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preliminary datasheet

flow PIM 0 3rd Gen 1200V / 8A

e Optional w/o BRC

e Tyco 2 clip-in housing in 12 and 17mm height
e Trench Fieldstop IGBT's 4 technology

o Industrial Drives

Target Applications

e Embedded Generation

® V23990-P849-A49-PM 17mm height
® VV23990-P849-A48-PM 12mm height
® \/23990-P849-C49-PM 17mm height; w/o BRC
® V23990-P849-C48-PM 12mm height; w/o BRC

flow 0 housing

optional
Maximum Ratings
Tj=25°C, unless otherwise specified
Parameter Symbol Condition Value Unit
Input Rectifier Diode
Repetitive peak reverse voltage VRrM Ir=0.05mA T=25°C 1600 \%
Forward current per diod | DC current Tv=80°C 2 A
rwar rren’ r ai rren
orward current per diode Fav curre T.80°C
Surge forward current lesm 220 A
t,=10ms 130°s] T=Tmax
2t-value 2t sine 200 A2s
T,=80°C 33
P issipati Di P T;=Tmax W
ower dissipation per Diode tot =1 T.=80°C
Maximum Junction Temperature Timax 150 °C
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Tj=25°C, unless otherwise specified

Maximum Ratings

V23990-P849-A4X/C4x-PM

preliminary datasheet

Parameter Symbol Condition Value Unit
Transistor Inverter
Collector-emitter voltage Vee 1200 \%
T,=80°C 13
DC collect t | T=T;max A
collector curren c =Tj T.280°C
Repetitive peak collector current Icpuls tp limited by T;max 24 A
T,=80°C 44
P issipati IGBT P T=T,max w
ower dissipation per IG tot =1 T.=80°C
Gate-emitter peak voltage Vee +20 \%
t T,=150°C Vge=15V 10
Short circuit ratings* se ! GE Ks
Vee 800 \
Maximum Junction Temperature Timax 175 °C
* It is recommended to not exceed 1000 short circuit situations in the lifetime of the module and to allow at least 1s between short circuits
Diode Inverter
Peak Repetitive Reverse Voltage VRRM 1200 \%
_ T,=80°C 16
DC forward current Ip T=T;max T,280°C A
Repetitive peak forward current IFRM tp limited by T;max 20 A
o ' T,=80°C 36
Power dissipation per Diode P T,=Tmax w
Wi Issipation p [l tot i T.,=80°C
Maximum Junction Temperature Timax 175 °C
Copyright by Vincotech 2 vviw.Datpghrelil.gom
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Tj=25°C, unless otherwise specified

Maximum Ratings

V23990-P849-A4X/C4x-PM

preliminary datasheet

Parameter Symbol Condition Value Unit
Transistor BRC
Collector-emitter voltage Vee 1200 \%
T,=80°C 8
DC collect: t | T=T;max A
collector curren c =i T.=80°C
Repetitive peak collector current lepuls tp limited by T;max T,=80°C 12 A
T,=80°C 32
P issipati IGBT P T=T,max w
ower dissipation per IG tot =1 T.=80°C
Gate-emitter peak voltage Vee +20 \%
t T=150°C Vge=15V 10
Short circuit ratings* se ! GE Hs
Vee 800 \
Maximum Junction Temperature Tmax 175 °C

* It is recommended to not exceed 1000 short circuit situations in the lifetime of the module and to allow at least 1s between short circuits

Diode BRC
Peak Repetitive Reverse Voltage VRRM 1200 \%
T,=80°C 7
DC fi d t | T;=T;max A
orward curren F =T; T.280°C
Repetitive peak forward current lrrm tp limited by Tmax T,=80°C 8 A
N . T,=80°C 18
P d t Diod P T;=T;max w
ower dissipation per Diode tot =i T.=80°C
Maximum Junction Temperature Tjmax 150 °C
Thermal properties
Storage temperature Tag -40...+125 °C
Operation junction temperature Tiop -40...Tjmax-25°C °C
Insulation properties
Insulation voltage Vis t=1min 4000 Vdc
Creepage distance min 12,7 mm
Clearance min 12,7 mm
: . vww.DataSheetdlU.com
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Characteristic Values

Parameter Symbol Conditions Value Unit
Vi(V) or
Ic(A) or Ig(A)
Vge(V) or Vgs(V) Vce(V) or <(A) F(A) T(°C) Min Typ Max
or Ip(A)
Vbs(V)

