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CALCULATION OF MAJOR IGBT OPERATING
PARAMETERS

This application note covers how to calculate magjor IGBT operating parameters

power dissipation;

continuous collector current;
total power losses;

junction temperature & heatsink;
pulsed collector current

in auser specified environment using the datasheet as a source for device characteristics.
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1 CALCULATION OF POWER DISSIPATION

This section explains how to calculate the maximum allowable power dissipation in the IGBT
for a specific case temperature using the datasheet parameters.

Input data from the datasheet:
Rinsc - thermal resistance junction-case;
Tj(max) - Maximum junction temperature.

Additional input information:
Tc - case temperature.

Solution:
The junction temperature rises due to power losses in the device

AT=P v Ry (11)

The difference between junction and case temperature is
AT=T - T, (1.2

Resullts.
The expression (1.3) shown below describes how to cal cul ate the allowable power dissipation
inan IGBT for desired junction and case temperatures
T.- T
AT
o = = ¢ (1.3)
R insc R ihic

where
Rinic - thermal resistance junction to case;
Tc - case temperature;
T; - junction temperature,

Example:
Assuming that Tj= Tj

valuesof T¢

p _ Tj( max) Tc (1.4
tot(max ) R |
thJC

(max) the maximum power dissipation can be calculated for different
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Figure 1.1 shows the maximum power dissipation for an IGBT as afunction of case
temperature.

Power dissipation Parametersin this example:
Piot=f(T¢)
paramets(:'jzuﬁGf 150 °C Riic = 0.7 K/W:
190 =
i Timaxy) = 150 °C.
160
140 \
S8 120
a

100

Tso

60 \

40 \

20

00 20 40 60 80 100 120 °C 160

— Tc

Figure 1.1: Power dissipation of SGP20NG0.

2 CALCULATION OF MAXIMUM CONTINUOUSCOLLECTOR
CURRENT

This section illustrates how to cal cul ate the maximum continuous collector current of IGBT
for a specific case temperature using the datasheet parameters.

Input data from the datasheet:
Rinsc - thermal resistance junction-case;
Tj(max) - Maximum junction temperature;
output characteristic a Tjjmax)-

Additional input information:
Tc - case temperature.

Solution:

The conduction power losses during the on-state of IGBT is the product of the collector
current and the collector-emitter voltage drop at this desired current level.

P =/ -V (2.1)

cond c ce
Collector-emitter saturation voltage depends on the collector current flowing through the
IGBT. The output characteristic of IGBT at maximum junction temperature (Figure 2.1) can
be used to calculate the conduction losses for different current levels. In order to ssimplify the
analysis the output characteristic for a given gate-emitter voltage will be linearly interpolated
(Figure 2.2).
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Typ. output characteristics Typ. output characteristics
Ic = f(VcE) Ic =f(VcE)
parameter: f = 80 ps, 7] =150 °C parameter: t, = 80 ps, 7] =150 °C
65 65 T
// A
A
55 // 55 2
50 // /// 50
) — $g¥ // 45 /
o 40— 18V o 40
nin e < /|,
o2 1/ " / Ie
T 25 / // T 25 ]
20 // /| 1 20 o RCE|
15 / 15 1 | |
10 10 -
5 5 // Avce ]
o _— o | |
0 1 2 3 v 5 0 1 \ 2 3 v 5
— Ve VTO — VcE
Figure 2.1: Typica output characteristic of Figure 2.2: Linear interpolation of typ. output
SGP20N60 at T; = 150°C. characteristic of SGP20N60 at T; = 150°C.

The next equation (2.2) describes the interpolated curve of typical output characteristic.
V,=VT0 + RCE-I, (2.2)

The VTO parameter of the interpolated curve can be defined directly from the figure 2.2. The
following equation (2.3) describes how to determinate the RCE parameter.
AV %4 -V
RCE = ce _ ce(2) ce(1) 2.3)
ai, /c(2) B Ic(l)
Using the equation (1.1) for junction temperature increase due to power losses and equations
(2.1) and (2.2) we will become the following equation (2.4).

