IGBT Double Pulse Test

Cafineon

Never stop thinking



IGBT Double Pulse Test (infineon

B Basic principle of double pulse test
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IGBT Measurements
Turn-on & Turn-off

B Test Setup

(infineon
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IGBT Measurements
Turn-on & Turn-off

M Basic Wave Forms
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IGBT Measurements —
Turn-on & Turn-off L/mfmeo"

B Sample Wave Forms
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IGBT Measurements .,.
Short Circuit | & 11 (Infineon

B Test Setup
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Gffneon

Two Types of Short-circuits
M Before the short-circuit occurs, IGBT is ON &
in saturation region.
M The short-circuit is created by applying the

B Before short-circuit occurs, IGBT is OFF &
DC-bus voltage on C-E of the IGBT.

blocks the DC-bus voltage.
M The short-circuit is created by the switch-on

of the IGBT.
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Diode Measurements

B Test Setup
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Diode Measurements
Recovery

M Basic Wave Forms
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” Over voltage during turm-on of diode”
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Diode Measurements
Recovery

B Sample Wave Form

Gffneon
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infi
Double Pulse Test (Infineon

e |GBT characterization

e Comparable test conditions as
datasheet

e Results close to Infineon datasheet
expected.

e Customer’s application setup

e Helpful for further design

e Different test conditions, and

different results expected |7 /. ¢

e Both IGBT in the (2-level) leg to
be tested — different commutation
loop & different behavior
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IGBT Double Pulse Test (infineon

B Safe operation of IGBT

O IGBT RBSOA
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IGBT Safe Operation — IGBT RBSOA

B Pulse current (ICRM IRBSOA)

Gffneon

Periodischer Kollektor Spitzenstrom b

repetitive peak collector current =1ms
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l.ry IS defined as repetitive turn on pulse current, related to IGBT thermal

lc.ry May be exceeded during turn on due to reverse recovery.
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1ms is just test condition, real pulse width is depend on thermal



IGBT Safe Operation — IGBT RBSOA Clnfineon.

B Blocking voltage (VCES)

Kollektor-Emitter-Sperrspannung _ago )
collector-emitter voltage Tj=2°C Vees 1700 V

Vces specified at T,=25C. Higher T;, higher blocking voltage

105D
Chip level
a0 -;// P
750 \// Module level
- ' Due to stray inductance inside module
- | i
& i .
0 i AV =di/dt* L,
00 \l'
i i Voo i i X rin
S Tl e IO T | ces IS easiest to be exceed d_u g
| E turn off, due to external and internal
! 0 200 400 600 BO0 1000 1200 1400 1600 1800 stray inductance
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Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
注释
Vce在任何情况下都不能超过IGBT的额定电压值


IGBT Double Pulse Test (infineon

B Safe operation of IGBT

O Diode SOA
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IGBT Safe Operation — Diode SOA

B Blocking voltage (VRRM)

(infineon

Periodische Spitzensperrspannung e
repetitive peak reverse voltage Tij=25°C VeRw 1700 v
Similar definition of Vg at T, 25°C
B Pulse current (ICRM)
Periodischer Spitzenstrom _
repetitive peak forward current tp=1ms IRy 200 A
Similar definition of |-z, two time of I..
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IGBT Safe Operation — Diode SOA
B Diode SOA

High voltage module specify the SOA of diode. Not only
peak current and voltage is limited, peak power also is
restricted.

The instantaneous peak power should never exceed the
limit for the max. power given in the SOA diagram.

More severe with small current at low _—

(infineon
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IGBT Double Pulse Test (infineon

B Safe operation of IGBT

O Short circuit
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IGBT Safe Operation — short circuit (infineon

B Short circuit current (I1SC)

Kurzschlussverhalten Vee <19V, Vee =1000V |
SC data Vegms: = Vees -Lace -dildt b<0ps Ty=125C | = | ]1800 A
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SC1: Short before Switch On SC2: Short after Switch On

The short circuit current value is a typical value. In applications, SC1

and SC2 can only be safely turned off when desaturated, the short
circuit time should not exceed 10us.