Input Rectifier Diode
Forward voltage Ve 30 H:fg;c 1 1?3 1.9 \%
Threshold voltage (for power loss calc. only) Vio H:ig;}c gg? 083 \%
Slope resistance (for power loss calc. only) I H:ig;}c 231 0.02 Ohm
Reverse current I 1500 H:fgsco:c 0,01 mA
Thermal resistance chip to heatsink per chip Rinn Thermal grease 2,12

thickness<50um KW
Thermal resistance chip to case per chip Rinic A =061 W/mK
Transistor Inverter
Gate emitter threshold voltage Veew |VCE=VGE 0.3m %ngscc 5 58 6.5 v
Collector-emitter saturation voltage Veegsat 15 8 %jgsgc 12,827 2,25 v
Collector-emitter cut-off current incl. Diode lces 0 1200 %ngsf’c 0,01 mA
Gate-emitter leakage current lges 20 0 %jgsgc 200 nA
Integrated Gate resistor Rgint none Ohm
Turn-on delay time td(on) 706 ns
Rise time t, 228 ns
Turn-off delay time Yoy Rgon=320hm 236 ns

| +15 600 10

Fall time t Rgoff=320hm 108.2 ns
Turn-on energy loss per pulse Eon 0.75 mWs
Turn-off energy loss per pulse = 0.62 mWs
Input capacitance Cies 0,49 nF
Output capacitance Coss f=1MHz 0 25 Tj=25°C 0,05 nF
Reverse transfer capacitance Crss 0,03 nF
Gate charge Qgate +15 Tj=25°C 69 nC
Thermal resistance chip to heatsink per chip Ringn Thermal grease 2,16 KIW

thickness<50um
Thermal resistance chip to case per chip Rinic A=0,61 W/mK KW
Diode Inverter
Diode forward voltage Ve 10 %ngsfc 1,35 11 ’676 22 \%
Reverse leakage current lim %ngsgc 27 mA
Peak reverse recovery current IrrM l}:fgsfc 988 A
Reverse recovery time t Ti=25°C ns

Y " |Rgon=320nm Tj=125°C 382

Reverse recovered charge Q. +15 600 10 l}:fgsfc 157 mC
Peak rate of fall of recovery current dl(re/z)(max 69 Alms
Reverse recovered energy Erec %zfg;ﬁc 0.64 mWs
Thermal resistance chip to heatsink per chip Ringn Thermal grease 2,68 KW

thickness<50um
Thermal resistance chip to case per chip Ripyc  |A=0,61 W/mK KIW

Copyright by Vincotech wiw. Detaghestdy.com
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Characteristic Values

Parameter Symbol Conditions Value Unit
Vi(V) or
Ic(A) or Ig(A)
Vge(V) or Vgs(V) Vce(V) or <(A) F(A) T(°C) Min Typ Max
or Ip(A)
Vbs(V)
Transistor BRC
Gate emitter threshold voltage Veew |VCE=VGE 0.15m %ngogc 5 58 6.5 v
Collector-emitter saturation voltage Vek(sat 15 4 %jgfgc ;?3 2,2 v
Collector-emitter cut-off lces 0 1200 %ng;ﬁc 0,05 mA
Gate-emitter leakage current loes 20 0 %ng;‘fc 200 nA
Integrated Gate resistor Rgint none Ohm
Turn-on delay time tacon) %jgogc 90 ns
Rise time t %ngof’c 24 ns
. Tj=25°C
Turn-off delay time Yoy Rgon=640hm s 600 . Tj=150°C 226 ns
Fall time 4 Rgoff=640hm - Tj=25°C ns
Tj=150°C 99
Turn-on energy loss per pulse Eon %ngof’c 0.34 mWs
Turn-off energy loss per pulse Eo %ngof’c 03 mWs
Input capacitance Cies 0,25 nF
Output capacitance Coss f=1MHz 0 25 Tj=25°C 0,025 nF
Reverse transfer capacitance Crss 0,015 nF
Gate charge Qgate +15 600 4 Tj=25°C nC
Thermal resistance chip to heatsink per chip Ringn Thermal grease 2,93 KW
thickness<50um
Thermal resistance chip to case per chip Rinic A=0,61 WmK KW
Diode BRC
Diode forward voltage Ve 4 %ngsgc 1 121 2,35 \%
Reverse leakage current I %jgs?c 250 mA
Peak reverse recovery current IrrM %ngsfc 465 A
. Tj=25°C
Reverse recovery time te Rgon=640hm Tj=125°C 446 ns
Tj=25°C
Reverse recovered charge Q, +15 600 4 Tj=125°C 0.76 mC
di(rec)max Tj=25°C
Peak rate of fall of recovery current Tt Tj=125°C 20 Alms
Reverse recovery energy Erec %ngsfc 0.32 mWs
Thermal resistance chip to heatsink per chip Ringn Thermal grease 3,98 KW
thickness<50um
Thermal resistance chip to case per chip Ripyc  |A=0,61 W/mK KIW
Thermistor
Rated resistance Ros Tol. +5% Ti=25°C 209 22 281 kOhm
Deviation of R100 Der  |R100=15030hm Te=100"C 28 %K
Power dissipation given Epcos-Typ P Tj=25°C 210 mwW
B-value Busioo) |Tol. £3% Tj=25°C 3980 K
Copyright by Vincotech www.Dat#&hestd b, com
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Pin fable
Fin X ¥
1 255 27
2 55 0
3 228 0
b 201 0
5 2 0
3 135 0
7 0 0
B &1 []
9 Sd 0
10 21 0
n 0 0
12 0 18
13 0 225
1 75 198
15 75 225
¥ 15 138
iy 15 225
8 228 225
] 55 225
20 35 225
Fal 35 5
2 335 75
23 s 0

