1, 021, 147 General | y speaki ng,

r have
'4 i1l be desirable to and the bottom surface of the fIrStt!i.yg

”t \Mlower 'tern”i-nal 20 of substantial formng relcttutgn e
thgrewlth ‘a. area |located in a symetrical rela

rst conduct|V|ty type |n 65 .respect to a pt

B DaEl g
I(gye’[?ﬁéé;ﬁpm

.-y-«f--has a PNPN
70, No. 19839163

th Iayer into

’%ase9%‘nes oné from
the ot her Sepa[,at__e ohm c
and an : each of the

T 'élgnﬂére w@ffﬂﬂfon Cﬁu\ﬂug
© Gwivi (Cpyrighin s, an !
\AD parLs nf eal d

e QOI!Rmﬁ?E SFHHFICAA‘IOIQ‘ devi:
“tu'dfets apRQ! ur r ent conn in the E)gth
- d th: Pg [‘ayer gé CHER] r.cui £ whi-ch .i nél'udes a

__ p‘

nBase qmg[,eym- em1@8n lﬂ@o - he device w t. h &
8 e “t .
Llli‘d channgsl dbel ng- cgﬁpl eted in the P :

’d|<=_,. Siot, Bt cxmbinkg Bewe strucBPesN. :;';;;;
Sltaat oﬂmaaﬁ:alasco ol bal ﬁr?P‘E?lgrpmﬂe@m jotibe ttshe\M i
e(fﬂ?tglgonéerche lalw? bﬁﬁlﬂl%dzghmmsmmeﬁm A "ﬂlgur rent .
eby vgacfcl;&'gql W affthe cin ppfeentmem e@ﬁut‘t@Q,rtchl‘ ough

: mﬁy : devi ce.
S mﬁ?wm 'fa ldhqyeﬁrf’%‘t%'ﬁfwe i ool yte a5

n pExtdrhad Bira _
Bﬁ'};g t@e dechardgemlaﬁi\ﬁlv&&n o Wit s L O an%
a‘f‘ rincreasing Bipldly Gesthas ein the
nto eurrent hrough the device is sufficient 55 o
érom fthe other to maiiitain -the sum ‘of the current gains
semlconductor devices are equaltoor greaber than ¥, _
tohave many desirable, characteristics ° The present - mventlon is a. divided-base =
n silicon-controlled rectifiers where four ur-layer ‘semiconductor device comprising . =
itiation- of * flow “of - relatively high a° semiconductor wafer. having first and 60
> currents may: readily be contmlled second oontiguous’ zohes of opposite .con- -
ower. much the-sanie as in priof-art ductivity * types, a - plurahty of mutually
' :as thyratrons However hke spaced third .zones-each contiguous with sald '
icon-cont lled - second zone and each havmg a conductivi
' ' - type opposite to that of said second zone, a 65
plurality 6f 'fourth - .zones each contiguons
with a" fédpective one of said phirality of
" ‘device of this third zohes’ and each-having a conductivity
method of turmng the type opposite to that of.said third zones, -
off is. to redice the main current Scparate ohmic connections respechvely to 70
ﬂowmg bétween- anode and ‘cathode below a §a.‘1d-'th1rd"'zones, an"ohmic connection’ to _
mininum: or holding current level. Because said first zone and a common ohmic cor- o
of this . imitation, rfour-]ayer devices have nection to ‘said plurahty «of fourth zones. o
-'bee_zj_t__:_-._d'e'_'y_el_bpeq- for’ SWi ﬁclung operations. The present invention -is also a_divided:
T‘lle:f__.present' Ei_n_;vention" pertains to such base four-layer - semiconductor device, com- 75
8.~ e L pnsmgasenueonductor watfer hawngaﬁrst o
-1--'_PNPN four-layer vice may. be con: layer of ‘a first conductivity- type and second
" 35 sidered’ to. be equivalen 0 2 PNP ‘and an and third “layers of Opposite . conductivity
=-' NPN titinsistor with' a"éominon collector typé ‘on each of the top . surface. and the - .
* junction; "The PNP" section’‘of ‘the device is bottom surface of the fitst: layer forming 80
characterized bya current: gam which defiries reetﬁymg junctions therewith, a fourth Iayer
_ the “fraction "of - hole cuitent injected at the of said first ‘conductivity type in at least part
émiter thereof which reaches the collector. of the™ ‘top ‘surface of said second - layer
.~ In the NPN structure théré is a current gain  forming a rectifying junction’ *l:herethh sald
‘. whi _ ¢ fraction of electron ¢ current  device . having a channel ext ending through 85
_ emltter ‘which reaches 1ts d and fourth layers to 2 depth
"_'_6d.] ) e

said sec




between the two N emtter zones upon of N conductivity type and the

second and initiation of current low between the P third layer are of
P_conductivity type————"enmtterand the N emtter zones. The inven- 8.
“Adevi ce accordl ng to any of claims 3@ tion contenplates primarjly . the
control - -3 to 7 wherein the ohnmic cennection com the drisi an- of
current rovmngtothe di vi ded rmnto both parts of Ehe fourth . : i@

surfacegzone by the appi I cat I on of %o%ﬁi

1s to-bete o gri-zed 9.

