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ABSTRACT

This project is objected for designing an inverter by using IGBT as switching equipment .

IR 2113 is used for driving IGBT in full bridge inverter circuit . [t receives input signal from

output of AND operating between Square wave signal , which frequency is 50 Hz » and result of

Comparating between signal from Integrating square wave ( which frequency is 800 Hz ) and
signal from voltage regulated voltage circuit . Output voltage of full bridge inverter circuit is
stepped up Hy transformer and then is filtered by filter circuit » the result is sine wave signal
which has frequency 50 Hz and voltage 220 V . The signal from transformer in primary side is
operated in OR-operation with the signal which show Battery level in the part of Over Current
Protettion Circuit , so that in the future | this IGBT INVERTER will can develop to use in
Uninterruptible Power System (UPS ) .
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INTERNATIONAL RECTIFIER | JOR

Data Sheet No. PD-6.021

HIGH VOLTAGE
MOS GATE DRIVER

IR2113

General Description

The IR2113 is a high voltage, high speed MOS-
gated power device driver with independent high side
and low side referenced output channels. Proprietary
HVIC and latch immune CMOS technologies ena-
ble ruggedized monolithic construction. Logic inputs
are compatible with standard CMOS outputs or with
LSTTL outputs using pultup resistors. Output drivers
use low impedance totem-pole arrangement
designed for low cross-conduction current spike.
Propagation deiays for the two channels are matched
to simplify use in high frequency application. The
floating channel can be used to drive an N-channel
power MOSFET or IGBT in the high side configura-
tion that operates off high vottage rail up 10 600 volts.

Applications

R High frequency switch-mode power supply
| M DC and AC motor drives

B Electronic lamp ballast

W Battery charger

n lrfduction heating and welding

W Switching amplifier

Features
R Floating supply designed for bootstrap operation
— Operating offset range from =5V to +500V
— dvidt immunity, rated at +50Vins
— Quiescent power dissipation of 1.6mw at 15V
M Wide output operating gate drive supply range
from 10 to 20V -
Separate logic supply to interface with logic signal
~— Operating supply rangse from 5 to 20V
— Logic and power ground cperating offset
range from -5 to +5V
CMOS Schmitt-riggered inputs with hysteresis
and pull-down
Cycle by cycle edge-triggered shutdown logic
Undervoltags lockout with hysteresis for both
channeis
Output totem-pole driver designed to drive
MOS-gated power devicas
— Peak cumment capability at 2A minimum
— Switching time of 25ns typical into 1000pft
load
W Matched propagation delay time for both
channels
— Typical 120ns tum-on delay and 94ns tum-off
delay
— Maximum rated matching differential of
+10ns
B Latch immune CMOS. Withstand > 2A reverse
current at /O pins

Typical Connection Pinout Assignment
Hy
d o B
’ Voo ™ (21 vs
Voo O———{ 9 . 5 z L KR : S 1vs
Dot 10
sstem (S 1 5 s P Fg - s 0] Sl: ]
CoNTROL —r 3 un 327 Ve
T & (153 v fE_"E - L':LEJJ
g |23 s oo
. it = ~ [[uw
v




IR2113

Absoluts Maximum Ratings ; o
Absolute Maximum Ratings Indicate sustained limits beyond which damage to the devica may ocgur.
All voitage parameters ara absoluts voitages referanced to COM.

The Thermal Resistance and Power Dissipation ratings are measured under board mounted and still

air conditions. S
Symbol Paramater Min Max ¢ Units
ve High Side Floating Supply Absoiute Voltage -Qs Vs +20
Vg High Side Floating Supply Otfset Voitage -Ygg - 05 800
VHO High Side Qutput Voitage Vg 05 Vg +QS
veo Low Side Ftxad Supply Voitagd -as 20 .
Yo Low Side Output Voltage -5 YCcGg+0S v
Voo Logic Supply Voitage ~05 Ygg+20
vgs Logic Supply Otfast Voitage Veg - 20 Ve +058
ViN Logic Input Voltage (HIN, LIN & SO) Ygg 0S5 Yop +05
dvgiat Aliowsble Otffset Supply VoRage Transiemt (Fig. 16) = 50 Vins, *
Pp Pacxage Power plsupu}on O Ta <= 25°C (Fg. 19) —_ 1.8 w
RevA Thermal Aesistance, Juhction to Amdient - 75 ‘W
T Junction Tempersture | -55 150
Ts Storage Temperature ~55 150 <
TL Laad Temperature (Scidering, 10 seconds) - 300

Recommended Operating Conditions

The Input/Qutput Logic Timing dlagram is shown in Fig. 1. For proper operation the device should be used
within the recommended conditions.