Package Outline and Pinout

V23990-P849-A4X/C4x-PM

preliminary datasheet
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Depending upon types, some components may be left. See 1n part

list.
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-------- preliminary datasheet

PRODUCT STATUS DEFINITIONS

Datasheet Status Product Status Definition

This datasheet contains the design specifications for
product development. Specifications may change in any
manner without notice. The data contained is exclusively
intended for technically trained staff.

Target Formative or In Design

This datasheet contains preliminary data, and
supplementary data may be published at a later date. Tyco
Electronics reserves the right to make changes at any time
without notice in order to improve design. The data
contained is exclusively intended for technically trained
staff.

Preliminary First Production

This datasheet contains final specifications. Tyco
Electronics reserves the right to make changes at any time
Final Full Production without notice in order to improve design. The data
contained is exclusively intended for technically trained
staff.

DISCLAIMER

Tyco Electronics reserves the right to make changes without further notice to any products herein to improve reliability, function or design.
Tyco Electronics does not assume any liability arising out of the application or use of any product or circuit described herein; neither does
it convey any license under its patent rights, nor the rights of others.

LIFE SUPPORT POLICY
Tyco Electronics products are not authorised for use as critical components in life support devices or systems without the express written
approval of Tyco Electronics.

As used herein:

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or
sustain life, or (c) whose failure to perform when properly used in accordance with instructions for use provided in labelling can be
reasonably expected to result in significant injury to the user.

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its safety or effectiveness.

Copyright by Vincotech . veviwe . Datashgetdp.com
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Output Inverter

Figure 1 Output inverter IGBT Figure 2 Output inverter IGBT
Typical output characteristics Typical output characteristics
le = f(Vce) lc = f(Vee)
3 3
3 z
g / 8
24 24 /
L — %
16 //— 16
//-—,
| | %/
0 0
0 1 2 3 4 VM 5 0 1 2 3 4 VeV 5
At At
ty= 250 us ty= 250 us
Ti= 25 °C Ti= 125 °C

VGE from 7 Vto 17 Vin steps of 1V

VGE from 7 Vto 17 Vin steps of 1V

Figure 3 Output inverter IGBT Figure 4 Output inverter FRED
Typical transfer characteristics Typical diode forward current as
lc = f(Vae) a function of forward voltage
Ie = f(Ve)
10 3
% § 125 oC
=~ 250C =
8 / 25 0C
24
125 oC
6
16
4
8
2
0 0
0 3 6 9 Vee V) 12 0 1 2 3 VE (V) 4
At At
to= 250 us to= 250 us
Ve = 10 \Y
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Output Inverter

Figure 5 Output inverter IGBT

Typical switching energy losses
as a function of collector current

Figure 6 Output inverter IGBT

Typical switching energy losses
as a function of gate resistor

E = f(l;) E =f(Rg)
15 S
£ £
& &

b h.:
1,25 1.
1
075 F————————————— — — — — 075
|
0.5 |
|
|
|
0,25 : 0,25
|
|
|
0 L
0 4 8 12 Ic(4) 16

