Fast turn-off Thyristor

PO366WCO04# to PO366WCO8#

The data sheet on the subsequent pages of this document is a scanned copy of existing

data for this product.
(Rating Report 83TR3 Issue 4)

This data reflects the old part number for this product which is: P214CH02-08. This part
number must NOT be used for ordering purposes — please use the ordering particulars

detailed below.

The limitations of this data are as follows:
Device no longer available for grade 02 (200V Vrrwm/VDRM)

Please use the following link to view an up to date outline drawing for this device

Outline W8

Where any information on the product matrix page differs from that in the following data,
the product matrix must be considered correct

An electronic data sheet for this product is presently in preparation.

For further information on this product, please contact your local ASM or distributor.

Alternatively, please contact Westcode as detailed below.

Ordering Particulars

#

P0366 wcC ¢
Voltage code
Fixed Type Code | Fixed Outline Code Vprw/100 A
04-08

Fixed Turn-off Time Code
= 10us, B =12ps, C = 15us

Typical Order Code: PO366WCO06B, 14mm clamp height, 600V Vgrrm/Vorm, 12US tq
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Long Beach CA 90807 USA
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Technical
Publication

TP214C

&) WESTCODE
SEMICONDUCTORS

Inverter Grade Capsule Thyristor Type P214C
370 amperes average: up to 800 volts Vgam/Vorm

Ratings (Maximum values at 125°C Tj unless stated otherwise)

RATING CONDITIONS SYMBOL
55°C heatsink temperature 370 A
Average on-state current Half sine wave {double side cooled) hav)
85°C heatsink temperature 130 A
{single side cooled)
R.M.S. on-state current 25°C heatsink temperature, double side cooled b (RMS) 756 A
Continuous on-state current 25°C heatsink temperature, double side cooled k 590 A
Peak one-cycle surge 10ms duration, 60% Vg, re-applied hsmm 4700 A
(non-repetitive) on state current 10ms duration, Vps 10 volts hsma) 5170 A
, - 10ms duration, Vas 10 volts 12t (2) 134000 A%
Maximum permissible surge energy 3ms duration, Vo< 10 volts 12t 98000 AZ
Peak forward gate current Anode positive with respect to cathode legm 18 A
Peak forward gate voltage Anode positive with respect to cathode Vigm 12V
Peak reverse gate voltage VRGM 5V
Average gate power Pg 1.5W
Peak gate power 100us. pulse width Pom 60 W
Rate of rise of off-state voltage To 80% Vpam gate open-circuit dv/dt *200 V/ps
Rate of rise of on-state current | difdt(1) 500 A/ps
(repetitive) Gate dri 1us.
Rate of rise of on-state current di/dt (2) 1000 A/us
{non-repetitive) ,
Operating temperature range ) Ths —-40+ 125°C
Storage temperature range 4 Tag -~ 40+ 150°C
Characteristics (Maximum values at 125°C Tj unless stated otherwise)
CHARACTERISTIC CONDITIONS SYMBOL
Peak on-state voltage At 718 A, Iy Vim 1.88 V
Forward conduction threshold voltage Vo 140V
Forward conduction slope resistance r T 0.67m0
Repetitive peak off-state current At Vpam loAm 30 mA
Repetitive peak reverse current At Varm lram 30 mA
Maximum gate current required to fire all devices lgt 200 mA
Maximum gate voltage required to fire all devices } At 25°C, V, = { Var 3V
Maximum holding current 6V, IL,=1A " 600 mA
Maximum gate voltage which will not trigger
any device Veo 0.25V
Stored charge Iy =300 A, dir/dt 20 A/us ~
Vm =50V, 50% chord value Qo typloal 25 uC
Circuit commutated turn-off time m =300 A 200V/us 10 B0% Vpau| ta 15~-30 ps
available down to du/dt =20A/us, Vg = 50V] 20V/ps to 80% Vpau| Q9 typical 10-20 pus
Thermal resistance, junction to heat sink, Double side cooled Ry 0.095°C/W
for a device with a maximum forward volt Single side cooled hii-hs) 0.190°C/W
drop characteristic
VOLTAGE CODE HO02 HO3 HO04 HO6 HO8
Repetitive peak voltages Varm Voam
Non-repetitive peak off-state voltage Vosm 200 300 400 600 800
Non-repetitive peak reverse blocking voltage | Vaey | 300 400 500 700 900
Ordering Information (Please quote device code as explained below)
P 2 1 4 C ¢ 0 @ ® e 0
dv/dt code to 80% Vpam _ 3q urn-off time
Fixed Voltage Cod H =30 us
Ixe oltage Code C =20V/us E =100V/us K =20 us L= 15 #s
type code (see ratings) D =50V/us F =200V/us N=10ps

