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(54) SEMICONDUCTOR swrrCHJNG DEVICE 

(71) We, RCA CORPORATION (formerly 
Radio Corporation of America), a corpori,t­
tion organised under the law of the State of 
Delaware, United States of America, of 30, 

5 Roc:ltefeller Plaza, .City and Sta:te of New 
York, United States of America, do hereby 
declare the invention, for which we pray 
that ·a patent may be· granted to us, and the 
metho4 by which it is to be performed, to be 

10 particularly desc;ribed in and by the following 
statement: -

. This invention relates to a bidirectional 
current conducting switchirig device. 

. The technical advance of the art js as 
15 follows:-

The class of thyristor known .as a con­
trolled rectifier is a four-layer P-N-P-N (or 
N-P-N-P) semiconductor switch having 
anode, .cathode, and gate electrodes. It is 

20 usually fabricated from silicon. In its normal 
state, the sili~ controlled rectifi~r (S.CR) 
is non-conductive until an approp,ciate voltage 
()I" cUlTellt pulse is applied to the gate elec­
trode, .at which poirit current flows from the 

25 anode to cathode and delivers power to a load 
circuit. If the SCR is reverse biased, it is 
non-~nductive and cannot be turned on by a 
s•ting signal. Once .conduction starts, the gate 
fos.es control .and current flows from the 

30 ~Ode t0 the cathode until it d.rops below .a 
certain low :value (called the holding current), 
at which point the SCR is off and the gate 
~ectrodr;. regains control. The SCR is thus 
a solid .state devic.e capable of performing 

35 l:he circuit function of a thyratron tube iri 
many electronic applications. · 

In. son;ie of these applications, such as) for 
example, certain inverter circuits, automobile 
ig:\lition systems, and horizOl).tal deflection cir-

40 cuits for television receivers, it is necessary 
to connect a separate rectifier diode in parallel 
with the SCR. The anode o.f the rectifier diode 
is conno:::ted to the SCR cathode and the 
cathode .of the rectifier is connected to the 

4S s~ anode. Th.~~. the rectifier will be forward 
bias¢ and ~rten~ will fiow through it when 

[Price 2Sp] 

the SCR is reverse biased, i.e., when its 
cathode is positive with respect of its anode. 
For reasons of economy and .ease of handling, 
it would be preferable if the circuit function 50 
of the SCR .and the associated rectifier diode 
could be combined in a sirigle device so that 
instead of requiririg two devices and five 
electrical connections, one device and three 
electrical connections are all that would be 55 
needed. · · 

According to the invention we provide a 
bidirectional current. conducting switching de-
vice comprising a semico.nductive body in ... 
eluding four layers . which alternate in con- 60 · 
ductivity type to form a. plurality of PN 
junctions therein; a first electrode iri contact 
with an external layer of said body and a 
first exposed surface of a first intennedia.te 
layer adjacent said external layer; a gate elec- · 65 
trode in contact with said first intermediate 
layer; arid a second electrode in contact with 
the other extel'.Q.al layer of said body .and a 
second exposed surface of a second inter­
mediate layer adjacent said other · external 70 
layer; said four layers and said first,. gate, 
and second electr9des providirig a controlled 
rectifier which conducts current iri one dfrec .. 
tion; and said ~ntermediate layers and said 
first and second electrodes providing a diode 75 
rectifier which . conducts CUn'Cl'lt · in .an · oppa-
site direction ·to said one direction when said 
controlled rectifier is non-conductive, charac.­
terized in that . said second intermediate 
layer comprises· first and second portions, said 80 
second portion beirig of greater conductivity 
than said first pprtion and said ·first por-
tion having a surface constituting said second 
exposed surface forming a ·peripheral border 
to said other external layer. · · 85 

An embodiment of the invention will now 
be described with reference to· the ac~ompany-
ing drawings in which:..,-- . 

Figure 1 is a schema,tic circuit diag;r;am 
of a portion of tl].e boi;izontal deflection . cir. . ~ 
cuit of a television rec~iver which illustratelj 
an applip!ttion <if the. pies~nt lnventj~~ · · 
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Figures 2a to 2f are cross-sectional views 
of a semi-conductor device embodying the 
iriveri.ti0n during various stages of its manu-
facture; · .. 

