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ABSTRACT

In the heating of some workpieces which require high purity and low logs of materials
such as gold melting. and laser tube sealing, it is necessary to use noncontact heating technique.
The induction heating method is recently one of the suitable method for such applications due to
the noncontact between the heat source anci the workpieces. In addition, the advantage of the
induction heating method is the localized heating area.

In this research work, a prototype of induction heating system with high impedance coil and input
power of 3 kW will be designed and developed. The IGBT is used as the on/off switch in the
mverter circuit which is the fullbridge type. The induction heating system is designed to operate
at the frequency between 30-100 kHz ,this research use at 57 kHz. The power of the inverter can
be transfered to the induction coil without the use of transfered power transformer which cause

the increase of the net efficiency of the induction heating system.
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Insulated Gate Bipolar Transistor(IGBT)
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8 387 0.022
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nl¥nawa 57 Aladsnd

mamumilenivowania  [$noudufulssg| mwdvoundn Arwdvesegiiio
(LH) (kHz) (kHz)
380 1 52 57
200 2 55.6 | 59.2
104 3 60 64
97 4 57 61
90 5 56 59.7
83 6 56 60
75 7 58 62
70 8 57 61
63 9 57 61

v t 4
msmuamaunoisTeu ldasuauninnanns (52)

mc, +Mc, AT
p = 2 . —————( 2 ) (52)
At At
A'I - ¥ [ Y
1349 Q ABAMWAINIUAIINITOU (J)
P ADAIBITIU(W)
& :’ o
m ADUIAUDIUT (ATY)
b= o
M Aoxavod lans (ATN)

¢, Anamrmgauious unizvesTans (egiliflon=0.9 J/g.K, n0unaed=0.37

Vg K, Noana=038 J/g X, INan=0.46 J/g K)
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b
¢, AasnmgaTIfous Uz Ve (4.184 J/g.(K))
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a1 At =45 3119 HA100 57 kHz
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cv’ v, Voo I. P AT | W@ | Pcoil#l |Effcoil#1(%)
100 67 25 0.9 | 225 35 | 2989 | 66 29.5
200 95 31 1.2 37.2 6 512.4 114 30.6
300 116 37 1.4 51.8 8 683.2 15.2 293
400 134 42 1.7 714 12.5 1067.5 23.7 332
500 150 47 2 94 16 | 1366.4 | 304 32.3
600 165 49 21 | 1029 17 | 14518 | 323 31.4
700 178 54 23 124.2 20 1708.0 38.0 30.6
800 190 57 2.5 142.5 24.5 2092.3 46.5 32.6
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i N 2 <
ﬂ']ﬁ"Nﬁ 6.4 UTWNWﬁ‘l’ﬂ\?‘lﬂﬂﬁ?ﬂlﬁﬁﬂ')ﬂ"ﬂ“']ﬂlﬂ‘lﬁ 2 ﬂﬁ'fﬁ‘lfu\l’lulﬂulﬂﬁﬂ

- = d’ d'
a1 At =45 3u¥ NANND 57 kHz

cv’ v, \A Ic Py, AT | WQ) | Pcoil#2 |Effcoil#2(%)
100 47 15 15 | 225 3 2562 | 57 253
200 67 21 2 42 55 | 469.7 | 104 24.9
300 82 23 22 | 506 7 597.8 | 133 26.3
400 95 31 23 | 73 10 | 8540 | 19.0 26.6
500 106 33 25 | 825 12 | 10248 | 2238 27.6
600 116 35 2.6 91 13 | 11102 | 247 27.1
700 126 40 3 120 165 | 1409.1 | 313 26.1
800 134 42 32 | 1344 | 18 | 15372 | 342 25.4
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. ] v
MINN 6.5 aanavedvaaInmilonimoay 3 nsgisuaudumsn

