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Cs(F)
Ch(F)

Cp ( F) Sample Cap.

R (Ohm)
Re {Ohm)

Simulation Time (s)
plot
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Gl Juadl)
N ImpA - b
Vdo (k Volts) 12083
Cs(h) 5.9
Ch(F) 0.6e-9
Cp { F) Sample Cap. 0
Rd (Ohm) 250
Re (Ohm) 12263
Simulation Time (s) 0.0004 0 1 2 3 4
Time [s] x10*
plot Change Cs Change Ch Change Rd Change Cs
cst chi Rd Re
Tris) Ts(s) A (Type) Efff. plot ‘ plot ‘ plot ‘ plot ‘
5.29396e-005 1.12041e-006 Eff Eff1 ‘ Eff2 ‘ Eff3 ‘ Eff4 ‘
Tr. Ts Cal. ‘ Eff Cal. ‘ Eff Cal. ‘ Eff Cal. ‘ Eff Cal. ‘ Eff Cal. ‘
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0 Impulse Voitage Simulator (Type A) |
x it o
Vdo {k Volts) ' ' !
o
Cp ( F) Sample Cap. III
Sinlzionimelte) % 0z oz o5 0% g 12
TR [ x 107
plot Change Cs Change Cb Change Rd Change Cs
| 10e-9 | | 03e9 | | 1000 ‘ | 153 |
Tr{s) Ts(s) A (Type) Efff. plot | piot | plot | plot |
5.29396e-005 | | 1.12041e-006 | | 0.847147 ‘ 0.905851 | 0.798377 | 0.78085 | 0.868899 |
Tr, Ts Cal. | Eff Cal. | Eff Cal. | Eff Cal. | Eff Cal. | | EffCal |

(B)Alsa st ¢(pila pa a1 gall Al guilii :2-3-3
B Alia gill el 5 pealipull JIA2Y) Agal 5 (34-3) JSAN

Impuise Voitage Simulator | x10* Impulse Voltage Waveform

Cs(F)

Se-9

Cp ( F) Sample Cap.

Rd (Ohm) 750
;
Simulation Time (s) o8 ;
* 10
Change Rd Change Cs

plot (Type B) | S
Tr(9) Ts(s) A (Type) E7F plot | plot | e | plot |
4.98736e-005 | | 1.15929-006 | | o | | = | | Ef2 | | E#3 | | Efid |
Tr.Tscal | Efcal. |  Efca. | Effcal | Effcal | EffCal. |

Bilia sill zralijall JASY! dgal 5 (34-3) Jal
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A (Type) E#. plot ‘ plot ‘ plot ‘
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L) Simulink Library Browser - O
Fie Edt View Hep

O & = | |Entersearchterm v i &

Libraries Liorary: Simuink | Search Results: (none)

~
+- T Aerospace Blockset

- Tl Communications Blockset
| control System Toolbox

Discrete

=]
8
i

7 (0 ] 7]

Model
Verification

Math
/- 4| Fuzzy Logic Toolbox Operations
-] Image Acquisition Toolbox

- Instrument Control Toolbox Medel-Wide £l Possa
Utilities L Cl Subsystems

B Model Predictive Control ..

Signal Attributes Signal Routing

Additional Math
& Discrate

UserDefined

asb  Sinks - Sources "
Functions

+1- 8| RF Blocksst EiN ! P
+- T ReakTime Workshop
- T ReakTime Workshop Em.
| Report Generator
T8 Robust Control Toolbox
+- Tl Signal Processing Blockset
- Tl SimEvents
=W simPowerSystems
#- Application Libraries.
- Electrical Sources
- Elements.
- Extra Library
Wachines
- Measurements.
- Power Electronics

1] [F (3 &

+- T Neural Network Toolbox e x
S

L oal o

Block Description X

Simulink Library Browser 4ga! s (38-3)Js.l
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((39-3) S b e sr LS Lo s al

=] Block Parameters: DC V2

DC Voltage Source {mask) {link)

Ideal DC woltage source.