5 .· · Figtire 3 is a .. perspective vieVI,. in section, 
of ·a . semicondlictor device embodying the 
invention; · · 

·Figure 4 is an equivalent schematic circuit 
diagram of a device of the type illustrated in 

10 Figure 3; and .. 
Figure 5 is ·a voltag~ versus. current cha:i;ac­

teristic curve for a· device· of the type illus­
trated in Figure 3. ·· · · . 

Referring now to the drawing, and in par-
15 ticular to Figure 1, .there. is ~hown a hori­

zontal deflection cireuit of ·a television re­
ceiver in which the invention may be used. 
The drcuit includes a first and a second bi­
directionally conductive ·switching mean·s 12 

20 and 14, The switching device of the inveti:.. 
tion would be suitable for use · as either the 
switching means 12 or 14, for. example. Each 
of the switching means 12 and 14 of the 
horizontal deflection circuit comprises the 

25 combination of a controlled·· rectifier, in each 
case a silicon controlled rectifier (SCR), and 
a diode arranged to conduct current in a 
directiOn opposite to the direction of con.., 
dtiction · of the associated SCR. Thus, the 

30 switching means 12 includes an SCR 16 and 
a diode 18, the cathooe of which is con­
nected to the anode of the SCR 16 and the 
anode of which is corinected · to ·the cathode 
of the SCR 16. Similarly; the ·anode of a 

35 diC'de 22 is connected. to the cathOde of an 
SCR 20 in the Switching means 14 and the 
cathode of the diooe 22 is CO'""..iiected to the 
c:tnClde of the SCR. .20." 

The bidirectional · ···conductive switching 
40 ril~ns . 12 and l4 are ai'ranged in the deflec­

tion 'circuit so as. to provi.de a saw-tooth 
current wave through a 1t6r~ontal deflection 
winding 24 of a telc;:viSi1:m kineseope ·26 d'uring 
the trace portion· of . the horizontal deflection 

45 cycle. To this end; . the: d.ioc1e 22 conducts 
eurrent during the 'first"half of the trace 
portion of the ddlecti~' cycle and the SCR 
20 conducts current during ·. the remainder 
of· the µace portion of·· the·· ~ection cycle. 

50 Duriiig retrace, both t4e diooe 20 and the 
SCR 22 are in the non-conducting "off" 
condition. . · · · · .·· · 

To initiate the ret:i;ace portion of the cycle, 
the bidirectional switching means 12 is 

55 rendered conductive by the application of a 
horizontal output pulse to the gate electrode 
of the SCR 16. During retrace the deflection 
eurrent reveriles, rendering the SCR 16 non­
conductive. During the latter· portion of the 

60 retrace cycl~, wbile SCR 16 is . off, current 
flows through ~e diode 18. . · · . . 

Thus,· ·.in order to operate for their in­
tended· purpose, each ·· of the bidirectionally 
conducti\re switching means 12 and 14 re-

65 quires that an oppositely poled diode be con-

nected in parallel with the. ·scR to permit 
the reverse :flow . of current during approf-'}: ·' 
mately one-half both the tl'.ace and req~ . 
portion of . the qeflection cycle.· This-· inven- . 
tion is directed to a device in which bidirec- 70 
tional current flow of this type is achie\red in · 
a unitary structure~· Thus, devices embodying 
the inVerition are suitable for u~, for example, 
in horiz0ntitl deflection circuits of the type 
deseribed or in any other switching . circuit · 75 
where the flow of reverse current is desired 
when the bias· reverses, . i.e.,· wlien the SCR 
is reverse· biased and non-conducting. 

Referring now to Figures 2a-2f, the 
starting material for devices embodying the 80 
invention is a body 28 of a crystalline semi­
conductive material, preferably silicon. The 
precise shape, composition; ci>tiductivity me, 
and ·. electrical resistivity of. the senliconduc-
t:ve .body 28 is riot critical. :Iii this particular 85 
example, the body 28 is of N conductivity 
type silicon· having a resistivity of about 
20 ohm-cm. . In practice,, ~ . large number of 
units would be simultaneously formed on the 
b6dy 28; To simplify the .explanation. of the 90 
invention, however, the fabrication of only 
a singlC device is illustrated fu. Figures 
2a-2f. 