AT = Pcond. RthJC = Ic. Vce. RthJC = lc. < V0 - RCE: Ic>. RthJC (2'4)

This equation (2.4) outlines the junction temperature increase in dependence of collector
current. Solving it for /. and using equation (1.2) we become

/ _thhJC V0 =« 4-RCE - (T, .\~ T, Vo (2.5)

c 2- RCE
2 RthJC - RCE

In order to calculate the maximum collector current we have to use the worst case output
characteristic of IGBT. Usually only typical output characteristic can be found in the
datasheet. The worst case output characteristic can be determined using the typical output
characteristic and the typical and maximum values of collector-emitter saturation voltagein
electrical characteristic table of the datasheet. The typical characteristic has to be moved to
the right in direction of higher collector-emitter voltages (Figure 2.3).

2

www.infineon.com 4 August-99



Infineon ANIP9931E

Technologies Calculation of major IGBT operating parameters
Typ. output characteristics Parametersin this examp| e
Ic = f(Vce)
parameter: t, =80 ps, Tj=150 °C RCE = 0.056 _Q,'
N / VT0=1.28 V:
; /) VTOpmag = 1.78 V.
50 /
o /
0w //
< //
30 //
T 25 /
. /)
) //
. /]
L
L/
i) 1 / 2 3 v 5
— Y
VTO(max) o

Figure 2.3: Typical output and worst case
interpolated output characteristics of
SGP20N60.

The RCE parameter remains the same. But the VTO parameter has to be increased by the
value of tolerance between typical and maximum values of collector-emitter saturation
voltage at maximum junction temperature

VTO(max)= VIio + Vce(sat) ,(max) - Vce(sat) ,(typ) (2.6)
Resullts.
Using this equation (2.6) and (2.5) the maximum continuous collector current can be
determined for different case temperatures

. 2 . O —
/ _JRWC VIO ey | 4RCE(T oy T - VT0( oy (2.7)
c(max) 2-RCE

2 R, ., RCE

where
Rinic - thermal resistance junction to case;
Tc - case temperature;
Ti(max) - maximum junction temperature;
ggiﬁmé‘x)’ - parameters of interpolated output characteristic.
Example:

Figure 2.4 shows the maximum continuous collector current for different values of case
temperature.
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Collector current Parametersin this example:
Ic =f(Tc)
parameter: Vge =15V, 7j<150 °C RCE = 0.056 Q:

% Rthjc =0.7 KA/V,

A Tj(max) =150 °C;

:: \\ VTOmax = 1.78 V.

N
©0 30
N

25

i
. \

0 20 40 60 80 100 120 °C 160

— TC
Figure 2.4: Continuous collector current of
SGP20NG60.

3 CALCULATION OF POWER LOSSES

This section explains how to calculate the conduction and switching power lossesin the IGBT
from the actual circuit, including the current waveform, voltage and operating frequency
using the datasheet parameters.

Input data from the datasheet:

output characteristic a Tjimax);

collector-emitter saturation voltage vs. junction temperature;
switching losses vs. collector current at Tjgmax);

switching losses vs. gate resistor at Tjimax);

switching losses vs. junction temperature.

Additional input information:

D - duty cycle;

di

7" - collector current turn on transient rate;

t

f - switching frequency;
Qm tr - parameters of the user specific diode at these operation conditions;
Tc - case temperature;

T; - junction temperature;

b - pulse length;

R - gate resistor;

- DC voltage at IGBT during the off state before the beginning of the turn-on

Vocron transition;

Vbcom - DCvoltage at IGBT after the end of the turn-off transition.
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Solution:
The energy dissipated in the IGBT can be obtained with the following expression

t

P _ 3.1
E = 4 - dt

tot ce C
0

where t, is the pulse length. Power is obtained by multiplying by frequency, for repetitive
switching waveforms

Prot =E o 1 (3.2)

In order to simplify the analysis the total power losses can be divided into conduction and
switching losses

tot cond switch
The losses during the off state of transistor are negligible and will be not discussed.

