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Power Factor Correction of Three Phase Rectifier

Taywin  Jaiwangloke
Thanawat Sukkasame
Thanatpong Pramote

Anuwat Jangwanitlert Adviser
Asst. Prof. Prapas Prisuwanna
1998

ABSTRACT

This Project presents a new method to improve the power factor of three phase
rectifiers . The main feature of the proposed circuit are low cost , small size and
simplicity . This method can improve the power factor of three phase rectifiers from
0.70 to 0.95 , so this method has a high efficiency too.

Power factor improvement is achieved with three bi-directional active switchs
rated at small fraction of total processed power . Switchs that used in this thesis is
Mosfet or IGBT . Because the control of these switchs is voltage control , It’s easy to
control of these switchs . These switch gated at line frequency when zero voltage
crossing to improve power factor of the system . This method can use in line voltage

220 V_, 50 Hz at load of the system is resistive or inductive.
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Voltage (V) | % THD (V)| %THD (I)| D.F. P.F.
50 15.1 22.58 0.975 0.93
120 15 30.88 0.95 0.9
150 15.9 42.22 0.92 0.87
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SIEMENS

Phase Control IC

Features

© Reliable recognition of zero passage

o Large application scope

e May be used as zero point switch

@ LSL compatible :

@ Three-phase operation possible (3 ICs)
@ Output current 250 mA

e Large ramp currént range

o Wide temperature range

TCA 785
Bipolar IC

pP-DIP-16-1

Type Ordering Code Package

TCA 785 Q67000-A2321 P-DIP-16-1

This phase controt IC is intended to control thyristors, triacs, ahd transistors. The trigger pulses

can be shifted within a phase angle between 0

converter circuits, AC controller§ and three-phase current controllers.
This IC replaces the previous types TCA 780 and TCA 780 D.
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Pin Configuration
(top view)

Semiconductor Groun

Pin Definitions and Functions

and 180 . Typical applications include

Pin Symbol |Function’

1- GND Ground

2 Q2 Output 2 inverted

3 Qu Output U

4 Q2 Output 1 inverled

5 Vswne Synchronous voltage
6 | inhibit

7 Qz Output Z

8 V rer . | Stabilized voltage

g Re Ramp resistance

10 Cwo Ramp capacitance
11 Vi Control voltage

12 Crz Pulse extension

13 L Long puise

14 Q1 Output 1

15 Q2 Output 2

16 Vs | Supply voltage

1 09.94



SIEMENS TCA 785

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voitage
(voltage Vs). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register. ’

This synchronization register controls a ramp generator, the capacitor Cio of which is charged
by a constant current (determined by Rs). If the ramp voltage ¥10 exceeds the control voltage
M (triggering angle ¢), a signal is processed to the logic. Dependent on the magnitude of the
control voltage V11, the triggering angle ¢ can be shifted within a phase angle of 0 to 180 .

For every half wave, a positive pulse of approx. 30 us duration appears at the outputs Q 1 and
Q 2. The pulse duration can be prolonged up to 180 via a capacitor Cs2. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180 will result.

Outputs WT and W2 supply the inverse signals of Q 1 and Q 2.

A signal of ¢ +180 which can be used for contro!iing an external logic,is available at pin 3.
A signal which corresponds to the NOR linkof Q 1 and Q 2 is available at output Q Z (pin 7).
The inhibit input can be used to disable outputs Q1, Q2 and U7 , U2 |

Pin 13 can be used to extend the outputs W7 and W2 to full pulse length (180 —g).

G b Pulse
7 Extension
A 12
S .
Vornc » [> * Synchron. > %
égrt‘gctor Register > L -
. 4
% ) . Bao2
Ys ! 3 Discharge Logic | 2 a3
A+« |Monitor 3
= _ > _I.. [__'J - Qu
. (—>w N 07
n —'@ 1.
Contro
1 Comparator
GND
1 Pﬁs_.
Discharge
9 s 10 {11 Tronsistor {g]13
) Vi
P D v o @[ontrol Inhibit Long-Pulse
9 stab 10 _/Voliage Commuiation
_L’ I 1£600353

Block Diagram

N

Semiconductor Group
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<
wn

/

Synchronization voltage

Vio Ramp peak voltage
Ramp voltage

X
B

Control voltage

Vy5 Q2, Pin 1210 GND

|
L/l g‘/1' Vip Min. ramp voltage =V,
) ov
] I
[ l v
y - Q2
j I 15
| Eo
| ! {1 Vig- Q1
l ] l
f +
I

i 'l { VH'Q‘.PianfOGND
[
“ 1 P L Y2 T2 rniston
L | | "
’ 5 u ‘i ! Ve - TT,Pin 1310 GND
| | I
‘ ! [
‘ [ vy - Qu
i 1 v; - Qz
Ll
| [ |1
1 (I =
0 ¢ 180° IED00359

Pulse Diagram
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TCA 785

Absolute Maximum Ratings

Parameter Symbol Limit Values Unit
min. max.

