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Motivation
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(infineon
Drive:

B Frequency range 8-20kHz

B motoring‘ and ,braking‘ mode:
Power factor ranging from 0.8 to -0.8

SWS B High ruggedness (SC, PC, ..)

Diverging requirements ->
different product optimisations

SWb

UPS & solar:

B Frequency range 16kHz and
above

B Power factor close to 1

B Low EMC, high efficiency
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Technological background IGBT: —
Inf
Tuning performance e

B The key to IGBT performance is the carrier profile engineering
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Technological background: IGBT

Trade-off curve
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B 600V bus voltage

B nominal current
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Benchmark switching
losses at l1ow Vi gear
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Technology background: IGBT
Switching behaviour
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800V bus voltage
40A load current
nominal gate resistor

T, = 150°C

. —Uce HS3 ——IcHS3 |
1 —UceT2 —IcT2
. —UceBC —IcBC | .
-5 - — IFX HighSpeed 3: — t
. . . S
-0.4 -0.2 optimised tail current for low losses 0.8 [bs]
IKW40N120H3 and smooth switching behaviour 40A (TO264
Ic 5A/div, NP-4
Elmddiv,NP2 E 1mJ/div, NP -2 E 1mJ/div, NP -2
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Technology background: Diode e
Tuning performance @eo/n

Switching
losses

Stored Talil
charge current
Conduction Softnhess
losses Carrier EMC

profile

B 4th generation of Emitter controlled diode technology features
O optimised chip thickness -> reduced losses
O optimised carrier lifetime control-> reduced switching losses
O novel and unique fieldstop -> improved softness



Technology background: Diode e
Effect of optimised diode size w
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Reduced peak Low but soft current tailing

recovery current

ol I Nominal conditioné for IKW40N120H3:

1 B 600V bus voltage

P Earlier voltage rise B 40A load current

2 R A // ””””” B_120 aate resistor for switching IGBT |

4 - 30% reduction in Qrr

'50 .2 |25% reduction in Erec T s
optimised diode size 2504 reduction in Eon opt. diode — Id opt. diode

Ud 75V/div, NP -4 —Urdr. diode —Id dr. diode
Id  8A/div, NP-4
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Technology background: Diode —
Ruggedness of optimised diode size QD

Testing for the limits of the diode:

® Hig
Hig
Dio
Fas

Diode

10.02.2010

PD max

100
90
80
70
60
50
40
30
20
10

0 -

—e— Ugate =15V
—s— Ugate =17V

Ugate =19V
—<— Ugate =20V
—x— Ugate =21V

—e— Ugate =23V
///*__‘\1\\
Diode ruggedness exceeds typical
application conditions by far
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Technological background: Diode —
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Benefit of SiC diode Yy
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Peak recovery current ‘
determined by Virtually no current tail
capacitances = 4 f /e R
I N A Y, — ‘ m——
0 ” Nominal conditions for IKW40N120H3:
14 ® 600V bus voltage
20 f —
; Benchmark for fast switching low
ST to medium current applications witching IGBT ~—
-4 M fffffffffffffffffffff m T,=175°c
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optimised Si diode SiC diode — Ur opt. Si diode

Id opt. Si diode

Ud 75V/div, NP -4 — Ur SiC diode
—Id SiC diode

Ud 75V/div, NP -4

Id 8A/div, NP-4
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Product Spectrum

Product spectrum
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Single DuoPack

175°C

VCEsat
2.05Vv

2.7V

2.4V
2.6V

Eoff Eon
30uJ/A 80uJ/A
65uJ/A 110pJ/A

Values taken from IKW40N120H3 datasheet
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Application study: Inverter —
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Topology and simulation inputs &—/

B Half-bridge as building block of
T]@ many applications generating

output sine wave from DC bus

voltage
D1 _
M Easy loss calculations as a
V q o VoUT function of
IN
T2 | ouT = VIN
@ O Vo7 / modulation factor m
\J DZ L] 1:Modulation (»fout)
o————
D Irms,out

O Power Factor ( cos o)

For a detailed description see e.g. “Dimensioning program
IPOSIM for loss and thermal calculation of Infineon IGBT
modules”, Infineon Technologies, 2006 and references
therein



Application study: Inverter —
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Loss calculation L/

140
B Sim cos ¢=0.85 cos ¢=1.0| €0s ¢=0.85 cos ¢=1.0| cos=0.85 cos =10
O T, 120 19.3 19.3
J 10.3 10.3 O switching
OV 12.7 12.7 5.1 7.7 4.2 losses
100 ' Diode
OO m ‘4 0O conduction
losses
3 m switching
n losses
0l S 60 IGBT
1V, @ conduction
A losses
: o IGBT
B V.., Increase more than compensated
already at 20kHz switching frequency 69 SUE
\ [ | | || | |
B Total diode losses reduced ‘ ‘
‘ 0 [ | [ [ | [ | '

B Total losses and products temperature rise dominated by IGBT
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Application study: Boost stage =
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Topology and simulation inputs &—/

Boost Converter . ceM \ DCM
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Application study: Boost stage —
Inf
Loss calculation CCM @290/"

B Loss simulation input:

O Tjune = 150°C
O Vi = 800 20
O duty cycle| = 15 \\ — IKW25N120H3
Ol = 12. % j5 \ —— IKW25N120T2
o E SKW25N120
O 1,,,=50% é 5 10 ==
- g Highest Output power without [——
°5 5 i imi I
< @ approaching thermal limit
cS =
E N
M Limit simulaf 0 | ‘
20kHz 60kHz 100kHz 140kHz
OT. .. = 15C
June switching frequency
O Vo = 800V

O le d=0. i '
duty cycle d=0.5 Boost stage diode: SiC IDH15S120



Application study: Boost stage —
(Infineon

Loss calculation DCM

B Loss simulation input:

O Tjune = 150°C
O Vi = 800 30
O duty cycle| 25
< %* — IKW25N120H3
O lpeak = 294 5 = 20 - —— IKW25N120T2
(&
= — 15 ~ SKW25N120
E £ 10| Simultaneous improve in —
< o efficiency and thermal margin [ ——
s S O
. e
B Limit simula 0 | ‘ B
_ 20kH 60kH 100kH 140kH
O Tjune = 153G z KHz Z Z
switching frequency
O Vi = 800

O duty cycle d=0.3

Boost stage diode: SiC IDH15S120



Conclusion
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Highspeed 3rd generation offers

e Up to 25% lower turn-off losses

e optimised diode for lower diode and IGBT losses

e Low EMI for less filtering effort

e Easy paralleling for higher power levels

e Benchmark performance in for switching

frequencies above 20kHz
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Innovative semiconductor solutions for energy efficiency, communications and security.
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