a1 At =45 311 17100 57 kHz

oV | Ve | Vae | Lo | Py | AT | W@ | Peoi#3 |Effeoint3)
100 30 12 14 16.8 2 1708 | 3.8 22.6
200 42 16 | 18 | 288 35 | 2989 | 6.6 23.1
300 52 19 2.3 43.7 6 5124 | 114 26.1
400 60 21 27 | 56.7 8 6832 | 152 26.8
500 67 23 3.1 713 10 | 8540 | 19.0 26.6
600 73 27 34 | 918 | 125 | 10675 | 237 25.8
700 79 29 3.7 | 1073 | 145 | 12383 | 275 25.6‘
800 85 32 4 128 165 | 1409.1 | 313 24.5
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M1 6.6 HAAINAVDIVARIANIBIIIMUBIY 4 ATaIFUUTUMEn

a a P
1 At =45 3119 1nwd 57 kHz

cv’ v, Ve Ic P AT | WQ) | Pcoil#4 |Effcoil#4(%)
100 22 9 1.2 10.8 1 85.4 1.9 17.6.
200 31 12 2.6 31.2 3 256.2 5.7 18.2
300 39 16 3.2 51.2 6 5124 | 11.4 222
400 45 18 3.7 66.6 7.5 6405 | 142 21.4
500 50 20 4.2 84 9.5 8113 18.0 21.5
600 55 23 5 115 12 1024.8 | 22.8 19.8
700 59 24 5.8 1392 | 145 | 12383 | 275 19.8
800 63 26 6.1 158.6 | 155 | 1323.7 | 29.4 18.5
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MINT 6.7 HAAINBYBINATIAM I MUY 8 asdisusnuuogiiifioy
a1 At =180 3117 fin1wd 57 kitz
cv' V, \ I Py AT | WQ) | Pcoil#8 |Effcoil#8(%)
350 126 6 12 72 1 74.0 0.4 5.7
700 178 9 1.8 16.2 25 | 1850 | 1.0 6.3
1050 | 218 10 1.9 19 3 2220 | 12 6.5
1400 | 252 11.8 22 | 2596 4 2959 | 16 6.3
1750 | 282 12.6 24 | 3024 | 55 | 4069 | 23 7.5
2100 | 308 13.8 26 | 3588 | 65 | 4809 | 27 7.4
2450 | 333 14 27 | 378 7 517.9 | 29 7.6
2800 | 356 153 3 45.9 8 591.9 | 3.3 7.2
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181 At =180 1% N0 57 kHz
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Pcoﬁ#7

cv’ V, Voo I Py AT | WO Effcoil#7(%)
350 89 7 1.8 12.6 1 74.0 0.4 33
700 126 9 2 18 2 1480 | 08 4.6
1050 | 154 11 2.3 25.3 25 | 1850 | 1.0 4.1
1400 | 178 14 27 | 378 3 2220 | 1.2 33
1750 | 199 15 3.1 46.5 5 369.9 | 2.1 44

100 | 218 16 34 | 544 6 4439 | 25 4.5
2450 235 17 3.8 64.6 6.5 [ 4809 2.7 4.1
2800 | 252 17.5 42 73.5 7 5179 | 29 3.9
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1331 At =180 UM 1A10D 57 kHz
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cv v, Ve | Ie P AT | W) | Pcoil#6 |Effcoil#6(%)
350 56 3 2 16 0.5 37.0 0.2 13
700 79 12 3 36 1 85.4 0.5 13
1050 97 15 4 60 15 | 1281 | 07 12
1400 | 112 18 47 | 846 2 1708 | 09 1.1
1750 | 126 22 53 | 1166 3 2562 | 14 12
2100 | 138 25 57 | 1425 | 35 | 2989 | 17 12
2450 | 149 27 6 162 4 3416 | 1.9 12
2800 | 159 30 6.5 195 45 | 3843 | 21 1.1
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a1 At= 180 UM 197208 57 kHz
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Cv v, Ve Ipc Py AT W() | Pcoil#5 |Effcoil#5(%)
350 a2 10 3 30 05 | 427 | o2 0.8
700 59 13 4 52 1 85.4 0.5 0.9
1050 70 16 6 96 1 85.4 0.5 0.5
1400 84 18 64 | 1152 2 1708 | 0.9 0.8
1750 94 24 67 | 1608 | 25 | 2135 | 12 0.7
2100 | 102 28 71 | 1988 | 35 | 2089 | 17 0.8
2450 | 111 33 76 | 250.8 4 341.6 1.,9 0.8
2800 | 118 37 8 296 45 | 3843 | 21 0.7
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VDC(ipput) I (input) { V(output) | I(output) P(input) P(output) Eff%
20.0 1.0 19.0 1.00 20.0 19.0 95.0
40.0 2.0 38.0 2.00 80.0 76.0 95.0
60.0 3.5 56.0 3.50 210.0 196.0 93.3
80.0 4.5 75.0 4.50 360.0 3375 93:8
100.0 5.8 96.0 5.50 580.0 528.0 91.0
120.0 6.8 117.0 6.50 816.0 760.5 93.2
140.0 8.2 135.0 7.80 1148.0 1053.0 91.7
160.0 9.4 155.0 9.00 1504.0 1395.0 92.8
180.0 9.8 174.0 9.50 1764.0 1653.0 93.7
200.0 10.9 195.0 10.50 2180.0 2047.5 93.9
220.0 11.8 216.0 11.00 2596.0 2376.0 91.5
240.0 12.0 235.0 11.50 2880.0 2702.5 93.8
260.0 123 250.0 12.00 3198.0 3000.0 93.8
280.0 11.9 250.0 12.00 3332.0 3000.0 90.0