Typical code: P214CHOGFJO0 = 600 Vg 600 Vo 200 V/us dv/dt to 80% Ve 25 us turn-off
*Other values of dv/dt up to 1000 V/us, and turn-off time may be available.
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INTRODUCTION

The P214C thyristor series are diffused
regenerative gate devices employing a 24 mm
slice in a cold weld housing.

NOTES ON THE RATINGS (b)

Rate of rise of on-state current

The maximum un-primed rate of rise of on-state
current must not exceed 1000 A/us at any time
during turn-on on a non-repetitive basis. For
repetitive performance the on-state rate of rise of
current must not exceed 500 A/us at any time
during turn-on. Note that these values of current
rate of rise apply to the circuit external to the
device and its specified snubber network and
device current rates of rise will be higher,

Square wave ratings

These ratings are given for leading edge linear
rates of rise of forward current of 100 and

500 A/us.

Duty Cycle Lines

The 100% duty cycle line appears on all these .
ratings. These frequency ratings are presented in

the form that all duty cycles may be represented

by straight parallel lines. 4.

Maximum operating Frequency

The maximum operating frequency, frmax. 1S set
by the time required for the thyristor to turn off
(tq) and for the off-state voltage to reach full
value (tv), i.e.

1
touse + tq + tv 5.

Energy per pulse characteristics

These curves enable rapid estimation of device
dissipation to be obtained for conditions not
covered by the frequency ratings,

Let E; be the Energy per pulse for a given
current and pulse width, in joules.

Then WAV = Ep x f,

REVERSE RECOVERY LOSS

On account of the number of circuit variables
affecting reverse recovery voltage, no allowance
for reverse recovery loss has been made in
these ratings. The following procedure is
recommended for use where it is necessary to
include reverse recovery loss.

Determination by Measurement

From waveforms of recovery current obtained

from a high frequency shunt (see Note 1) and 6
reverse voltage present during recovery, an :
instantaneous reverse recovery loss waveform

must be constructed. Let the area under this

waveform be A joules per pulse. A new heat sink
temperature can then be evaluated from:

frmax =

Tsink (new) = Tg )k (original) — A ("':OG+ Ryp % f>
where r =1.64 x 10-4/1 (a)

t=duration of reverse recovery loss per
pulse in microseconds (b)

A = Area under reverse loss waveform per
pulse in joules (W.S.)

f=rated frequency at the original heat
sink temperature

The total dissipation is now given by
Wiron = Wiorigina + A x f

Design Method

In circumstances where it is not possible to
measure voltage and current conditions, or for
design purposes, the additional losses may be
estimated from P.10,. A typical R-C snubber
network is connected across the thyristor to
control the transient reverse voltage waveform,

Let E be the value of energy per reverse cycle in
joules page 10.5

Let f be the operating frequency in Hz
then TSINK new = TS!NK Original - ERth x f

where Tgn« new is the required maximum heat
sink temperature

and Tk original is the heat sink temperature
given with the frequency ratings.

»

GATE DRIVE

The recommended gate drive is 20 V, 20 ohms
with a short-circuit current rise time of not more
than 1 us. This gate drive must be applied when
using the full di/dt capability of the device.

THE DV/DT SUPPRESSION NETWORK

The effect of a conventional resistor-capacitor
snubber of 0.22 uF 5 ohms has been included in
these ratings and all rating di/dt values apply to
the circuit external to the thyristor and its
suppression network.