The Vg and Vgg offset ratings are tasted with all supplies biased at 15V differential. Typical ratings at other
bias conditions are shown in Fig. 2 and 3.

Symbol Parameter Min Max Units

vy High Side Fioating Supply Absciute Vortage Vg+10 Ys+20

Vg High Side Fiosting Supply Offset Voltage -5 600

VHo High Side Output Voitage Vs Vg

Veo Low Side Fixed Supply Voltage 10 20 \';

VLG Low Side Output Voitage [ Veo

Voo Logic Supply Voitage VYgg+5 Ysg+20

Vs Logic Supply Offsat Voltage -5 5

Vin Logic Input Voitage (HIN, LIN & SD) Vss Voo
Dynamic Electrical Characteristics
VBIAS (VCC. VBS, VDD) = 15V and Vgg = COM unless ctherwise specified.
The dynamic electrical characteristics are measured using the test circuit as shown in Fig. 11.

7’ = 25°C T| = -85 10
150°C
Symbol ‘| Parametse Min | Typ | Max | Min | Max {Units Tost Conditions Referance

lon Tum-On Propsgation Detay — [ 120 ] 150 | — | 280 Vg = oV Fig. 12
tort Tum-Qff Propagation Deixy . - 94 | 128 | — | 220 Vg = soov
tag Shutdown Propegation Deley * - 110 | 140 - | 235 Vg = 800V
t Ten-On Rise Time —_ 25 as —_ 50 Cy_ = 1000pt Fig. 13
Y Tum-Oft Fai Time —~ |17 | 25| | 40| ns Cy = 1000pt
Mo Doimy Maxching, HSand LS Tum-On | — | —~ | 10 | — | — I Htomr—Lon | Fig. 14
Moy Delay Maxning, $iS and LS Tumn-Oft — — 10 —_ - | Mttt
DHtyy |Deadtime LS TUm-CToHSTom-On | 18 | 28 | 38 | — | — (Htorrttos) Fg. 15
Dlicn Deactime, HS TUm-Ot D LS Tum-On | 16 | 28 | 38 | — | — Uom=Hot0)
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Static Electrical Characteristics

VBIAS (VCC, Vas, VDD) = 1SV unless otherwise specified. .

The VIN, V#H and N parameters are referenced to Vss and are appiicable to all three logic Input. Pins: HIN, LIN and SD.
The VO and 10 parametersaremferencedtoCOMorvsandamappﬁcabletothempecﬁveOutputPim:HOorLO.