Insulating layers 30 and. 32 (Figure· 2b) 
of silicon dio:idde is ·n~t grown o.n opp0site 95 
surfaces of the body 28 :by, for ex.ample, 
heating the body 28 for about three· hours 
in an ambient of. steam. 'the next step . in 
the process (Figure 2c). is to te:mo\re the 
insula~g· layer 30 rompl~tely from the to:p 100 
surface of the body 28 llJld to remove a por.:; 
tion of the insulating layer: 32 from the bottom 
surface of the body 28 to form a window 
33. These layers may be remaved by any con­
venient well-known mCt:Jiod such as, .·for 105 
example; by · using photolithographic and 
etching techniques. . · . • · · · · 

Following this step, a s0ur~, sU:Cli as bor-Q.q 
nitride, of P type dopant ·is applied ~o the 
exposed .POrti!Jils of both· the· upper and 110 
b::>ttom s~faces of the body :?8. The body is 
then heated at approximately ~50°C for on:e.: 
half hour to diffuse boron jnto· the body 28: 
P type layers 34 and 36 are thus formed 
within the body 28 across ·its entire top sur"- 115 
face and und,er the area defined by the: window 
33, respectively. The bor<>n ·source is th(!n 
stripped off the top surfaee and, the silicon 
body 28 is heated at atCIJDd l300°C in an 
oxidizing atmosphere for . approximately 20 120 
hours, diffusing boron lef( ~t . the. surface into 
the body under the opening 33 and convert..: 
ing the area 36 into a region of P+ .. ~on.;. 
ductivity. . · ·. . · . · ·· 

Next, a layer 38 (figu~ 2e). of insu1ating 125 
material, such· as silicon··dioxide, is grown or 
deposited on the top sqrface of the senii-,. 
conductive body and an openirig 40 is· defined 
in this layer. At the same time, an insulating 
layer 44 is grown or deposited on the bottoni 130 
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. ~ suriace and subsequently removed . from all 
· ~ ··t:1ortions of this suriace acept in the area 
\,,)iver the P+ region· 36. The semiconductive 

body '28 is then heated in the vapors pf ail 
5 N doping source . such as phosphorus pe:rit­

oxide for aborit 2 hours at approximately 
1265°C to form a diffused ann'ular N+ region 
4~ lUldet the opening 40 a11d a second diffu~ 
annular N +. region 48 :which surrounds the 

10 P+ region 36 on the bottom suriace of the 
semkonductiVe body. 28. 

·ne silicon diqxide layers 38 and 44 are 
then removed. and a new insulating layer 50 
(Figure 2f) is_ grown er deposited on the 

15 top surface of the · semicoriductive body 28. 
Using photolithographic and . etching ·tech­
niques, an ann'ular opeilit).g 51 is made in this Ia:fer through which an annular moat 53 i~ 
etchCd into the semkondur:tive body. Follow-

20 ing tqis' stefl, the insulating layer 50 is re­
movCd and a conductive metal layer 55 such 
as, for example, nickel is electi'oplatCd or 
otherwise depOsited on the top surface of the 
device. Copper electrodes. 56 and · 58 are 

25 soldered to this metal layer 5 5 to provid.e an 
SCR ·gate electrode 56 and an SCR cathode 
58. The bottam surface of the device is 
soldered or brazed to a metallic surface 60 
which would, for .example, be a surface of 

30 the ckyice enclosure ·or package. This sur­
face ·thus serves as the SCR anode of the 
completed device. · · 

The completed device is thus similar in 
construction to a conventional SCR; one im-

35 portant. difference being that the region 61, 
which is the remaining N . type portion of 
the original body 28, is connected or shorted 
to the SCR anode 60 of the device. In the 
present example, this is accomplishCd by con-

40 necting the N region 61 to the SCR anode 
60 through the highly doped annular N+ 
region 48. The completed device is electrically 
equivalent to either the switch 12 or the 
switch 14 of the Figure 1 circuit or the cir-