With an inductive load at

T= 125 °C
Vee= 600 \Y;
Vee= +15 \%
Rgon = 32 Q
Raoff = 32 Q

Figure 7 Output inverter IGBT

Typical switching times as a
function of collector current
t=f(lc)

With an inductive load at

T= 125 °C
Vee= 600 Y
Vee= +15 \%
le= 8 A

Figure 8 Output inverter IGBT

Typical switching times as a
function of gate resistor
t=f(Rg)

t(us)

0,001

0 4 8 12 1C(4) 16

t(ps)

0,001

0 30 60 90 120 RG () 150

With an inductive load at

T,= 125 °C
Vee= 600 \%
Vee = +15 %
Rgon = 32 Q
Ryot = 32 0

Copyright by Vincotech

With an inductive load at

T,= 125 °C
Vee = 600 \%
Vge = +15 Y%
Ic= 8 A
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Output Inverter

Figure 9 Output inverter FRED diode Figure 10 Output inverter FRED diode
Typical reverse recovery time as a Typical reverse recovery current as a
function of IGBT turn on gate resistor function of IGBT turn on gate resistor
trr = f(Rgon) IRRM = f(Rgon)

0,6 30

2 <

0.5 / 25

0.4 20

03 15

02 10

0.1 5 \\

~—
0 0
0 30 60 90 120 R (2) 150 0 30 60 90 120 Rgu(£2) 150

At At
T = 125 °C i= 125 °C
Vg = 600 \% Vg = 600 \%
Ir= 8 A le= 8 A
Vge = +15 \% Vee = 15 \

Figure 11 Output inverter FRED diode Figure 12 Output inverter FRED diode

Typical reverse recovery charge as a Typical rate of fall of forward

function of IGBT turn on gate resistor and reverse recovery current as a
Q= f(Rgon) function of IGBT turn on gate resistor

dl0/dt,dIrec/dt = f(Ryon)
2 3000
S 2 500 ||
16 — <
T | s d10/dt

2000

1500

08
1000

04
500
—_—
dlrec/dt —

0
! 0 30 60 90 120 Rgn () 150 0 30 60 90 120 Rgon () 150
At At
i= 125 °C i= 125 °C
Vr= 600 \% Vg = 600 \
Ir= 8 A le= 8 A
Ve = +15 \Y Vee = +15 \Y

Copyright by Vincotech 10 wiw.DaagherigL £om
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IGBT transient thermal impedance
as a function of pulse width

Output Inverter

V23990-P849-A4X/C4x-PM

preliminary datasheet

FRED transient thermal impedance
as a function of pulse width

Zynn = f(tp) Zinsn = f(tp)
10' 10
N E L —1
— A T
| gl | -
10’ = — l/f 10°7 — :/
= _—
] | — A —
//// #
7 I
— — /,/ D=05 1+ T D=0
] 02 | / 02
10! 0,1 EEE 10 0,1
| 0,05 0,05 O
— 0,02 P 0.02
001 || 1 0.01
0,005 | || 0,005 ||
0.000 0.000
102 i i [T 2 L |
10 10* 10° 10 10! 0w e 10° 10 10° 10 10! 0w Ly
With With
D= tp/T D= tp/T
Rinn = 2,16 KIw Ripgn = 2,68 KIw
IGBT thermal model values FRED thermal model values
R (C/W) Tau (s) R (C/W) Tau (s)
0,05 4,1E+00 0,05 7,9E+00
0,25 5,5E-01 0,27 7,3E-01
0,99 1,0E-01 1,07 1,3E-01
0,45 1,9E-02 0,69 2,5E-02
0,24 3,3E-03 0,36 3,6E-03
0,18 4,0E-04 0,25 4,3E-04
Gate voltage vs Gate charge
Output inverter IGBT
Uge = (Qg)
17,5 /
15 /
240v 9gov
12,5
S
S
30 4
75 //
5
2,5
0 t t
0 10 20 ad 0c) 40 50 60
At
Ve (80%) = 960 \
Ve (20%) = 240 \
VGE = 15 \%
1c (100%) = 8 A
Qg = 50 nC
Copyright by Vincotech 1 www.DataghieebAt . Lom
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Output Inverter