95 - thaklos thel meof@;e__ Faéﬁrg

8 incl ud| [Rg bpﬂelﬂ?‘ﬁ’é PREURS % 1

cannect g} B REE) y _,!‘I_t\? g{é

layer. s sadondHayelamduninobid boss, i

|S:- - 7 ohmic oonnecuon oommontfbo‘ip%ﬂb R cohnigings e

1. A divi fﬂﬁgbla{%&qe‘gygrmmq@@uc o 7 eﬁ’l“i Qg’ép

ohnic con- mwhxdz L curei! flo@, aoearfihas | ¢rgd 161 0T pal a@ér 11nes:t i ons to
the sec @y&ﬁua&ﬂd fhiye Heoumnhmte@ ) 23 b 06 Q@ﬂﬁwﬁg&ous o

el 14, oo . :

; %’ﬁ o :, 1the secohd
ef E‘ri End'tﬁélbésbsbayer
. twb\ séplafabditdnesa@hora@deng -to - -
with thdrape Gf W ‘hecl uding a&-
g v;ﬁ, }Ht_y of . fourth

FOVi
JigiEBUBS Wit h g
é’“‘%m%‘f*tm A
layese i @B 1%

zones of ey, loa'nnP% W P NBE b O

conduet i vi i qi,d ot € suoh mwm
”Utua"ys ﬁmmmmggﬂﬁ
with sai g zone and each havingy0. ¥

claim g, | n_M@wmmﬂaﬂy' .

| oad cOnne?ﬁ%ﬁm’%&ﬁoﬂﬂ: _ é

zones each™®

respectivg eélﬂﬁ}%ﬁ regiohs
zones and- " 0 hyiee

descri bed. 1 A 40p!
referencezst‘@_; ihy
ohm ¢ "”“”;‘

substantlgu,}
four-layes:
according t
each resultyg

I ni t I aI | W%mg 3

s t@ NP-N s;rmtwe&muhe -
o Smmﬁqﬂ?; 30,bASE ZORGS AL dméedtem u_o |
ﬁsow—ms offier-in, the PNPIN strctirg. I
" “there. 35, 3 eonamQn: P omitier and am]
: mmENPstmgtmaadecmm
0& " iha. curment, gan, fasiens “Vak “eawR ﬂ!g i
curem, Srowding apd: vl tend, 10, lower. 125 o
LG o i qutrent, gain.fagtor of that 18@IOR: Thevste -
23 R EB‘S'! .-_sa. ﬂ;tliablaaisayphedaﬁbqgvggp b
ﬂ%ﬁa@t The de‘hce is of ~terminal 22 and the emitter conmqtt l”@pout“
semmondunﬁcmgmr ev1 The device is formed current will be crowded either into 011; the 130
65 ;f’NPNac:;aier la(‘)’a(m:lf:l sem1conducbor matenal o* the base zone 10, depending upo




3. A divided-base four-layer sem conduc- 3 Gay's I nn Square,
tor device conprising a sem conductor wafer ______london, WC. 1. 60
haviin ?f st ayer of a first conductivity . " S — s

& énd third layers ‘of opposite-

'n Tweed Prl nted for Her. Veg@$4d4% S St atloner.:
\Press Efd. - Pub:%uhed—aL*Tﬁn Patent_ Cffl

HmmwwmhaMmaﬁala& 800t
_ ffchigm Juncturasfs' ¥

d second .