Parameters
Amplitude (V)
100

Measurements | Monge -

Cancel Help Apply

Electrical Source 4eals & saiwall Jigll auie dad Jal (39-3) <l

LS Al Agal sl Hbas cliiey clilay Glaglia Jeo (g 903 Jllg Element die il 45Sdl e
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1~ Block Parameters: Rsource

Series RLC Branch (mask) (ink)

Implements a series branch of RLC elements,
Use the 'Branch type' parameter to add or remove elements from the branch.

Parameters

Branch type: RLC -
Resistance (Ohms):

0.001

Inductance (H):

1.0
[[] set the initial inductor current
Capacitance {F):

1.0
Set the initial capaditor voltage
Capacitor initial voltage (V):

-5e3

Measurements  Mone -

Cancel Help Apply

Element 4 dll 45Sd) deal 5 (40-3) Jal

Gl Juadl)

g;j O sa LS Lgiad s dasliall s (Ryoyreedalals dalia ) Cuaﬂ @l‘d‘ O L dgal sl oda (e

=] Block Parameters: Rsource

Series RLC Branch {mask) (link)

Implements a series branch of RLC elements.
Use the ‘Branch type' parameter to add or remove elements from the branch.

Parameters
Branch type: |R

Resistance (Ohms):
0.001

Measurements | Nane

Cancel Help Apply

Element e all 4l 4galy (41-3 )Jal

(41-3)0sa

oAl jpalic 446 Leia Hlias cElement 4ol Guds (e Roource 4alala daglia dad jlias All
Sl ol Al iy CB Jeall (iSes Re il dagliag R oadll daglie o
A aly Aime Al Cg Sl jig8 Joay Ladie jlghy Cua o oSL) Siilin adli€ ol KU 5yl
ua (Power Electronics due jill 0S4l e IGBT g g3 (1 435 5N adal g3 5 5280 o3a Jlagiad
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Al Lo 138 5 3l 3 Aise (e lan ypies el il o3 b Juaill s Jua gl Auleal 4 DU a3l
Jual ays (Power Electronics isSal e adalill 13a s Ay sleadl 3o As sal A
(42-3) i) 8 ae s WSIGBT2 adaldl) cifanas

=) Block Parameters: IGBT2
IGBT {mask) (fink) ~

Implements an IGET device in parallel with a series RC snubber drcuit.

In on-state the IGBT model has internal resistance (Ron) and inductance (Lon).
For most applications, Lon should be set to zero.

In off-state the IGBT model has infinite impedance.

Parameters

Resistance Ron (Ohms) :
le-5

Inductance Lon (H) :
1e-7

Forward voltage W (V) :
1

Current 10% fall time Tf (s :
0.1e-6

Current tail time Tt (s):
0.2e-6

Initial current Ic (A) :

o]

Snubber resistance Rs {Ohms) :
2000

Cancel Help
IGBT2 pdaldll laass JaayY Power Electronics dusall dgal 5 (42-3)Jsal

) a2 sBIGBT2 J5¥1 opahld ) 2 bad B Alua g 5 il algall 500 of alall a
Baane Gia ) DE (RA Aagliadl e CBLESA (adl B o3 g i IGBT U 45 sCS
G Al A e laslaal a0 bl a5 e Al mal dmy Guls v @l
—3) JRall 2 e 8 LS (Simulink 4sSal (e peaiall 138 jlias (Repeating Sequence?

(43
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A Jual

File Edt WView Help
b =

Libraries

)

= E Simulink -
= Commonly Used Blocks
Continuous
+ Discontinuities
- Discrete
- Logic and Bit Operations
= Lookup Tables
Math Operations
-~ Model Verification
-~ Model-Wide Utilities
- Ports & Subsystems
= Signal Attributes
Signal Routing
- Sinks.
rces
-~ User-Defined Functions
[+ Additional Math & Discrete
[ E Aerospace Blockset
- E Communications Blockset
= E Control System Toolbox
- ﬂ Fuzzy Logic Toolbox
e E Image Acquisition Toolbox
ﬂ Instrument Control Toolbox
< >

Library: SimulinkiSources | Search Results: (none) |

DEN | EE

b From Werispace

Band-Limited
‘White Moise

Counter Fres-
Running

Ground

Random

Ra
mF Number

=

Repesting
Sequence Stair

Step

Chirp Signal

Counter Limited Digital Clock

Signal Builder

G—) Clock

untitea mat

Repesting
Sequence

Signal
Generator

FEE [

Uniform Rando-
m Mumber

Constant

From File

Pulse Generator

Repesting Seq-
uence Interpal...