'300.0 11.0 250.0 12.00 3300.0 3000.0 90.9
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100

I(output) | V(output) | Vp (input) | I,.(input) P(input) P(output) Eff%
1.0 19.0 300.0 0.07 21.0 19.0 90.5
2.0 43.0 300.0 0.30 90.0 86.0 95.6
3.0 57.0 300.0 0.60 180.0 171.(; 95.0
4.0 82.0 300.0 1.20. 360.0 328.0 91.1
5.0 104.0 300.0 1.90 570.0 520.0 91.2
6.0 118.0 300.0 2.60 780.0 708.0 90.8
7.0 140.0 300.0 3.60 1080.0 980.0 90.7
8.0 162.0 300.0 4.80 1440.0 1296.0 90.0
9.0 180.0 300.0 6.00 1800.0 1620.0 90.0
10.0 205.0 300.0 7.60 2280.0 2050.0 89.9
11.0 242.0 300.0 10.00 3000.0 2662.0 88.7

] I'd ] 7 ) o
Vv wiae Than, I e neuuys, P wvide Yaa
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CH1:Vdc 100 Volt/div(uu) CH2:I1dc 10 A/div
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U7 6.19 naasdyanaduian v, 20(sec/div ) 5Volt/div
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JU 6.2 1aned ey v, (SHsec/div), CH: V1, 10 volt/div,
CH2: V2 10 volt/div
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CH2: V3, 10 volt/div

‘
£ I 4
3
L ; I
pfihe o o o ar ae - - W—--—q-a-.m ---------- AR AT By -
I ] g :
Ju ], i {} : LI N .T ................... I, " .
7’ ............... AR Incast e -i-. H Pt ipirhinbagunindguepessduonfdiad
' =
A L - 3 :
A TR A - e e AP ANV, an am nmn e \mpgn ity drien e
{ ' E
t '
‘ t
r—m—w :W. Flaa L T T Lo
H : ¥ . '
P S Y DU YOS SN ] ) ElseoisunslaasetasesEommieratoanstumedostommbot defan fint t 4
.I. 3 0 i i il T s P i i S t8 \ i
I
{ t &
oy S gt ettt RNV RFIT N W) P e e g
i . T t
N : i




107

s dyusdunses IGBT

317 6.23 uaaady I Vg, (5Hsec/div), CHI: V1 100 volt/div,
CH2: V2, 100 volt/div

JUN 6.24 nAMITYYIN Vg, (SMsec/div), CHI: VA 100 voltdiv,
CH2: V3, 100 volt/div
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FuanuTuneande nat At = 180 Jurd

cv’ V, Voe | I Py AT | WQ) | Pcoil#8 |Effcoil#8(%)
350 | 126 6 15 9.0 1 831 | 05 5.1
700 | 178 8 16 | 128 2 1663 | 0.9 7.2
1050 | 218 10 18 | 180 4 | 3326 | 18 | 103
1400 252 13 2.2 28.6 6.5) 540.5 3.0 10.5
1750 | 282 14 24 | 336 | 75 | 6236 | 35 103
2100 308 15 2.5 375 9ﬁ 748.3 47?2 11:1
2450 333 16.5 2.7 44.6 9.5 789.9 4.4 9.9
2800 | 356 17 3 510 | 105 | 873.1 | 49 9.5