Figure 16 Output inverter IGBT Figure 17 Output inverter IGBT

Power dissipation as a
function of heatsink temperature

Collector current as a
function of heatsink temperature

Piot = f(Th) I =1(Tx)
100 20
S S
& <
80 16 4
60 12
40 8
20 4
0 . 0 : :
0 50 100 150 Th (°C) 200 0 50 100 150 Th (°O 200
At At
T= 175 °C i= 175 °C
VGE = 15 \
Figure 18 Output inverter FRED Figure 19 Output inverter FRED

Power dissipation as a
function of heatsink temperature

Forward current as a
function of heatsink temperature

Prot = f(Th) lg = f(Th)
75 4 =
g g
< =
A.S
60 20
45 15
30 104
154 5
0 . ) 0 .
0 50 100 150 Th (“O 200 0 50 100 150 Th (“C) 200
At At
T = 175 °C T = 175 °C

Copyright by Vincotech 12 wiw.Dataghealgl,com
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Brake
Figure 1 Brake IGBT Figure 2 Brake IGBT
Typical output characteristics Typical output characteristics
Ic = f(Vce) lc = f(Vce)
16

16

Ic(4)

Ic(4)

AN

| _———

0
0 1 2 3 4 Vee M) 5 0 1 2 3 4 Vam s
At At
ty= 250 us tp= 250 us
T = 25 °C T = 125 °C
VGE from 7 Vto 17 Vin steps of 1V

VGE from 7 Vto 17 Vin steps of 1V

Figure 3 Brake IGBT Figure 4 Brake FRED
Typical transfer characteristics Typical diode forward current as
lc = f(Vge) a function of forward voltage
Ir =f(Ve)
5 12
§ 25°C 125°C Sf_ 5°C 25°cC
4
9
3
6
2
3
1
0 0
0 3 6 9 Ve (V) 12 0 1 2 3 Vi) 4
At At
to= 250 us to= 250 us
Ve = 10 \Y
Copyright by Vincotech
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Brake

Figure 5 Brake IGBT

Typical switching energy losses
as a function of collector current

Figure 6 Brake IGBT

Typical switching energy losses
as a function of gate resistor

E =f(lc) E =f(Rg)
g 0,75 g 0,75
& &
b Q
0,6 0,6
045 045
03 03
0,15 0,15
0 0
0 2 4 6 Ic(4) 8 0 60 120 180 240 Rg (.f)) 300

With an inductive load at

T= 125 °C
Vee= 600 \Y;
Vee= +15 \%
Rgon = 64 Q
Ryoff = 64 Q

Figure 7 Brake IGBT

Typical switching times as a
function of collector current
t = f(lc)

With an inductive load at

T= 125 °C
Vee= 600 Y
Vee= +15 \%
Ic = 4 A

Figure 8 Brake IGBT

Typical switching times as a
function of gate resistor
t=f(Re)

0,001

0,001

0 2 4 6 I1C (4) 8 0 60 120 180 240 RG () 300

With an inductive load at With an inductive load at
Ti= 125 °C Ti= 125 °C
Vee= 600 \Y Vee = 600 \Y
Ve = +15 \% Ve = +15 \Y

Rgon = 64 Q lc= 4 A

Rgoft = 64 Q

Copyright by Vincotech www.DataSReetdidaom
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Brake

IGBT transient thermal impedance FRED transient thermal impedance
as a function of pulse width as a function of pulse width
Zingn = f(tp) Zingn = f(tp)
10' 10!
5 I E R
N — A N LT | —~
| L= L /
[ A | L
o //;/ 1 | d
10" 4 LT 100
—
— ‘ >

D=05 il T
’ D=05
/ 0.2 0,2
10" 0,1 16" 0’] HH

0,05 7|
, 0,05
0.0z 1 0,02
0,01 0’ ol m
0,005 . N
0.000 ]| 00’00(57 05 b
| Ll 2
10° 10* 10° 10% 10" 10" 10' 1
He) 10° 10% 10° 10° 10" 00,6 10
With With
D= tp/T D= tp/T
Rign = 2,93 KIW Rihgn = 3,98 KW
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Brake

Figure 11 Brake IGBT Figure 12 Brake IGBT
Power dissipation as a Collector current as a
function of heatsink temperature function of heatsink temperature
Piot = f(Th) I =1(Tx)
60 12
g >
g N
= <
50
9
40
30 6
20 4
3
10
0 . . , 0
0 50 100 150 Th (°C) 200 0 50 100 150 Th (°C) 200
At At
T= 175 °C = 175 °C
Vee = 15 Y
Figure 13 Brake FRED Figure 14 Brake FRED
Power dissipation as a Forward current as a
function of heatsink temperature function of heatsink temperature
Prot = f(Th) lg = 1(Th)
50 - 12 -
S 2
& =
10
40 A
8
30
64
20
4
10
2
0 T u 0
0 50 100 150 Th (°C) 200 0 50 100 150 Th (°C) 200
At At
T = 150 °C T = 150 °C
Copyright by Vincotech
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Input Rectifier Bridge