T = 25°C Tj=~5510
150°C .
Symdol | Parameter Min | Typ | Max { Min | Max |Units Test Sonditions Referencs
Vin togic “1” Input Voltage U | - | = 3] —~ Vop = 5v .
64 — —_ 68 — Voo = 1ov
95 -— -— 10 -— VDD = 15V
128 — — {133 | ~- \4 . Ypp = 20V
viL Logic “0" Input Voitage -] —~Jw]~F7] - Vpp = 5V Fig. 4
- — |38 | — |.28 Vop = .1ov
- | =6 =71s7 Voo = 15V
- | —la3a | 173 Vop = 20V
Voo High Lavel Qutput Voritage, VBIASYO | — | a7 | 1.2 | — 15 v VIN = ViH, l0 = 0A Fig. 10
Vo Low Level Output Vottage, VO - | —|lar [ =Ta1 VIN = Vit, lg = OA :
R4 Otfset Supply Leakage Currerx - - S0 - | 250 Vg = Vg « 600V Fig. 5
‘q8s Quiescent Vgg Supply Current = [ 125 | 230 | — | so00 VIN = Vi or Vi Fig. 6
loce Quiescent Voo Supply Currert — | 180 | 40 | — | 600 | uA VIN = Viy or Vi Fig. 7
fe]n]s] Quiescent Vpo Suppty Current - 5 30 -~ 60 VIN = Viy or Vit
N+ Logic 1" Input Bias Current — 15 0 - 70 VIN = 1SV Fig. 8
iN- Logic “0" Input Bias Current —_ - 1 — 10 VIN = OV
Vesuv + | Vas Supply Undervoitage Positive 77 a7 .7 - -
Going Threshold
VBsSuv- |Vas Supply Undervoitage Negative 73 183193 | =~ | —
Going Threshoid Fig. 9
Vecuv +{ Ve Supply Undedvotiage Positive 76 [ 86 | 96 | — | — v .
Going Threshoid
Vecuv- | Ve Suppty Undervottage Negative 72 | 82 | 9.2 —_ -
Going Threshold
o+ Qutput High Shon Circult Putsed 2 - -] - — VOUT =~ OV, ViN = 15V,
Current A PW <= 10 us
lo~ Output Low Short Circut Puised 2 - = -] - VOUT = 1SV, Viy = OV,
Current PW <= 10 us
Functional Block Diagram
r———-—.—-——-——-———- ————— —-—————-—————*———-——ﬂ
|
| )
vy 2 N
00 . DETECT P
| R0 Sur PULSE R
l’° Voovee |_FUER §
L) LEVEL
Saft = PULSE
GEN 1
3l
| 1 Ve
oerecy I
. VoorVee 1
LEVEL 3 w0
SHFT
—
oeLAY : l
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Typical Performance Characteristics

HIN
UN
$0

| I

Fig. 1 — input/Output Timing Olagram

" gy T T T
Yoo-Yss = STO2V, Ty = 29°C /
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2 Vi

,, A,
o

Vss. LOGIC SUPPLY OFFFSET VOLTAGE (V)
-]

0 © 1 » ) ]
Yoo, FOED SUPPLY VOLDAGE
Hg.s-llndmumvssPodun
Oﬂatvubgcvn.vcc&:pptyvm
(For Proper 1/0 Logic Transition
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’e
| S— ul ) |
g

ILEAX, OFFSET SUPPLY LEAKAGE CURRENT (uA)

T,. TEMPERATURE (C)
Fig. 5 —~ Supply Leakage
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V o

10 ird 14 18 18 20

Vgs.RMPQSUPFLYVOlDGEM
Fig. 2 — Msximum Vs Negative
Offutvs.vas Supply Voltage
(For Proper 110 Logle Transition)
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Typical Performance Characteristics

¥

g 8 H B 8 &
|
\

| T |

locc. OUIESCENT Vg SUPPLY CURRENT (uA)

ESQE.

| vocos
Wieet mm
|
1
-2 9 X [: ] x 120
T}, TEMPERTURE (03

Fig. 7 — Quiescent V. Supply

Current vs. Temperature
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UV */UV-, UNDERVOLIAGE LOCKOUT (V)
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Fig. 11a — Switching Time Test Circuit
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Typical Performances Characteristics

ton/loit: DELAY TIME ns)

= T T T I
. C‘.-mﬁ,Vm-VB-Vm-w
Ta = 29C

.

%

Y -
N S Lt —
\J g,.m \L
0 \\ ’
. D
0
0 1 L] ] 3 2

Vsupety. SUPPLY VOUDGE m

Fig.12:-—DouyTTmon.$upph/ Yoltage

Hoa/ttoty. HIGH SIDE DELAY TIME {ns)

s I =t KN Tall
1 Vs-Vm-Vm-ﬁV,q « 1000 pf,
\ Tp = 25°C

N

1] [ ] 0 -} X 4Q L] @
Vg, OFFSET VOUDGE, (v)