ATNNIAHUINT 2

uaaenavevaaIamilenimusiay 7 asdisuaudunsanies nan At= 180 i

cv’ v, Voo I Py AT | WQ) | Pcoil#7 |Effcoil#7(%)
350 89 7 1.7 11.9 1 83.1 0.5 3.9
700 126 8 2 160 | 15 124.7 0.7 43
1050 154 10 2.4 24.0 3 249.4 1.4 5.8
1400 178 12 2.7 32.4 4 332.6 1.8 5.7
1750 199 13.5 3 40.5 5.5 4573 2.5 6.3
2100 218 15 33 495 7 582.0 3.2 6.5
2450 235 16 3.7 59.2 8 665.2 3.7 6.2
2800 252 17 42 7.4 9 748.3 42 5.8
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v y
HAAINAYDIVARIAIN BT IMIEAY 6 ATETUIITUNeunAse na1 At = 180 Juf

cv’ V, \ I, Py AT | WQ) | Peoilé6 |Effcoil#6(%)
350 56 8 2 16.0 1 83.1 0.5 2.9
700 | 79 10 27 | 270 15 | 1247 | 07 2.6
1050 | 97 12 35 | 420 | 25 | 2079 | 12 2.7
1400 | 112 15 45 | 675 4 3326 | 18 2.7
1750 | 126 17 5 850 | 45 | 3742 | 21 2.4
2100 | 138 19 55 | 1045 | 65 | 5405 | 3.0 2.9
2450 | 149 20 57 | 1140 7 5820 | 32 2.8
2800 | 159 21 56 | 1176 | 75 | 6236 | 35 2.9
ﬂ']?']\lﬂ'lﬂﬂu’lﬂﬁ 4

HaAHavBATIAMHENTIMINEY 5 nsdduanuiiuneunies nar At= 180 Jui

cv’ v, Ve I. Py AT | W@ | Pcoil#5 |Effcoil#5(%)
350 42 10 3 30 0.5 427 02 0.8
700 59 13 4 52 1 85.4 0.5 0.9
1050 70 16 6 96 1 85.4 0.5 0.5
1400 84 18 64 | 1152 2 1708 | 0.9 0.8
1750 94 24 67 | 1608 | 25 | 2135 | 12 0.7
2100 | 102 28 71 | 1988 | 35 | 2989 | 17 0.8
2450 | 111 33 76 | 2508 4 3416 | 1.9 0.8
2800 | 118 37 8 296 45 | 3843 | 21 0.7
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%uqmﬁlunaqum a1 At =180 U1

cv’ v, Ve | L Py AT | WQ) | Pcoi#8 |Effcoil#8(%)
350 | 126 6 1.5 9.0 1 8.1 | 05 | 51
700 178 8 1.6 12.8 2 166.3 0.9 7.2
1050 218 10 1.8 18.0 4 332.6 1.8 103
1400 252 13 2.2 28.6 6.5 540.5 3.0 . 10.5
1750 | 282 14 24 | 36 | 75 | 6236 | 35 10.3
2100 | 308 15 25 | 375 9 | 7483 | 42 111
2450 | 333 | 165 | 27 | 446 | 95 | 7809 | 44 9.9
2800 | 356 17 3 510 | 105 | 8731 | 49 9.5
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AT NANAUIAT 6
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suaruiuneauas a1 At= 180 Surii