3.1 Conduction losses

Conduction losses occur between the end of the turn-on transition and the beginning of the
turn-off transition. Using the equation 3.1 and interpolated output characteristic at Tjimax)
(equation 2.2) the conduction losses can be calculated for different waveforms of collector
current.

Usually the junction temperature in the actual operation environment is lower asthe Tjjmax).
With the help of datasheet (figure 3.1) the output characteristic of the IGBT can be scaled to a
given junction temperature.

Typ. collector-emitter saturation voltage Parameters in thi S exarnp| e
VeE(sat) = (7))
parameter: Vgg =15V /c =20 A:

0 Timax) = 150 °C (from datasheet),

. T; = 100 °C (user specific);

\\ pd r Veeay(Timax) = 2.4V,

§ 50 ™N //IC=4OA ] Vce(sat)(Tj) =225V.
Ny

RN Scale factor for output characteristic for

- T, =100 °Ci

T \\\——////c= T ;=100 *Cis

2.0 225 ) V

— = 0.938
24 -V

1'(-JBO -20 20 60 100 °C 160
Figure 3.1: Collector-emitter saturation voltage
vs. junction temperature for SGP20NG0.
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The next expression describes how to obtain the output characteristic at a given junction
temperature:
v, (T)
Vee= (VIO - RCEL): et (34)
Vce( sat) (Tj(max))

Results:

Collector current waveform: Mathematical expression:
e

Conduction energy losses for given pulse length:
E |-V -t=l-<A-l +B>-t (3.5)
c ce p c c p

cond ~

Conduction power losses for periodical signal with given duty cycle:

Pcond =/c' Vce'D=lc.<A'Ic " B>.D (3.6)
Collector current waveform: Mathematical expression:
lez)
[ =1 + (1 -1 A
low o= lozy " U2y~ o) ;
P
Conduction energy losses for given pulse length:
1 1 2 2
Eoond = 5 A (loqay * logzy) 3-5-“/0(1)) ey legzy * Uegzy) | &
(3.7
Conduction power losses for periodical signal with given duty cycle:
1 1 2 P
P cond = E'A'<'c(1) “lozy) 3'5'“’0(1)) oy legzy T Uegzy) } D
(3.8)
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Collector current waveform: Mathematical expression:
le
) t
I =1 -—
c c t
P
0 by

Conduction energy losses for given pulse length:

1
E =—-/-t-<2-A-/ - 3-B> (39
cond g ¢ p c

Conduction power losses for periodical signal with given duty cycle:

1
P =—-I-D-<2-A-l " 3-B> (3.10)
cond 6 € c
where
VCE (sat) (7;) VCE (sat) (7_-/)
Vce (sat) n}'(max)) Vce (sat) n}(max))
D=t,/T -dutycycle
b - pulse length;
VTO, , .
RCE - parameters of interpolated output characteristic.

These expressions (3.5-3.10) describe the conduction losses of the IGBT with typical output
characteristic. Sometimesit is necessary to calculate the worst case conduction losses with
worst case output characteristic. The same method as described in section 2 (equation 2.6) can
be used to obtain the worst case conduction losses. The VTO parameter has to be changed to
VTO(max)-

3.2 Switching losses

No simple expression can be found for the voltage and current during a switching transient.
The datasheet parameters concerning the switching losses have to be used in this case. These
parameters are referenced to a specific test circuit that simulates a clamped inductive load
operated with a specific diode. In actual power circuit the diode used might be different than
the diode specified in the datasheet. In this case the calculation of turn-on losses

(equation 3.1) hasto be made using the parameters of this particular diode.

Solution:
The switching lossesin IGBT during one period of a periodical signal include the turn-on and
turn-off losses

Pswitch = <Eon " Eoff > f (3.11)
In order to calculate the switching losses the dependence from the collector current hasto

taken into account. Thisinformation can be found in the datasheet (Figure 3.2).
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Technologies Calculation of major IGBT operating parameters
Typ. switching losses Parameters in this example:
E = f(lg) , inductive load, T = 150°C
par.: Vog =400V, Vgg = 0/+15V, Rg=16 Q Aon = 00755 mJ/A,
o Eon and Eyg include BUPG02D . Bon =-0.149 mJ;
mWs diode commutation losses. | B | Aoff — 0 026 mJ/A,
35 Bor = 0.02 mJ.
3.0 Eon” —|
L / v
2.0 /
NENEYS4
. //// — Eoff
yd -
0.5
L—T
0'00 5 10 15 20 25 30 35 A 45
— IC
Figure 3.2: Typical switching losses at Tjimax)
of SGP20NG0.

