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Using an Electro-Thermal Model
for Vishay Siliconix Power MOSFETs on a PSpice Platform

by Kandarp Pandya

Vishay Siliconix offers a combined electro-thermal PSpice model for power MOSFETSs. The basic PSpice model is embedded
with R-C thermal model parameters. One single electrical simulation, using a combined electro-thermal PSpice model, enables
users to analyze the electrical as well as thermal behavior of Vishay Siliconix power MOSFETs in a design. The simulation
provides the junction temperature excursion in addition to electrical output. Application note AN841(1l discusses the proof of
concept.

This document illustrates the step-by-step procedures for using an electro-thermal model on the PSpice platform. The example
offers a complete walk-through, including the download, building an electrical schematic on OrCAD Capture, setting up and
running the simulation, and obtaining electrical waveforms as well as thermal performance characteristics by selecting output
parameters. Different options for thermal performance characteristics are discussed for specific electrical operating conditions.

Vishay part SQD40N06-14L is used as an example throughout this document.

STEP 1: DOWNLOAD MODEL FILES - OPTION (A) OR (B)
Option (a):

Locate the product information for a known part number. Go to www.vishay.com. Enter the part number SQD40N06-14L in the
search box as shown in figure 1 below and hit Enter.
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The search results page opens, as shown in figure 2. As shown in figure 2, one possible match is found under
Products, Part Results. Click mouse on the part number
SQD40N06-14L. The product information page for the
SQD40N06-14L opens, as shown in figure 3 below.

VISHAY. Build Vishay into your Design VISHAY. Build Vishay into your Design

v v

Products » SQD40N06-14L

SEARCH RESULTS SQD4ONOE-
Automotive N-Channel 08&{D.S) 175 °C MOSFET Sam

Enter a part or keyword: If yc
E SQD40N06-14L Datasheet requ
SQD40N06-14L Search ¥
- Features I :
Drain Connected to Tab
Products o TrenchFET® Power MOSFET
Part Results o Package with Low Thermal
1 Possible Matches found: Resistance e
. o AEC-Q101 Qualifiedd
SQD40N06-14L
Automotive N-Chagflel 60 V (D-S) 175 °C MOSFET Ci
iasheg ales contacts Samples Available
1 Check all PDF documents
Products | Company | Press | Investors | Contacts | Acquired Manufactur Documisnts
Datasheet
@ T2 SQD40N06-14L Tadl
Fig. 2 Fig. 3
Scroll down to Software Models (*.Zip) and click on the
folder SQD40N06-14L-zip. Refer to figure 4 below.
Documents
Datasheet
7 T2 SQD40N06-14L
Markings
@ = PART MARKING - TO-252 (DPAK), TO-251
7 = Part Marking Information - TO-252 (DPAK), TO251
Package Drawings
@ & Package Information - TO-252AA
Pad Guidelines
7 = Application Note 826 - RECOMMENDED MINIMUM PADS
FOR DPAK (TO-252)
RC Thermal Models
7 T SQD40N06-14L_RC - R-C Thermal Model Parameters
Reel Info
@ & Reel Information - Lok Reel
Reliability Data
4 = Package Reliability - Environmental and Package Testing
Data for DPAK (TO-252)
¥ = Silicon Technology Reliability - N-Channel - Automotive
Accelerated Operating Life Test Result
pftWare Models (*.zip)
|2 SQD40N06-14L-zip - YPICE Models for SQD40N06-14L
Fig. 4
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Save the zip file to a suitable location on your computer and unzip all the files. Here we have created a folder named
1 SQD40N06-14L on the D drive and unzipped the files there. Note all model files are listed as shown in figure 5 below.

