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Abstract

This thesis is to study the three phase PWM voltage source inverter with four
switches for induction motor drives( 1/2hp 3phase 220 volt delta). The advantage of
proposed inverter using four switching components to reduce switching losses and
complexity of inverter system is also presented. All of four switches must have twice
rated of six-switch inverter. In this thesis, there are three dc voltage levels (positive
voltage, negative voltage and ground) for dc link of four switch inverter. The switching
component called IGBT is used for the design and implementation of inverter circuit. To
generate PWM signal, two sinusoidal signal with phase shift at 60° will be compared
with triangular signal to gencrate PWM signal for all of four switches. In the
experimental results, the cfficiency of proposed inverter and the drive svstem in this
thesis compared with conventional inverter are also investigated. The results appear

satisfactory.
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NAN1INABRY  LSIAU DC 1o mMunaeii 270 1aan

f ma Pinput | V,input Linput | Poutput | Ioutput n
(Hz) (Watts) | (Volts) | (Amps) | (Watts) | (Amps.) (%)
10 0.280 70 80.8 1.26 10 0.152 14.29
20 0.409 80 81.0 1.32 19 0.166 23.75
30 0.59 90 81.6 1.43 29 0.182 32.22
40 0.803 90 82.0 1.53 40 0.196 44.44
50 1 100 82.7 1.64 51 0.208 51
60 1 100 82.6 1.64 51 0.208 51
70 1 100 82.6 1.64 51 0.208 51
80 1 100 82.7 1.64 52 0.208 52
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2534 Digital
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£ ma Vi Pinput | Pnoload n

(Hz.) (Volts) (Watts) (Watts) (%)
20 0.4 163.2 80 44 55
30 0.6 163.2 90 69 76.667
40 / 0.8 162.4 100 92.1 92.1
50 1.0 163.6 110 104 94.545
60 1.0 163.7 110 100 90.90
70 1.0 163.8 110 92.2 83.81
80 1.0 164.7 110 90 81.81
90 1.0 165 110 89.1 81
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Stopped 3 2001/04/02 01:37:18
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: ; ] : : T 10ms/dv
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Furdemencal rrauency 6047 (VX )
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International
ISR Rectitier

INSULATED GATE BIPOLAR TRANSISTOR

Features

@ High short circuit rating optimized for motor control,

tsc =10ps, Vee =

e Combines low conduction losses with high

switching speed

e Latest generation design provides tighter
parameter distribution and higher efficiency than
previous generations

Benefits

PD -9.1576

IRG4PH50K

Short Circuit Rated
UltraFast IGBT

720V, Ty =125°C, Vgg = 15V

n-channel

[
Vces = 1200V
VCE(on) typ. = 2.77V
E @VGE = 15V, fc = 24A

® As a Freewheeling Diode we recommend our HEXFRED™
ultrafast, ultrasoft recovery diodes for minimum EMI/Noise
and switching losses in the Diode and IGBT

e Latest generation 4 IGBTSs offer highest power density
motor controls possible

e This part replaces the IRGPH50K and IRGPH50M devices

TO-247 AB
Absolute Maximum Ratings
Parameter Max. Units|
Vces Collector-to-Emitter Voltage 1200 Vo
lc@ T¢ =25°C Continuous Collector Current 45 i
lc @ Tc = 100°C Continuous Collector Current 24 A |
lcm Pulsed Collector Current ® 90 i
(Y] Clamped Inductive Load Current @ 90
tsc Short Circuit Withstand Time 10 us
VGe Gate-to-Emitter Voltage +20 \ !
Earv Reverse Voltage Avalanche Energy @ 190 mJ |
Pp @ Tc =25°C Maximum Power Dissipation 200 w i
Pp @ Tc = 100°C | Maximum Power Dissipation 78 y
Ty Operating Junction and -55 to +150
Tst6 Storage Temperature Range °C
| Soldering Temperature, for 10.sec. 300 (0.063 in. (1.6mm) from case)
] Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1N-m)
Thermal Resistance
Parameter Typ. Max. Units
Rayc Junction-to-Case — 0.64
Recs Case-to-Sink, Flat, Greased Surface 0.24 — °C/W
RoJa Junction-to-Ambient, typical socket mount — 40
Wit Weight 6 (0.21) — g (0z)
www.irf.com C-1