The values at the desired current level can be easily found from these curves or the linear
interpolation of these curves can be made to simplify the analysis for different current levels.
The same methodic as by interpolation of output characteristic (equation 2.2) can be used in
this case.

Next equation (3.12) describes the interpolated curve of turn-on losses

E =A, l.+~ B, (3.12)

on n
with

n

A AEon Eon(2)7Eon(1) B =FE A -
on = = on~ ~on(2) on '¢c(2)

Al / -
c c(2) c(2)
The turn-off losses curve can be interpolated in the similar way
E s=A 1. By (3.13)
with
AE Eoff(2) - Eoff(l) B <E A
off = Al = / _ off — T off(2) off "¢c(2)
c c(2) c(2)

If the gate resistor of a users’ gate drive does not have the same value as the gate resistor in
the test circuit specified in the datasheet some correction may be necessary. This can be done
with the help of datasheet (figure 3.3).
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Typ. switching losses Parameters in this example:
E =f(Rg) , inductive load, 7] =150°C
par.: Vog =400V, Vge =0/+15V, [ =20 A RG = 16 Q (from dataSheeU,.
mW:-O ) Eon and E include BUP602D RG = 30 Q (user SpECiﬁC),'
diode commutation losses. EOI‘I (RG,datasheet) — 12 mJ,
24 - Eon (RG,userspeciﬁc) =1.3mJ;
zz ™ Eorf (Rg,datasheet) = 0.5 mJ;
' Eorr (RG,users eciﬁc) =0.65mJ.
Y= ’
14 e Scalefactor for E,, is
T ot M 1.3 -mJ
0:8 Eoff — 1.2 - mJ = 1.083
06 L— . m )
04— Scale factor for Eysis
02 0.65 -mJ
O'00 10 20 30 40 Q 60 0 5 i mJ = 13

— FAg

Figure 3.3: Typical switching lossesasa
function of gate resistor for SGP20NG60.

In order to obtain the switching losses at desired gate resistor the switching losses from the
equations 3.12 and 3.13 have to be scaled using the information from figure 3.3 for the user
specific Rg and the R used in datasheets’ test circuit (figure 3.2):

E on (R G, user spec:flc)
<Aon - > (3.14)
)
G datasheet

<A . B ff( G, user spec:flc) (3 15)
off c off :
Eoff (RG, datasheet )
Since the switching energy is proportional to voltage, the result is scaled by ratio of the actual
circuit voltage to the test voltage in the datasheet:

Eon (R G, user specific ) VDC(on), user specific
<A : : (3.16)
Eon (RG, datasheet ) VDC, datasheet
Eoff (R G, user specific ) VDC(off), user specific
A - B .\ . (3.17)
off ‘¢ off E (R ) V
off V" "G, datasheet DC, datasheet

Finally, the actual junction temperature has to be taken into account. Figure 3.4 shows the
dependence of switching losses on the junction temperature.
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Typ. switching losses Parametersin this example:
E = f(T) , inductive load, Vg = 400 V,
Vge=0/+15V, Ic=20 A, Rg =16 Q l. =20 A:
20 ") Egn and Eyg include BUP602D Tj(max) = 150 °C (from datasheet);
mWs diode commutation losses. 7—] = 100 OC (User Speciﬁc);
1.6 // Eon (E(max)) = 12 m\],.
14 T Eon (T)) = 1.09 mJ;
W 12 = — Eorr ( Tj(max)): 0.5 mJ;
1.0 — | Eorf (Tl): 0.42 mJ.
T OB_E,// Scale factor for E,, at T; = 100 °Cis
T 1.09 - mJ
06 ——=0.908
o | T 1.2-mJ
. Eor | Scale factor for Eprat T; = 100 °Cis
| 0.42 - mJ
0'00 20 40 60 80 100 120 °C 160 - = 0 84
T 0.5 -mJ

Figure 3.4: Switching losses as a function of
junction temperature for SGP20N60.