Supply voltage Vs -0.5 18 \Y

Output current at pin 14, 15 la - 10 400 mA

Inhibit voltage Ve -0.5 Vs \Y%

Control voltage P -05 Vs Vv

Voltage short-pulse circuit Via -05 Vs \%

Synchronization input current Vs - 200 + 200 pA

Qutput voltage at pin 14, 15 Va s \%

Output current at pin 2, 3, 4, 7 la 10 mA

Output voltage at pin 2, 3, 4, 7 a Vs \%

Junction temperature Ti 150 C

Storage temperature Teg - 55 125 C

Thermal resistance

syslem - air Rinsa 80 Krw

Operating Range

Supply voltage Vs 8 18 \Y

Operating frequency f 10 500 Hz

Ambient temperature Ta - 25 85 C

Characteristics

8<Vs<18V;—-25 C<Tas85 C;f=50Hz

Parameter Symbol Limit Values Unit| Test
min typ. max. Circuit

Supply current consumption Is 45 6.5 10 mA |1

S1... S6 open

Fu=0V

Cio=47 nF; Re=100kQ

Synchronization pin 5

Input current I5ms 30 200 pA 1

R 2 varied

Offset voltage AVs 30 75 mV |4

Control input pin 11

Control voltage range 1 0.2 110 peak \ 1

Input resistance Rt 15 ko |5

Semiconductor Group 4



SIEMENS TCA 785

Characteristics (cont'd)

85sVs<s18V,-25 C<Tas85 C; /=50 Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Ramp generaior

Charge current J1o 10 1000 nA

Max. ramp voltage V1o J2—-2 A I

Saturation voltage at capacitor | Vio 100 225 350 mV | 1.6

Ramp resistance Re 3 300 ka |1

Sawtooth return time r 80 us |1

Inhibit pin 6

switch-over of pin 7

Outputs disabled Vs 3.3 2.5 A

Outputs enabled Veu 4 3.3 vV o1

Signal transition time I 1 5 us |1

input current Ien 500 800 pA |1

Ve=8V C

Input current ~Jet 80 i50 77 {200 A |1

Ve=1.7V

Deviation of /1o Io -5 5 % |1

R = const.

Vs =12V, Cio = 47 nfF

Deviation of /10 To - 20 20 % |1

R9 = const.

Fs=8Vto 18V

Deviation of the ramp voltage

between 2 following

half-waves, Vs = const. AV10 max +1 %

Long pulse switch-over

pin 13

switch-over of S8

Short pulse at output Viaw 3.5 2.5 \% 1

Long puise at output 13 25 2 v i1

Input current Jan 10 nA 11

Jia=8V

Input current - Ji31 45 65 100 pA 1

Va=17V

Qutputs pin 2, 3,4, 7

Reverse current Ieceo 10 pA 12.6

Vo= Vs

Saturation voltage sat 0.1 0.4 2 vV |26

Jla =2 mA

Semiconductor Group 5
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TCA 785

Characteristics (cont'd)

8<Vs<18V;-25 CsTax85 C;f=50Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Outputs pin 14, 15

H-output voltage Vinsw Vs =3 I’s—-2.5 Ms—1.0 vV |36

~Ja=250mA

L-output voltage Fians. 0.3 0.8 2 vV 126

la=2mA

Pulse width (short pulse) f 20 30 40 us |1

S9 open

Pulse width (short puise) fp 530 620 760 us/ |1

with Ci2 nF

Internal voltage contro!