IRG4PHS0K

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

International
ISR Rectifier

Parameter Min. |Typ. [Max. | Units Conditions
Visrices Collector-to-Emitter Breakdown Voltage 1200 | — — Y Ve = 0V, Ic = 250pA ]
V@RECS Emitter-to-Collector Breakdown Voltage 18 — | — Y Vge =0V, Ic=1.0A
AVigrices/aTy | Temperature Coeff. of Breakdown Voltage | — [0.91 | — VI°C | Vge = 0V, Ic = 2.0mA
— |277 | 35 Ic = 24A Vge = 15V
Veeon Collector-to-Emitter Saturation Voltage — 328 | — v lc = 45A see figures 2, 5
— 1254 | — Ic =24A, T,=150°C
Vean) Gate Threshold Voltage 3.0 — | 6.0 Vce = Vee. Ic = 250pA
AVgeanyATy | Temperature Coeff. of Threshold Voltage — | -10 | — |[mV/°C| Vcg = Vge. Ic = 2.0mA I
Ofe Forward Transconductance 13 19 | — S Vee= 100V, Ic = 24A
lces Zero Gate Voltage Collector Current = — 1250 pA Ve = 0V, Ve = 1200V
2 Ve = OV, Veg = 10V, Ty = 25°C
— — 5000 Ve = 0V, Ve = 1200V, Ty = 150°C
lces Gate-to-Emitter Leakage Current — — |+¥100| nA | Vge = 220V

Switching Characteristics @ T; = 25°C (unless

otherwise specified)

Parameter Min. |Typ. |[Max.| Units Conditions

Qq Total Gate Charge (turn-on) — | 180 | 270 Ic = 24A

Qqe Gate - Emitter Charge (turn-on) — 25 Y988 nC | Ve = 400V see figure 8
Qqc Gate - Collector Charge (turn-on) — 08140 Vge = 15V

{g(on) Turn-On Delay Time — 36 | —

3 Rise Time — |27 | — v Ty=25C

tyioth) Turn-Off Delay Time — | 200 |300 Ilc = 24A, Ve = 960V

tf Fall Time — | 130 | 190 Vge = 15V, Rg = 5.0Q2

Eon Turn-On Switching Loss — (121 | — Energy losses include “tail"
Eoft Turn-Off Switching Loss — 225 | — mJ | see figures 9,10,14

Es Total Switching Loss — |3.46 | 4.1

tsc Short Circuit Withstand Time 10 — | — pUs | Vec =720V, T, =125°C

VGE . 15V, R(; =50Q

td(on) Turn-On Delay Time — | 35 | — | Ty=150°C, =
t; Rise Time — | 29 | — Ic = 24A, Ve = 960V

tajof) Turn-Off Delay Time — [380 [ = ™ |Vee=15V, Rg =500

t Fall Time — | 280 | — Energy losses include “tail"
Eis Total Switching Loss — |7.80 | — | 'mJ | see figures 10,11,14

g Internal Emitter Inductance — 13 | — nH | Measured 5Smm from package
Cies | Input Capacitance — 2800 | — Vge = 0V

1Coes Output Capacitance — 140 | — pF | Vcc = 30V see figure 7
Cres Reverse Transfer Capacitance — | 583 | — f =1.0MHz

Notes:
D Repetitive rating; Vge = 20V, pulse width limited bymax. @ Repetitive rating; pulse width limited by maximum

junction temperature. (see figure 13b) junction temperature.
2 Ve = 80% (Vees). Vae = 20V, L = 10pH, Rg = 5.0Q, ® Pulse width < 80ps; duty factor < 0.1%.
(see figure 13a) ® Pulse width 5.0us, single shot.