Snubber Network Values

A series connected C-R filter may be required
across the anode to cathode terminals of the
thyristor for the purpose of reducing off-state
voltage overshoot,

The optimum values for C and R depend partly
on the circuits connected to the thyristor. For
most applications the snubber design values
should not exceed a maximum of 0.22 uF or a
minimum of 5 ohms. Please consult Westcode
for values outside these limits.

NOTE 1

REVERSE RECOVERY LOSS BY
MEASUREMENT

This thyristor has a low reverse recovered charge
and peak reverse recovery current, When
measuring the charge care must be taken to
ensure that:

a.c. coupled devices such as current
transformers are not affected by prior passage of
high amplitude forward current,

The measuring oscilloscope has adequate
dynamic range — typically 100 screen heights —
to cope with the initial forward current without
overload.

Ry



CONTENTS

Provisional ratings and characteristics

Voltage grade table

Introduction

Notes on the ratings

(a) Rate of rise of on-state current

(b) Square-wave ratings

(c) Duty cycle lines

(d)  Maximum operating frequency

(e) Energy per pulse characteristics

Reverse Recovery Loss

(a) Determination by Measurement

(b)  Design method

Gate Drive

The DV/DT Suppression Network

Note 1

Reverse recovery loss by Measurement

Contents

Limit on~state characteristic

Gate characteristics

Transient Thermal Impedance

Surge Rating

Recovered Charge

Reverse Recovery Energy per Pulse

Square
Square
Square
Square
Energy
Energy

Wave Frequency Rating 85°C Sink, 500A/uS
Wave Frequency Rating 55°C Sink, 500A/uS
Wave Frequency Rating 85°C Sink, 100A/uS
Wave Frequency Rating 55°C Sink, 100A/uS
per Pulse 500A/uS
per Pulse 100A/uS

Sine wave Frequency Rating 85°C Sink

Sine wave Frequency Rating 55°C Sink

Sine wave Energy per Pulse

Outline Drawing

waNl\JNN



INSETANTANEGUS

=4 <

ON=-BTATE CHARACTERISTIC OF LIMIT DEVICE

12922
/Mw,ﬁ;ﬁa—
= —
=
P
A
/
/ /' /
13570 / /
’ /
1292 yd / /
7 7
/ / 25Pe
)4 |
/ /

/ |

/ ]

I

L}

l

|

l

193 l

1.4 1.8 2.2 2.6 3,2 2,4 3,8

MAXIMLIM INSTANTANEQGLS ON-STATE VOLTAGSE (VOLTSS



4

GATE TRICGCGERING CHARACTERISTICS

(TRIGGER PUOINTE OF ALL THYRISTORS LIE IN THE AREAS SHOWNS

— 4P e

-} Py

A5l

VOLLTE

= Vg’?&

VOLTAG

=

GAT

]

192 edrdrd B2z

CATE CURRENT Igt GmAd

422



(SdWVY2  LINI3MHENT 3iva

IYLTIOA HLVD

o
ot

SN

(B

TOAS

MAVAIAWIL NOILLONAD

T - -
Bt o & 7t < e T o & 1@
7z
.V NI IO, oy pag
R JI T = R N B
o VANV SIML NI T 7
- / \ms/ﬂw v
= f{/ A IS A
} . . <
\\\\ L ; ] /;/z nwn " SEILABO TV T =
,,,,,, WARENE B T, )
7 &
N\

14

o

S !

m.r
ke
M

L

o

5
7l
11
e = h
7



—~

CSONDD3E IWIL

gez 2y gaz e 202 "1 e "z gt e zeg zgig 2 EpZ "2 ﬁ&&mmﬁ

E22

giz

mroBep =
SEZ D \\\\
M/ oBep ——

8518

5

221

jort

FUONVUEAWNT TIVINEHL INIISNVML MNIS LVEH DL NOILINOAL

SINVERLL

"
=i

N

d

Wad s L

H
H

ey

<]