Reference voltage Vrer 2.8 3.1 3.4 v o1

Parallel connection of

10 ICs possible

IC of reference voltage OREF 2x10-4 }5x10-4 [1/K |1

Semiconductor Group



SIERMENS

TCA 785

Application Hints for External Components

min max
Ramp capacitance Cwo 500 pF 1uFY  The minimum and maximum values of /+«o
are to be observed
i . int FiixRoxCwo 2
riggering poin mE —_—
Vrere x K
Veer x K 2 Ramp voltage Iree x K xt 2
Charge current o= Viomex = Vs =2V Vi = —_—
R Rox Co
Pulse Extension versus Temperature
780 {ED00360
s /oF I
s/ V=15V
660 = Gu=inf
600 T
540
5 480 L
£ 420
< 360
2 300
a.
240
180 |- 5
60
Q
-40 -20 20 40 60 80 °C 100

) Attention to flyback times

AK=1101£20%

Semiconduclor Group

“d

—— T



SIEMENS

TCA 785

Output Voltage measured to + Vs

{ED00361

3.7

35

33

=15V

31

2.9
Yo = Virs

25f - —F--F -l

2.3 = =

21

19 "=

17Y%

15

13

14

0.2]

0

0 100 200

Supply Current versus Supply Volitage

1ED00342
8.5
mA 3
7.9 - -
I -1 -25°C
P
boas -
PERE 25 ¢
1 Jac -
6.1 i 85 °(
1
A7
5.5 T
P !
4 i
49 ;
i
4.3 1
1
8 10 12 1% 16 18 Vv 20
a2

Semiconductor Group
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SIEMENS TCA 785
Gy 'I‘ 1nF
s I
J ]
5
50 Hz 1k 250 k2 Zero L 12
y 5 Detector
I S 3 iy 6x10 kR
‘> Synchron. 1t
8 Veus #1 Ry Register ’ S
==0.33 pf f
Ve —L 16 l L 4 5 , $7 ‘_l‘/;
o _L I ) Discharge Logic 2 | S3 .
T 100 nF — | . D L Monitor , ] oo
={ | ) 7 |56
i «‘ > S6
[ - —{; —.
Controt
GND EL Comparator
A
_C Discharge
9 i8 10111 Transistor ol i3
L .
s l %\ Q 0Vio S7 58
2
Vy Go=A V
R 8 10 Ramp /. y
. ¢ T (peak) © 10 k92 i
i L 10k
0.V5 Vo Vs 0..¥
1£500363

it is necessary for all measurements to adjust the ramp with
the aid of Ciwo and R in the way that 3V< Vempmax s Vs -2V
eg Cuo=47nF; 18 V:Re =47 kQ; 8 V: Re = 120 kQ

Test Circuit 1

Semiconductor Group
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TCA 785

R {
o - it
A -
L TkQ ﬁ] Rsyne
9w 220 kR
gé 1N4005
0.L7AuF:_-Ir Load ép
10 k& 1 (. 16 6.7 kD
2 5 | T
470 pF e
HEL C g | W |BAver] mog MA
16V-] o '
BAYIBAY[ 13 PT,XGC(;O
61 |61 | — + !
220V 5| TCA 785 {12 ':TI—-: 2.2 uF{MKH)
054 uF 6 1" 2.2k H 10 k&
= "y
250 v~ . 7] 10
9] 9 LG
T
27 kR 150 pf
(
0 puF== "
: 100 L7 pF
kQ
v
le,
Mo 1£500373

Application Examples
Triac Control for up to 50 mA Gate Trigger Current

A phase control with a directly controlled triac is shown in the figure. The triggering angle of
the trac can be adjusted continuously between 0 and 180 with the aid of an external
potentiometer. During the positive half-wave of the line voltage, the triac receives a positive
gate pulse from the IC output pin 15. During the negative half-wave, it also receives a positive

trigger pulse from pin 14. The trigger pulse width is approx. 100 ps.

Semiconductor Group
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Fully Controlled AC Power Controller

Circuit for Two High-Power Thyristors

Shown is the possibility to trigger two antiparalleled thyristors with one {C TCA 785. The trigger
pulse can be shifted continuously within a phase angle between 0 and 180 by means of a
potentiometer. During the negative line half-wave the trigger pulse of pin 14 is fed to the
relevant thyristor via a trigger pulse transformer. During the positive line half-wave, the gate of
the second thyristor is triggered by a trigger pulse transformer at pin 15.

Semiconductor Group
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TECHNICAL DATA

6-Fin DIP Optoisoiators
Transistor Qutput

These devices consist of 3 gallium arseniGe infrared emutling ciode coticailv csuoled
10 a manoiithic silicon phototransistor getector.

