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Some of the recent four-layer gate-controlled semiconductor 
switches are very low in cost, are self-protecting, and are 
transient-immune. Bilateral SCR's are also readily available. 

By DONALD LANCASTER 

T 

T
HE silicon controlled rectifier has come of age. These four-layer gate-controlled semicon­
d11dor 5,,-ill'hes are now used iu an amazi11gly diverse range of applications . SCH's are uow 
directly replacing ignitrons. power thyra Irons. and othe-r bulky, iuefficient devices. op­

erating as high as 1.500 \'olts at C "urrent le\'el� e:\ceedi 11g .500 amperes. They are nn\\· serving as 
mierominiature. lightweight switdics in computer a11d satellite circuitry, reliably �"·itching 
milliarnperes of current at low niltage levels. They enable power supplies and regulators to op­
erate in switching mode at efficiencies very nearly nppro;1ching 100%. SC:lrs serYe in motor and 
power-tool controls that provide \'ari;1ble speed and ,·ariable torque at the turn of a knob. An 
entire industry ha s begun with the SCR home light dirrnner aud \\·orkshop po"·er-tnnl controls. 
In special circuits, the SCR is an efficient radar modulator, a power inn•r!er, and ;IJl effec ti\'e 
d.c.-to-d.c. com-erter. 

There ha,·c been some recent den•lopments in the SCR field that promi�e to make these com­
ponents e,·en more useful aud may possibly create a "·hole new class of circuitry that has 110 pres­
ent l'O\ll1terpart. These same de\'elopnwnts can also greatly simplify currentl:· popular de\'ices as 
\Yell as co11tribute lo redul'ed cost. 

These recent de\'elopments take Sl'\'('J;1l directions, the mo�! significant of \\·hich al'€ Hlremely 
low-cost SCR 's, self-prutecting sc1rs, and lransieJJt-immum' sc1rs. Of equal imporlalll'f arc 11C\Yly 

Some typical examples of low-cosl silicon conlrolled rectifier. ohowing iheir simple case design. 
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Fig. 1. When the reverse breakdown of a non-uniform p-n junc­
tion !left) is exceeded, it breaks down at its weakest point. 
High current density at this point melts the structure and 
creates a short. A uniform, controlled-avalanche structure 
breaks down uniformly across the entire surface. Under these 
conditions, the current density is low and no damage is done. 

a,·ailable SCH "offspring." These include a class of SCI\'s 
that l'an be t11rnl'd off by a gate pulse as well as on, and new 
bilateral SCH's that ,,·ork equally well in either current direc­
tio11. The formn mav he operated from an uni11terr11pted, 
uncommutated d.c'. source. The latter are capable of operat­
ing diredk off the a.c. li11c, allowing a single bilateral SCH 
to pro\'ide f1dl-wan>, non-inverted proportional a.c. control 
without the use of other po\\'er components. 

\\'e \\'ill assume that the reader has a basic familiarity with 
the con\·entional SCH and its operation. (See "Silirnn Con­
trolled Hedifiers" in the October 1963 issue of this magazine, 
one of the SCH manuals, or design information pro\'ided by 
\'irtually all the SCH manufacturers, Motorola, Texas /11s/r11-
111c11ts, Gcn<'rnl El<'ctric, RCA, Tra11sitro11, Sarkcs Tar::;i1111, 
lnt<'m11tio1111/ Hcctificr, SSP/. \\!csti11glw11.s·(', among others.) 
Suffice it to say that the SCH is a four-layer semirnnductor 
switch that is capable of switching large amounts of curre11t 
through the use of minute control signals applied to a third 
or gate electrode. This article \\'ill i1westigate these new de­
velopments which promise to make the new silicon controlled 
rectifiers intrinsic;llly more useful. 

Economy SCR's 

One of the most welcome de\'clopmenls is the creation of a 
linl' of economy SCH's which are designed for the cons11111er 
electronics market for use in appliances and dimmers. SCll's 
arc now available, in quantity, for less than $LOO apiel'c and 
singlv for slightly 0\-er $1.50. These SCH's can control 5 am­
peres at �00 Yolts, while lo\\'<.'l' Yoltagc SCH 's arc available at 
e,·en lower cost. The new SCH economv has been achie,·ed 
ll\· employing several techniques. One is

. 
planar construction, 

a more efficient nwthod of fabricating the silicon structure 
\\'hil'h is the heart of the SC:n. A second factor is sheer volume 
of production and high prod11ctio11 yields made possible bv 
,·olume markets and a11tornatic equipment. 