120 — High Side Delay
?’l’;n\n.vsm\bm

4 VQI-VBL W.Lt-mﬁ

s
N
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&2 X2 0 0 -] ko = 19
T, TEMPERQURE ()
Fig. 13b — Rise and Fail Time ve.
Temperature
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TYPICAL DHlgy = Dllgy-= 26 ns
TYPICAL Mlgq = Mgt = 0 ns Fig. 15 — Deadtime Wavaform Definiticns
Fig. 14 — Delay Matching \ . >
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§ LD 4%
- - 0 FO SOV = = 0N 1
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Typical Performance Characteristics

n e
g 10000 of 7} ﬂl T 1 lmlm
g == 2 s 3 6 Tk Tof thy
== ool T O,
_ s " L l-l{%w _r“" Ict 3
Qa1 :: z 10 MHe <. 1 5
§ = 2 b PW - 5% nj!>-1_:1l-c,~|-orom.cuoaﬂ
g > - s 2 s .
A ——
8. Vez = Vas = Vop = PO = Vous - iy
Ta=25C .
aom TN f vt |
- o 100K 1 MEG 10 MEG
1, SWITCHING FREQUENCY (A
Fig. 18a — Low Voltage Power Fig. 18b. — Low Voitage Power
Olssipetion va. Switching Frequency Dissipation Test Clrcult
18
18
w-m Tm-m
£ N HEXFET | TYPICAL | TYPICAL
§ 12 S'ZE tr tf
g 2 25 ns 17 ns
2w \ 3 B ns 23 ns
3 A
3 \ 4 53 ns M ns
=
S 04
5 78'ns 54 ns
a2 \
6 116 ns . Mns
‘s o s wm = @
Th. AMBIENT TEMPERGURE (°C)
Fig. 19 — Maxdmum Power Fig. 20 — HEXFET Die Stze vs
Dissipstion ve. Ambient Tempersture Switching Time (VBIAS = 15V)
HEXFET =
TYPE | 100V | 200V | 30QV | 400V
820 2000 | 1200 | 700 | 350
830 | 1600|1100 | 540 | 330 | Tp = 25°C AND
g40 | 1100 | s20| s40| 00| Velas =1
s
P450 640 | 5401 400| 290
P4s0 490 ] 4607 340! 230

3
Fig. 21 — Maximum Switching Frequency, max (k) _ . .
{tmax = switching frequency at which Tj = Timax and is derived from caicuiation
using typicat electrical and thermal ratings. ~or coeration at higher T4, max should
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Functional Description

The IR2113 is a monolithic high voltage, high speed
two channel power MOSFET or IGBT driver. Rafer to
the saction on Functional Block Diagram for the intemal
partitioning &t the various circuit blocks. The driver
translates logic input signats into comesponding “in-
phasa” low impedance outputs. The low side channel
output (LO) s referencad to a fixed rail (Vo) and the
high side channel output (HO) is referencad to a ficating
rail (VBg) with offset capability up to 600V,

The logic circuit provides the control puises for the
two output channels cofresponding to the logic Inputs
as indicatad by the Input/Output Timing Diagram in
Fig. 1. The HO and LO outputs are in phase with the
HIN and LIN logic Inputs. The two outputs will turn off
when the SD input switches high and the outputs will
remain off even after the SO input returns to low unti!
the next rising edge of the respective inputs. In the case
when Vg is below the undefvoitage trip point the UV
detact circuit will send a shutdown signal to disable both
channels. Also a separate UV detect block is used to
disable the high side channel when vgs is below its
own undervoltage trip point. The logic inputs use
Schmitt trigger éircuits with a hysteretic band of
Q.1-Vpp to provide high noisa immunity and can accept
inputs with siow rise time. The logic circuit is referenced
to its own iogicsupptytoaﬂowmeusaofalowefsuppty
voitage than the output operating Supply voftaga. A high
noise immunity Vpo/Voo levet-shifting circuit is used
to transiate logic signal to the output drivers. With a
+5V rated offset capability between the legic ground
(VSs) and power ground (COM), the logic circuit is
unaffected by the noise coupling generated by the
switching action of the output drivers.

Propagation delay for the twa channels are matched
using the low side delay circuit to simplify the timing
requirements of the controt pulses. The turn-on deiay
ismatchedaﬂZOnsformebwsidechannel(uoh)and
the high side channel (Htgn) with Vs at OV since the
high side tum-on command is usually executed when
Vs is at or near OV. The tum-oft delay is matched at
84ns for the low sida channel (Ltstf) and the high side
channel (Hiott) with Vg at 600V since the high side tum-
off command is usually exacutad after the high side
power MOSFET is “on" and Vg is at or near the high
voltage rail.