Convenient Plastic Duai-in-Line Package

Maost Economical Octoisaiator

High Input-Output Isolation Guaranteed — 7500 Volts Pesi

Meets or Exceeds All JEDEC Registered Specifications

UL Recagnized. File Number E543815 o\

VDE approved per standard 088¥6.20 (Cernificate number 21853), with additicnal

aoproval to DIN IEC380/VDEQS0S, iECL35/VDEQBOS, IECSS/VDEQREC, YOE 1108, covering

ail other standards with equal or less siringent requirements, inciuding IECZGJJ@

VDEQ113, VDEQ160, VDEDS32, VDEQESS, etc. ——=&83

» Special lead form available {add suffix “T" to part number) which satisfies VOECISY
8.380 requirement for 8 mm minimum creepage distance between input and output
solder pads.

* Various lead form options avaiiable. Censuit “Qptoisotator Lead Ferm Options'” data

sheet for details.

4NZ25
ANZEA
4N26
AN27
4N28

6-PIN OIP
QOPTOISOLATORS
TRANSISTOR QUTPUT

CASE 720402
P

PLASTIC

MAXIMUM RATINGS (Tp = 25°C uniess otnerwise noted)
i Rating I Symbol l Valus f Unit 1!
INPUT LED SCHEMATIC
| Reverse Voltage [ VR } 3 | Vous
i Forwarg Current — Confinuous ' e ; o] i mA
i LED Power Dissicauan (m Ty = 257°C fD i 120 i mw
| with Negligible Power 10 Qutput Detsctor i :

- . o 6
! Derate aoove 257C H .41 { mwrc !

X

NSIST
QUTPUT TRA VS STOR ‘ _ . N
! Collector-Emirter Voliage l vVeeg | 20 | Volts L:/———os
{ Zmirter-Coilector Voltage | veeg | 7 ! Voits A —3
. T . T T ; H lJo——
; Collectar-3ase Voitage i Veso | 3 i Volts
i Catlector Current — Continuous ! e { = ; mA {
| Qatector Pawer Dissioauon ir Ty = 25°C i P [ '20 t mw
2 with Negtigibie Power in input LED | { e »
! Cerate apove 25°C i i 138 | mwrc 1. LED ANGOE
: 1. L£D CATHODE
TOTAL DEVICE 1N
: isoiatton Surge Voitage (1} l Visa 5 T=0Q ! Yac ; 4 EMITTER
| iPeak ac Yoitage, 50 Hz, | sec Duranon) ; ! ! ! . COULECTOR
: 9 A 5. 3ASE
i Total Dewice Power Dissioanon @ T4 = 25°C s o | ] ;ooaw
! Derate above 25°C ! 34 t o mwrC J
{ Amoient Operating Temoerature Range | Ta | -3m=-i00f 'C i
i Storage Temoerature Range | Tsig | —35 1 -i50 C !
. Soldering Tempersture {10 sec. 1116 from casel [ Te ! = ! x |

» —
11 1S0IBII0N SUIQE »OHAGE 1S IV HMEIND UBvCY UIMRETTIC 21 94400wn 18IMNg,
Zo¢ tres (est, Pmis | and 2 are common, ana Pins 4, § and 6 are common,
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4N28S, 4N25A, 4N25, 4N27, 4N28