Pcoil#7

cv’ v, Vpe L. Py AT | W(Q) Effcoil#7(%)
350 89 7 17 | 119 1 83.1 0.5 3.9
700 126 8 2 16.0 15 | 1247 | 07 43
1050 | 154 10 24 | 240 3 2494 | 14 5.8
1400 | 178 12 27 | 324 4 3326 | 18 5.7
1750 | 199 | 135 3 40.5 55 | 4573 | 25 6.3
2100 | 218 15 33 | 495 7 5820 | 3.2 6.5
2450 | 235 16 37 | 592 8 6652 | 3.7 6.2
2800 | 252 17 42 | 74 9 7483 | 42 5.8
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namravsvamAmileN ey 6 asdisuudunowne a1 At= 180 317

cv’ V, Ve | I Py AT | W(Q) | Pcoil#6 |Effcoil#6(%)
350 56 8 2 16.0 1 83.1 0.5 2.9
700 | 79 10 2.7 27.0 1.5 124.7 0.7 2.6
1050 | 97 12 3.5 42.0 2.5 207.9 1.2 2.7
1400 112 15 4.5 67.5 4 332.6 1.8 2.7
1750 126 17 s | 850 4.5 374.2 2.1 2.4
2100 138 19 55 104.5 6.5 540.5 3.0 2.9
2450 149 20 5.7 114.0 7 582.0 3.2 2.8
2800 159 21 5.6 117.6 7.5 623.6 3.5 2.9
ﬂﬁNﬂ’)ﬂNu’Jﬂf’:} 8

v

uﬂmwamawmmmﬁmﬁmmmams ﬂiﬂ%uﬂulﬁuﬂi’)\‘lllﬂ\i a1 At =180 Ju1¥

cv’ v, \' I, Py, AT | W@ | Peoilts |Effeoilés(%)
350 42 10 3 30.0 1 83.I 0.5 1.5
700 59 14 4 56.0 1.5 | 1247 0.7 1.2
1050 70 17 6 102.0 2.5 207.9 1.2 1.1
1400 84 20 6.5 130.0 3.5 291.0 1.6 1.2
1750 94 22 6.7 147.4 45 374.2 2.1 1.4
2100 102 25 7 175.0 6 498.9 2.8 1.6
2450 111 27 7.5 202.5 6.5 540.5 3.0 1.5
2800 118 30 8 240.0 7 582.0 3.2 1.3
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HARRIS

SEMICONDUCTOR

HGTG30N60C3D

63A, 600V, UFS Series N-Channel IGBT
with Anti-Parallel Hyperfast Diode

Features

* 63A, 600V at To = +25°C

* Typical Fall Time - 230ns at T, = +150°C
+ Short Circuit Rating

* Low Conduction Loss

* Hyperfast Anti-Parallel Diode

Package

Description

The HGTG30N60C3D is a MOS gated high voltage switching
device combining the best features of MOSFETs and bipolar
transistors. The device has the high input impedance of a MOS-

JEDEC STYLE TO-247

FET and the low on-state conduction loss of a bipolar transistor.
The much lower on-state voltage drop varies only moderately
between +25°C and +150°C. The IGBT used is the development
type TA49051. The diode used in anti-parallel with the IGBT is
the development type TA49053.

The IGBT is ideal for many high voltage switching applications
operating at moderate frequencies where low conduction
losses are essential.

PACKAGING AVAILABILITY

PART NUMBER PACKAGE BRAND
HGTG30N60C3D | TO-247 G30N60C3D
NOTE: When ordering, use the entire part number.

Formerly Developmental Type TA49014.

Terminal Diagram
N-CHANNEL ENHANCEMENT MODE

[
G ;
E

Absolute Maximum Ratings T. =+25°C, Unless Otherwise Specified

HGTG30N60C3D UNITS

Collector-Emitter Voltage . .. ... ... ... ... i i BVces 600 \
Collector Current Continuous