45 cuit of Figure 4, where a diode rectifier 
62 is connected in parallel with an SCR 64 
and is poled for forward conduction in a 
direction opposite to that of the SCR 64. 
In the actual device of Figure 3, the peri-

. 50 phery serves as a diode rectifier, such as the 
diode rectifier 62 of Figure 4. That is, a 
diode junction is provided between the P 
region 34, which serves as the anode of the 
diode rectifier, and the N region 61 which, 

55 in combination with the highly conductive 
N+ region 48, serves as the cathode of the 
diode rectifier. The SCR is a N + PNP+· 
structure having an anode 60, a cathode 58, 
and a gate 56. 

60 When a positive bias is appliCd to the 
cathode 61 of the peripheral diode and a 
negative bias is applied to the diode anode 
34, the diode rectifier will be biased in the 
reverse, non-conducting direction and will 

65 block the fiow of current. Under these con-

ditions, the bias voltage ~ tlie 's-~ is in the 
forward direction, that;'is:tlie·:SCR cathode S8 
is negative and the SCR ~¢e 6Q is positive: 
Thus, the SCR conducts' Cµ~t in a direc;.; 
tion from the SCR··anooe'·60'to :the'·SCR 10 
cathode 58; When a ~·Yo:frai*·~f an·oppO-
site polarity· is· applied;;, that'•iS· when: ·the 
cathode 61 of the periplieral:diode·i~ neg~-' 
tive and the diode· anooe ~4 is positive, the 
SCR is biased in the·~' MIKonducting 15 
direction and will bloclC:,the '110\V ·of. cilrt'ento 
The peripheral diode '.is 'biased/ Under these 
conditions, to conduct Cl;Jl'l'CJl~ m·:the forw:ar~ 
direction. Thus, dtlring _ periods· ·when · the 
SCR is biased. off, the peripheral diode;. d~ 80 
fined by the P+N regions: H and 61,· .wh~ 
lie between two obinic·-- tj>~tactS,. 'is forward: 
biasCd and conducts· CUiT'eiltr:th~s_ :petm!:ttiJig 
ihe fl.ow of reverse airrent" with~' a.< -sqigJe device. -, _,. :: ... , 85 

Under forward bias CQtµliti!>IlS, ~~- Sgt 
can be triggered into' 'condl,i~~' ·by ·"the 
application of po5iti:ve 'VO!tage' >pulses to -1:he 
SCR gate electrode ·56;<WheirpoSitive _pu~ses 
are applied to the SCR. gate 56; hole eurtelit ' flows from the gate · ~<intact;; tlitough' ' th~ 
P base region 34 and· to the: periphery' of~e 
device where the SGR : Ca,_thOdcr ·-58 · ::mak~ 
contact to the P'. region 3.4>The''·lateral flow 
of current in the r, regi61('.34i';will ~use'J 95 
voltage drop whkh' 'is applied to the .. ·~+~ 
region 46, forward _biasmg·' the 'N+ region 
46 in the center near the SCR"gate' contact; 
56. Thus, the N + region- 46 injects electri>iJS. 
Some of these dectt®S . diffuse, acn>SS the 100 
P region 34 and.into. the'depleti<>n region of 
the junction between the }>region 34 and the 
N region 61, which sweeps them across the 
junction and into the N region 61. Some of 
these electrons wil! then fiow latera11y through 105 
the N and N + regions 61 and 48 and out 
to the anode 60 of the SCR. The voltage 
drop due to this lateral current puts a for­
ward bias on the P+ region 36 near the 
center so that it begins to inject holes into 110 
the N region 61. Some of these holes dif-
fuse across the N region 61 into the P region 
34, which increases the forward bias on the 
N+' region. 46 and c::auses it to inject more 
electrons. In this way, the SCR portion of us· 
the device becomes highly conductive. 