U
n

SLECTRICAL CHARACTERISTICS (T4 = 25°C uniass ctnarwisa natea)
! Characzaristic | sSymoot | Min | Typ | Max Unit ]
INPUT LED
E Farward Vcitage {lg = 10 mA) Ty = 258°C Ve - 1.15 1.5 Yoirs
Ta = -35°C - 1.3
! Ty = 100TC —_ 1.0 —
! Javarsa L2atags CTurrane g = 1Y) 1 I f - | - ll 1ca ’ @A I
i Cacaatanca ¥ = QV, | a | MH2) l o i - 18 § — ] oF i
QUTPUT TRANSISTOR o
| Csilectar-Erurar Oarx Current 4N25,15A,25.27 lrza i —_ 1 30 nA
i Ve = 10V, Ta = 28°C 4N23 . b 1 100
| {(Voz = 10V, Ty = 1CG°CI MiCewess | tezg | o— § ot | = ] wA
! cztector-3asa Darx Cucrent (Veg = 19Y) | lak:To] : — i oz —  Je7hA
! Caleciar-Zrmucer 3raakdown Yaitage e = 1 mA) i visaiczo | 30 ! 5| - ] " Valts
| Cailzctar-3asa 3rescdawn Vaitage ilg = 100 xA) | vigmczo | 70 | wa | — | voms
| zmiqar-Caileciar 3raaxdawn Vaitaga il = 100 wA) | Visayzzg | 7 l 7.8 I —-_ Yolts
| 2C Zurrent Gainile = 2mA.Yez = 5V) | ez 0 = | 0 | - -
| Catlemar-Zminer Caoscrance it = MHz Vez = ) | Cze | — ] 7 ] - of
| Csuzcior-dasa Caoacitance it = 1 MHz Yeog = ) ! Cr3 i - | 19 | - oF
| Zmucer-dasa Cagacitanca {f = { MHz Y23 2 ) ! Cs3 ] - 3 | — aF J
CCUPLED
i Cuteut Caltectar Current (tg = 10 MA, Yz = 10V) 'c | mA
'- 1N25.25425 P2 7 -
’ 1N27.23 I 3 —_
j Caliector-Emutae Saturaucn Vailtaga ile = 2 mA, ig = 3 mA) I Yezisaa | - I 215 |} 03 | Voits
b fum-Qn Timeilc = 10ma Veg = 10V, 3 = 100 Q) ] tan - ] 28 | — [
| Tum-OH Tims iz = 10 mA, Yoz = 10V, A = 100 (1 T T D R R
| Aisa imaile = 10 mA, Voo = 10V, & = 1C0 Q) § e | o= | vz | = ] as
| 72t Tima g = 10 mA, Vg = 10V, A = 1000 ! ¥ i — | 13 1 = | s
] 'siaucn Valtaga of = 30 Hz 1 = 1 seqr i Viso l 7500 ' —_ ! - ! Yactok}
| 3sianon R2sistanca (v = 300 | Asg | 0l | - ] - | n
} iscraucn Cdoaatance (v a 0V, { = | M2l i Ciso i — | a2z - | =F
TYPICAL CHARACTERISTICS
z'. ol TN 1 fr{ = 0=
fmm———anseony | pinl o Sl =
1 mssaec | I I 3 s =
AN—— —_ - = Tz om A SN RT LT T i
ST O Tk AT R e AW e oo o === 2 R KX T
3 P i AL 1 = 1 v uu/--ullm
R : T ",.{i = [T S N 5L -
e R R AL RN SRR A ) HHI s
tie . : T rare E -
g P ll|¥l| by 7 T 3 — .
- - LK) = i vt . e [ L)
z AR 5 & A A momazi
Iz : N o Y T ; | AT
g A T T g 1IN SR
5 ) D Ed b (R 2 ————————
> ’i Is.‘CUl /\"Hl” || ! l I” E "“.-‘.I:t ., ||::!¥ :Ir F‘II::
T e T i eI > 2. S0 SRS N 11 [ N MR E T
1 [ i foe ] aa s 1 2 i w0 X 2
te, €D FORWARD CURRENT Imad i, LED tePUT CURRENT (mAd-

Figuee 1. LD Forward Voitage versus Forward Cucrant

Figure 2. Qutput Current versus Ingut Current
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Capacitances versus Voltage
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TEST CIRCUIT WAVEFORMS -
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Figure 11. Switching Times
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\{D‘S, Drain-to-Source Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
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4
3 = 3 33 Ip = 14A .
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Q
20us PULSE WIDTH o0 0.0 VGs = 10V
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Vas, Gate-to-Source Voltage (volts) Ty, Junction Temperature (°C)
Fig § Typical Transfer Characteristics 'Fig 4. Normalized On-Resistance:
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Vgs: = OV, f = 1MHz

\\ Eiss Cgs + Cga Cds SHORTED
C

rss gd

5000

N JCoss = Cgs + Cqgg
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AN =
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1000 \
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Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage

¥ e

]
i
I
}
] -
N //
’u'?l i iyrad
Q. L
£ 1 /
<
- /1
c } r
o //
: &
%—3- 101__ ,/ =
3 . :1500uli I/
a i
e |
o ' 259¢” _
3 |
[++]
@ / /
5
D
VGS=OV
109

{ 0.4 ' 0.8 1.2 1.6 2.0
; Vsp, Source-to-Drain-Voltage (volts)

Fig 7. Typical Source=Drain Diode

Forward:Voltage
I .