C-2

www.irf.com



12146 rev. A 11/99

International QUIETIR Series
TGR Rectifier 10ETE.

FAST SOFT RECOVERY

RECTIFIER DIODE VF < 133V @ 10A
trr = 80ns
VRRM 1000 to 1200V

Description/Features

The 10ETF.. fast soft recovery QUIETIR rectifier
series has been optimized for combined short

reverse recovery time and low forward voltage
drop.

The glass passivation ensures stable reliable
operation in the most severe temperature and
power cycling conditions.

Typical applications are both:

B output rectification and freewheeling in
inverters, choppers and converters

H and input rectifications where severe
restrictions on conducted EMI should be met.

Major Ratings and Characteristics Package Outline
Characteristics 10ETF.. | Units
IF( Av) Sinusoidalwaveform 10 A
VRF‘M 1000t0 1200 Vv
IFSM 160 A
VF @10A,TJ=25"C 1.33 \
(1 @ 1A, 100A/ps 80 ns
TO-220AC
T, -4010150 °C




International

{0ETF.. QUIETIR Series o)
TR Rectifier

12146 rev. A 11/99

Voltage Ratings

VRRM , maximum VRSM, maximum non repelitive

Part Number peak reverse voltage peakreverse voltage
\Y \Y

10ETF10

10ETF12

Absolute Maximum Ratings

Parameters ‘T 10ETF.. | Units Conditions 41
lmv, Max. Average Forward Current 10 A @T.= 125°C, 180° conduction half sine wave
lesm Max. PeakOne Cycle Non-Repetitive 160 k 10ms Sinepulse, rated Vrruapplied
Surge Current 185 10ms Sine pulse, novoltage reapplied
12t Max. 2tforfusing 128 P 10ms Sinepulse, rated Varuapplied
180 10ms Sinepulse, novoltage reapplied
ﬂ Max. [ixtforfusing 1800 A%\s \:0.1 to 10ms, no voltage reapplied

Electrical Specifications

pParameters 10ETF.. | Units Conditions '
Ve, Max Forward Voltage Drop 1.33 \ @ 10A, T = 25°C
T Forward slope resistance 228 mQ 1= 150°C
Vo) Threshold voltage 0.96 \Y
L Max. Reverse Leakage Current 0.1 T,= 25°C
mA : Vg = rated Vgay
4 T,=150°C

Recovery Characteristics

Parameters 10ETF.. | Units Conditions
t, Reverse Recovery Time 310 ns 1. @ 10Apk
Iy Reverse Recovery Current 4.7 A @ 25A/ ps X
Q, Reverse Recovery Charge 1.05 uC @ 25°C
S Typical Snap Factor 0.6 1RN(REC)




Infernational 10ETF.. QUIETIR Series
ISR Rectifier 12146 rev. A 11/99
_ evsrevaimeg

Thermal-Mechanical Specifications
TJ Max. Junction Temperature Range
Tslg Max.SlorageTempe(atureRange
Rmc Max.ThermalResistanceJunclion 1.5 °Cw DCoperation
toCase
DC/W

RWA Max. ThermalResistanceJunclion
to Ambient

Rmcs TypicalThermalResrslance,Caselo
Heatsink

10ETF. Seres
Rnac(DC) = 1.5-Crw
|

10ETF.. Seres
Rinyc(DC)=15°Crw
| |

5
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S 130
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Fig. 3 - Forward Power Loss Characteristics Fig.4-Forward PowerLoss Characteristics
3



International
IR Rectifier

10ETF.. QUIETIR Series

12146 rev. A 11/99

Moxmum Reverse Recovery Chatge Qrr(pC)

- (A)