The most significant contribution to reduced cost has hcen 
the redesig11 of the case. Since a large fraction of any semi­
('01Hluctor's cost is in the case. the leads, and the assembl�', 
the hermeticallv scaled. stud-mounted design has been aban­
doned in fa,·or ;>f cases which arc merely taLs or small cups of 
metal. These inexpensive packages are entirely adequate for 
the environmental conditions ell(:o1111tcred in (·onsuml·r prod­
ucts. 

Each manufacturer has his own approach to an ideal econ­
omv package. Some of these are shown in the photographs. 
HCA uses a Hat cliamond-shapccl washer and a small metal 
cup. This is similar to the typical powcI-transistor case, al­
though much lighter and smaller. This package is usually 
bolted or riveted to a heat sink. Texas lns/r11111<'11fs uscs the 
top-hat clioclc c;1se, now with t\\'O leads out the top. It is sol­
dered directly to a heat sink (usually with a disc solder pre­
form and an O\·en) or glued to a beryllium oxide insulating 
washer. The anode eo1111edio11 is by way of a spring clip or 
din'ctly through the heat sink. The Tra11silro11 package is a 

simple cup, some\\'hat similar to the Tl design. 
Motorola usl's a special cartridge type case designed to fit 

into a fuse clip or be soklere<l directly to a heat sink. This is 
one of the small(•st SCH packages presently arnilablc at the 
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8-ampere current le,·cl. Gc11<'rnl Ell'c! ril' uses a press-fit cup 
for its economy SCH's, similar to the diodes used on automo­
tive altern;1tors. ,l\lany other manufacturers use this same 
package on their 18- to 25-ampere medium-po\\'cr SCH's. 
This type of package lends itself to easy mounting as it is sim­
ply pressed into a .. '500-inch bole in a heat sink. An arbor press 
is normally used for this operation, but an ordinary bench 
vise works just as well. 

;\fanufacturers, in their volume packaging, hm·en't forgot­
ten the small-quantity manufacturer or the expcri111c11tl'r. 
Almost all of the types shown h;H·e modified designs which 
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ORDINARY SCR CONTROLLED-AVALANCHE SCR 

Fig. 2, The sharp zener knee in the reverse direction of the 
controlled-avalanche SCR makes this device self-protecting. 
Transients are absorbed without local destructive breakdown. 

I+) 

provide studs or additional leads to allow the traditional nut­
and-bolt type of assembly. Obviously, these additions increase 
the SCH cost, but in many instance's the modified case is 
priced only 10 to 25 cents above the production case. 

SCH's are now available from many manufacturers in a 
choice of case connections. In the older SCH.'s the case was 
invariably connected to the anode of the strnctmc to p('nnit 
rapid dissipation of he.it. The new planar constrnction elim­
inates this requirement as heat sinking at the cathode is jnst 
as efficient. The price of the SCH \\'ith either eonnection is 
the same. This leads to greatly simplified heat-sink design i11 
circuits operating two SCH's back-to-bal·k or in circuits using 
multiple SCI\'s. This, in itself, can drastically reduce com­
plexity and :1ssemhly time in many cir('uits. 