IGBT Safe Operation — short circuit (infineon

B Short circuit condition: VGE/‘
— VGE: gate voltage (15V) @
— VCC: DC bus voltage

lsc /
— Tvj: short circuit start temperature @
8 -

2 {

SCeurrent ! rated current
da

Vge = 11V

' T sc-time and current 1200 VIGBT?® @ V=720V

0

0 2 4 51 8 10 12 14 16 18 20
max. SC-time [us]

It is important to clamp gate voltage during short circuit ;


Administrator
注释
在短路期间钳位住门极电压非常重要，因为门极电压的波动会对短路耐受时间产生影响，门极电压增大短路耐受时间减小。而且还会对浪涌电压，浪涌电流等等参数产生影响。所以在短路期间Vge不能变大


IGBT Double Pulse Test (infineon

B Safe operation of IGBT

O Vge limit
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(infineon

IGBT Safe Operation — Vge limit

Gate-emitter voltage (VVge)

Gate-Emitter-Spitzenspannung r : '
gate-emitter peak voltage VaES +/-20 W

Gate Clamping:
B Limitation of increase of gate voltage due to positive feedback over Cg
B An issue with long durations regarding gate oxide break down

B Limitation of short circuit currents

Methode 1 Methode 2
Gate-Supply Clamping Gate-Emitter Clamping -
+15
=
_u
an’.e
-15 -
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Administrator
注释
这两个电路主要是门极电压钳位的两种方法


IGBT Double Pulse Test (infineon

B Safe operation of IGBT

O Others — Not tested by double pulse test
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IGBT Safe Operation — Others, not tested

by two-pulse test

(infineon

ﬂg?ﬂiﬁ#ﬁﬁﬁﬁis ?;ﬁg:;ﬁn?:m peratur Wechselrichter, Brams-Chopper ! Inverter, Brake-Chopper| T mas 175
;rei?;ﬁ;?[mre'Tﬁ;?gﬁﬂ::ﬁ; canditions Wechselrichter, Brems-Chopper ! Inverter, Brake-Chopper| T e -40 150
B Maximum junction temperature
— IGBT & Diode loss estimation
— Thermal impedance
B Reliability
— DC stability
gglif;ﬁirl-iimitter—ﬁleichsperrsnannung T,; = 25°C, 100 fit VeE D 2100 v
— Thermal cycling & power cycling
B Min switching time
minimam torn-on tme. tFon 10,0 us
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IGBT Double Pulse Test (infineon

B \What can be done with double pulse test

O Check switching waveforms — oscillation?
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infineon
Double pulse test — waveforms (afineon.
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Both too small Rg and too large Rg can lead to oscillations.
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Administrator
注释
太大或者太小的门极电阻都会导致栅极电压振荡（LC产生振荡）


IGBT Double Pulse Test (infineon

B \What can be done with double pulse test

O Measurement of loss, switching time, stray inductance
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Definition of Eon and Eoff IEC60747-9

Eon definition

Ie
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(infineon

Eoff definition
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Definition of Eon and Eoff

(infineon

Eon

Eoff

Notes

IEC60747-9

10%I1c-2% 0V ce

10%%Vce-2%lc

IEC60747-9 Ed2
2005-06-10

10%0 Vge-2% \Vce

90% Vge-2%lc

Infineon Module

10%0I1c-2%0Vce

10%0Vce-2%lc

Infineon Discrete

10%Vge-3%\Vce

90%Vge-1%olc

Incl. 0-109%0 Ic at
full Vce

IR Discrete

10%0I1c-5%Vce

10% Vce-5%lc

Fairchild Discrete

10%Vge-0%\Vce

90%Vge-0%lc

Tyco Module

10%\Vge-3%\Vce

90%\Vge-1%lc

B IGBT module datasheets give two/three Eon & Eoff
values at Tj = 25°C & Tj = 125°C/150°C, respectively,
all for IC,nom & around %2 Vces, VGE = +15V.