(24 e %0 se(odoy IONNS 40 NOILVMAO (8% JUMNE 40 NOILVMNO

221 25 21 S 1 21 S £ i
T T 1] i 1
WYty %09 ¢ WS | |
3 . Hffzwfffiz (81Bue Buuy Jo |1013U09 8so| Ajuelodway Aew 81eB8) IHYNS HIL4V ANV
OF = Wdd, * WSly Ity ONIHNA AINIVLNIVIN HOLSIHAHL SSOHOV IDVLTOA ISHINTY
!i,i.f...:i..j.li
/[li@
HHHH
iéHH;fff
e
,/;l!f
T e _——
N
e ,/U///f// .
ot | 431
- P IS
\.\\\
o
L~ xx\\
T L
Py
. o~
ey
A
P
oL = me> : PNH
- (NHEA 909 Mzl) —<—> T
221

CIIONY NOILONONOD H0 TIONMINDD 3807 ATIMVNOAWZL AVK 31Va3

=
hed
L
5

Jeb2l FUNIVMAMWIL NOILONOL TIVILINI LV INZMMND 39M0S 3AILILILEIN NON WNAWIXYHW

viol

3d

H

IVH MY

i §

[y
e

{1

i

.

f

o |
pess

ey

o
ot

J3dnN

ok

NEMMNT

H
H

e

3

¥

7
~



(GrnY MICROOGULOMBS

RECOVERED CHARGCE

TYPICAL RECOVERED CHARGE AT 1285°0 JUNCTION TEMPERATURE

I
L zoaea
//
yd
7Tl 1sa0A
, A
s 1220A
,//// /
/’ - /
SN A ) seeaA
/’ 7 pra o
/f sy // » pd
Ve /,/ //
v ;/ Ve Ve SAAA
// //'/ ’/ /'//’
e
7 // !/ / /'/
/ /‘ Ve P e |
// AL -~ 2ADA
109 Wals . ' e
o //// /’ /,/ ,//
yd ’/ // //' I/’/
& AL y o
v ’ 7 p o
{//‘ /:/ // / /’/
7 ,///'/ /// //'/ //
////’ / A A
F,I i
a8 // / , ( ///
i
/"i‘:,/‘:/// /// / /
) <
5 ///:_/ //'/ ,/ /’/
S
,;i/ ya // ’///:///
7.V ARy
4L/ /// / /
717 v
iy /
/ / //
anivi
5 4
4 v /!
S
77
20
2 4 = 53 7 B a2
27 109 2oa

COMMUTATING di/de AMPS/us



JOVLITIOA AHSA0D3H MV3d 03I7ddV HLIM VIVH OHd O3LSNQrOY 39 07N0HS 3S1N0d H3d ASHIND  S10N
¥
SN/SHWY 3D/TP ONTLIVIOWWOD
00z 007 01
(53 =2 £ 9 = 4 g =
100
I ——
‘\I‘ll‘\ln\\l\i\!\ |
P —— I ——
\\l = [ M | ——
V002 |=—p - T | L]
\\l\\\v\.\\ \\\\
\\.\\l \.\\\\\ <
VOOE ——— —
.\\\\\\1\\.\ \
\\ \
e "
voos [—/] 1 E
|
\
\
+
AT L] L
L L L
o
\\ L \\ =
YOOO0tT P
T \ 2
L '
\
L1 &
—1
YOOGT &
V0002 JOVLITIOA ZAVHE 1S3HOIH H0 2970 = WHA 3I9VLITI0OA SISHIATH Mvod voTo
* SWHO © 472270 (OIL0ANNOD HIganns
FHOLYHIAWIL NOTILONOM 9-.S87 ‘38704 HId ©

507 ADHINT AHIAQOZH ISHIAZH WINIXVI

sSHTNoOr

T HEd

I

157



1 i

w 11

\.\ »d \\ u.\\
T A
Pz 2D e
T o
e
AV\ -~ K\ § J
S Hm.wﬁﬂ PP A e
A AP A
2 .ﬂ\\&\ A \
P \\‘x\ %\x&\
m \\ k\\ o u\&\
" ZF P— =
i
o y e i
& B2 S
& 9 ’
7]
X o . £
a u\m é %
7 , an 1\
7di V4 |
b y » a,f
7
/
/ ™
/ BN
hd
2 X )
5 N X N =
-t i -t = P
AN DM

