel is diagnosed via the IS pin eg: VDC, VPWL or VPULSE

IS IS The diagnosis pin that gives a current | Can be left open (see Figure 5)
equivalent to the current through the output
pin (OUTX). The ratio is given by the kilis
value in the datasheet.

GND GND Ground connection of the device Connect via a diode parallel to a

1k resistor to the ground.

TJx Not available Read out the junction temperature of the | Connect via a 1k resistor to the
DMOS connected to OUTx. 1 Volt equals 1 | ground.
Kelvin

TCASE Not available Set the ambient temperature for the device

Table 1 Pinout Description

@
11 No ouTo 2
2 7
INT OUT1
Infineon
3| DEN TI0 ——
4 | DsEL A T 12—
5 | pd 10
IS & TCASE
BTTE050_2BKA
[m)]
Figure 1 Pinout of BTT6050-2EKA Model
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5 Thermal Network

The PROFET+ PSpice models have a Cauer Network implemented to simulate the device heating.

51 General Cauer Network

The temperature behavior of a power semiconductor can be modeled by the thermal capacitance and thermal
resistance. The junction temperature is determined by the summing up the ambient temperature and
temperature increase.

Tj = ATCH + Tamb (1)
Figure 2 shows the basic model for a Cauer Ladder.

Ty Rctii Rctiz Rctizs Rctia Retis Retie Retir Retis Tam

ICCTHl ICC_THZ ICCTH3 :|:CCTH4 ICC_THS ICCTHG Icc'n-n ICCTHS

Figure 2 General Cauer Network

Thermal parameter Equivalent electrical parameter

Symbol Unit Parameter Symbol Unit | Parameter
P W Power losses into the junction I A Current

T °C Temperature of one layer V V Potential

AT K Delta of temperature U \Y Voltage

Rin KW Thermal resistance R Ohm | Resistance
Cin Ws/K | Thermal capacitance C F Capacitance

Table 2 Thermal / Electrical model equivalence

5.2 PROFET+ PSpice Thermal Network

In the PROFET+ PSpice model for each channel an independent cauer ladder is implemented. In addition a
connection to the thermal network of the adjacent channel exists to model the thermal interaction.

Application Note 8 V1.0, 2012-04-11
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Figure 3 PROFET+ PSpice Cauer Network for a Dual Channel Device
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6 Application Circuit
Figure 4 shows the basic schematics for the BTS5020-1EKA PSpice model.

Ul BTS5020

IN_uC
Vi=0
V2 =5V
T = 5u
TR = 80n
TF = 80n

PW =10m

PER =100m

+
VDEN —

D1

BAS40/INF

1 4
71 IN VS 5

DEN ouTfsg —=
3 IS7—"

GND  TAMB -

TAMB
25 T §1200

RGND

1k

RIS

Rload

VBAT

14v @

0
Figure 4 Basic Schematics of BTS5020-1EKA
Note: This is a simplified example of an application circuit.
R14
RINO v @/3
10m
vi=0 GDV'NO RIN1 —
v2=s 10k 40
o - J e .
Pw -0 ne - amp w
PER=am A |—|_r Infineon 12
VDEN 3 oen S T30 —17—11
10k — 5 {DSEL 2 Tl
IS [©) TAMB L2
RL1
RIS 6050_2EKA s
n hd Tamb 10uH
RGND 25 —
27 I 24
o
D1
BAS21/INF
1 L =
= -0

o

Figure 5 Basic Schematics of BTT6050-2EKA
Note: This is a simplified example of an application circuit.
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7 Simulation Model Disclaimer

The Simulation Model is subject to change without notice. In addition, models can be a useful tool in evaluating
device performance, they cannot reflect the accurate device performance under all conditions, nor are they
intended to replace lab verifications. Infineon therefore does not assume any warranty or liability whatever
arising from their use. Infineon does not assume any warranty or liability for the values and functions of the
Simulation Model.

The methods and results of the Simulation Model are to the best of the authors’ knowledge correct. However,
the user is fully responsible to verify and validate these results under the operating conditions and in the
environment of its application. Infineon will not bear the responsibility arising out of or in connection with any
malfunction of the Simulation Models.

Models provided by Infineon are not warranted by Infineon as completely and comprehensively representing all
the specifications and operating characteristics of the semiconductor products to which these models relate.
The models describe the characteristics of typical devices. In all cases, the current data sheet information for a
given device is the conclusive design guideline and the only actual performance specification.
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LEGAL DISCLAIMER

THE INFORMATION GIVEN IN THIS APPLICATION NOTE IS GIVEN AS A HINT FOR THE
IMPLEMENTATION OF THE INFINEON TECHNOLOGIES COMPONENT ONLY AND SHALL NOT BE
REGARDED AS ANY DESCRIPTION OR WARRANTY OF A CERTAIN FUNCTIONALITY, CONDITION OR
QUALITY OF THE INFINEON TECHNOLOGIES COMPONENT. THE RECIPIENT OF THIS APPLICATION
NOTE MUST VERIFY ANY FUNCTION DESCRIBED HEREIN IN THE REAL APPLICATION. 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) WITH RESPECT TO ANY AND ALL INFORMATION GIVEN IN
THIS APPLICATION NOTE.

Information

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, components may contain dangerous substances. For information on the types in
question, please contact the nearest Infineon Technologies Office.

Infineon Technologies components may be used in life-support devices or systems only 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 fall, it is reasonable to assume that the health of the user or other
persons may be endangered.