Vas, Gate-to-Source Voltage (volts)

Ip, Drain Current (Amps)

20
Ip = 14A R
Voo = 400V —h
Vhe = 250V \
D
12
|
8 -~ /
/4
4
FOR TEST CIACULT
o SEE FIGURE 13

0 20 40 60 80 1000 120 14C

Qg, Total Gate Charge (nC)

Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
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5 OPERATION: IN' THIS AREA' LIMITED"
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LA ] “\\. 'S \‘. "5\.
10 . = 100us
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b
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1 3]
5 —
Tg=259C
2 TJ=1509C
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Vps, Drain-to-Source Voitage (volts)

Fig 8. Maximum Safe Operating Area
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t1, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig 12c. Maximum Avalanche Energy

Fig 1§b. Unclamped Inductive Waveforms Vs. Drain Current

Current Regulator
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Figi1 3a. Basic Gate Charge Waveform - Fig 13b. Gate Charge Test Circuit.
Apéendlx A: Figure 14, Peak Dlode Recovery dv/dt Test Cll’CUlt See page 1505

Appendix B' Package Outhne Mechanlcal Drawmg See page 1511
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Infernational
IGR Rectifier

'INSULATED GATE BIPOLAR TRANSISTOR

i
i
%

PRELIMINARY

PD - 9.1593

IRG4BC30S

Standard Speed IGBT

Features

E ¢ Standard: Optimized for minimum saturation

| voltage and low operating frequencies ( < 1kHz)
. * Generation 4 IGBT design provides tighter

i parameter distribution and higher efficiency than

Generation 3
« Industry standard TO-220AB package

Benefits

t « Generation 4 IGBT's offer highest efficiency available
.~ IGBT's optimized for specified application conditions
P Designed to be a “drop-in" replacement for equivalent

industry-standard Generation 3 IR IGBT's

E
n-channel

Vces = 600V
VcE(on) typ. = 1.4V

@Vge= 15V, lc = 18A

]
f TO-220AB
, Absolute Maximum Ratings
, Parameter Max. Units
"'Vces Collector-to-Emitter Breakdown Voltage 600 \%
E Ic @ Tc=25°C Continuous Collector Current 34
* |lc @ Tc=100°C | Continuous Collector Current 18 A
. |lcm Puised Collector Current © 68
; Iim Clamped Inductive Load Current @ 68
] Vae Gate-to-Emitier Voltage +20 \
+ | EaRv Reverse Voltage Avalanche Energy @ 10 md
Pp @ Tc =25°C | Maximum Power Dissipation 100
" |Pp @ Tc = 100°C| Maximum Power Dissipation 42 w
Ty Operating Junction and -55 to + 150
; Tsta Storage Temperature Range °C
! Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm) from case )
. Mounting torque, 6-32 or M3 screw. 10 lbfein (1.1Nem)
i Thermal Resistance
] Parameter Typ. Max. Units
ReJc Junction-to-Case _— 1.2
§ Recs Case-t0-Sink, Flat, Greased Surface 0.50 —_ °C/W
R RoJa Junction-to-Ambient, typical socket mount B 80
E Wi Weight 2.0 (0.07) — g (02)

3/18/97
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.Case Qutline and Dimensions — TO-220AB

o e e e w

T PEE o e w m e e m em

o p———_

LY S T e

IRG4BC30S

International
ToR Rectifier

1054 (415) 4 B ] NOTES:
2.87 (.113) _ T110.29 (.405) ggi“a:; 4.69(.185) 1 DIMENSIONS & TOLZAANCING
2.62 (.103) /— ’ 4.20 (.185) 1.32 {.052) PER ANSIY145M, 1982,
i - +‘-1.22(.043) 2 CONTROLLING DIMENSION :INCH.
3 OIMENSIONS ARESHOWN
0 s - TR meney
4 A0 4 CONFOAMS TO JEDEC OUTLINE

15,24 (.600) I T0-220A8.
14.84 (.584)

1.15(.045)

T MIN LEAD ASSIGNMENTS
1 213 1. GATE
’ 3.96 (.160) 2-COLLECTOR
3x355(140) 3-EMITTEA

14.09 (.555) o 4. COLLECTOR
13.47 tsao) 4.06(.160)

355(.140)

P -
0.93 {.037) 0.55(.022)
X ez |——
140 (.055) _ 3% 5,69 (027) 3X 045 (018)
IX 115 (045) @Tose (019 @[ G] 2.92 (.115)
2.64 {.104)
CONFORMS TO JEDEC QUTLINE TQ-220AB
Dimensions in Millimeters and {Inches)

International
ISR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, Califomia 90245, Tel: (310) 322 3331

EUROPEAN HEADQUARTERS: Hurst Green, Oxted, Surrey RH8 9BB, UK Tel: ++ 44 1883 732020