108 u =

12pu=

WIDTH

-
Sk

LS

F



= 12 -

—
‘. =+
yainpy
7
8 ; 900 S
N \ W
< v'd \L ]
% A ﬁ&
i ——1 A 7
. Z 7
¢} ey |/
In AL
X olo \\
Zz O .
$d ~/\ i
0 i/ / \
- \ \ M 4
< . yd a
() y
m 7 /7 <G / N,
ASHV ARV B
v yAcaVinni
5
AN X b
ﬂ (e hd b Y]

AONZNOEM A

180 n = lme

1=

WIDTH

LSE

]
|

g



o

Pz " 2
A \\\ » \\\
i W, A
rd d \.\ —
[
\xM\\ A A1
- oA p
73 oov»oo \ﬂoo s
¥ rd \\ \\ L A.VOO .x\v
< AT A \\\ L %%
m ) )y \\\\ \\\.\ »\;\\\ \_\ o ..\
- Z \\\\ e S 4 N B F:
AO pra » p —
. ()2 \ \\ 4 ]
" S AT A 1A 7
i \/\ \ A
I3 QO \\ 7 \\ \A \\ \\
. 1 /] \\\ /] y /]
< olo /] 3 \
Z ST Ve Y
z S N> \ \ / M m
I 3
0 LV /] \\ \\ \\ .
" - - V4 \ 7 //,
“\ F \\ V4 i 7 H —
77 VA4 \, m 1=
A w s —
4 ) 7
/U NI
S N
hd < s .
mm : K =i
g s x

lgh"“l&?

1 v

10%une

12n=

WIDTH

[y

PLILE

o § 2



- 14 -

A T —=
. . d
. =]
- P e T
v AL e
L L7 \\
& \W\ \Au\\ )Mu N L9 P
R} vV L~ A 00 ;
N L/ D
ks \\ \ \\\\\\ x\\
5 A
N Y, I s I —a
\ Y avainyAmre P
sw lFO/\ rd pd P wd
U QAT 71
1 < A 7 /]
i O\/v 0\4\ \\_
X o0, yavi A
< - Vx 7 7
z o N \ !
i S 4 \\\ \\ \
i ' e) ] /] \
- y, s..\\ \‘. 7
y.4 7 7 4
=7 y 4 7 7
yd V4 7 V4 Fi
/7 JARY, / /
7 /1Y /
Y7y N
/1 / /| |/ \ ™~
hd
IS X 5
Y bt X N =
et ol -t ot =
CFH2 AONAENDIEMNA

1me 18w

1080 =

13ue

E WIDTH

S

PLILE



iga I

T 125°C., SA0A/u=

N

I,
I

a2 I

%
0~
g

e
q
N

N

g
%
T

N
o

%
P
o

>
&

N
”)
<

S
i N

it
g
\‘_
=

P

- N
L

3
‘i‘i
X‘h
A
~
“‘x\xx
\::\
N

7 ;}

Qﬂ Qﬂ 0

] AR
N

X
<

™
Qb

AN

12@8mJ

T

X
\X4%‘Xx§\x!x\xx
NNV
<
"~

1@8mJ

1

1@0p=

120 n= lme
FULSE WIDTH

10



Ny y N
N o =~ o
/;f f// 9 //f - RN
] RNEEN ~ A
D5~ D~ O ,QvaQ =< O
SN O/Q,m\ KR ng/f&m, N
/ ~ i
N T NN
4 NN NON /ﬂM NONL N
P NN IS NN N N
m = = <] ~ ~
> S N = f < AN
N AN N 0 D SN
N NN RN
mm‘, // N\ //, /// ,/,.
N NN ,// < //////;
— N \ ,//
T / /fr LY N // : //(
3 Y Y AN AN
N N KN N
3 N N
<. AN RN 'Y
= /, N
NN RN
N // //
- ~
- £ -
s} by K E
S 5 & N
- 3 e i R