There is a tremendous hidden significance in this new SCn 
eco11omy. Pre\'ious SCH :1pplications replaced the th\Talron, 
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Fig. 3. IAI Using gate turn-off SCR as a latching relay. When 
the gale is pulsed positive, the SCR turns on. With a negative 
pulse, SCR turns off. (8) A switching-mode regulated supply 
with very high operating efficiency. Varying the on time com­
pared to off time of the fixed power input results in a var­
iable power output. The filter smooths out the on-off-on-off 
waveform so that resultant output is a smooth d.c. voltage. 
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I I 1« i�11 ii rc111. d ,.,. '·ariah;( . ;.n1�,>tJ':ln.'>fon1H'f, th<· ru:1g11<'l i1 · ;1111· 
t)lifier, ;\nc I l•t l1<'r�. Pra, ·1 j, ·;. lly :i 11 pn·�1:11 I S( ;n, .ippl ic·atic•n!' 
h;1\'C feud tht•:'r (',111ir:r C:1u111tc:rparls. ·r:u· >:<•\\' S<:H. c�c·ru1011)i�S 
:1111l Slllo\ll size>:-: up<'11 lil<' n·.J� fnr <• f111.4 of II('\\' ;n<J1s!ri:d a•1(. 
<·n·1�11111c.�r appl ica�101i� t h;1t l1;lve ht>c•1: in1pr.h ·t ical ,,.. f�; '' 
hiliiti,·C"ly !'X".'lc·n:;i,·t· .11•tll ··��''. 

f 1>r i nsl :i nc•c•. 1Ii11·,11u•r:-: �n1:I� cl'n:<.'t lv inl '' <:'111\'C• 1!ion;1l de��:, 
:111( I I ar ))(.' hl111p . .; \Vi I� .i llc1H' : he· hri;:d ;!l:t·�� •:·! t:·1r• htnlp I;, he· 
\';C•C"d t:> !'llil i•h:( \ ' i:l:1al ll<'f't',\i, Pu\1:<·1 tric,J.; \\ ;,,...;�· :-:pc·�·1l r:r 
1�  ... (I I :c' i llCT(\:S<'S :I� (I 1<' t··j��:�<·r pn•li:\1 llT i:-: i 11< r<,·;,1l'l'c.1 arP I 1(1',•; 
;)r>.;,jJ\ll \ :1s i.; l'1\ld(•ri ·•.•! r·c.: 11 i;\111<,•11t \Vi�h i 11stalil J�: :11.d <·!ff. 
: i· 111r:11l'ly t·:lriahlr.· tc.·11·.p<.•n1t1· re• <.:011�1\:;. \ lf>o in �he <: :1n !:-: 
arc� :-tc•re :i<i::1h1 '.! Jix�11f<'li ti :1t c·a11 �l:1h:r1t1ti1·:dl,· r· . .  i:1�>�·11-
:-::d1· j ,  ... i11�·:v.:SC'.'i :111.I dl·1'r<\11ii·.., iu d;1� lij.!1;1 1«,:<.. i". pl�ot:L 
��r.1pl1i�· li��l.1 in;� <l1:1C p..,...,. :<1r·l' <.'\;1c.·< .,.h,ldn,._· c.x11drol-tl;c' 
ll"t is li1n1�(·;,l cu·,h· )),· tht• �1;1,;,�1·1 .. li�.0·1 •>f t!1<' d<'.'ii\!'.:l<'•. 
·rh<'!'t> ;\f� IHJt c•:-:pe

.
l1:d .. :<. ' ·d1\·:1111 i(("', i<'I·�·· [nil «•irr<'nl 1�: fi'.1-

xi' ,1i. l1H\'·(·o�� dl·\ ;·<'<'S '' liicr1 ,i.011!<.l '>c• -�'·<lih1l1le . ..:��nn. 
Thi' c·1uT<,·11l ly POI \r.h;,r ._., \dl-n10·.11:tilH.! clin'l>ll<'f:-- itll< I IHJJlH� 

\'d\!.'> . ..:l1<;p )>11\\·<·r tc><�I <·<1nt10�� r11:c•1 l11�t a hi11( c:i 'h'� \:1st poS· 
"ihil'I ;('f' <JI <'C·�;np1;1j(·:1 ! S( ;B, :LC'. 1;1·111n1rl ir111:1 I c·r:r•� "" · . 

�i·?r-proti·<'I iu;! �<:fr . .-. 