IR.CANADA: 7321 Victoria Park Ave., Suite 201, Markham, Ontario L3R 228, Tel: (905) 475 1897

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 96590

IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 39 11 451 0111

IR FAR EAST: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo Japan 171 Tel: 81 3 3983 0086
IR SOUTHEAST ASIA: 315 Qutram Road, #10-02 Tan Boon Liat Buiiding, Singapore 0316 Tel: 65 221 8371
http:/www.irf.comv Data and specifications subject to change without notice. 3/97
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slnterncﬁonol IRG4BC30S

s TOR Rectifier

|
{

R, = .-480V
L= 4Xice25°C

= $80U°

Af'

!

* Driver same type as D,U.T.; Ve = 80% of Vee(max)
* Note: Due to the 50V power supply, pulse width and inductor
will ncrease to obtain rated Id.

o e vwrew———

Fig. 13a - Clamped Inductive Fig. 13b - Pulsed Coliector
Load Test Circuit Current Test Circuit

__lc

kS

- e N— —

L
Fig. 14a - Switching Loss

Test Circuit

Driver*

it
1l
1

* Driver same type
as D.U.T., VC = 480V

ey rT—— T TETEY, e ormm
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© T 0% —H . Fig. 14b - Switching Loss
1 (ot Waveforms
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nternational
IRG4BC30S oo

Total Switching Losses (mJ)

X 1
150 Rg =23tQ 000 VGE =20V
VoG = 480V / <
120 | Ve =15V pot
/
3 100 -
00 3
y £ /
o /) 2
. / <
/) 3 10 =k
/ 2 v i
<} 7
3.0 &)
o
SAFE OPERATING AREA
0.0 1
0 10 20 30 40 50 1 10 100 1000
I ¢, Coliector-to-emitter Current (A) V¢e. Collector-to-Emitter Voltage (V)
Fig. 11 - Typical Switching Losses vs. Fig. 12 - Turn-Off SOA

Collector-to-Emitter Current
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tnternational IRG4BC30S

TOR Rectifier

]
|
, Vog =0V, f=1MHz 2 Vg = 400V
Gies =Cge +Cge, Ge SHORTED lc =18A
E Em z Co s s
E 500 \ '0es ce ‘9¢ ; 16
=|.’C ,\\ o /|
S ™~ s g
.i' g “iesd] > 2 /
c Qo
s = /
= 1000 € /
a ul /]
'S Qo 8
I q 2
{8) <
I 500 o C’_ !
' N Coes mo, /
, ™~ ™ >
) Clres 4 l
; 0 [ 0
I 1 10 100 (] 10 20 30 40 50 60
. VeE: Collector-to-Emitter Voltage (V) Qg. Total Gate Charge (nC)
t
} .
Fig. 7 - Typical Capacitance vs. Fig. 8 - Typical Gate Charge vs.
] Coliector-to-Emitter Voltage Gate-to-Emitter Voltage
Rl (VT WA =23 Q
V<35=15V= Vgeg =15V
% TJ =25 C VCC =480V
aze|lc =18A
—_ = lc=
| € e o
3 g 1 ! 18A
' o b C= pu =
a 3.72 ‘; 3 1
! S — S - Ic= 9.0ATT]
= — g | A1
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2 2 ( —
i 03) UB) 1 ==
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b 2 ass e
B
}
¥
360 0.1
[ 10 20 30 40 50 60 40 20 0 20 40 60 80 100 120 140 160
Ag . Gate Resistance (C Q. T4, Junction Temperature ( <)
]
i .
Fig. 9 - Typical Switching Losses vs. Gate Fig. 10 - Typical Switching Losses vs.

Resistance Junction Temperature
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RG4BC30S TOR Rectifier