Sine Wave

Block Description

X

hybrid systems.

Showing: Simulink/Sources

Simulink/Sources/Band-Limited White Noise: The Band-Limited White Noise block generates normally distributed random numbers that are suitable for use in continuous or

Glanl) Al gz o Jlaay Simulink Sl dgal 5 (43-3)Jal

Glianll Al gi s jla laxsa LAY Pulse Generator 4w jall 44l dgal 4(44-3) il

(44-3)JRal 8 (e s LS piaiall 130 Cladas JAN &

Repeating table (mask) {ink)

QOutput a repeating sequence of numbers specified in a table of
time-value pairs. Values of time should be monotonically increasing.

Parameters

Time values:

Output values:

|mo11000

83

sl Aage Al ol A Y1 akal sl Juags Juad el aSadll g jeatad)l 1 DA e
G oo e i alsel dadall dlee e AU 2 oAl As g HledaY 5 @l ol ol
sy« oA)) Anpe JlelsY 3L anl) 5 @Al is el Blsh il ) L zlias B dlia s



Alantl Al Al Gl Juadl)
S Asal dadall 5 s (45-3) 8N cpy g cmeasurement, Sinks 4iSa (e jaliall s3a ladl
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Repeating Repeating
Sequencel Sequence3

e [
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Mosfet4 Mosfetl
| T"1
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ﬂg_ - ?{e c
T

uo

B o Jdn i Je Jis dsal ddall s s (45-3) Jsall

oty Aadaill 3la I paddl A asa el ol Algall palial Adlaall adll Jaab

UO(kV) 100

Cs (pF) 5000

CB (pF) 600
Rd(Q) 750
Re(Q) 12200

(46_3) JEll Al CJAJ\ &yd&ié&ﬂqu\ e-w\)u-“d-‘-dﬂ
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%; Rel
#ng
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Sequence4
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Rd(Q) 750
Re(Q) 12200
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:Cs Al i 5 ya-1
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Rsource
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VCs _Vout dVout
Zos Tt
Re dt
V.. -V
Vout :ij' Cs out ¢
C, Re
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1/Re Integratorl  1/cp

Add1l

Csiaii 512 Aadas (54-3) 84l

DB a5 ol ol gall Aniedl LIS 5l (55-3) JSal

1
’ > » 5 Ve »{'K' _:+ _>I>_> 1 _>[>
1/C2 Integrator4 1/Rch5 ° [

Add2  1/(Re+Rd)Integrator3 co P

| gl Vc5
Add3  1/Reourcel Impulse Generator
Repeating source
Sequencel Type B

saal g Ala B Aluagi Ay ooan alge 5y Aada (55-3) il

A0 Clial sl 53 55 Als yo B Alia g ozl A sall a8 Jlaal

UO(kV) 100
Cs (pF) 5000

CB (pF) 600
Rd(Q) 750
Re(Q) 12200
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High Voltage IGBT
with optional Diode