Maximum Reverse Recovery Current

2 T T T T T
| 10ETF . Series e = 10 A
) 1J= 25°C | —1 I
9 1
A 8 A
LV A T
e 4 1
| —
06 // |
/1/ 24|
r L
04— — 1 A=—=—]
14—
0
0 40 80 120 160 200

Rcte OfFot Of Forward Current - d /dl (Afps)

Fig. 10- Recovery Charge Characteristics, T,=25°C
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10ETF.. QUIETIR Series International

12146 rev. A 11/99 ISR Rectifier
Outline Table
10.54 (0.41) 85005081
2| MAX MS)D,A A’ 1.22 (0.05)
" § 354(0.14) f
f 6.48 (0.25)
15.04 {29201 6.23 (0.24)
.24 (0.60)
2.54 (0.10) T
14.84 (0.58) TEAM 2
13
f . 3
14.09 (0.55) - 1 3.96 (0.16)
13.47 (0.53) 3.55 (0.14) 0.10 (0.004)
2.04 (0.080) MAX.
1.40 (0.05) a[ 2.89(0.11)
1.15 (0.04) 2.64 (0.10)
0.94 (0.04)
0.69 (0.03)
J 533 0.61 (0.02) MAX.
4.57 (0.18) lc y }:(f
4.32 (0.17,Lf
— =— 5.08 (0.20) REF. Dimensions inmillimeters and inches
Ordering Information Table
Device Code
BASE
CATHODE
2
- CurrentRating i 3
- Circuit Configuration: CATHODE  ANODE
E = Single Diode
Package:
T=TO-220AC

- Type of Silicon:

F = Fast Soft Recovery Rectifier
10 = 1000V

12 1200V

- Voltage code: Code x 100 = Vaan —1
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International
TSR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 U.S.A. Tel: (310) 322 3331. Fax: (310) 322 3332.
EUROPEAN HEADQUARTERS: Hurst Green, Oxted, Surrey RH8 98B, U.K. Tel: ++ 44 1883 732020. Fax: ++ 44 1883 733408.
- IR CANADA: 15 Lincoln Court, Brampton, Markham, Ontario L6T3Z2. Tel: (905) 453 2200. Fax: (905) 475 8801.

IR GERMANY: Saalburgstrasse 157. 61350 Bad Homburg. Tel: ++ 49 6172 96590. Fax: ++ 49 6172 965933.

IR ITALY: Via Liguria 49, 10071 Borgaro, Torino. Tel: ++ 39 11 4510111. Fax: ++ 39 11 4510220.

IR FAR EAST: K&H BIdg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171. Tel: 81 3 3983 0086.

IR SOUTHEAST ASIA: 1 Kim Seng Promenade. Great World City West Tower,13-11, Singapore 237994. Tel: ++ 65 838 4630.

IR TAIWAN: 16 FI. Suite D.207, Sec. 2, Tun Haw South Road, Taipei, 10673, Taiwan. Tel: 886 2 2377 9936.

http://www.ir.com Fax-On-Demand: +44 1883 733420 Data and specifications subject to change without notice.




SEMICONDUCTOR

TOSHIBA

TECHNICAL DATA

TLP250

(TLP250)

ELECTRICAL CHARACTERISTICS (Ta = - 20~70°C, Unless otherwise specified)