/ \

@‘@, » Computer » DATA (D> 1 SQD40N06-14L » >

Organize ¥ | Open ~ Burn New folder

- Favorites Name b Date modified Type Size
“L 63920SQD40N0614L_PS.pdf 10/24/2012 422 PM  Adobe Acrobat D.. 177 KB
4 Desktop SQD40N06-14L_HS.txt 10/24/20124:23PM  Text Document 2KB
- Libraries 3] SQD40N06-14L_PS.lib 10/24/2012 423 PM  LIB File 2KB
R Pandya, Kandarp B SQD40N06-14L_PS.OLB 12/10/2010 9:14 PM  OrCAD Capture 16... 7KB
4 Computer SQD40N06-14L_PS.txt 10/24/2012 423 PM  Text Document 2KB
» & Automotive (\\wssc75) (A)) 3] sqd40n06-141_ps_rc.lib 10/24/2012 423 PM  LIB File 7KB
» & WIN7 (C) 8 SQD40N06-14L_PS_RC.OLB 6/6/2012 8:55AM  OrCAD Capture 16... 7KB
5qd40n06-141_ps_rc.txt 10/24/2012 424 PM  Text Document 7 KB
i sqd40n0614I_hs.zip 11/6/2012 5:27 PM  Compressed (zipp... 119 KB

Fig. 5
Option (b):
You may also locate the spice models by navigating to the
part on the Vishay website. example, go to -_—
www.vishay.com and click on MOSFETs to open the VISHAY. Build Vishay into your Design
sub-menu and then click on MOSFETSs, Automotive. Refer to v
figure 6. !
PRODUCTS APPLICATIONS COMPANY INFO

[+ EXPAND ALL MENUS |

SEMICONDUCTORS PASSIVE COMPONENTS

+ DIE AND WAFER + CAPACITORS

+ DIODES AND RECTIFIERS + MAGNETICS

+IC'S - POWER AND LINEAR + RESISTORS

+ MODULES + SENSORS

- MOSFETS + OTHER COMPONENTS

MOSFETSs, Automotive (177)
q villitary (4)
MOSFETs, Medical (3)
+ OPTOELECTRONICS
+ THYRISTORS
Fig. 6

Revision: 02-Apr-13 3 Document Number: 62841

For technical questions, contact: powermosfettechsupport@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000




APPLICATION NOTE

VISHAY. . Application Note AN842
v - vishay.com Vishay Siliconix

Using an Electro-Thermal Model
for Vishay Siliconix Power MOSFETs on a PSpice Platform

The MOSFETSs, Automotive page opens as shown below in figure 7.

MOSFETS - AUTOMOTIVE

Drain-to-source voltage (Vps) Package (smallest to largest) Type and configuration
N-channel (117) SC-70 (5) Single (149)
5V to 20V (8) PowerPAK® SC-70 (1) Dual (24)
21V to 30V (23) SOT-23 (14)
31V to 80 V (70) TSOP-6 (12)
81V to 250V (14) PowerPAK® 1212-8 (14)
251V to 400V (2) S0O-8 (27)
P-channel (61) e &30-8L (30)
5V to 20V (6)
21V to 30V (20) Reverse Lead DPAK (3)
31Vto 80V (31) TO-262 (1)
81V and up (4) TO-263 (37)

TO-220 (2)
Fig. 7
Click on TO-252 to open the series, as shown in figure 8.

-

All 30 rows shown. [x]| Export to MS Excel “%| Exportas CSV (i Print Table
Click the buttons to sort and fiiter the table. Sort tqggles b ding, d di

s RS —
2l SI¥. olvl | elwl | elvl |

SQDO7N25-350H Single T0-252 N 250

SQD15N06-42L Single T0-252 N 60

SQD19P06-60L Single TO-252 p 60

®
@
O
SQD23N06-31L @ Single T0-252 N 60
@
@
@
0,

SQD25N0G-22L Single TO-252 N 60

SQD25N15-52 Single TO-252 N 150

SQD30N05-20L Single T0-252 N 55

SQD40N04-10A

SQDA4CN06-140)

Single TO-252 N 40

Single TO-252 N 60

SQD40N10-25 Single TO-252 N 100

SQD40P10-40L Single TO-252 g -100

SQD45P03-12 Single TO-252 P -30

SQD50N02-04L Single TO-252 N 20

SQD50N03-06P Single T0-252 N 30
Fig. 8

Click the “i ” button in the box showing the part name SQD40NO06-14L to open a list of related documents, and select the
Software Models (*.zip) folder for download.
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STEP 2: SCHEMATIC CAPTURE

This section describes the general procedure for setting up the circuit simulation under OrCAD. Those familiar with PSpice may
jump to Step 3: Run Simulation on page 14.