Short Circuit SOA Capability
Square RBSOA

i g S adal g8l amy ldana t@alall

IXDH 20N120
IXDH 20N120 D1

C ]
E E
XDH 20M120  IXDH 20M120 D1
Symbcl Conditions Maximum Ratings
Vs T,=25"C to 150°C 1200 v
Vieen T,=25"C to 150°C; Ay = 20 ki 1200 W
Vs Coontinuwous +20 W
|- Transisnt +30 W
 F T.=25"C B A
. T, =80°C 25 A
1 To=080"C, t,=1ms &0 A
RBESDA Vo =215V, T,=125°C R =820 =35 A
Clamped inductive load, L = 30 pH | .
- Vo =215V, V=V gy, T,=125°C 10 ps
(SCS0A) A = 82 11, non repatitive
P T.=25"C IGBT 200 W
Diicde 75 W
T, -55 .. +150 C
Ty -A0< . +150 "C
Meximum lead temperaturs for soldenng 300 "z
1.6 mm {0.062 in.} from casa for 10 &
M, Mounting torgue 0&-12 Hm
Weight g a
Symbaol Conditions Characteristic Values
(T, =25°C, unle:aa othenwise specified)
min. | typ. |max
"I",.“.F. V=0V 1200 W
Em I|,=08mA W_ =V_ 45 85 W
I V=0V WV, =20V + 500 nA
"I"“M I,=20AV_ =15V 24 aw
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V.. = 1200V
l,. =38A
Vep oo = 24V
TO-247 AD

C (Tagy

&= Gate E = Emlttar
& = Coliactar TAB = Coillactor
Featuras

= NPT IGBT technology

» low eaturation voltage

= low gwitching losses

= square RBS0A, no latch up

* high short circuit capability

» poEitive tiemperabure cosfficient for
easy parallsling

* MOS input, voltags controlied

= optional ultra fast diode

» Intematicnal standard package

Adwvantages
* Space savings
= High poweer density

Typical Applications

= AC motor spesd control

= DC sereo and robot drives

# DC choppers

* Lninteruptible power supplies (UP3S)

» Switch-mode and resonant-mods
power supplies
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Symbol Conditions Characteristic Values
(T, = 25°C, unlass otherwizse specified)
min. | typ.  [ma.
C.. 100D pF
C.. V=26V V_=0V,i=1MHz 150 pF
Coe 70 pF
ﬂ_i I,=20AV_ =15V, V_=05V_, T0 nC
- 100 ns
t, N 75 ng
Inductive load, T,=135°C
L =] ns
IL=20AV_ =215V,
Tr V_=600V,R_ =820 70 s
E. a1 meJ
E. 24 m.J
Re.c 0.63 KW
R, Packsge with heatsink compound 0.25 KW

Reverse Diode (FRED) [D1 wersion only]

Characteristic Values

(T, = 25"C, unless otherwise specified)

TO-247 AD Outline
- A
- - A7 = |_.|-

. Lot .
J_ g =
Frad—

=] | i

R

-
T i..- 1.|

1 Tl ¥ L

Lk = - [
B -
Dirn. Milimater Inches
Mn. Max | Min. Mo

M 4.7 5.2 | 185 G
LN 2 254 oar 02
A 2 2.6 | 050 008
b 1.0 1.4 04&0 DeE
b. f.6& 213 | .065 .084
b | =87 34z | 113 .as3
c 4 B e o3
D |zoB0 2146 A10 Bas
E 1575 16.28 B10  E4AD
-] B2} G5TZ |0.20E 0235
L Bl 2032 70 .BDO
L1 4.50 AT
@ 3es  3EE | 140 144
Q E.BD 640 | 0.Z3Z 0352
R 432 B4F | ATD HE
g E.15 BSC =& BEC

Symbol Conditions min. | fyp. max.

Ve L=20A V=0V 285 28 v
L=20A V=0V, T,=125"C 24 W

L To=25"C HooaA
T.=90°C 0 A

(- I, = 20 A, -diidt = 400 Afps, WV, = 800V 15 A

t. Vo =0V, T,=125C 200 ns
I =1 A, -didt= 100 Afps, V, =30V V=0V 40

Rl 16 KW
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10 kV/10 A SiC DMOSFET D
Clamped Inductive Switching S