The next expressions outline how to obtain the switching losses for desired operating
conditions (collector current, gate resistor, DC voltage and junction temperature) from the
datasheet:

Eon (R G, user specific ) VDC(on), user specific Eon (7; )
E - <A0n- o Bon) o kv e (3.18)
on ( G, datasheet ) DC, datasheet on ( j(max))
E < A / B Eoff (RG, user specific ) VDC(off), user specific Eoff (7} ) (3 19)
off =\ ot e T Potr )| ' ' -
Eoff (RG, datasheet ) VDC, datasheet Eoff (E(max))
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Results:
Using equations 3.12-3.19 some modifications can be done in order to get readabl e results.
Collector current waveform: Mathematical expression:

le

I =1
C Cc
0 by
Turn-on energy losses with the diode specified in the datasheet:
E,, =All + Bl (3.20)
Turn-on energy losses with the user specific diode:
2
2 QI‘I‘
| +
1\¢
r

Eon = E di ' VDC(on), user specific " (3:21)

dt

1 2er_4er PRy
" 6 by - di t " c| Y DC(on), user specific
rr
oot

Turn-off energy losses:
Es=A2 -1, + B2 (3.22
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Collector current waveform:

Mathematical expression:

lee)
I =1 + (1 -1 A
/c(l) c c(1) < c(2) C(l)> t
P
0 by
Turn-on energy losses with the diode specified in the datasheet:
E,, =A1-IC(1) + B1 (3.23)
Turn-on energy losses with the user specific diode:
2
| 2 QI‘I‘
Lo
s c(1) t
Eon = E di ' VDC(on), user specific (3.24)
c
dt
1_ 2 er _ 4 er 3. v
" 6 by - di t " c(1) | " DC(on), user specific
c r
by dt
Turn-off energy losses:
Eop=A2 *lg 5 + B2 (3.25)
Collector current waveform: Mathematical expression:
le
) t
| = I R
c c t
P
Turn-on energy lossesis negligible:
E =0 (3.26)
on
Turn-off energy losses:
Es=A2 -1, + B2 (3.27)

www.infineon.com
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where
Al <A Eon (RG, user specific ) VDC(on), user specific Eon (T/ )
<A, . .
Eon (RG, datasheet ) VDC, datasheet Eon (E(max))
B1<B Eon (RG, user specific ) VDC(on), user specific Eon (T/ )
=B, . .
Eon (RG, datasheet ) VDC, datasheet Eon (E(max))
A2 < A Eoff (RG, user specific ) VDC(off), user specific Eoff (T/ )
= Aoff ' '
Eoff (RG, datasheet ) VDC, datasheet Eoff (E(max))
B2.B Eoff (RG, user specific ) VDC(off), user specific Eoff (Tj )
= Porf ' '
Eoff (RG, datasheet ) VDC, datasheet Eoff U}(max))
Aon, Bon, parameters of interpolated curve for switching losses;
Aoffy Boff
di
¢ - collector current turn-on transient rate;
dt
Qm tr - parameters of the diode at these operation conditions;
T - actual junction temperature;
- DC voltage at IGBT during the off state before the beginning of the turn-on
Vocen  transition:

Vbcom - DCvoltage at IGBT after the end of the turn-off transition.
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3.3 Total power losses

Total power losses for periodical signal can be calculated as the sum of conduction
(section 3.1) and switching (section 3.2) losses:

Results:

Pt =Poond <E0n T E0ﬁ>-f (3.28)
Due to the trade off between conduction and switching losses inherent in IGBT technology it
isunlikely that the one and the same IGBT will have the performance of both worst case
conduction and worst case switching losses. In order to calcul ate the worst case power losses
inthe IGBT it isuseful to use the worst case conduction losses and the typical switching
losses.