_glsfyl ng -
H ¥Wsaid

dev1cef*ero Tﬂﬁﬁﬁs 20!y has
ahPNPNI ot Jbeld & ch ranrm@ B e
C argne - hf ‘. ‘ 10 4 ] LWL ,.. ', J ,' h 2 ' NO: S yer
and sai d - +10mardist ek ,;.muﬁé.* iep ._.L.;N;L;iﬁﬁf‘.‘.' i ] pie’ O
-TRPeCt 1o the vt ; Ronve B from

46 £ 70k :
- devxce The detted perglem; of
mdxcatqs -low " turn-off g@m&%& g

) alter the.current :
the: base layers. In l,a,uch, of
trol: functions, ap-

it Pk Bt
. o ggther,.The solid - thtbgj e o %

the curve 72
indicates. that . Up.to relatively high g,mggg :
g;ll're::s gae device coyld” bg. tumed i t
- y at relatively low, tyr n-ofr‘gam, Hawemr;

turp
eaue that throggh@ggg
range tested wxﬂ} ﬁhg blag

géte 2 (cup
off at mu,ch lo
e operation af the devnzg 50 fazrag mm

on gain' Was goncerned. was unaltered _
fhat of the.device cmployed fert%uwf‘;‘f et

employmg tlus
88gement:. is iHustrated
ml 20 is: connected

1 spapning |
talge duferent shapes: oz: may
oontact " zones . with the
-.':lmd :.ISai For cXample,
luctivity material :
umferenca such, tha? o 0
boundary between. the -
d- the b, ase ‘segtions 11,

: layer 20: at ‘the cgne 125
.nlﬁected to ground faéeheggyv::%cwmng mﬂle _
ndptlll;!;s royides .a - -.found desirable ‘in some 1nstan;:e's' to slia.

he: gate- VOl’tage The E ghtlht?s : the: by ttom layer for selective “control of t‘h _ -
) distribution”in - the' collector Iayere 130




the other. Separate ohm c connections on
| ayer, and an each of the P enmtter ar
conneeti-on conmon teé both parts of w  -are provided along with a commi... .
ohmi ¢ - said fourth layer..- 15 connectionron the two N enitter zones. Th‘%\
4. A devi ce accor di ng to claim 3, where- circuit includes a ‘source: of
current cgnnect ed |n t he ohmic conn%ill_gp to sal d th| r\d | ayer :

second layer and to the third
and the two base zones ohnic

series cicui.t whi-gh jncludes. a load.;and. . . bst anti.al |y G%:€e
than the. ar ,e ec v
channel . %ggmgg 412X 6 W WraRnae Jnaoaﬂé ME; Qﬁrjfﬁggfctﬁe

accor di-ng t cirel hcalaadélip wﬁymmmcalzaaﬁénmthttfaurﬂzhmsfsaﬂﬁmmdubu &ylps
in the ohni '1 ;’*_»; afsd‘g ?:ay‘érleaﬁpm%ﬁﬁ o1l t he
zones for PsORVHERES Jdﬁ%%ﬁm&g{{% a ch Yﬁ N ar
termnati on Efuré ﬂidl’s&ﬂlaﬁnduct& deﬁoddemrcﬁ ST N@d f&n&nm 4 al
fromthe curwbcltpreﬂ’mablsc@aﬂMP honﬁagatlcgaddep& telpwothevhettosi of ttmecdndutymw ayer

is forned gpite pait h|°§1 f%ﬁwe%laye;n
ﬁ) Bbase s %&f’ t&. %nes to .

portion of 'g" ; o o AV
7. A device ﬁeCdﬂ{edISbgarhﬁ @hitic -0bnnedidtsNBn  seconAUsYed Yod- &hé’lthirﬂ’ﬂzye lafd gd On of

current “as @chgftﬁeﬁm@wndnhewbmssmmommudymmfebothpdmm\ﬂﬁn the""'

two N em ist%f feiindl W §9’ Teogﬁcﬁ%dggg?gecgnql and

initiation e

ca Pin Jhp'o' ic

current fl

Ba Bibetdatially predt@tR4en thd A inven: i

8. A device @Jec(bvleh maio dleaﬂqwse 36t saidoshamgeht e Iat es. primari 8¢ the =

control” of i A 'ﬁl@ﬁne |6f°€?9n¥’°° ing toglaimy b phetery of A
means -S._ 'ﬂr bﬁlt C_CO ec

: m&hi.ngto an)pﬁﬁﬂiiinbals Its
__I@%G“ffmm@r thl'oush theA109¢ rdupts whm'ﬁlmdlenf?u@h thaeri is dormed @5 di ng -
95  -that. FER -.‘:",blgg fAest P‘FIYJB ‘gd”fﬁgﬁ %{“cl ai.ms 3 to.

