LECTURE 24

IGBT



Topics to be covered

e Electrorestriction



IGBT: Insulated-Gate Bipolar
Transistor
e Combination BJT and MOSFET

> High Input Impedance (MOSFET)
> Low On-state Conduction Losses (BJT)

» High Voltage and Current Ratings
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Cross-Sectional View of an IGBT
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IGBT Equivalent Circuit for Vge<V;
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IGBT Equivalent Circuit for V5>V

PNP transistor turns ON,
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PNP Emitter.
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Channel is Induced When V4>V
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IGBT Output Characteristics
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|IGBT Transfer Characteristic

Collector Current {A)

| | > VGE
0 2 4 6
Gate—emitter voltage

ECE 442 Power Electronics



IGBT Used as a Switch
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Fairchild FGA25N120AND IGBT

e ————————
FAIRCHILD
e ———

SEMICONDUCTOR® IGBT
FGA25N120AND

ANVOZINGZVOd

General Description Features

Employing NPT technology, Fairchild’'s AND series of + High speed swifching

IGBTs provides low conduction and switching losses. The + Low saturafion voltage : Vopgay = 2.5V @ I = 25A
AND series offers an solution for application such as - High input impedance

induction heating (IH), motor control, general purpose - CO-PAK, IGBT with FRD : t, = 235ns (typ.)
inverters and uninterruptible power supplies (UPS).

Applications
Induction Heating, UPS, AC & DC motor confrols and general purpese inverters.

TO-3P E
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Absolute Maximum Ratings Te = 25°C unless otherwise noted

Symbol Description FGA25N120AND Units
Vees Collectar-Emitter Voltage 1200 \
VGEs Gate-Emitter Voltage +20 \Y
| Collector Current @Tc= 25°C 490 A

© Collector Current @ T = 100°C 25 A
lem (1) Pulsed Collector Current 75 A
Ir Diode Continuous Forward Current @ Tgo =106°C 25 A
IEM Diode Maximum Forward Current 160 A
Pp Maximum Power Dissipation @Tc= 25°C 310 w
Maximum Power Dissipation @ T =100°C 125 w
T, Operating Junclion Temperature ~-55 to +150 °C
Tstg Storage Temperature Range -55 1o +150 °C
Maximum Lead Temp. for soldering
T - 300 °C
Purposes, 1/8" from case for 5 seconds
Notes :
(1} Repetitive rating : Puise width limited by max. junciion temperature
Thermal Characteristics
Symbol Parameter Typ. Max. Units
Rgic(IGBT) Thermal Resistance, Junction-to-Case - 0.4 “C/W
Raic(DIODE) | Thermal Resistance, Junstion-to-Case - 2.0 °C/W
Raia Thermal Resistance, Junction-ioc-Ambient - 40 *C/W

®2003 Fairchitd Semiconducter Corporation

FGA25N120AND Rev. A
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Electrical Characteristics of the IGBT . - 25:C uniess otherwise noted

Symbol Parameter Test Conditions Min. Typ- Max. Units
Off Characteristics
BVces Collector-Emitter Breakdown Voltage Vae = 0V, Ig = 3mA 1200 - - vV
ABycps/ Temperature Coefficient of Breakdown o
Vg = = 3mA - 0.6 - vieC
AT, Voltage Ge = 0V, lg = 3m
ICES Coliector Cut-Off Current VCE = VCES’ VGE =V - -~ 3 mA
IGES G-E Leakage Current VGE = VGES= VCE =0V -- -- +100 nA
On Characteristics
VGE{th) G-E Threshoid Voltage le = 25mA, Ve = Ve 3.5 55 7.5 \Y%
lc=25A. Vgg=15V - 2.5 3.2 v
vV Coliector 1o Emitter lc=25A, Vg =15V, _ 29 _ Y,
CE(sal) | saturation Voltage Te = 125°C '
IC = 40A. VGE =15V - 3.1 -- \%
Dynamic Characteristics
Cies Input Capacitance Vep = 30V Vge = 0V, - 2100 - pF
Coes Output Capacitance f=1MHz - 180 - pF
Cres Reverse Transfer Capacitance - g0 -- pF
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Switching Characteristics

Lacon) Turn-On Delay Time - 60 - ns
i Rise Time - 60 - ns
Ldioff) Turn-Off Delay Time Ve = 600V, I = 25A, - 170 -~ ns
t; Fall Time Rg = 10Q, Ve = 15V, -- 45 90 ns
Eon Turn-On Switching Loss tnductive Load, T¢ = 25°C -- 4.8 7.2 mJ
Eoff Turn-Off Switching Loss “- 1.0 1.5 mJ
Eig Total Switching Loss - 5.7 8.7 mJ
tacon) Turn-On Delay Time - 60 - ns
t, Rise Time -- 60 - ns
taioff) Turn-Off Delay Time Ve = 600V, Ig = 25A, -- 180 -- ns
i Fall Time Rg = 10Q, Vgg = 15V, -- 70 - ns
Eon Turn-On Switching Loss Inductive Load, T¢=125°C - 55 - mJ
Enff Turn-Off Swilching Loss - 1.4 - mJ
Es Total Switching Loss e 6.9 — mJ
Qq Total Gate Charge Ve = 600 V. |~ = 25A -- 200 300 nC
Qge Gate-Emitter Charge VCE sy C ’ -- 15 23 nC
Qge Gate-Collector Charge GE -~ 105 160 nC
Le internal Emitter Inductance Measured 5mm from PKG -- 14 - nH
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Electrical Characteristics of DIODE 1. = 25:c uniess otherwise noted

Symbol Parameter Test Conditions Min Typ. | Max. | Units
Te= 25°C - 2.0 3.0
VEMm Diode Forward Voltage IF = 25A To= 125°C = 7 - Y
: Tg= 25°C - 235 | 350
- Diode Reverse Recovery Time Te=125°C - 300 — ns
| Diode Peak Reverse Recovery Ir = 25A Te= 25°C - 27 40 A
i Current dl/dt=200A/us Tec=125°C - 31 -
. Tc= 25°C - 3130 | 4700
Qe Diode Reverse Recovery Charge To= 1255 — 2650 - nC
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