T oo coprre TN Open OrCAD Capture. Start a new project called

:File \iiew To«T‘)Is ,Wmdfw,ﬁel? : — — SQD40N06-14L in location D:\1 SQD40N06-14L, as shown
b B dew 00 @ M in figure 9 below.

2. 2.08 44440106110

New Project &J
g ——
Il sapaonos-1a
Create a New Project Using

o N
‘:'W (©) Analog ) Mixed A/D
Tip for New Users

E (O PC Board Wizard Create a new Analog or

Mixed A/D project. The new
project may be blank or

o = 5 AT
.b () Programmable Logic Wizard copied from an existing
a template.
% () Schematic
Locatiga
gt —
D1 SODAONDG-1 40
Fig. 9
Click OK.

The Create PSpice Project window opens as shown in figure 10. Select “Create a blank project” and click OK.

N
Create PSpice Project

d

() Create hased upon an existing project OK
empty.opj - Browse...
@aate ablank@
- |
Fig. 10
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The Project Manager Window and SCHEMATIC1: PAGE1 open. If necessary, rearrange the windows to display as shown in
figure 11 below.

00080 0 0.0 CRAAR e B0 B ENE R G TS ] Q27 X
TBEOERAAALS 61O

oSy (o | @ | R3] | E)/- (SCHEMATKL : PAGEL) [clTalx]|«

I R e

4

i

Fig. 11
Click anywhere on the schematic page.

Select the Place Part icon on the vertical tool bar on the right. The Place Part sub-window opens.
Click on the Libraries icon.

Browse to folder D:\1 SQD40N06-14L.

Select Capture Library (*.OLB) SQD40N06-14L_PS_RC.OLB.

Click Open to add the part library to the project. Refer to figure 12.

U

Place Part ‘ g

Pott Q9

PartList
10CTOIS0/TO/DISCRETE

&
.
N
E
I
HmovaBO0E &
(RNSOISCRETE 3
154AC-470072NO/OISCRETE ‘L
ISACINIEDISRETE e = | |4
Libreries: A
— 7 S N
[ Lookin | 1SQD4ONOE-14L > 0@ i E :
2. Name S Date modified V. - @
L - ). SQD4ONOG-14L-PSpicefiles 11/7/2012 348 PM Pockging 4
Recent Places a o= 12/10/2010 914 PM PortsperPkg 1
(o , 6/6/2012855 AM = 2 &
@) il e 3
&
Z e -
[’ S
Z - 3
O NSM Fie name: ‘SQD4ONOE-14L_PS_RC.OLB - 3
- Fios oftype: [Captwre Librany(".olb) ~ e 5
= |Openas readonly L
< — [y
@) Fig. 12
—| Select SQD40N06-14L_PS_RC from the library listing to load the part to the Part List window. See figure 13.
o
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Place Part @
Part: ﬂ @
SQD40NDE-14L_PS_RC
Part List: Y
Libraries: .

X

»

DISCRETE
S13460DDY_PS_RC
SI17149DP_PS_REVA
SOURCE

o

CEERENE

Packaging
Parts per Pkg: 1

Part | v

Type: Homogeneous

Fig. 13
Double click SQD40N06-14L in the Part List window.
The schematic symbol is attached to the mouse cursor.
Click the mouse cursor at a suitable location on the schematic page to place the part. See figure 14.