P (3.29)

tot ( max ) = Pcond (max ) " <Eon " Eoff>'f

where

Pcond (max) - Worst case conduction losses (calculated in section 3.1);

Eon, Eof - typical turn-on and turn-off switching losses (calculated in section 3.2);
f - switching frequency.

Example:
Figures 3.5 and 3.6 show the total power lossesin the IGBT in dependence on switching
frequency for the following operating conditions:
I.=20A - peak of collector current;
_ - DC voltage at IGBT during the off state before the beginning of the turn-
Vocton =300 V' o transition;
Ve =300 V- DC voltage at IGBT after the end of the turn-off transition;
Rc =30 & - gate resistor;

T; =100 °C. - junction temperature.

Total power losses Total power losses

Prot=f(f Prot = (1)

par.: D= 0.5, square wave current par.: D= 0.5, triangle wave current
180 W 180
w w
140 140

. 120 120

S <]

o< o

100 100

80 T 80
60

60

—

a0 1T Lo T T T 40

AN

20 20

10° Hz 0° %7 102 10°  10°  10° Hz 0°
> f —» f

Figure 3.5: Total power lossesin case of a Figure 3.6: Total power lossesin case of a
square wave collector current of SGP20N60.  triangle wave collector current of SGP20N60.
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4 CALCULATION OF JUNCTION TEMPERATURE AND HEATSINK

This section describes how to calculate the junction temperature of IGBT and how to select
the heatsink for a given operating condition using the datasheet parameters.

|nput data from the datasheet:
Ric— thermal resistance junction to case;
Zsc— transient thermal impedance junction to case.

Additional input information:

Proymax) - Worst case total power losses (calculated in section 3);
Rincs - thermal resistance case to heatsink;

Ric - thermal resistance junction to case;

Rinsa - thermal resistance heatsink to ambient;

Ta - ambient temperature.

Solution:
The junction temperature can be calculated using the thermal resi&gjacd his is suitable
for the DC collector current. But in case of pulsed collector current the more accurate results
can be obtained if the transient thermal impedance junctionfgasés used. The transient
thermal impedance is a function of duty cycle and pulse length or switching frequency:

t

P D
1 r- 1 rj f
- e - e
4.1
Zihic = Z R; Z Ri——— (4.1)
j=0 j=0 I f
1 B e TID 1 _ e j

Figure 4.1 demonstrates the transient thermal impedance of SGP20N60 for different values of
duty cycle and pulse duration.

Transient thermal impedance Parameters in this example:

4hyc = (i)

parameter: D=t, /T Rj , K/W 7j, S

K/V1V01 0.1882 0.1137
0.3214 2.24e-2
10° 0.1512 7.86e-4

i 0.0392 9.41e-5

,\-‘E 107
R 1 R 2

C;L: T1/R1 sz T2/R2

10 L
107 s 10°

Figure 4.1: Transient thermal impedance of
SGP20N60.
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The difference between junction and case temperatures can be obtained using the information
of worst case total power losses (section 3.3) and transient thermal impedance for desired
values of duty cycle and switching frequency

Tj B Tc= Ptot( max)' ZthJC (42)
Results:
The junction temperature for the defined case temperature, duty cycle and switching
frequency is

Z + T (4.3

T.=P :

J tot(max ) — thJC c
The following expression describes how to select the heatsink that keeps the junction at, or
below, a given temperature

Tj - T,

Rinsa = p ~ Ziic ~ Rines (4.4)
tot( max )

where

Proymax) - Worst case total power |osses;

Rincs - thermal resistance case to heatsink;

Rinsa - thermal resistance heatsink to ambient;

Ta - ambient temperature;

T; - junction temperature;

7 - transient thermal impedance junction to case for given duty cycle and switching

thJc frequency.

Example:

Calculation of the junction temperature for a given operating condition:

D=05 - duty cycle;

f=75kHz - switching frequency;

Tc=80 °C - casetemperature,

Protmax) = 45 W - total power |osses.