At TC e 'c25 63 A

AL T = 1100, ittt e i e e le1o 30 A
Average Diode Forward Currentat +110°C . ..............ccvviinneennnn.. liave) 25 A
Collector Current Pulsed (Note 1) .. ..... ... uuiritit i enaeanennns lem 252 A
Gate-Emitter Voltage Continuous. . . ... ... ... . ... ... i, Vees %20 Vv
Gate-Emitter Voltage Pulsed .. .. ... ... ... .. .. . .. i Veem 430 \
Switching Safe Operating Areaat T;=+150°C .. .............ccvvnnnnnn.. SSOA 60A at 600V
Power Dissipation Totalat T =+25°C .. ... ..ottt e e, Po 208 w
Power Dissipation Derating Te>+25°%C ... .......oiiiii i 1.67 wrpee
Operating and Storage Junction Temperature Range . .................... T4 Ts1e -40to +150 °c
Maximum Lead Temperature forSoldering ............. ... ..., TL 260 °c
Short Circuit Withstand Time (Note 2)at Vgg=15V........ ..ot tsc 4 us
Short Circuit Withstand Time (Note 2)at Vge=10V .. .. .. ... ... .. ... ... ... tsc 15 us
NOTE:

1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. VCE(PK) =360V, TJ =+1 2500, RGE =25Q.

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4516,143 4532534 4,567,641
4587,713 4,508,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4823176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027 ]
AUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 4041

opyright © Harris Corporation 1995
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Electrical Specifications T¢ = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVeces lc = 250pA, Vgg =0V 600 - - A
Emitter-Collector Breakdown Voltage BVEcs Ic =10mA, Vgg = ov 15 25 - \
Collector-Emitter Leakage Current Ices Vee =BVegs Te=+25°C ~ - 250 MA
Ve = BVegs Te = +150°C N - 3.0 mA
Collector-Emitter Saturation Voltage Versan |l =lono To=+25°C . 15 | 18 v
Ve =15V .
Te=+150°C - 1.7 20 \"%
Gate-Emitter Threshold Voltage VeEmH) lc =250pA, Tc = +25°C 3.0 5.2 6.0 \
Ve = Vee
Gate-Emitter Leakage Current lees Vgg =20V - - +100 nA
Switching SOA SSOA Ty = +150°C, Vee(pk) = 480V 200 - - A
Ve =15V,
Rg =3Q, Vegpiy = 600V 60 - - A
L =100pH
Gate-Emitter Plateau Voltage VGEP le= lci1o VCE =058BVcees - 8.1 - \
On-State Gate Charge Qgon)y |le=lcio Vgg =15V - 162 180 nC
VCE =05 BVCES
Veg =20V - 216 250 nC
Current Turn-On Delay Time toony T, = +150°C, - 40 - ns
e Ice =lcto,
Current Rise Time tri VCE(PK) =0.8 BVegs - 45 - ns
VGE = 15\/,
Current Turn-Off Delay Time tooFry Rg=3Q, - 320 400 ns
) L = 100pH
Current Fall Time tm . 230 275 ns
Turn-On Energy Eon - 1050 - TN}
Turn-Off Energy (Note 1) Eorr - 2500 - 1
Diode Forward Voltage Vee lgc =30A - 1.75 22 \
Diode Reverse Recovery Time tRR lgc =30A, digc/dt = 100A/us - 52 60 ns
lgc = 1.0A, dlgc/dt = 100A/us - 42 50 ns
Thermal Resistance Resc IGBT - - 0.6 °cw
Diode - - 13 °cnw

NOTE:

1. Tumn-Off Energy Loss (Eorf) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = OA). The HGTG30ONBOC3D was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Tumn-Off Energy Loss. Turn-

On losses include diode losses.
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Current Source Inverters for Induction Heating Applications
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Abstract

In the heating of some workpicces which require
h‘igh purity it is nccessary to use noncontact heating
technique. The induction heating method is recently one of
the suitable method for such applications due to the
noncontact between the hcat source and the workpicces. In
addition, the advantage of the induction heating mcthod is

the localized heating arca.

In this paper, a prototype of induction heating
system with high impedance “coil using a current source
inverters with an input power, of 3 kW is described. The
IGBT is used as the on/off Switch in the inverter circuit
which is of fullbridge type. The induction heating system is
designed to operate at the frequency between 30-100 kHz
The power of the inverter is transfered to the induction coil
without the use of power transformer, this causc an increase

of the net efficiency of the induction heating system.
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