Frr�tr·<.•li1:.c. .;.:(;)i,'s .l�iiilll't ,·olt:\,i.!c• tra11�ic•11t� ha� IJ('t'11 :1 S<'· 
\·<·r<· c!t•f>ign Pf<ihlc-1\1 ('\·c·r si11<·t· l�n·ir' �11L�·11d11c·liur1. 'rlu· prPl•­
l<'nl h<'<·on 1c•.;; •··"! n ·.:•i:1 I!� cri( ic·,ll 111 I 1l�h·t·oll ;,1 �<.· . h i�h-<'nrrcnl 
i1 ·�I :1:-:c ri:11 111o(or ;,lntl prO<.'t'."!' c:ontrl>I�. ·rn111si�nt pn>h•'-·tfo11 is 
•�•:l1· • .,l;,1tory in rc.•t·c>rsing n1rJtl>f ddves \\·l·H·r� a �lh:rh··�l SC.'R 
4.·:l• 1 l l<'!'tr<J)' :\ n1fJLCJ1\ nr p('d l:t(l\ a 11 c·11I in· pn H l 11cl io11 liuc. 

T�u· ·"Ll''l·irlc prohl<.·111 i . .; rc•\·,Tsc hr<'ilk4.IO\\'ll. :\ v'lllaj.!c tr.u1· 
si1·ul iu 1)1<,• fnr\\·arc.J direr:tlo11 lllt'H•h: tUrllf> tJ:e S(.'.H n11. 111 
l�U' l"C.'\·t'rSC clirt><.·�lon, \\'h("'tl tl1<' \)C"'i.lk (1\VPJ':-t� \\l)L;\g(: ur thc­
SC :n \\';l:> c>.>1c<'<'tlf•<I. vi<Jll ·ll I 1,..,.ab.( I•''"', flt Tl u-1 •·d. ruiuj11g I �11· 
SCR <l1nl pcrl1:1ps tlH' n·�( 11f �111' <'ir<'11i(. l'n:vi1.u1 ... ry, S(;U c•o11· 
LI nl.; l1:11l 111 11:1\ I' pn>lc·1·(in� v;,1ri,(r1r.o;. ll1yristor.o;. a11(l otlu·r 
I ra11�it•11I S1 'Pl >rL':o:" iou c·in ·ui' I'�'. 

:\ l'i<'\\.' tc�r:hniql1f' �Jilni11at•':> ;.\11 �1r thi.�. C.':\lll�ll '\ ·nutrull<·d 
<l\'<lhlll('hc-" t11i� 11f·\\" hn-·L·d of S(;R'� i:-: Jlladt· lo lu·f1a\" fikc :i 
7.<'llt'r 1liuclt· "h(•11 ils p<';1k iuvt•rlit· t·oha�!t' is ('x1·1•r•cl•·ll. T';" 
tra1 ti-ic•11t is .dJHply • ll >liPrl lf'd f>y I b(• Sf.'11 �1nd c.1 i"o;j p:1h:ll ;,ts 
h<';1 l. '!"o' 'J' ·��· i' t lie Sf�H 110( da1n;,1$,!c.•d, hut it hal' clirul11;1t<•d 
:i (r.1nsicut th;.tt t'<>nkl .,Jc, further t·in:nit dnn1;1�e. 

To exphlin crJnh<Jll<'cl :\Vi\hl11(•lu·. ,vc· tn11�1 ll<'h't' iulo a hit 
of .... oJid-stntt• physic:s. Th(• tn>uhl<'n'lilkl•J' iu this <:;\�c· iii (('I'll· 
p<.·r:liur<.'. If th<.• i11�t.l11t;.ln<•ou� te1npe(;lh1r� o( ;u1�' p:lrt or a 
"i''1 nir·c,n<ltt<.'t<>T �t'ts too hot. lt f>itnply n1elt� :\nd �u��s it� :>t�11;i­
l ·cu 1c hu:, ing pront•rti<·�. 'fhE" c·.1u�e ni tt�1Uf>c'n\h1n· is fH·al :t11d, 
iu tl1is <:;,ts�. the ('i\HS� of the he<lt (� <'11rr�flt. II i� 110' •·11rrc•r1t 
il...:t· 1( hut <·urr(·uf dc•t.�i.• !/ { :\1n1Js. /�q i 11. ·> Lh;1I l ':\nS•·o; I he df:· 
s�r••<.·tiv� t�mpt>r�\thre tis�. 