TEST
CHARACTERISTIC SYMBOL| CIR- TEST CONDITION MIN. |TYP.*| MAX. | UNIT
CUIT
Input Forward Voltage \%3 — [I[p=10mA, Ta=25°C 16| 1.8 \Y%
Temperature Coefficient of
AVE/ = = =2. — V/°
Forward Voltage T & i 0 o g
Input Reverse Current IR — [VR=35V, Ta=25°C — 10 | w«A
Input Capacitance Cr — V=0, f=1MHz, Ta=25°C 45| 250 pF
IF=10mA
“H" Level | Iopg | 3 v 05 | -15| —
— =4V
Output Current VC_C_BOV > A
- I g Nt 1670 5 9
L" Level OPL Ve_5=2.5V .9 —
vl Veeoir=+15V, VEg1=—15V
H” Level | VOH 4 Ry =200, Ip=5mA 11 12.8] —
Output Voltage M ~\ = \Y
“fn cCc1=+15V, VEE1=—
L” Level | VOL 5 Rp = 2000, Vp=0.8V —14.2|-12.5
Vee =30V, I[p=10mA . \
g Level| IccH | '— (F2=25C
Vec =30V, Ip=10mA — 11
Supply Current cc K e mA
Ve =30V, Ip=0mA
A — 75| —
“L” Level | IcCcL — [Ta=25°C
Vee =30V, [p=0mA — — 11
Threshold Input |“Output Vccyp=+15V, VEg1=—15V
e - A
Current L—H" TFLH Ry =2001), Vo>0V 1.2 ™
Threshold Input |“Output Voey1=+15V, VEgE1=—15V
— — \Y
Voltage g1 | " FHL R[ =200, VO<O0V %
Supply Voltage Vce — 10 — 35 \%
Capacitance Vg=0, f=1MHz
— — 1.0 2.0 F
(Input-Output) Cs Ta = 25°C P
; Vg =500V, Ta=25°C N 44
Resistance (Input-Output) Rg — [RH.=60% 5% 10 10 — Q
* All typical values are at Ta=25°C (*1) : Duration of I time=50us
TLP250 -3
1996-4-8

TOSHIBA CORPORATION



SEMICONDUCTOR

TOSHIBA

TECHNICAL DATA

TLP250

(TLP250)

SWITCHING CHARACTERISTICS (Ta= -20~70°C, Unless otherwise specified)

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. [TYP.*| MAX.|UNIT
CUIT
Propagation L—H tLH Ip=8mA — 0.15 | 0.5
Delay Ti s _ | ,
i s B=L | YHL | ¢ |vpep=+15V, VEEI= -15V 0151 39 s
Output Rise Time tr — —
- R1,=200Q2
Output Fall Time tf — —
Common Mode Transient
v = \%4 =8mA
Immunity at High Level CmH | 7 VC-“_ :(?3 Til“_ 22°c —5000| - | — |Vips
Output cC= 1 S
Common Mode Transient
\% =600V, Ip=0mA
Immunity at Low Level cmL | 7 C-“za(?\? "raF=25°c 5000 — | — |V/ips
Output cC .
* All typical values are at Ta=25°C
TLP250-4
1996-4-8

TOSHIBA CORPORATION




SEMICONDUCTOR

TOSHIBA

TECHNICAL DATA

TLP250

(TLP250)

TEST CIRCUIT 6 : tp(H. tpHL. tr. tf

1 }EI_ g
J—IJF 0.1uF _1Vecer A
: | :] == Vo T Voy 80%
- T E\I/(, Vo1 NPT GND
. f;7 | ———V(1, 80%
10002 I: : } tPHL
_VEE1 '
TEST CIRCUIT 7 : CpmiH. CmiL
8
-
1 E |
SW IF __0.1/.1F
f:——{ ] = _VCC
Ao'oB I\
I g
4[] H
Ve
Im\Y
70T /7I7
) _ 600V
VoM 90%
10%_—4‘ 480 (V)
t’r tf = e
T =y CML tr (#S)
SW : A (Tp=8mA) '
480(V
Xd CmH CMH = -
v N tf (us)
(0] /\—3V 26V
CHL
SW : B(If=0)

CML (CMH) is the maximum rate of rise (fall) of the common mode voltage that can be
sustained with the output voltage in the low (high) state.

TLP250 -6

1996-4-8

TOSHIBA CORPORATION




TOSHIBA

SEMICONDUCTOR

TECHNICAL DATA

TLP250

(TLP250)
Ip — VF
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