The transient thermal impedance for this duty cycle and this switching frequency from
figure 4.1 (t, = 6.67 us) is Zyc = 0.35 K/W. Using the equation 4.3 the junction
temperature can be cal cul ated:

K
7;. =45-W-0.35 W + 80 °C = 95.75-°C

In order to keep the junction below a given temperature the right heatsink has to be chosen.
The required thermal resistance of a heatsink can be obtained from the equation 4.4 using
input data from above plus some additional information:

Rincs = 0.45 K/W - thermal resistance case to heatsink;

Ta=40 °C - ambient temperature;

T;=100 °C - junction temperature.

100-°C - 40-°C K K K
thSA = - 035-— - 045-—=053-—
45- W w W W

R

www.infineon.com 18 August-99



Infineon ANIP9931E

Technologies Calculation of major IGBT operating parameters

5 CALCULATION OF JUNCTION TEMPERATURE AND POWER LOSSES

In the previous two sections we have explained how to calculate the power losses and the
junction temperature. In this section we present an algorithm how calculate both these
parameters in a specific application environment.

Solution:

Since the junction temperature affects conduction and switching losses, which, in turn, affect
the junction temperature, a direct mathematical solution is not possible. However, if we apply
the calculations introduced in sections 3 and 4 iteratively, we will get the results for a given
operating condition in very few iterations.

Results:
. P i , Described
Step: Action: Input: Output: in section:
1 |Assumethat Tjn.1) = Tigmax) Tjmax) Ti(m-1) -
2 | Calculate the total power l0sses Pioyn-1) T p 3
(n-1) | at thisjunction temperature Tjp.1) Jn-1) tot(n-1)
3 | Calculate the junction temperature T;
: b i) Prot(n-1) Tim 4

(n) |at thesetotal power [0Sses Piotn-1)

Compare difference between the junction
temperature from current iteration Tj,) and
junction temperature from the previous

iteration Tjg,.1) With agiven precision AT; AT Decisionto
4 | (usudly 5-10°C) T r continue or ]
(n) 17(7'1)’ to finish the

if Tin-1) - Timy < AT; jn) iterations

then stop the iterations;
otherwise - next iteration
(n=n+1 & go to step 2).

www.infineon.com 19 August-99




Infineon ANIP9931E
Technolog|es Calculation of major IGBT operating parameters

6 CALCULATION OF PULSED COLLECTOR CURRENT

This section describes how to calculate periodically pulsed collector current for given
operation conditions: duty cycle, switching frequency and case temperature.

[nput data from the datasheet:
Zinjc - transient thermal impedance junction-case;
Ti(max) - Maximum junction temperature;
output characteristic at Tjgmax);
switching losses vs. collector current at Tjmax).

Additional input information:

D - duty cycle;

di

_c - collector current turn on transient rate;
dt

f - switching frequency;

QOm ty - parameters of the diode at these operation conditions;

Tc - case temperature;

v - DC voltage at IGBT during the off state before the beginning of the turn-on
bE©m trangition.

Solution:

The maximum power dissipation for a given operating condition can be calculated using the
transient thermal impedance at this particular duty cycle and switching frequency.

; Ticmax) ~ Te (6.1)
tot( max) Z |
thJc
The total power lossesin the IGBT are described by expressions (3.1) and (3.2) combining

these we will get the following equation

P (6.2)

P = f "4 - dt
tot ce C

0
Combining the equations (6.1) and (6.2) the information about the maximum pulsed collector

current can be obtained.
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Results:

Collector current waveform: Mathematical expression:
le
I =1
[ c
0 by

Maximum pulsed collector current of IGBT with the diode specified in the
datasheet:

jBZ " 4.A[<Tj(max) - Tc> - C} - B (6.3)
/c(max)= 2. A

where:

A=D-F\’CE-ZmJc

B={ b VTO(max) " <A0n " Aoff>. f}.szc

C= <Bon " Boff>. f ZthJC
Maximum pulsed collector current of with the user specific diode:

_J52+4-A[<Tj(max) T,)-C|-B 64
c(max )~ 2. A

where:

f

1
A=|RCE-D + E VDC(on), user specific ? .Zth‘]c
c

dt

L 4 t + A _ VDC(OH), user specific
5 'DC(on), user specific ‘rr " “off Q. .
<C. t >
dt r
X z -f + VTO D7

thgC (max) thJC

X

2
C- 51 Q”' VDC(on), user specific

DC(on), user specific

di
e /4\2
dt <”>

Z f

%4
2
r

2
* By 5 <Qr> '

thic’
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Collector current waveform: Mathematical expression:
le
) t
| = I P
c c t
P
0 b

Maximum pulsed collector current of IGBT with the diode specified in the
datasheet:

82 anl (T, T cl 8

/c( max ) 2. A (6.5)
where:
1 C
A= 3 D-RCE-Z, .-
B 1 VTi D+ fA 4
=5 0 max)y P+ off | <thic
C=FrB s 2
where
Aon, Bon, - _ parameters of interpolated curve for switching losses;
Aoffy Boff
D - duty cycle;
di
¢ - collector current turn-on transient rate;
dt
f - switching frequency;
Qm tr - parameters of the diode at these operation conditions;
Tc - case temperature;
- DC voltage at IGBT during the off state before the beginning of the turn-on
Vocen  transition:
VTO, : i
RCE - parameters of interpolated output characteristic;
Zorc - transient thermal impedance junction to case for given duty cycle and switching
thJ

frequency.
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Example:
The examples of pulsed collector current for SGP20N60 are shown in Figures 6.1 and 6.2.
Typ. collector current Typ. collector current
Ic=f( Ic=f(h
parameter: D= 0.5, Tj< 150 °C parameter: D= 0.5, Tj< 150 °C
80 140
i T
Tc=80°c || Tc = ff’};/—""
AT Sl
© 50 Tc =110 _C’_\ © g0l Tc = 110;0/_____
40 P g I //"' \
T T 60
30 “
20 40
10 \\ 20
' 1%  10°  10*  10° Hz o® % 102 10° 10 10° Hz o°
—» f e f
Figure 6.1: Amplitude of a square wave Figure 6.2: Peak of atriangle wave collector
collector current of SGP20N60 current of SGP20N60

[ SAFE OPERATING AREA

This section describes how to evaluate the thermal calculation of the pulsed collector current
described above using the datasheet.

Input data from the datashest:
Safe operating area.

Additional input information:
Pulsed collector current (calculated in section 6).

Resullts.

The calculations of pulsed collector current described in section 6 are based only on the
thermal behavior of IGBT. The peak collector current must not exceed the safe operating area
limits.
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Example:

Figure 7.1 shows the safe operating area of SGP20N60.

Safe operating area

lc=1(VcE)
parameter: D=0, Tg = 25°C, TJ <150°C
108
A
10 2 ==y =
5 s T
- ~ i
N 15us |11
; ; N N
O 10 == SRR 50us T
I 200us +H
1
10 s Ll L
i
DC
10 e EEEEEJﬂEEEEE
102
10° 10" 102 0% v 10t

— Ve

Figure 7.1: safe operating area of SGP20N60.

The maximum peak collector current is 80 A for SGP20N60. The cal culated curves do not

exceed thislimit of 80 A in case of square wave collector current (Figure 7.2). If the collector
current has atriangle waveform (Figure 7.3) the calculated curves for both case temperatures
exceed the limit of SOA at some frequencies. In this case the peak collector current hasto be

limited to 80 A for these frequencies.

Typ. collector current
Ic="1(1
parameter: D= 0.5, TJ <150 °C

. SO
70 =80 °C—_
60
p
N
50/
© Tc=110°C
ot ™M
40
T 1
30 ‘-
20
10
\\
10" 102 10° 104 10° Hz 0°
—» f

Figure 7.2: peak of a square wave collector
current of SGP20N60 and SOA limit
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Typ. collector current
Ic=1(N
parameter: D= 0.5, 7] <150 °C

140 "“ ”m H‘
AT Tc
=80 C—TTT}
100 f m
4 m{/ NM
o om0 L SOA
80 . -lw-l
LA
L
T 60
40
20
%" 102 10° 10* 10° Hz 0°
— f

Figure 7.3: peak of atriangle wave collector
current of SGP20N60 and SOA limit
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