This "IfC'<'I c.lu l 1e � lc1H1 •r1sh·:;.t"d by firs' p;,l . ..:si1 •j.! ;,l !5-�1111p 
<:11frc•11t tl1ro11f!;h a .ijl4 \\·ir(' ;,lnc.l 'ht•11 rt'[><.'•ltit1S! tln· C.'Xptiri­
llll'U( \\'Hh :':'�O \\·ire. Al1lun1gf1 hulh tvire� 11;.1:-::--ed tllf� s;.1u1c.· 
<·11rrc•11l. fJf1t' i." �I ill :it roo1;1 h•1npr;-ah1r1.' , ... hHe.• the other h;,ll' 
cli�illt�q-1•ah«l i11 :1 \\ isp nf . .;1nokti. 

Hy die ..;;,nne token. a �nbst;1ntlal c:urrenl c.•;.111 Jl,J\V ( hroll�h 
a . ..;c·r11it·l1ndu<.·tor if .:t flr1u·.�· tl�nJU!.;.li !l!r' rtlo'frr• ru:r:i]r,·111<• f'rfl.�.� 
.\r·cr J·uu. ()rJ the othe1: fi:1ncl lf thi\t s�Ull<' cu rJ'f•nt is c·o11c.·c·:1-
tratt·cl in a �n1,1ll i\re<i, tlll� tC'l\'l�)<'nlt11rli' ri�c· l:la :· · he· d1·sh·• u·­
tlvr:. Thi� ls ,'>h<)\\'u in Fig. [. \\·f1erf• .t 1111ir11rnl a:1d :i 1u111-11·d­
{r1r1n p u i11nctiru1 is 11ia�nu111\ll'<L The· �1u11-11nifonn j11uC'lio11 
\\·iJI 1·c-,·c-r�f· h1<':1l.i�,,,.11 :ti tlu· 1l(·rl'<'t ... hn,,·n. ·ctt• rc.'1'11l(<l11t 
hf�I: c-une•1t de1;:-it:• \\·lll dC':-�roy �lu· i1tn<·liou :it thi� poil\t. 
Si11c!' tl1� otl11·1· . .;c·fllil·P11•lu . . 1r1r rt·�ion� ,\rounc l the- dc>ft·c:t h:1,·e 
no' hrob.l·u �::n\·1\, 'lu·y �·011(lu<'t

. 
110 t·111Tt>nt. 'fhr. short pro­

<h�<.·<'d f::d:>(� oul\' i\\·1•r :1 \·c·rv :-:rn:ill <lrti:.i, h11t it i� ,'>till 'l f>hort. 
Th<- 11ltiforrn j111;1·1iu11 !1rC',1!..:.� c.lo\\'ll 11nifonnlv. The �.u

.
ne ,.,,r. 

re11t :1.s hcr�1n· i)o u11\\' di-:t�·ilnrtt'<l over tht>: e1{tlre snrf;\c·e. ·rhc­
r<'�•1ltant f•111Tc'11I < l1·11sit,· i.... t·c.·r\' lnt�.:. :\ hho11crh tf1e s,\Jl\t 
�'\OjOHu I. or I n•a I is prr11l11;'t'c.1 in h;>th C:�\f><'f>, t:\C: 11 nff�,1·tn i1 lll(:­
l jo·1 tl•1)11u·r:1(11u· n:u1;1i11s ;.lt" ��lfe IC'vc-1. 

, ., 

�e :• 
Fi9. 4. �A) Th� u!w bila1�1GI ScR·s c:1ttr"t11f'IV si1)\plc Jiyht· 
dimmer Gild powe>r-cont1ol c�rcvitry. This ci11u;1 UHi� 9GT1t­

less bilateraP SCR to �ivr full-ra119� 600-wart p1op o1tioncil 
ton11al. (61 th" gatf>d bilateral SCll! altaws 600.wa1t G.r. 
pr<>pottiou<d <Ontrol with anly Four parts.. Pf>rfarman<e and 

Ca1t Gut about th11 iOl'll<e os. circ1,1it �hov..n at (A:·. Bath type> 
of bifatercd SCR are avoilabtc: in f'l\Urh hi9hnr pawf'r IG1ill��. 