ST MO ADMIANZ

180u= lm= 18me

18u=

WIDTH

PLILSE



o>

Y

REGQUENC

i

- 17 -

T SINK 8570, SINE WAVE

122K
N\
AY
\
N
AN
~ N 300 A
\\ N
10K N
~- AN
70 v/
NS 00%
T SXG
P
N \?\\\)l-o
/// Bes \\ r‘j-c‘}é\
\\\ \\\\
1K \ NN
/,« - N h,
yd M, N\,
7/ ~ AN N\
. \ \\\ N \\'
Iy N \\ NINERNA
/ NN
/ NI
A 2%
©
N @)
N 4
‘-«% 2
100 N\ @
Y,
\65\
NDON|
AN
\%K -
O
v
1a
12ns 1200 uwe 1me

PULSE WIDTH




1B

\\ \\
7 7
P - )
Ay )
v 7 i
e
7, w\O\V 07 ‘07 »mo\v'
i A OO
< 174 ”
* 2V
1) \\ e W
Z 4+ v \\
(=] A\ \\\ \\ \\ \\\
@ IFO/\\ A1 X
m}M lrﬂ.k\\ \\ \ ,\\ \\\
: Sa 7 A
" w11 SN
A S 4
Bin[iA 1L/
s A y 7 Fi
7 I
- o ZL /
QT 7
<ST7/7 7
71 / o
-/ 1/ // N
illllll
X
S X &N
= < X ™ ]
i =i vt = f
CEH2  ADNIMNENMA

2]

=

1 fae g 1@?“

100 s=

1us=

WIDTH

=
e sk B

LS



- 10 -

Ty 12570, SINE WAVE

i 717 w
/]
ﬁf
M
1 7 f/' A
fo dARr
?Q_y’ Vi
VAN
/ ,5?}/ %
YAV
(Y4 4
ST
/ pAsALll
g /; /,{O, /ﬁ" f‘f
/f/ A '//@471} /;*‘
. 1% /
1J A N VA .f@S/ ¥
g Ve L
] 4 A Qj g
d vl 49 )
_ LT 1 L A A L
. /f N/ /@Q |/
T LAy A 1/
A e
pE AT T P
AT ///" ’ /
1 @B mT A W AAA A
= e il L
Y )
A a
g £ )
AV 7 4
Al A
Al A/
Mf g ' i
17
L] A
//
1@mT :
10ne 188uw 1 1@me

FLILSE WIDTH



SCALE

CHKD
APPD.

DAN

IBUTED OVER AREA oF CONTACT, RAT ToL | N275C

pmrs& T wunru DB : 1€ 21 AMDEM™

IS9BIOOHIOO _Hllo. 1038211,

¢3c,/3s,x 1. MIN
— DEPTH 2-HOLES ONE
IN cxmooe AND ONE '

NOT BE DISCLOSED

THE INFORMATION CONTAINED IN THIS

INFORMATION MAY

: WESTINGHOUSE BRAKE

JCONVOLUTION

EXCEPT WITH THE WRITTEN PERMISSION
OF AND IN MANNER PERMITTED BY, THE

PROPRIETORS,

. WESTINGHOUSE BRAKE AND SIGNAL CO. LTD

] DRAWING 1S SUPPLIED IN CONFIDENCE
] 'AND 15 PROTECTED BY COPYRIGHT,. THE

[AND SIGNAL CO. LTD 0 i it s

CHIPPENHAM, WILTSHIRE, SN15 1JD, ENGLAND

- WESTCODE e
- SEMICONDUCTORS

REVISIONS

<
-t

52/14 WA
5.2/1.5,

REDRAWN.

HIRD ANG LE PROJECTION

" B e

" |LeAD coues

 IBITWAS $29.

. 103 ADDED.

19976 _Pis|
[7[p30¢ TE TR

| sgsl

b)

55E

! N4
N
3N
=
N

LR boey
-