Both channels use identical low cross-conduction

. totem pote output connectad -transistors. The output

driver consists of two N-channel MOSFETS with peak
current capabllity above 2A and on resistanca of less
than 3 ohms (Fig. 10). One output MOSFET is
connected as a source follower and the other in
common source configuration. Becauss of the totem
pole-arrangement the rise tima is siower than the fall
time driving capacitive load. For a typical 3300pf load
the rise and fall timesateSOnsandssmmspeaMIy.
For the high side channel, narrow “On” and “Off"

bestﬁggerodrmmry the rising and the
%ﬂngedgaotHlNamgen?madbymopum

generator. The respective puises are used to drive
separata high voitage DMOS level transiatocs that set
or reset a RS latch operating off the floating rail. Level
shifting of the ground referenced HIN signal Is thus
accomplished by transposing the signal referenceas to
the fioating rail. Becauseead:-high\duageDMOSM

IR2113

transiator is tumed on for only the duration of the short
“On"or“Oﬂ"pulseswimeadwqcrAmamm
dissipation is minimizad. Falss triggering of the RS latch

pulse discriminator circuit such that the high side
dtannelkmnﬁaﬂyimumtoanyrmgrﬁmdeddvkn
value. Also the high voltage level shifting circuit is
des!gnodhofuncﬁonno:maﬂygnwhentheVsnode

swings more than 5V below the SOM pin. This condition
can often occur during the recirculation period of the
output free-wheeling diode.

Application Guidelines

(Also see Nots DT92-1, DT392-2,

AN-G78A,

D792-3, DT92-4, DT82-5 for details)
Thelﬂzﬁa_lstypmuymdummmhighvottage
N-channei power MOSFETS or IGBTs configured In halt-
bridge, dual-forward or other topologies. The fixed rail
referanced output is used to drive a low side connected
power MOSFET. The floating output channel is used

~to drive a power MOSFET In the high side conflguration

that requires an over-rail gats drive. Refer to the section
on Typical Applications for the various circuit topologies
whare the IR2113 is applicable.

Typically, the floating supply Is derived from the fixad
supply using a bootstrap technique as shown In the
saction on Typical Connectiorr. The charging dlode must
hmavdtagemmmapabimyhfghermanMpeaR
HV bus voltage. To minimize power dissipation a fast
recovery diode is recommended. The value of the
bootstrap capacitor depends on the switching
frequency, duty cycle and gate charge requirement of
the power MOSFET. The voltage across the capacitor
should not be allowed to drop below the under-voltage
lockout threshold, otherwise protactive shutdown wrill
oecur.AOJchapacim"isusuallysuﬂabiofcr
applications switching above 5 KHz.

Supply bypass capacitors between Vee and COM
and between Vpp and Vssg are required to supply the
transient current needed for switching the capacitive
loads. These capacitors, together with the resecvoir
capacitor across Vg and Vg, must be connectad closa
to the devica. A Q.1 #F ceramic disk capacitor in paraliel
witha 1 ;Ftanm!mnapadtocisrecommend.ed.brvcc
bypass. A 0.1 & ceramic disk capacitor is usually
adequats for the logic supply.

Tbeo&mmofﬂanZﬁa_mdedgnedbdeawgam
drivesforfastswitchingspeedevenforhighmm
pmMOSFE‘&wimmlaﬂveiyhlghgandmge
requirement. The typical switching speed for various
standardpowerMOSFETslzasisshownian.m.To
minimiza inductance_in the gats drive loop, each
MOSFET should have its own dedicated connection
geing to Pin 2 and S of the IR2113 for the retumn of the
gata drive signal. For smaller power MOSFETs a saries
gate resistor for each output is recommended to {imit
switching speed. The value of the gate resisior depends
on EMI requirement, switching losses and the
maximum allowable dvidt,

The total power dissipation of the IR2113 Is a function
ofHmevcttage,VccandVDovottage&swimlng
frequency, duty cycle, dellvered gate drives charge, and
operating junction temperature. Tha total dissipation
canbedividodimmmgodes:mghvdtagoand
low woltage switching.
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Thehighvottagecﬁasipaﬁonwnbemmwme
fotlowing formuia:

PO(HV) = HVeli k> d + (VBon +VBoit)*Qp+t
static . dynamic

with HV the high voitage bus voitage, I K the leakage
current of Vg to ground, d the duty cycle of the high
side switch, Qp the puised charge of high voltage leval
shifter, Vgon the average voitage of VB dugng the turn-
on puise, VBoff the average voltage of VB during the
turn-off puise and f the switching frequency of the high
side channel. The level shifting losses are usually much
larger than the leakage losses such that the static term
can be neglected for most applications. Fig. 17 shows
the total high voitage dissipation as a function of
switching frequency at various fixed Vs voltage level.

Note that the graph only shows the high voitage power -

dissipation per set or reset event at the particular fixed

Vs level. Keep in mind that in actual application Vsis
swinging during the level shifting event.

The low voltage dissipation can be caiculated by the
following formuia:

PO(LY) = Vbias*IQuot + 2°Vhias*Qgef + Vbias*Cemos!
——— . s o/
static dynamic

-withvbmﬂulcwvouagebiasvohageassumhgvlm )
= VCC = Vgs. Qo1 the total quiescent current, Qg
the delivered gate charge per driven MOSFET, f the
switching frequency and Qemos the switching losses
associated with the internal CMOS circuitry. The
quiescant losses are usually much smaller than the
dynamic losses such that the static term can be
neglected. Fig. 18 shows the tofal low voitage power
dissipation as a function of switching frequency at
various load conditions. The switching losses
associated with intemal circuitry (Qemos) are shown in

the graph for the case of "0 pf” loading condttion.

(Xl 0% -
Typical Applications
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Typical Applications Continued
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Typical implementation of an H-bridge with cycle-by-cycle current mode controt
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Mechanical Specification .
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htemaﬁond o P.l’eliiminary' Data Sheet PD -9.1118
oR|Rectifier IRGPH40MD2

INSULATED GATE BIPOLAR TRANSISTOR Short Circuit Rated
WITH ULTRAFAST SOFT RECOVERY Fast CoPack IGBT
DIODE
Featurfes c
* Short circuit rated -10ps @125°C, Vge = 15V Vces = 1200V
. Swutchmg loss rating includes all "tail" losses
. gEXFRED"‘ soft ultrafast diodes Vegsay < 3.4V
* Optimized for medium operating frequency ( 1 to G
10Kz} @Vge = 15V, Ig = 18A
E
n-channel
)
{ Description

Co-packaged IGBTs are a natural extension of International Rectifier's well
known IGBT line. They provide the convenience of an IGBT and an ultrafast
recovery diode in one package, resulting in substantial benefits to a host of

2 high- vqltage high-current, applications.
:’ These new short circuit rated devices are especially suited for motor control
‘ and other applications requiring short circuit withstand capability.
' ] v =8
+ Absolute Maximum Ratings A}-247AC
% | Parameter Max. Units
Vces Collector-to-Emitter Voltage 1200 \"
l ilc @ Tc=25°C Continuous Collector Current 31 !
! {lc @ Tc=100°C | Continuous Collector Current 18 !
{‘ lem Pulsed Collector Current ©® 62 A
Y] Clamped Inductive Load Current @ 62 ;
' |IF @ Jc=100°C | Diode Continuous Forward Current 8.0 |
Iem Diode Maximum Forward Current 62
tsc Short Circuit Withstand Time 10 Hs
VGE « Gate-to-Emitter Voltage +20 v
Pp @ T = 25°C Maximum Power Dissipation 160 w
Po @ Tc =100°C | Maximum Power Dissipation 65
VT Operating Junction and -55 to +150
{ Tstak Storage Temperature Range °C
X Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
} Mounting Torque, 8-32 or M3 Screw. 10 Ibfein (1.1 Nemn)
|
Thermal Resistance
Parameter Min. Typ. Max. Units
Reud Junction-to-Case - IGBT — — 0.77
Rosé Junction-to-Case - Diode — — 1.7 °C/W
Recs Case-to-Sink, flat, greased surface —_ 0.24 —
' | RpJA Junction-to-Ambient, typical socket mount — — 40
Wt | Weight — 6 (0.21) — g (oz)
Revision 2