The electrical characteristics of a device 
constructed in accordance with the foregoing 
are illustrated in Figure 5, where the anode­
to-cathode current (ordinate) is plotted against 120 
the voltage (abscissa) between the anode and 
the cathode. When the voltage between the 
anode and the cathode is in the reverse non­
conducting direction, the Sal · portion of the 
device is non-conductive, but the peripheral 125 
rectifying diode is biased in the forward diree-
tion and conducts current. This is shown by 
the portion 66 of the current-voltage curve. 
When the polarity of the appliCd bias. voltage 
reverses to forwardc bias the SCR, a sma11 130 
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l~·!:~qv_ill tlow. :;(\,s ~~JQ~ar4 ~~ 
vo.1~ i~ in~, a ,vol~_g~ .poii.lt .68 is 
r~~ ~t :·i.vh.i;cl.i· ~~ _ ~~I\l -~t in­
cr.ea~ ;1J9i41y. :W~ the f~~ current 

5 ~ce~s .a qritJGal· ~:ee, ;th~ :voltagi;- across 
tb~ ·~CR ~:~,.~lt':~o ~,I~·va.l~ .At t.Wi; 
P9'~t, :tbe ~ ·,~$ in -t'Ji~. ·'en · c~~non ~d 
the .fo~atd··;~t iµ~~ ,~pidty ,witJ;i 
~light· ~se~ .~ ~ .J9~~<i ~s ·vo!~e. 

10 ';Oils ~· -sh9Wll :PY /!:he· '.portj.on ·70 .of the 

c~:i~:i~W::~;~ :thus in-
CQ~e, · jn · :Olle ~i~@9µctpr · d,eyic_e, · !_he 
de(ijfal>~. ·,opei:a-tj~g- · charaP~~llti~s. of an ~C~ 

1$ a® ,..ve th<: aj4¢4 l~e ~f ,~ capable 
<:'I· . ~pp~µg c!Jnlmt :iJow in :tjl~ r.evei:se 
direction. ··These dCYices .are therdere. 5uitable 
£Qr ·~~c. '.~PJliiiations ~q~:an ·.:srn 
t.og~er wi~ a .~te, parallel-connected 

20 diOde rectifier. 

·WHATWEcLAIM:IS:-. 

~~bi~.-~~:~~en~'i~l 
bQ4y:~c;l11@\g '~Ql:l~-J~ v(~_ic;J,i ~t~t;e _in 

.... --- -·---- -·· ···- .. -.............. -- ..•.•. ,,. ··-- --··-··-····· 

~nd iµ.termajiate layer adjacent ~4 other -. 
external layer; said · foµr layers ,and . said. ,firs~ · ~S 
gat~, ·aad ~d -ele.ct.~ ,,p:r:oviding a co~ 
trQlled -rectifier which conducts ·cur-rent. ·In · 
one •'direction;,' and'.: said :inter:tn~te ' la{Yen> 
and said ·first. and secon4 *Gtro~ ·.provid,ing 
a -diode rectifier which condw:ts ·Current in 'an 40 
()}>pOsite direction to said .one -cUieCrl0n ,when 
said co11toolled rectifier is -no~oonductl¥e,' the 
~con(il !ntermediate 111yer co~p~isll;ig ·.fuost and 
second portions, said· second. -w:rtioµ being 
of gr:e_ater ~11ductivity than. siµd firirt: portion 45 
~d said ~Qnd p~oii. haviilg a ~~ 
i,;:onstiW,ting ~d second exposed· s~ace.f~-
iqg a :peripheral bofd~ ·to said. o~~r ~terp,a.l 
layer. · . · 

7. . A .. l?idirectiotµll . cu~t . conducth?.g 50 
$witching device as tlah!i~d in clah_n. 1, wlter:e,. 
in said first. electrode .. constitutes .a .cathode 
for. ·-Said. cont:rOiied rectifier .and ~an -ano4~ 
for' said d,iOde rectifier~' and said se'"°nd "elee­
tr:ode COJJ.stitutes an an.ode for sai4 controlled SS 
rectifier .:and ~ cathode for .said diode x:eCtifier. · · · ···· · · · ··· . ·· · · ··- · 

· 3. A bidirectWn&l current .con~t:w;~ 
switc:J:llng ~evice substantially as -ciescribed 
wi~ .reference to th~. aCCQ1Dpanying drawin_gs. 60 

25 ~d~fy tY.Pe· :to. JC1£1:!!. a plurality· .. Of .PN 
jtJl1C1;i~n,s ·~~;. _a ~J:ISt ~o~ec:fu. contact 
with -~n 'ex~ layer_ 9f ..said. hqdy · ~d a 
fir.sf ~d surf~ f.?f .~ first ,ll.i~llte 
la,y~ -Ni~~t · .. sa.ic;i· ~e-xt~a1: •; a gate For the Applicants, . 