I ——

| Turn-on Time =197 nsec |[— oS B Turn-off Time = 144 nsec | :}:)Ds "~
ey | — vGS | L o £ — ves|[],
[\ Qg o = 351 NC /
g g
g | AN RES ———@ 2
\ (W= 681 mlicm? || / \z\ [We=128mieme | ©
\ yaw,
{ | S—
el &2 &4 o /H 11 12 11?‘MA 8
tpon = 17 nsec Tme (usec) ¢ =180 nsec tp.orr = 50 nsec Time(usec)  t,, =04 nsec
10 kV/10 A SiC DMOSFET 10 kV/10 A SiC DMOSFET
Turn-On Waveform Turn-Off Waveform
Copyright © 2012, Cree, Inc. pg. 14 cREEQ
Power Loss Comparison Between P dD
SiC 10 kv SWitches and Si IGBTs - @
33 A/cm?
500 Hz 5 kHz 20 kHz 50% Duty
5kv 5 kv 5kv 100°C
Device BV Psw,sp Psw,sp Psw,sp PCO“d:SP
(kv) | (W/cm?) | (W/cm?) (W/cm2) (W/cm?2)
Cree
SiC DMOSFET | 10 & 40 160 100
Cree
SiC n-IGBT 12 6.5 65 260 66
ABB 2%
Si IGBT 6.5 72.5 725 2900 182
5SMX 12M6500 :
Copyright © 2012, Cree, Inc. pg. 15 %REEQ
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10 kV, 120 A SiC Half H-Bridge Module
Switching Waleforms

No Latch-Up Observed

H d y '] ol
In 15kV/10A SiC p-IGBT ipcire
Dr. A. Hefner, NIST |
140 ] _":"EW] . . e
1 _:E.I:?E;] o SiC p-channel IGET-IG3 60 -
—bpv) Ratings: 16 kV,5 A — XV
120 4 ID{15V) — =50.0 1 Active Area: 0.16 cm® S0 S gspw
J_—ID(2ov) % T=251C i‘ - k
100 é 40.0 7 4.0 g__ .
3 80 ‘:,:-_ -'g L5
TJ ] % g TE Ky
= 60 1 Eh El 2w
] 8 é — 5KV
40 ] E 3 2EEY
p ] o=
20 4 Of_aw
1 Rg=15.5 0, L=240 uH ’
1 10.0 - 1.0
0 - 0.0 1.0 2.0 30 4.0
0 5 10 15 20 25 30 35 Time [us]
=Vc (V)
No Static Latch-up @ I.=145A @ 22.5V No Dynamic Latch-up
=> Current density: 906 A/cm?2 during turn-off transients:
=> Power density: 45 kW/cm?2 Ic =-40A
CREE®
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12.5kV SiC n-IGBT Turn-Off Switching

Up to 8 kV at 25°C and 175°C (9 [P le HC

25°C 140 175°C
20.0 14.0
Ratings: 12I(\|'.5A! 1 130 16.0 - Ratings: 12 kV, 54 | 13.0
Active Area: 0.A5cn” 1| 49 120 N [Retive Avea: 015 e | 429
T=25°C - T=175°C )
11.0 . 3 -
—_— 80 \ 10 3
1003 < 49 100 =
t 9.0 ‘: = 00 ~ 90 o
B0 o o 40 80 2
@
0 == 30 : 7.0 §
6.0 2 o 120 | ," 60 =
50 _ l; -16.0 | 50 ~
40 o | o
PR 200 40 o

-28.0
-32.0 |
5 -36.0
1.0 400

[ R F ]
oo oo
I
B
I?”\h-
I"'r\'\
O == MW
oo oo

05 10 15 20 25 30 35 40
Time [us] Time [us]

Measurements by Al Hefner at NIST
.REE@®

Copyright © 2012, Cree, Inc.
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Abstract

Abstract

The international standards impose to carrying out tests with lightning impulse
voltage to insulators and equipment, which are used in high voltage networks. The
test will be done for all voltage (20, 66, 230, 400) kV with standard impulse
waveform (amplitude, rise time, fall time, polarity and the number of impulses).

The impulse waveform properties changes in according with elements of the impulse
generator circuit and the sample, to assure getting full impulse waveform
compatible with IEC requirement, the generators must be designed in right way,
when it's elements were calculated in the equivalent circuit (one stage or
multistage), to define the capacitors and resistance for charging and discharging
process.

When the impulse generator is designed, approximate mathematical equations are
used, a laboratory test must be done to chick the design. Nowadays, all researches
tend to simulate the Marx generator circuit in both types (A-, B-type) in one stage or
multiple stages, this will make the design process easier. Then comparison between
laboratory-, calculation- and simulation results will be done, to determination wither
the simulation is accessible or not.

106



