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suffer from difficulties of manufacture result-
ing in high cost of the articles.

The present invention provides an improved
method of manufacturing circuit complexes
having a very high degree of electrical isola-
tion between the elements of cach complex.

According to the invention a method of
manufacturing a solid state circuit complex
comprises the steps of forming a wafer of in-
trinsic semiconducting material, controllably
diffusing sclected impurities into the wafer
to form separated first zones of extrinsic
semiconiducting material, forming in each of
said zones: a separate semiconducting
device and having a separate electrical con-
tact to each of said semiconductor’ devices.

The term “intrinsic” is bercmafter em-

~ [Price 4s. 6d.]

and N surfaces of a junction by intrinsic
material to thereby minimize the capacitve
effect of the junction. The circuit complex
hereof may be readily and inexpensively
manufactured by the method of this inven-
tion, as such method includes only conven-
tional process steps well known in the semi-
conductor art.

It is an object of the present invention
to provide an improved semiconductor circuit
complex utilising intrinsic material- to afford
maximized electrical isolation between zones
defined therein.

It is another object of the present invention
to provide a simplified method of manufac-
turing  semi~<conductor circuit complexes
wherein only diffusion processmg is included.
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comglex base formed as a thin wafer 11 of
monocrystalline  semiconducting  material
such as silicon, for example. The wafer 11
is illustrated in Fig. 1 as being composed of
a pair of ecxtrinsic semiconductor zones 12
and 13 separated by an isolating zone 14
cf intrinsic semiconducting material. This
simplified circuit complex base provides two
extrinsic semiconducting zones 12 and 13
which may be modified as desired to form
diodes or transistors therefrom, for example,
and which are electrically isolated from each
other by the zone 14 of intrinsic semiconduc-
ting material. Under those conditions and
temperatures wherein the zore 14 retains
high resistance characteristics, there is thus
secn to be afforded a substantial electrical
isolation between the extrinsic zones 12 and
13, so that circuit clements formed of these
latter zones are maintained out of electrical
contact with each other by the zone 14.

An alternative arrangement, which is parti-
cularly desirable for apphcanons wherein the

rtial,” sectional view o
jlsffxllﬁpﬁdi'&ddn@“ﬁﬂ thy/ pre it hya:

{ C? aﬁ dffusfol?
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24 an ngllxerof it will be seen that a P—N
exi

ﬁtgjpmmnsm zone I‘ZZ§FE02l

s
m e ed therein. The two P——N

junctions noted above will be seen to be
oricnted in back-to-back relation, ie., oppo-
sitely criented insofar as the passage of cur-
rent therethrough is concerned. Consequeritly,
these two oppositely oriented junctions, which
may be likened to a pair of oppositely oriented
semiconducting diodes, provide a high im-
pedance to the flow of current in either direc-
tion between the zones 21 and 22, Such diodes
are well kriown to be voltage dependent so
that insofar as alternating current voltages
are concerned, they may be considered as
capacitive or possxbly more properly as being
by-passed by equivalent capacitances. In the
arrangement illustrated in Fig. 2, a sub-
stantial separation is afforded between the
adjacent edges of the zores 21 and the zone
26 by the interposition of the intrinsic zone
24 therebetween., This intrinsic zone thus
serves to substantially remove the capacitance
which may otherwise be considered to by-
pass the semiconducting diode between the
zone 21 and zote 26. As a comsequence of
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! 32 and the zone 34, and between the zone flow, such current must flow in a reverse
33 and the zone 34. An electrical circuit direction through at least one of the diodes.
analogy to the arrangement illustrated in sim- As regards alternating current signals, the
85 plificd form in Fig. 3, indicates that the diodes form a substaritial impedance between 120 v
.. zones 32 and 33 are electncally separated by the zones, and additionally the intrinsic zone
: a pair of semiconducting diodes in oppositely 44 disposed between the diodes serves to
otiented relation. Thus, the adjacent surfaces provide a high resistance in the connection.’
of the zone 33 and zone 34 will be seen to This arrangement differs from those of Figs. :
60 comprise in effect a )unchon or semiconduct- 2 and 3 in that capacitive effects of the diodes 125
ing diode: disposed in ‘pack-to-back relation- are riot herein cancelled and thus the applica-
ship with a like junction or diode formed by tion of this structure is limited to instances
the adjacent surfaces of the zone 32 and where such is not necessary.
the zone 34. The intrinsic zones 36 and 37 It is to be appreciated that a semiconductor
65 form a separation between the adjacent sur- circuit complex base may include a large 130

g R AT v



ferable to diffuse the inpurity into the wafer
zones of the base and from opposite sides thereof.
It wll a wafer of

pr "tabt e T .
er e| n sanme or individual portidns of sane.
lem conducting material be ‘appreciated that in the circunstance V\,here-:

/81 isgllustrated as including a pair of zones in the zones of the

trinsic sem conducting
~Thi's portion of

fpr

intri n'silg C
45
sem tonductor base ex- 110 45 82 and 83 of extrinsic

sem conducting material tend tranﬁggéssiely through the wafer, both of.----——
the sametlesired conducti vi ty type sides of the wafer are available

qu
[0 o 11 C a3 Gholtad ad Pty brhiSon B Gtk esHP S A b el il OF L e P
zones into gﬁ?gﬁfi}e@@ aﬁﬁ.lstml neamtnéteﬁnv 081 g T¢ Zﬁowa&s&ﬁpdoﬁ Qhaf%g waf er . 2
In the and olf d;ke bhehsaxp{urlqmtunmy aﬁpeeistectcmﬁm‘auooomdumdaxﬁﬂhercmsbt lmcaéu that 5 Fi
(e NS AT S R R ey [
the 115 dcscnbcd illugtrati inéroi\ é&{ (inri rf%i’t‘(é rlJ:x &illiastbe kthat&éj ::
particul ar efeged rfﬂﬂlﬁm;ﬂiﬁédlbﬂtthdl sts C6IN Phhe BPstrudtity obﬁle fedu bx lcon o

1 oxi de whi chclatstygbln%mal praqn@m tthmmideryl tet-i slhpuaed iblFeg. boonaphrsy lsanateuli)rl n- at efh

in situ nf Eefe 3 p gjmplified over hat ph grai h! has t
voer hoah SEp e et L o e o UL 0 MR D

I mpurity asdfcribed Ggledsi TG vaEGlHs Wikribsic ﬂ,héaens stforfeatblyame@mcam,uomaimfwé The
pro- through tsmmz\mne: ate germedh &y heodifisi a9 ewflop sames- rathprgthan the more com-

55 ductiq jligs in1g @ oopy qhee 3 ﬁ’éflwltrﬁyn

15
&et Ween

er In accor anc 1th ar elec ncﬁl rcuit
el enent s

g o
dﬁmwrfglow O3 Ghok ARSOLIGLY
eb.ﬁlﬂioﬁ Q‘hp)} @&Sthplislﬂ:d 8ﬁmﬂadim§

s fidnefethe mferpnfhwbsde retivedy cmsd

ce is b
egﬁgkmﬂﬁﬁg ﬁwg%ttg}%é

it is pref
certain in

prOVISIOQ
hrough t%

invited 12bgs wherein there is illusGtedBd vafeel 54 Icoddecmrpexmuh

Fig. 9 of

openi ngs 2§
tiransver sel
A suitabl
there is p
waf er 912
7 materi al
éerU|ts

illustrate
wth of 3%
present
above.

conpl ex.
|IIustramE
of ductin
transverse

A s

| 45

55

65

atten-

drabaf

e
ekl

oné
Weirigh foﬁbt@ hof t segi

angipl cpusiber phh sqpera

P‘éﬁ‘%{i" e

icodh cﬁﬁg mafef41 6P
ek

OI'gl
on a r°

e
Ao s S i
mnmbeu G hivig Gty qplpwna:
T¢harses along thoface zbaenb adjfcertxthe i
g gm&rfo%xéﬁpr W"T“ tl‘;ﬁoNg
5

d
hé’ R RO pakd A

r?—‘"

o

| nvﬂaat nheraof s:e;hceﬁtoﬂﬁ |20n.c asndlrmuﬂlafs | esit eoRiphx DAk edludiy th

maprw'e effc ghare GP[MI%}“ a%
‘732«

dstﬁmﬂ@ POy Me msﬁ%e s4h

gmﬁcﬁarcenleﬁrfacacdfum cfl 52 ané

8PN
NIRRT & forb N

one direction and provide a high impedance
to the flow of current in the opposite direc-
tion. In the instance wherein the zone 53 is
electrically maintained at a positive potential
with respect to the zone 52, this junction then
provides a high impedance ‘to the flow of cur-
rent between the zones and, furthermore, the
intervening intrinsic zone 54 substantially
limits the capacitive coupling between these
zones. Electrically biasing the zones 52 and
53 in an opposite polarity substantially elim-
inates the impedance to current flow afforded
by the junction therebetween; however, the
intrinsic zone 54 may yet provide a sufficient
resistance between thz zones so that only
limited current flow is possible, The same
situation will be seen to be present for the
application of alternating current voltages
between the zones 52 and 53, for upod one-
half cycle of such voltages the junction bet-
ween' the zones is reversely biased; while the
other half cycle of alternating current will
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sic semxcon uctmg provide a sub-