B Eon & Eoff, especially Eon increases with increase of RG
B Eon & Eoff increase with the rising of Tj
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Definition of t ,,, t,, t . and t;

(iﬁneon |

tdon tr tdoff tf
10%0 Vge-10%lc 10%01c-90%lc 90%\Vge-90%lc 90%l1c-10%lc
IGBT Turn on IGBT Turn off
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Stray Inductance _
f
System Stray Inductance (Infineon

B Sample Wave Form

Tek Run: S00MS/s sample [FE
[

C1 Max
912V

L2 Max
1.608KY

dt
790KV LG = dVCE ' a

M2 Max
2EEm¢

thT™ FOOYVTRT 00V MOS00Rs TR 906V 19 sep 2002
13 ¥ L ) i
Math | [EETTNY 500Ns 11:41:06

Note: connect to power terminal when measuring external busbar
stray inductance.
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Diode switching measurement (Infineon

M

1 =002,

|
[ 'j' ) B0 =" _IVEc(t)-IF(t)dt

“ ”'U.-“ | i i j I:!_“ ] mm

]I'I.II
e =01

er:_ J-IF(t)dt

lg=0.02:1,

{

trr =t (IC =0.02 Irm )' t (IC =0 Irm)

B IGBT module datasheets give two/three Erec values under Tj = 25°C & Tj
125°C/150°C, all under IF,nom & ¥2 VCES, VGE = -15V

B Erec decreases with the increase of RG

B Erec increases with the rising of Tj
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Dead Time Estimation Cinfineon

tor = [(tger(mMax)+t(max)-ty,,(Mmin)) + (o max-terimin) 171 2
\— 4 N\ J \ )
v Y

IGBT Driver Margin

® T, I, and R, has small impact on T,

O Min Ty, typically at small I, small R,

T, I, Ry, and V, has significant impact on T,
O Max T, at: small current I
High temperature T,
Variation of V,,, should be considered
Big R,
Unipolar V

B T, can be neglected because it is typically very small

B Propagation delay time of driver must be considered to calculate t;
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Dead Time Estimation

Ideal
driver

|

Real driver with ’
bipolar transistor '
output ’
I Il
Rint —H— Rg

----I------ﬁ

(iﬁneon |

Block diagram of test to simulate variation of vth and driver with bipolar output

Varification of Dead Time, both high
temperature and low temperature

should be tested

2010-6-7
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IGBT Double Pulse Test (infineon

B \What can be done with double pulse test

O Verify IGBT RBSOA, diode SOA
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Verify IGBT RBSOA (Infineon

s00 1—lc. mu .ﬂ"x Vee, | .00
W
400 1 800
< J'H F‘ \ | I i
W /..

i I\va=n
AN

3,25

0.75 1.25 1.75 2.
tlps]

B For 39 and 4™ IGBT, Rgoff has little impact on Eoff, dv/dt, and di/dt

m di/ . is only controllable if the gate voltage doesn’t drop below the Miller Plateau
level before I, starts to decrease

B dv/dt and di/dt are controllable by the gate resistor when Rgoff is very large
B A larger resistor will result in a smaller dv/dt and di/dt
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Verify IGBT RBSOA

Gffneon

B In no case shall over voltages exceed the maximum breakdown voltage of the

IGBT

B To control the IGBT it is necessary that the
the Miller Plateau level

Vm

P e .
1
b-'-'f' PSET Madu
= 15y - &
i
) . T I:‘ v
Plifm i — a B , 1 a o
£y —
i |
15W0 - .
Swrich of 2%, al Yoo = BED
e\ G
e NI ot
f Vos

2010-6-7 Copyright © Infineon Technologies 2008.

gate voltage hasn’t dropped below

C
1 5KE oA LD .
+15 E
il I~
I Y
RG&IE [
-15
E
Due to Active Clamiping
BT max
b 1. 00EKY
e
gl |
1A
[ i} '
| n b
: t:-—::r—
All rights reserved. Page 37



Verify Diode SOA

example: 600A / 6500V module

Tk Run:Eﬂ.ﬂHEr’f Sample  [REE

12
Bl 1 fmemr e I.'1__. ' ||I .'l-—\-trl'.r'-'l+ varriad e ra et ke i Lo et
[ 1
14 Lo i
Thi™Tooey 17 IV W200ps cho 7 ROV

Math 2| 1, i 2. 0ps

measured: i(t) and vq(t)

M1 Max
1<k BV

26 0Oct 2000
1720000

(iﬁneon |

IR[A]