B /- (SCHEMATIC1 : PAGEL) Place Part i

Part 2 Q

SQD40N0E-14L_PS_RC
PartLi

Libraries:

DISCRETE
S13460DDV_PS_RC
S17143DP_PS_REVA
SOURCE
SQC200N04-1M7KGD_PS

CAXE 4 0 B4 Fadr itminta 7 2B

Packaging
) o || PetsparPig 1
'—‘*‘J$ Type: Homogeneous
T
Fig. 14
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Next complete the schematic diagram as shown in figure 15. Brief guidelines for completing the schematic: use the Analog part
library for resistors R1 and R2 and inductor L1. Use the Source part library for VDC -- voltage source V1 and Vpy s for Gate
pulse V2. Use “Place Ground” from the vertical tool bar menu on the right side of the schematic page and select 0/CAPSYM.
Use "Place Wire" from the vertical tool bar menu to connect all components.

The pulse generator V2 is set to drive the MOSFET Gate with Vgg = 4.5V, frequency of 10 kHz, and duty cycle of 50 %.

L1
® R1
AV BN

.\ 0.1mH 1E
Ne
U1

D

! v
R2 .eJ 5 15Vde——
M———2 ol i
1E !
Ve = Qe
=4. c
TD = 10ns ({}) SQD40N06-14L_PS_RC
TR =10ns |
TF = 10ns
PW = 50us
PER = 100us

oy

Fig. 15
Simulation Settings
Select the icon New Simulation Profile from the third tool bar at the top of the page. Name it 10kHZ50DT and Click Create. See
figure 16.

;SCHEMAnm-wkst Q B4 4 4§
‘ ™

New Simulation X |
Name: [
:
Inherit From:
[none v] [ ]
FRoot Schematic: SCHEMATICT
L -
Fig. 16
Select the icon Edit Simulation Profile from the top tool bar. The “Simulation settings - 10kHz50DT” window opens, as shown
in figure 17. Use the steps below where necessary.
Click on the Analysis tab. Select Analysis type “Time Domain (Transient)” from the pull-down menu.
Check the “General settings” box under options. Enter 200 ps in the Run to Time box. Click Apply.
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File Edit View Tools Place Macro PSpice Accessories Options Window Help

P Ed& W 0B s en "R AAQ] e E 3 E B
{ SCHEMATICI-10kHzE v RBABABALD VO QW™

/ - (SCHEMATIC1 : PAGE1)

™

- T
Simulation Settings - 10kHz50DT Y

- — e —
General Ana'YSB@onﬁguration FiIesttions I Data Collection I Probe Windowl
e

Run to time: seconds (TSTOP)

nalysis type:
Time Domain (Transient) v,

Start saving data after. 0 seconds
Transient options
o Maximum step size: seconds
[|Parametric Sweep ) o ) ] ) )
[] Temperature (Sweep) [] Skip the initial transient bias point calculation (SKIPBP)
[]save Bias Point
[|Load Bias Point [C]Run in resume mode { Output File Options... ]
[]save Check Points
[|Restart Simulation

[ Cancel | Apply )| Help

v

Fig. 17

Click the Configuration Files tab. Under Category, select Library. Browse to the location of the library file sqd40n06-14I_ps_rc.lib
(see figure 18). Click Open and select Add as Global or Add to Design. Click Apply and OK.
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Open | P ‘
Lookin: | 1SQD40N06-14L v @2 @
. Name = Date modified

—~p | SQD40N06-14L-PSpiceFiles 11/7/2012 4:37 PM
Recent Places 7 SOD4MEE RSLih 10/24/2012 4:23 PM

-1 (7 5qd40n06 Ji 10/24/2012 4:23 PM
Desktop
uikl
Libraries
A
Computer
i‘ < | 1 R
Network : )
File name: $qd40n06-141_ps_rc.lib v WJ
Files oftype: Library Files (*.lib) hA ] Cancel
Fig. 18

Click the Data Collection tab. Select “All” from the pull-down options for Voltages, Currents, Power, and Digital. Click Apply and
OK (figure 19).

Simulation Settings - 10kHz50DT Y
 —

s =
Files [ Optior(] Data Collection Dmbe Window|
N ———

Noise: [AII but Internal Subcircuits v ]

["]save data in the CSDF format ((CSD)

Fig. 19

Add Voltage Markers on Drain pin U1-1 and Gate in U1-2. Add Current Marker on Drain Pin U1-1 as shown in figure 15.
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STEP 3: RUN ELECTRO-THERMAL SIMULATION

Click the Run Simulation icon, which is the green arrow on the top tool bar menu. Ignore “Undo Warning!” by clicking “Yes.”
Upon completion of the simulation, run schematic updates with colored markers, as shown in figure 18.