r 11 ii n orclil\,ffY 1 liodc> ()f S(:R. f�V�(."� lu·•'alllrJ\\·11 fir:-I t a!..:t•li 
pl<H:c> ln r>n<� or hvo �1uall n·�iou:-. d:\r11:1j.!j1u.� (h� rlt•\·ir:c.'. In <l 
l.<'ll<"'r di�1d(:, aucl i11 ()1c• Ul'\\ loutrol1•·1l-•l'·.ll:l••r:lu..' ')C '.I\'s. rt' 
\·l0rs1• hrr:1krlo\\ .. 1 is unif<.w111 .ar:rns� the c.•ntire �ltn(·tion, i'>rt:>· 
,.<.·nl 11 ·� d;,llU;,q.:i••j.! Jo<.«.ll tC'1npf'r<1t1:r� ri!(�. fi� . .:! c·11nlp:\n•:-. 
the rt:-t't>l'�<' hreo;1kclG\•;n of :\ 1'<'1.(11�:lr :\nd :i (•11111t·PUl·ll-.1v:i-
Janr:fll� SC;R. 

.. 

(;;,11ln>llc·1I ;lv:1l:1·1<'l1(' rc·.,.11lts fnJ1n <.·;tn.:ful .;.:( '.H d<•.,.ig1> ;UH.I 
frr,L �T•" c·c I •·0·1 lrol of tl 1c.· S< :n proptirtie� during L.lhrk·•ltior•. 
B.-v•·li11!! 1l1c l'ili«nn .o;ln1<.·tnrti in :1 <·rlti<.·:ll 1n:\IUlC't' l1C'lps <:•�· 
:1(<.: 1lc.· n:•111ire<l llni(,1rn1 hrc�.lkdut\'11. P:\ssi\·;.\tlng tl1<' ...;ilic�>n 
s( n:�·l urc { to.�tlng t\·itl 1 ;\ '·p;\inf' i>f �•xidt: o! nitricl�) :l IS<J 
prc.·,·t·nt� ec l�t>: or �nr[ac·� <·o;l tan1i 11<1ti�1n that l '• •• dd ('11'-'0• 1:·a.:.�<' 
1111et·(•n hr<•:1kclo\v1L 

·rhe f>i$!ni�c.;\;l('e of tl1<' <:fu\lroll<'d <.v:1f.111c:f1f• ;o;(:H lit·:> iu i(� 
i;lhen:nt . .;c-Jr-p1 ot("'<·tiru\. 'fl••' S(�K is 11PtV a ,• J·an.'o·ir·ut -1•Un1 iual­
jo;,: dr•t j1·�· in�h·;ul ,,f a ((.'u1rr,:11ru·d (HI{•!(/,:.<' '7tl) 
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New SCR Developments 
( Co11ti11111•rl from page 21) 

transient-susceptible one. This makes 
the SCR compar:1hle in self-healing 
properties to the ignitro11, selenium rec­
tifier, and other older self-protecting de­
Yices. 

As a sidelight, crn1trollcd-:l\·alanche 
SCRs can be used in place of high-,·olt­
age, high-current zc11er diodes a11d as 
protection deYil'es for other ciffu its in 
certain cases. 

Transient lnmnmity 

A closely related problem of SCR's is 
transient turn-on. :\ niltage much lo,,·er 
than the for\\' a rd a11ode LreakmTr \'Olt­
age of the SCR could turn the SCR on if 
the rise time of the applied forward volt­
age was short enough. This is called the 
"dv/clt" problem. As an SCR turns on in 
a short time and produces a transient, it 
can easily turn on other SCR's on the 
same power line. The effects of this on a 
production line could range from anrns­
inc to disastrous. The traditional me;rns 
of eliminating dr./clt turn-on \\'as to iso­
late the various circuits with transform­
ers or to use iml11ctance to limit the rate 
of rise of applied current. Thyrite and 
other varistors were also used. 

The new SCR's are \'irtuall\' di:/dt­
proof. The rate of rise of anod� voltage 
must be faster than 200 volts per micro­
second before di:, I dt turn-on can occur. 
Transients on industrial lines simplv are 
not usually that fast. The exact manufac­
turing techniques required to make an 
SCR dv/dt-proof ;He not easily ex­
plained a11d are proprietary with cer­
tain companies. 