S 1 M ormad i

vice” dccording of claims |
8 includin 3; ¥ sour ce’/’

| yer spans
i 'atofcm,waffcmtrols theueﬁbha

Ehgon oF lc%daihwg nAIR WHe Firdt B louri laad/AFE -
connect ed i ribetweer thestwpl Ncemttten/\mnbh upon  BENT dosducevitlitfrl anarthd feeonkaing om

layer. i n&wggr AR AR Betyeent the R hhing. %fr?dconducuw 'ggmv\z—:mm M
| S: - . T O e T%
1 A dl vi da%ﬂ% o{‘n&am. P o-e%f OB ?Lr}éw ﬁ?ﬁ@ cégonn& Eéans

[MER Gt lafer Gpank N OB 9_

con- 100  surface zhavlbwethﬁepmatbn _ eantmerrtlecchdmeitor ‘waf.er - nectqons to the .
second IayerP%F_ o] iy & bg c . ] : %: ' ggnnes of:
llayer, andjy L&Al S "ﬁ? { LY -types;:

a plurality Q;Bm’b & ﬂdst;e thmméw

D B o o -- 3y shaced.
third zones edEHAE‘cWE IS-l—-ayer and thethé(puntstd’f tha i

layer, bias means
divided-b

_ ase four-layer -semiconduc-
_ tor dewce compmsmg a semiconductor wafer
40 having first and second: contiguous Zones ‘of

" .., opposite ‘conductivity types;. a plurality - of

mutually spaced third zones each contigyous
with said second zone and each having a
. conductwlty type opposite to that of said

45, second Zone,-a plurality of fourth_zones each

contiguous with' a respective one -of “said
plurality -of third zones and each having a
oonductav:lty type opposite to that of said
third: ‘zones, - separate ohmic ' connéctions
"',50 respectwely to  said third zones, an ohmic
‘connection to said first zone and a'‘common
ohmlc oonneclnon to sald plurahty of fourth

—3 A dlwdedabase rfour—layer sermconduc-

..., tor device comprising a semiconductor wafer -

' '60 having a first layer of a first’ conductmty

~ type and-second and third layers of opposite
_ conductwlty type on’ each of -the top surface

connected ‘between - one of the ohmic co -'100
nections to the second layer and the fourth
layer, and control means connected between

- the other ohmic conmeétion to the second

layer and the fourth layer. - :
10: A circuit acoordmg to clalm,
cludmg a load conneécted in the series circuit -
with- said - source ‘of -current between sald

.thn'd and fourth layers.
A divided-base four-layer semmon-
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the

hieréin ‘with reference to Figs. 1 and 2 of -
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. 12. A method of manufacturm .
divided-base four-hyer semiconductor device

substantially as described heérein” with’ refer- 115

ence to the accompanying drawing.
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WHAT WE CLAIM 1S:— ’

1. A divided-base four-layer semxconduc-

tor device comprising a semiconductor wafer -

40 having first and second contiguous zones of
opposite conductivity types, a plurality ' of
mutually spaced third zones each contiguous

conductivity type opposite to that of said
contiguous with a respective one of said

plurality of third zones and each having a
conductivity type opposite to that of said

50 respectively to said third zomes, an ohmic
connection to said first zone and a common

ohmic connection to said plurality of fourth -

Zones.
_ 2. A divided-base four-layer semiconduc-
55 tor device according to claim 1, wherein said
third zones and said fourth zones each result
from the subdivision of one initial layer.
3. A divided-base four-layer semiconduc-

tor device comprising a semiconductor wafer .

60 having a first layer of a first conductivity

type and second and third layers of opposite

conductivity type on each of the top surface
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7. A device according to any of claims
3 to 6 wherein the first and fourth layers are

-of N conductivity type and the second and

third layers are of P conductivity type. < - 90
8. A device according to any of claims

3 to 7 wherein the ohmic connection coin-

mon 1o both parts of the fourth layer spans'"'

the channel.
9. "A circuit mcludmg a device according g5

i ?‘ 5

source connected in a series circuit which ‘%
includes connections to the third layer ‘and

to the parts of the fourth layer, bias means
connected between one Of the ohmic con- 100
nections to the second layer and the fourth
layer, and control means connected between -
the other ohmic connection to the second
layer and the fourth layer.

10. A circuit according to claim 9, in-
cluding a load connected in the series circuit
with said source of current between sald
third and fourth layers.

11. A divided-base four-layer semicon-
ductor device substantially as described 110
herein with reference to Figs. 1 and 2 of the
accompanying drawing.

12. A method of manufacturmg a .
divided-base four-layer semiconductor device
substantially as described herein with refer- 115
ence to the accompanying drawing.

H. D. FITZPATRICK & CO.,
Chartered Patent Agents,
3 Gray’s Inn Square,
London, W.C.1.
and
94 Hope Street,
Glasgow, C 2.

105

Berwick-upon-Tveed :

Printed for Her Maijesty’s Stationery Oﬁce by The Tweeddale Press Ltd —1966

Published at The Patent Office, 25 Southampton Bulldm s,” London, W.C.2 fr
B obtaived g om which cop:es may