Simulation Results:

Click the Simulation Result icon at the bottom bar to open the PSpice A/D Result window. Refer to figure 20 (Trace colors and
width can vary according to settings).

** Proiile: "SCIEMATICL 10KIIz5UDT" | D:\1l SQL4UNU& 14L\3QD4UNU6 14L PSpiceli_es\SCIOEMATICI\1UkIlzbUDT.sim |

Date/Time run: 11/08/12 15:50:15 Temperature: 27.0
(a) 10xHzS0DT.dat (active)

0 T T

5

60—+ 8

40+ 8

20+

WMWNMW«»» WWM%‘MW

(100.053y, 4.501) (150-023, 5.8
0
—u t t
ls 50us 100us 150us 200us
0 V{(I:N) ¢ V(UT:G) = T(11":N)
Time
Date: Novemter 0C, 2012 Page 1 Time: 15:57:34

Fig. 20  Simulation Results for 10 kHz, 50 % Duty Cycle

Drain voltage excursion indicates that the MOSFET experiences uninterrupted inductive surge (UIS) due to the energy stored in
the inductor, and goes into avalanche to dissipate the energy.

The corresponding power profile plot is shown in figure 21. Figures 22, 23, and 24 show the power profile zoomed at turn-on,
turn-off, and peak at turn-off, respectively.
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** profile: "SCHEMATIC1-10kHzS50DT® [ D:\1 SQD4ON0€-14L\sqd40n0é-14l-pspicefiles\schematic1\10khz50dt.sim ]
Date/Time run: 11/12/12 13:50:34 Temperature: 27.0

(A) 10kHzS50DT.dat (active)
500 T
4004 4
(150.038y¢362.558)
3004
2004
1004
(150.02%u,5.3847)
(100.020y,4.7764) 5 - 49 (86(1'2.179u,-979.726m)
\yoo.oszu,dﬂ!.%%ﬂ’“' )
]
-100: + t +
s 50us 100us 150us 200us|
¥ I(U1:D) & W(U1)
Time
Date: November 12, 2012 Page 1 Time: 14:07:34

Fig. 21 Simulation Results for 10 kHz, 50 % Duty Cycle; W (U1) Power Profile; | (U1-D) Drain Current

** profile: “SCHEMATIC1-10kHz50DT" [ D:\1 SQD40N06-14L\sqd40n06-141-pspicefiles\schematicl\10khz50dt.sim ]
Date/Time run: 11/12/12 13:50:34 Temperature: 27.0

(A) 10xHzS50DT.dat (active)
10 T
8+
6+
(100.020y, 4.7764)
4+
2%
0
-1 1 t + + t
100.010us 100.015us 100.020us 100.025us 100.030us 100.035us 100.040us
v I(ULl:D) & W(Ul)
Time
Date: November 12, 2012 Page 1 Time: 14:13:50

Fig. 22  Simulation Results for 10 kHz, 50 % Duty Cycle Turn-on; W (U1) Power Profile; | (U1-D) Drain Current
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** profile: "SCHEMATIC1-10KHzS0DT™ [ D:\1 SQD4ONO6-14L\3gd40n06-141-pspicefiles\schematici\10khz50dt.sim ]
Date/Time run: 11/12/12 13:50:34 Temperature: 27.0

(A) 10k#z50DT.dat (active)

10

(150.025u, 9.8847)

6+

(100.020u,4.7764)

24 162.304u,-42.970m)
(99.993y,3,

(150.020u,494.684

t + + t
ous 120us 140us 160us 180us 200us
v I{(U1:D) & W(U1)

Time
Date: November 12, 2012 Page 1 Time: 14:23:31

Fig. 23  Simulation Results for 10 kHz, 50% Duty Cycle at Lower End of Turn-off; W (U1) Power Profile; I(U1-D) Drain Current.

