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Research Background
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IGBTs have advantages of
oth MOSFETSs and bipolar transistors -

Used in wide range of applications™
as power semiconductor devices
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Development of IGBT and its driver circuit is important
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IGBT and Drlver CII’CUI'[

IGBT
( Insulated Gate Bipolar Transistor )

Input part is MOSFET
Output part is bipolar transistor

r{ Advantages

Gaotiqz: * Fast operating speed

« Large current amplification factor
_ | (~1.2kA)
Emitter

 High withstand voltage (~3.3kV)

Collectori

Large gate capacitance » Driver circuit is difficult
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Objectivé

IGBT circuit

« Parasitic capacitance and tail current
cause switching loss

« Parasitic iInductance causes
excessive overshoot

. . : )
Reduction of switching loss and

excessive overshoot
by current drive control of IGBT
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Voltage Driven IGBT Evaluation Circuit (1/2)

Input voltage V
V, turns on IGBT 125_ v,
I. gradually flows F ll
L, 360mA :
500uH b -360mA— -
L, =V, 500V =
14.5nH I, 450V oV
50A L
R c
g s
v NT 0A /’/)
v,= lg s Ops 50us  100ps
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Voltage Driven IGBT Evaluation Circuit (2/2)

V; becomes O

! 3 16V~ Y1 ‘
V, turns off IGBT 125_ v,
I. gradually decreases F ll
L, 360mA :
500pH D1 -360mA-—- 5
L, Ly s00v Ve
145nH §| 1, 450V oV 1
R V. 50A c
g s
Wy NTry 0A //ll

v,= lg 5 Opus 50us  100ps
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Overshoot and Switching Loss during Turn-off

Change gate resistance R, 5
from 30Q to 300Q —
=

L, ” 1.5

500uH D4 < .
(@)

Lz V2 — E
145nH 450V 905
R, Z

I Wy I Trl 0
0

= 20 40 60
l— = Overshoot [V]
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Current Gate Driver Circuit (1/2)

—gate
L [15] [14][15]] T I
11_31 -41-5-1---:6 1.2mA 1
- _L'_'i'_"l_;_:_r_'. N I i 0.1mA~ I
—L [ L ) ' -1.0mA
| Current N T
i Mirror L' :';t i 450mA :les
: [ | P | 225ma- [ ----------- I —
| Current |, rj— OmA g

i — I
15 ] Mirror | 450mA-——-°
L g === i
1 225MA |-

Current OomA

| |
M'EOV - 60.9us 61.5us 62.1us




f isocc) ISOCC EOEO

L:n\"'o

Current Gate Driver Circult (2/2)

—gate
IZ | I I I I
""l-=|_2l' -41-5-1---1'6 1.2mA 51
- _L___i__‘_l_; _:_L__'. o i 0.1mA- |
| L 1 L ] + -1.0mA
| Current N ﬂ [ —
| Mirror | ] d I
! ]»'] Wt | 450mA = :
' l it 1t f L 225mA—-+1- ______________
| Current . f :._: OmA |
: | - ' ] 11
L. 1 e 450mA-——— 16—
1 L b—g-—-r=q-- _! 11 T r -------------- I
curn Consider 4 steps and 225mA
Mir draw different currents OmA |
L ' 13 60.9us 61.5pus
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16V £
gV e
W)Y, =

— 450mA

225mA—1-
OmA

500V
250V-

Current Gate oV

Driver Circuit 50A
L 25A-

- 0A |
60.90us 61.65us 62.40us

Turn-on
Current
Source

[Control gate voltage by flowing Ig]
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Stepl

V, . Saturation voltage
to Miller voltage

No effects on switching loss
and overshoot

16

16V
8V-

oV
450mA
225mA—-
OmA

500V
250V-
ov

50A—+—

25A-
0A
60.90us 61 65ps 62. 40ps
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Step2 16V
8V
ov

V, . Miller period of IGBT  450mA
225mA—-
OmA
Trade-off between 500V
switching loss and slew rate  250V—
" ov
Switching loss can be reduced ggﬁ_ |
0A

60.90us 61 65ps 62. 40ps
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Step3 16V
8V-
oV

V, . Miller voltage 450mA
to threshold voltage 225mA--
OmA
500V
Trade-off between 250V-
switching loss and overshoot ov
‘v 50A—+
Overshoot can be reduced Zgi—

60.90us 61 65ps 62. 40ps
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Step4 16V
8V
oV

V, : Threshold voltageto 0  450mA
225mA—1-
OmA
I; : Uncontrollable due to 500V
|-V characteristics of MOSFETs 250V-
oV
S 50A—+
No effects on switching loss 25 A—
and overshoot 0A
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Comparlson with Voltage Drlve

Switching Loss : -30%, Overshoot : -28%

2
300Q

2400

-30%

Current

O Drive
0 20 40 60
Overshoot [V]
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Conclusion

 Proposal of current drive circuit
to control gate voltage of IGBT

e Current drive circuit draws different value of current
at each 4-step operating region

« Simulation verification: During turn-off,

reduction of switching loss (-30%), overshoot (-28%)
compared to conventional voltage drive
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Challenges

 Improve the current drive circuit
- Adapt to change in supply voltage during turn-off
and supply charge during turn-on

» Current drive will simplify the circuit
to adapt to various changes
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Thank you for your attention
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