1200
1000
800

600 -
400

200

=\

e SOA limits
= \/R*IR trace 1200A/4000V
e \/R*IR trace 600A/3600V

N

0 2000

VR[V]

4000 6000

calculated: ppeq(t) = i(t) - Va(t)
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Verify Diode SOA Cafineon

B Erec, Irr, dv/dt, and di/dt will be decreased with increasing Rg
B Erec, Irr, dv/dt, and di/dt will be decreased with increasing Cg
B Higher Tj lead to decreased dv/dt and di/dt

B Diode tends to snap off with small current

No Cge, t/div=1us ST o s
\
| Ron=Roff=1.8 Q
lc=1/,, Inom
Lol et
- — — — = — W
I No Cge, t/div=1us TR LI I
| Ron=Roff=1.8 Q Soft recovery behavior
Ic= Inom
= mmiant
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Gffneon

Verify Diode SOA — diode snap off
T v ,..nRg..‘Z 40hm o E?.g—m’.’; 00hm . Rg.—;.’].,SOhm
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Can lead to high voltage with small current at low temperature
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IGBT Double Pulse Test (infineon

B \What can be done with double pulse test

O Verify short-circuit protection
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IGBT short circuit protection — turn off —
inf
voltage overshoot (Infineon

|| FImasiCE . Pi- - - PE=- PB- -
i J.nu-.-

EMMEHM

LaCroy

Soft turnoff SC1 — reduce voltage overshoot
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IGBT short circuit protection — gate clamping
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ircul | . afr
IGBT short circuit protection — short circuit 11 (afineon.

B 5 I
Tak T . Camps 1 iy B Eap 11BN I.--—J

Cuiel Pos

i
[ wseem |
& ] el
2 wWifs
i i TWia
| TR
Fs ] 1 OO
o [+ EF- 11
b w0
POV,

Turn off SC-11 only when desaturated.
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IGBT Double Pulse Test (infineon

B \What can be done with double pulse test

O IGBT Paralleling

2010-6-7 Copyright © Infineon Technologies 2008. All rights reserved. Page 45



IGBT parallel (Infineon.

C1l: the left IGBT

/'—-._ u’— C2: IDC totally
C3:V

CE

C4: Ve

'
Fi-max{C1) FZmin{CH) P3mian{C 3] P&maniC3} A5 .wmealFi} PG
.02 kW 223KV B05 403 m s

The difference between paralleled IGBT
becomes smaller and smaller
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IGBT Double Pulse Test (infineon

B \What can be done with double pulse test

O Optimize Driver design
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B Impact of Rg, Cge on IGBT switching
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Control turn on di/dt (diode reverse recover) —
and dv/dt (Eon) independently (infineon
1 QI 3

:

Determined by Condition Influenced by Influence on

1 Ve < Ve Ciss = const |Rg, Cqe Il Co tyon

2 Vet < Vee < Veem | Ciss = €ONSt | Rg, Cee |l Co dif 4

3 Vee = Veem Vge = const | Rg, Cge dv/
(Coc == Co)
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Control turn on di/dt (diode reverse recover) —
and dv/dt (Eon) independently (infineon

. |:_|..: '
o | I:I'L-I
i - 34 " SR s
Re=8,20, Cs=0, Ic/dt= 5kAlus, dVce/dt=0,6KVius, Eqy=6.4J o ki =
L
¥ 1 "I
%
1\ |
X
1 { | ‘\I\‘Ln_ .y ! .
| \l.L ! ! ! | | 1 B e LR ' o
et T RG=3,30, Co=100nF, /dt= 4,6kAlus, dVce/dt=1kVivs, E=4.1J

Re=1,02, Cc=330nF, Ic/dt= 5,1kAlus, dVce/dt=2 8kVius, Eon=2.8J
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B The information given in this presentation is given as a hint for the
iImplementation of the Infineon Technologies components only and
shall not be regarded as any description or warranty of a certain
functionality, conditions or quality of the Infineon Technologies
component(s). The statements contained in this communication,
including any recommendation or suggestion or methodology, are to
be verified by the user before implementation, as operating
conditions and environmental factors may differ. The recipient of this
presentation 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
presentation.
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