Figure 1 Rectifier diode Figure 2 Rectifier diode
Typical diode forward current as Diode transient thermal impedance
a function of forward voltage as a function of pulse width
Ie=f(VE) Zyngn = f(tp)
100 10'
<
= 25°C §
80 H
N —
I 1 =g
10° r—r 1] 2
125°C
60
/ D=05
40 7 02
o i 0,1 Y
/ 7 0,05
———— 002
20 001 [T
[—H 0,005 ||
P 0.000  TTT1
. o I |
0 0.5 1 1.5 VE(W) 2 10° 10% 10° 10? 10" 100 5 10'
At With
tp= 250 us D= tp/T
Rinan = 2,12 K/W
Figure 3 Rectifier diode Figure 4 Rectifier diode
Power dissipation as a Forward current as a
function of heatsink temperature function of heatsink temperature
Prot = f(Th) lg = 1(Th)
80 - 50 -
g N
& 3
40
60
30
40
20 4
20 4
10
0 Y 0 T T
0 50 100 150 Th (“C) 200 0 50 100 150 Th (O 200
At At
T = 150 °C T = 150 °C
Copyright by Vincotech
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Thermistor

Figure 1 Thermistor

Typical NTC characteristic
as a function of temperature
Rt =f(T)

25000

NTC-typical temperature characteristic

g

20000

15000

10000

\

5000

25

50 75 100

T(°O

125
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Switching Definitions Output Inverter

General conditions

T = 125,3°C
Rgon = 32Q
Rgoft = 32Q
Figure 1 Output inverter IGBT Figure 2 Output inverter IGBT
Turn-off Switching Waveforms & definition of tdoff, tEoff Turn-on Switching Waveforms & definition of tdon, tEon
(teoss = integrating time for E ¢) (teon = integrating time for E, )
140 4 240

120 A lc
Lot Uce 200 /A\\

100 gy LAga My [\W / \
o Uge 0% 7% Ueesoz 160 \&w‘
60 W // \ 120

Ic Uce U M,
% % ge L
40 4 \ \\ teort "]
80 +
20 lo 1% taon
40
0~ \‘\ / IC105 K—L
20 Uge o Ugero, 7 | Ucesss
teon '
40 ‘ ‘ ‘ -40 ‘ ‘
02 0 time (us) % 0.6 08 28 29 3 i) 32 33 34
Vee (0%) = -15 \Y, Ve (0%) = -15 \%
Ve (100%) = 15 \Y Vee (100%) = 15 \
V¢ (100%) = 600 \% Ve (100%) = 600 \Y
1c (100%) = 8 A 1c (100%) = 8 A
taorr = 0,24 s toon = 0,07 s
teoft = 0,50 us teon = 0,275 us

. ut inverter | " .
Figure 3 Figure 4 Output inverter IGBT

Turn-on Switching Waveforms & definition of t,

140 220
120 ‘ le
fitted Uce 180 -
lc
100 s~
140
80
Uce
%60 - %100 3 1c90%
40
60 tr
4 20
01 w]ZEm%
-20 T T T T -20 T T 1
0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5 2,8 2,9 3 3.1 3,2 33
time (us) time(us)
V¢ (100%) = 600 \% Ve (100%) = 600 \%
Ic (100%) = 8 A Ic (100%) = 8 A
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Figure 5 Output inverter IGBT
Turn-off Switching Waveforms & definition of tgq
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Switching Definitions Output Inverter

Figure 6 Output inverter IGBT

Turn-on Switching Waveforms & definition of tg,,
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Figure 7 Output inverter IGBT Figure 8 Output inverter FRED
Gate voltage vs Gate charge Turn-off Switching Waveforms & definition of t,,
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Figure 9 Output inverter FRED

Switching Definitions Output Inverter

Turn-on Switching Waveforms & definition of tq,,

(to = integrating time for Q,;)
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Figure 10 Output inverter FRED

Turn-on Switching Waveforms & definition of tg,..

(terec= integrating time for E,.)
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