¢

3.
v PRI 0 Nee =15V
, 80 us PULSE WIDTH
30 =
I N T
iE L N & 25 = 36A ==
s re) -t
L 5 N 3 .df”
[0 N 5 <
l :9" 2 g .—.—-——’—’/
;§ 5 20 =S
= .
jo 15 N ’2
6] A\ o
1 © N\ o lc= 18A
€ 10 X 2 F
3 \ 2 15
P E e
r'% s A\ 8 ln= 9.0A
= \1 > il
3 0 1.0 l
. 25 50 75 100 125 150 60 40 20 0 20 40 60 80 100 120 140 160
T, Case Temperature ( °C) T, , Junction Temperature ( °>
i
3
Fig. 4 - Maximum Collector Current vs. Case Fig. 5 - Typical Collector-to-Emitter Voitage
; Temperature vs.Junction Temperature
1 10 - _— —— - - —
E .
H
o
i |
£
1
N
e =D = 0.5(
© ; 1
[77] ]
S 1
a %5 — -+
i 0.1 1l - Poum 1
— 1 portent EA
8 o1 -+
£ = o 2 ”l
2 . 0.02= H 1 2—
= = oo SINGLE PULSE
> (THERMAL RESPONSE) Notes:
1. DutyfactorD= t1/t2
2 Peak Ty=Ppm xZguc +T¢
0.01
0.00001 0.0001 0.001 0.01 0.1 1

t1, Rectangular Pulse Duration (sec)

Fig. 6 - Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig. 2 - Typical Output Characteristics

VgE: Gate-to-Emitter Voltage )

Fig. 3 - Typical Transfer Characteristics
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IRG4BC30S TOR Rectifier

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

Parameter Min. | Typ. | Max. [ Units Conditions
V(er)ces Collector-to-Emitter Breakdown Voltage 600 — | — V | Vee=0V, lc=250pA
Vigrjecs Emitter-to-Collector Breakdown Voltage @ | 18 | — | — V | Vge=0V,lc=1.0A
AVierices/AT; | Temperature Coeff. of Breakdown Voltage | — | 0.75| — | VPC | Vee =0V, ig=1.0mA
— | 140!} 16 lc=18A Vge = 15V
Veeon Collector-to-Emitter Saturation Voltage — | 1.84) — v Ic=34A See Fig.2, 5
— [145] — lc=18A,T;=150°C
VGEith) Gate Threshold Voltage 301 — | 60 Vee = Vag Ic = 250pA
AVgenyATy | Temperature Coeff. of Threshold Voltage | — | -11 | — ImV/°C| Vee = Vag lc = 250pA
Oto Forward Transconductance @ 60 | 11| — S | Vee= 100V, lc=18A
ees Zero Gate Voltage Collector Current — | — 1250 | ,a [Vog=0V,Vce =600V
— | — 120 Vae =0V, Vee = 10V, Ty=25°C
E — | — |1000 Vge =0V, Vee = 600V, Ty = 150°C
i lces Gate-to-Emitter Leakage Current — | — |+100] nA | Veg=220V
3
i Switching Characteristics @ T, = 25°C (unless otherwise specified)
E Parameter Min. | Typ. | Max.| Units Conditions
i {Qq Total Gate Charge (tum-on) — | 50| 75 ic = 18A
J Qge Gate - Emitter Charge (turn-on) — |73 M nC | Vec =400V See Fig. 8
' Qe Gate - Collector Charge (turn-on) — 17| 26 Vae = 15V
td(on) Turn-On Delay Time — 22| —
! t Rise Time — | 18| — ns Ty =25°C
ta(ofh) Tum-Off Delay Time — | 540 810 Ic = 18A, Vcc = 480V
! Y Fall Time — |390] 580 Vge = 15V, Rg = 23Q
1 1Eon Tum-On Switching Loss — |0.26) — Energy losses include *tail®
Eott Tum-Off Switching Loss — {345| — mJ | See Fig. 9, 10, 14
Es Total Switching Loss — |3.71) 56
: td(on) Tum-On Delay Time — | 2 — T4 =150°C,
te Rise Time — {19 | — ns ic = 18A, Vg = 480V
{d(otf) Tum-Off Delay Time — | 790} — Vge = 15V, Rg =230
; i t Fall Time — (760 — Energy losses include "tail*
=N Total Switching Loss — |6.55] — | mJ | SeeFig. 11, 14
b lLe Internal Emitter Inductance — | 75| — | nH | Measured Smm from package
Cies Input Capacitance — (1100 — Vae = 0V
Coes Output Capacitance — 72| — | pF | Vgc =30V See Fig. 7
Cres Reverse Transfer Capacitance —_ [ 13 ] — f=1.0MHz
Notes
. @ Repetitive rating; Vgg = 20V, pulse width limiled by

max. junction temperature. { See fig. 13b )
@ Pulse width < 80ys; duty factor < 0.1%.

)

Vee = 80%(Vces), Vae = 20V, L = 10pH, Rg=23Q,
(See fig. 13a) ® Pulse width 5.0ps, single shot.

®©

Repetitive rating; puise width limited by maximum
junction temperature.
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