** profile: “SCHEMATICI-10kHzS50DT® [ D:\1 SQD4ONO6-14L\3qd40n0é-141-pspicefiles\schematici\10khz50dt.sim )
Date/Time run: 11/12/12 13:50:34 Temperature: 27.0

{A) 10kHzS50DT.dat (active)
394 - - - -
(150,038u, 362.556)

300+

2004
L
-
O 1004
Z

(162.304y, -594|{231m!
Z 150.020u,494.636m)
/S
O 0 =
|— 136.63us 140.’00\:3 NS:OOus lSO.’OOus 155.’00\15 léO.‘OOus 164.72us
¥ I(UL:D) & W(UL)
< Time
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@)
-l Fig. 24  Simulation Results for 10 kHz, 50 % Duty Cycle at Upper End of Turn-off; W (U1) Power Profile; | (U1-D) Drain Current
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STEP 4: THERMAL SIMULATION RESULTS

Go to the third row of the top tool bar and click on the Add Traces icon. The Simulation Output Variables window (shown in
figure 25) opens. Scroll down and click on V (X_U1.j-a-Temp-Tank) and V (X_U1.j-c-Temp-Tank). Click OK.

NEEAN Rk

Simulation Output Variables Functions or =
= Analog Operators end Functions
Vi - [y
z%;) V| Anelog 9 =
x% t)) Digtal %
V(X_U1 Drain) V| Voltages {3
V(X_U1.Gate)
TEMP-FILTER) | Currents s
Temo-Ta = ARCTAN()
= V| Power Pl
Noise (VifHz) :VG()
i cos()”
V| Alies Nemes )
O . | SubcircuitNodes 25() 5
'V _U1.N11404) ENVMIN(. )
V(X_U1.N11408) BP()
VU1 N11412) 50
V(X_U1.N11450) MGO
V(X_U1.N11708) LOG()
VX UINT171 o oo
VP(.ULN"N?) 527 variables listed M(
VO U1N11732) = M) g
Full List
S o okl b kb

Fig. 25

The Simulation Results Window will be updated with traces for the junction temperature of the MOSFET using the
junction-to-ambient tank model and junction-to-case tank model (trace colors light blue and orange, respectively). Figure 26
shows the first two cycles.

** Profile: "SCHEMATIC1-10kHz50DT" [ D:\1 SQD4ONO6-14L\3qd40n0é-141-pspicefiles\schematicl\10khz50dt.sim ]

Date/Time run: 11/08/12 16:14:33 Temperature: 27.0
(A) 10kHz50DT.dat (active)
80
40 |
||
\ "I
20 |
{ {
| (1
—e | — e I'
“os 50us 100us 150us 200us
V(Ul:D) ¢ V(U1:G) ¥ I({Ul:D) \'1x_U1.)va-Te=vaanf) V(X_Ul.3j-c-Temp-Tank)
Date: November 08, 2012 Page ;: Time: 16:17:50
Fig. 26  Simulation Results for 10 kHz, 50 % Duty Cycle with 200 pys Thermal Parameter
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Below, figure 27 shows the simulation results for a 2 ms duration, while figure 28 shows the simulation results for a 20 ms
duration.

** profile: “SCHEMATIC1-10kHzS0DT*® [ D:\1 SQD4ONO6-14L\sqd40n06-141~ p:pu:e!ues\:chemaucl\IOkthOdt sim )
oar.c/ﬂme run: 11/08/12 16:20:50 Temperature: 27.0

{A) 10kHz50DT.dat (active)
T
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0s 0.5ms 1.0ms
o V(U1:D) ¢ V(U1:G) ¥ I(Ul:D) + V(X_Ul.j-a-Temp-Tank) V(X_Ul.j-c-Temp-Tank)
Ti

me
Date: November 08, 2012 Page 1 Time: 16:26:01

Fig. 27  Simulation Results for 10 kHz, 50 % Duty Cycle with 2 ms Thermal Parameters