30 electrode in contact :with said mt inter- MATrllEWS, ffi\DI>AN & CO., 
~~te--la~; .and :a'. $CCODd elect.to~e in. ~- Oiartered Patent Agents, 
•'"~ ~itll -the ·~~• extema! layer :of said 33, Elmfield Road., 
body -,and ·~· · ~ond· ,exposed s1:1rface of a :Broml~y, BR~:. 1$U. 

~--------,.........----------------~ ·Prini!8d for Her'Majes~Y.·11 Bt.a~i~:O:ery·Offici.', by the 9'>1!-rier Press,Leamington-Bpa, W1:l. 
· ·P;o:blishe"'d •hr 'I'~ r:P.a~nt :OfticeJ ~ Sou~mpton Bwld;1ngs, London, ·Wc"2A.1AY. fro.'11 

. · · 'W.J:!.1,ch col)ies'ma.y be ob~1ned. • 
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lea~ge ~"1fI:Cllt w.ill .flow. As th~ forwar4 _bias 
vo.l~ge is ~creased, a ·voltage pob;1t 68 is 
reached at which the forward current in­
creases rapi~y. When the fo~3:~<!.-~t 

5 exceeds a cntical value, the voltage across 
the SCR. reverts back -to a low value. At this 
po_int, the SCR. is in the ·"en" condition and 
the forward current increases rapidly with 
slight incr~ses in the forward bias voltage. 

10 This is shown by the portion 70 of the 
current-voltage ch~ract.eristic curve. 

15 

20 

25 

Devices ~bodying the invention thus in-
c.orp9'rate, in one semiconductor device, the 
desirable ope~ting characteristics of an SCR 
and have the added feature of being capable 
of ~_PP<>r.!ing current flow in the reverse 
directJ.on. These devices are therefore suitable 
for electronic applications requiring an SCR 
together with a · separate, parallel-connected 
diode rectifier. 

WHAT WE CLAIM IS:-
1. A · bidir~onal current co~d~g 

switclµng deyice comprising a semiconductive 
body ·~eluding _four layers which alte~ate in 
conductivity type to form a plurality cf _PN 
junctions therein; a first electrode in contact 
with an exter_nal layer of said body and a 
first exposed surf ace of a first intermediate 
layer adjacent said external layer; a gate 

30 eiecirode · in contael: with said first inter­
mediate layer; and a second electrode in con­
tact with the other ex.temal layer of said 
body and a second exposed surface of a 

second intermediate layer adjacent said other 
external layer; said four layers and said first.i.J.35 
gate, and second electrodes providing a C?~:) · 
trolled -rectifier which conducts current in ·~ 
one direction; and said intermediate layers · 
and said first and second ~lectrodes providing 
a diode rectifier which conducts current.in a~ 40 
oppcsite direction to said one direction .when 
said controlled rectifier is non-conductive, the 
second intermediate layer comprising first and 
second portions, said second -portion being 
of greater conductivity than said first portion 45 
and said seccnd portion having a sw:face 
constituting said second exposed surface form-
ing -a peripheral border to said o~er exterµal 
layer. 

2. A bidirectional current conducting 50 
switching device as claimed in clah.n 1, where.. 
in said first electrode constitutes a cathode 
for said controlled rectifier and an anode 
for said dicde rectifier, and said second elec­
trode constitutes an anode for said controlled 55 
rectifier and a cathode for said diode 
rectifier. · · · 

3. A bidirectional current conducting 
switching device substantially as described 
with reference to the accompanying drawings. 60 

For the Applicants, 
MATTHEWS, HADDAN & CO., 

Otartered Patent Agents, 
33, Elmfield Road, 

Bromley, BRl lSU. 
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