Taken together, controlled avalanche 
and dv/dt immunity make the SCR more 
transient-immune and self-protecting. 
These are essential features of any indus­
trial high-current control system. 

These tel'lrniqnes are expensive and, 
at present, are available only on pre­
mium devices where this type of protec­
tion is mandatory for the intended appli­
cation. Generally, 117-volt circuits are 
immnne from either problem due to the 
"softness" of most 117-\'olt lines. As a 
restdt, controlled-avalanche and high 
di: I dt devices are confined to applica­
tions requiring 220-volt or higher line 
voltages. 

Gate Turn-Off SCR's 

The conventional SCR is turned 011 bv 
a positive current pulse at its gate. Th� 
onlv wav it can be turned off is bv re­
mo�·ing 'or reversing the anode \"(Jltage. 
In many cases, this is either incml\'en­
ient or impractical. There are a n11mber 
of applications for a gate-controlled 
s\\'itch which can turn the load current 
off as well as on simply by applying a 

negati,·e current p11lse to the gate. 

www.americanradiohistorv.com 

Small ( 2.50 ma. or less) gate-con­
trolled /Hl-p-11 devices ha\"e been avail­
able for some time. These devices he­
ha,·e like a conventional SCR dming 
turn-on and conduction and as ;J linear 
charge controlled amplifier in the t11rn­
off mode. A charge (current pulse) in­
troduced at the gate electrode c111cels 
the charge ca used by the load cmrent 
and the de,·ice turns off. 

A new t\'pe of po\\'er SCH is based on 
the operation of t hese lo\\'-cnncnt 
s\\'itches. Gate-controlled switches that 
can s\\'itch .5 amps at 400 Yolts have re­
cently become available. A positive gate 
pulse turns them on and a negati,·e gate 
pulse turns them off. Thcv will also turn 
off \\'hen the supp],· \'olt;;ge is renw,·ed, 
just like a11 ordinary SCH. 

Quite a substantial pulse of current is 
required for tum-off in the present mod­
els. Turn-off current gain is around ten. 
Actuallv, this low current gain in no way 
limits the utility of this SCR, for consid­
erable power g:1in is achie\'ed d11ring 
turn-off. The turn-off vo//ugr• only h;1s to 
be 3 ,·olts or so, but will directly S\\'itch 
-!00 volts. Also, the turn-off signal has 
to exist for only a small part of a milli­
second. The usual method of turn-off is 
to discharge a capacitor into the gate, 
as the required high-current pulse is 
easily provided in this way. The gate 
mav also be turned off bv direct connec­
tim; to a low-impedanc� negati,·e \'olt­
age using a transistor, four-layer diode, 
or other switch. 

There are quite a few possibilities for 
this device which heretofore had no 
high-\'oltage counterpart. Two typical 
circuits are sh0\n1 in Fig. :3. Small gate 
pulses will operate the SCR as a d.c. 
latching switch. Pulse it to turn on, pulse 
it to turn off. A 2-kw. load may be con­
trolled with two small, low-energy gate 
pulses. A second possibility is to usc the 
gate controlled SCR in a voltage-rnriahle 
power supply. B\' varying the ratio of on­
time to off-time, various amounts of load 
power can be pro,·ided. This is done in 
a rapid off-on-off-on-off-on sequence. Fil­
tering this output waveshape retains only 
the d.c. component, providing a smooth, 
continuously variable output. As this 
SCR operates in the switching mode, the 
efficiency of this design is very high and 
can approach 100 percent. The heat pro­
duced is substantially less than that pro­
duced in \";1cuum-tube or transistor dissi­
pation-t\'pe regulators. A small differen­
tial amplifier will adjust the output to 
hold the niltage constant for \'ar\'ing 
load, making the supply a regulated one. 

The fabrication of a gate turn-off SCR 
is much more difficult th;m an ordinary 
SCR. Because of this, they are not, at 
present. low-cost de\'ices and probably 
never can approach the price of the 
econom\' SCR's. B11t, the circuit simpli­
fication 

.
and the new circuit possibilities 

can reduce over-all equipment cost using 
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