** profile: "SCHEMATIC1-10kHz50DT"™ [ D:\1 SQD40ON0&6-14L\3qd40n06-141-pspicefiles\schematicl\10khz50dt.sim ]
Date/Time run: 11/12/12 15:02:46 Temperature: 27.0

(R) 10kHz50DT.dat (active)
200V T T

LAY AR AR
‘“"“"""""\'ﬁmmmwwewwwu«mwm«\\\wwmwmww b

M;}m m\‘\\‘m\‘f\'ﬁ
/

150v+

100V \
"
S50v+ K
ov + + +
0s S5ms 10ms 15ms 20ms|
o v(x_U!.j-a-Temp-'rank)“» V(X_U1.J-A-TEMP-FILTER}* V(X_U1l.J-C-TEMP-FILTER) V(X_Ul.j-c~Temp-Tank)
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Date: November 12, 2012 Page 1 Time: 15:13:53

Fig. 28  Simulation Results for 10 kHz, 50 % Duty Cycle with 20 ms Thermal Parameters
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Figure 29 shows the schematic for a 10 % duty cycle.

Vi=0Vde
V2 =4.5Vdc/

TD = 10ns ’.{;_‘f'

TR =10ns

TF = 10ns
PW=10us
PER = 100us

V2

SQD40N06-14L_PS_RC

0
Fig. 29  Schematic for 10 kHz, 10 % Duty Cycle with 20 ms Thermal Parameters

o] VA
15V

Figure 30 shows a junction temperature rise of less than 50 °C with a 10 % duty cycle, compared to a rise of 170 °C within
20 ms with a 50 % duty cycle (refer to figure 28).
We can also observe a matching trend in results for thermal simulations using junction-to-ambient tank and junction-to-ambient
filter configurations. Likewise, a matching trend can be observed in results using junction-to-case tank and junction-to-case
filter configurations. A matching trend between two configurations signifies that the use of either will give identical simulation

results.

The corresponding voltage and current waveforms are shown in figure 31.

** profile: "SCHEMATIC1-10kHz10DT"
11/12/12 15:22:37
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Simulation Results for 10 kHz, 10 % Duty Cycle over 20 ms Thermal Parameters

Revision: 02-Apr-13

16

Document Number: 62841

For technical questions, contact: powermosfettechsupport@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000




=

N O

APPLICATION

Application Note AN842
Vishay Siliconix

\_ A
VISHAY.

www.vishay.com

v

Using an Electro-Thermal Model
for Vishay Siliconix Power MOSFETs on a PSpice Platform

** profile: "SCHEMATIC-10kHz50DT"

[ D:\1 SQD4ONO6-14L\sqd40n06-141-pspicefiles\schematicl\10xhz50dt.sim ]
Date/Time run: 11/08/12 16:36:22

Temperature: 27.0

(A) 10kHz50DT.dat (active)
€0 T T T

J

60

40+
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|
200us|

~20 t t

0s S0us 100us 150us

V(U1:D) ¢ V(U1:G) ¥ I{(U1:D) - V(X_Ul,j-a-Temp-Tank) V(X_Ul.j-c-Temp-Tank)
Time

Date: November 08, 2012 Page 1 Time: 16:39:19

Fig. 31  Simulation Results for 10 kHz, 10 % Duty Cycle over 200 ps Electrical Parameters

SUMMARY:
¢ The two examples above discuss the electro-thermal behavior of MOSFETSs through a single simulation
¢ Electrical simulation results can be obtained by adding the desired voltage, current, and power markers

e Thermal simulation results can be easily accessed by selecting the desired output parameter such as J-A temp tank, J-A temp
filter, J-C temp tank, and J-C temp filter

e Thermal simulation results for tank and filter configurations have matching trends within 10 °C (worst case)

IMPLEMENTATION:
e At this time, electro-thermal models are available for power MOSFETSs in single package configurations
¢ Online product information pages for Vishay Siliconix power MOSFETs will be gradually updated with electro-thermal models

¢ In the event the models you need are not available on the product information page corresponding to the part, please submit
your request under the section “Technical Questions” on the same page
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