C-479
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Electrical Characteristics @ Ty =25°C (unless otherwise specified)

' Parameter Min. | Typ. |Max. | Units Conditions
V(eRicES Collector-to-Emitter Breakdown Voltage®[1200 | — | — V | Vge=0V, lc = 250pA
AVirices/AT| Temp. Coeff. of Breakdown Voltage — |1 | — |VPC| Vge= 0V, lc=1.0mA
VCEZ“" Collector-to-Emitter Saturation Voltage | — [23 | 34 lc=18A Vge = 15V
! — 130 — V llc=31A
. — |28 | — Ilc=18A, T, = 150°C
VGe(h) Gate Threshold Voltage 30| — |55 Vee = Vg, I = 250uA
AVdgmyAT, Temp. Coeff. of Threshold Voltage — | -14 | — ImvrC Vee= Ve, Ic = 250pA
Jte ; Forward Transconductance @ 40110 | — 'S [Vee=100V, lo=13A
lcgg Zero Gate Voltage Collector Current — | — |250 | pA VGEe = 0V, Ve = 1200V
— | — 13500 Vge =0V, Vce = 1200V, T; = 150°C
VEm Diode Forward Voltage Drop — |26 | 3.3 Vv Ilc =8A
’ T = 123130 Ic =8A, Ty = 150°C
Iges Gate-to-Emitter Leakage Current 1 — | = |+100] nA Vae = +20V
Switching Characteristics @ Ty = 25°C (unless otherwise specified)
] Parameter Min. | Typ. {Max. | Units Conditions —!
Qq, Total Gate Charge (turn-on) — |50 |75 | Ic = 18A
Qge Gate - Emitter Charge (turn-on) — {11 {2 nC | Ve =400V
Qqe Gate - Collector Charge (tum-on) — |15 | 30 |
[ tyon) Tum-On Delay Time sl \67] B " | Ty=25°C
tr 4 Rise Time — | 89 — ns | Ic=18A, Vce =800V
Lot Turn-Off Delay Time — | 340 | 930 Vge = 15V, Rec =10Q !
by Fall Time — 510 [ 930 Energy losses include "tail* and
on Turn-On Switching Loss G 7o | — diode reverse recovery.
Eof Turn-Off Switching Loss — 159 | — | my
Eys | Total Switching Loss czaiin: i e
tee Short Circuit Withstand Time 10— | — | ps Vee =720V, T, = 125°C
. Vg = 15V, Re = 10Q, Verk < 1000V
ta(dn) Turn-On Delay Time — [ 64 | — Ty =150°C,
. Rise Time — | 74 | — ns | Ic=18A, Vce = 800V
| tagom Turn-Off Delay Time — 550 | — VGe =15V, Rg = 10Q
tr ' Fall Time — (1200 — Energy losses include *taji* and
Es Total Switching Loss — {16 | — mJ | diode reverse recovery.
Lgs Internal Emiitter Inductance — 113 | — ] nH Measured 5mm from package
Cies Input Capacitance — [1400] = Ve = 0V
Coes Output Capacitance — 1100 | — PF | Voo =30V
C Reverse Transfer Capacitance — | 15 | — f =1.0MHz
tr Diode Reverse Recovery Time — | 68 | 95 ns | Ty=25°C
’ — | 106 | 160 Ty=125°C IF=8A
I Diode Peak Reverse Recovery Current | — [ 4.5 80| A | Ty=25C
. — |62 { 11 Ty=125°C VR = 200V
Qy Diode Reverse Recovery Charge — 1140 1380 | nC | T,=25°C '
) — | 335 | 880. Ty =125°C di/dt = 200A/us
difecywdt | Diode Peak Rate of Fall of Recovery — 1133 | — | Aps| T,=25C
‘ During t, — |85 | = T)=125°C ]
Nolies: ® Repetitive rating; Vee=20V, pulse width v Vec=80%(Vces), Vee=20V, L=10pH, @ Pulse width 5.0ps,
limited by max. junction temperature.. Rg=10Q single shot.

@ Pulse width < 80us; duty factor < 0.1%,
Refer to Section D - page D-13 for Package Outline 3 - JEDEC Outline TO-247AC
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