stantial resistance between these latter zones.
It is first noted in this respect that each
of the embodiments of the circuit complex
base hereof is initiated, insofar as the manu-
facture thereof s concerned from a wafer or
blank of intrinsic semlconductmg material.
Truly intrinsic semiconducting material con-
tains no impurities, and thus it will be appre-
ciated that the diffusion of impurities therein,
particularly of the acceptor and donor type,
removes the intrinsic properties of the material
and, in fact, makes such material extrinsic.
The basic thcory of semiconductors is to be
found in various standard publications on
the subject, and thus is not included herein.
The presence of minute or trace amounts of
acceptor ‘or donor impurities in sémiconduct-
ing material serves to very substantially reduce
the resistivity of such material and to, in fact,
preclude same from being truly intrinsic.
Thus, the method should include steps for
insuring substantially intrinsic high resistance
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50 produced by ‘such dlgllsmn a substantially
intrinsic semiconducting material, The resis-
intrinsic semiconducting material of the wafer

tivity of the wafer 71 following diffusion of
an appropriate amount of gold, or other deep
level xmpuntv therein, is substantially that of
truly intrinsic scmlconductmg material ob-
tained by complete purificatiori of same and
thus matcrial so treated is herein considered
to be intrinsic.

Following the production of an intrinsic
wafer 71 there arc then controllably diffused
selected impurities into the wafer to form
such zones therein of extrinsic semiconducting
material as may be desired to form the scmi-
conductor circuit complex base, As illustrated
65 in Fig. 7C, the wafer 71 may be provided

71, such diffusion may be advantageously
carried out by the utilization of gaseous im-
purities, inasmuch as the control of the diffu-
sion rate is much mor= readily accomplished
under these oircumstances. It is important in
the instance wherein gaseous impurities are
utilized that a complete masking of the wafer
71 be accomplished with the exception of 125
the particular area into which the impurity
is intended to be diffuszd. As a further point
in this connecuon, limitation of lateral diffu-
sion of impurities by oxide masks is not
effective when the clement gallium is em- 130
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I solate fﬁ illustrated in Fig. 8 wherein same or individual portions of same. It will . E
a wafer of intrinsic semiconducting material be appreciated that in the circumstance where- :
45 81 is illustrated as including a pair of zones in the zones of the semiconductor base ex- 110 45
82 arid 83 of extrinsic semiconducting material tend transversely through the wafer, both
of the same desired conductivity type and sides of the wafer are available for modifica-
wherein a mask 84 is provided in substantially tion of the zones into desired circuit clements
enveloping relationship to the wafer. In the and for the application of electrical conduc- E
50 instance that the intrinsic semiconducting tors as is appropriate in accordance with the 115 a 50
material is intrinsic silicon, this mask 84 partlcular electromc circuit under considera- f
may be formed of silicori oxide which is gener- tion. While it is possible to employ an extrin-
ated in situ by the application of water vapor sic semiconductor zone which has been heavily :
or the like to the surface of the wafer, or in doped with impurity as a conducting medium :
other suitable conventional ways. The pro- through the wafer for the provision of elec- 120 : 53
duction of an extrinsic isolating zone trans- trical connection between elements forming i
versely through the wafer between the zones the complex, it is preferable—at least in -
82 and 83 therein may be accomplished in  certain instances—to provide other means for
accordance fherewith by the provision of an making electrical connections through the
opening through the mask 84 atop the wafer wafer. In this respect, attention is invited 125 60
81 and a like opening through the mask 84 to Fig. 9 of the drawirigs wherein there is
beneath the wafer 81, said two openings being illustrated a method of forming an electrical .
in alignment transversely through the wafer. connection through a semiconducting wafer.
A suitable impurity, illustrated for conveni- As illustrated in Fig. 9, there is provided a
65 ence as solids 86, is disposed in contact with wafer 91 formed of intrinsic semiconducting 130 65
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wafer 91 a heavily doped region or channel
wherein the intrinsic silicon coritains a suffi-
cient amount of gold diffused therein to estab-
lish 2 very high conducting region through the
wafer. Such a conducting channel may be
advantageously employed herein where a
high resistance wafer is utilized as the base
for the semiconductor cnrcuxt complex, inas-
much as such a channel is then resistively
isolated from other portions of the circuit
complex by the surrounding intrinsic semi-
conducting material,

As previously noted, the semiconductor
circuit complex base provided is not limited
to any particular electronic circuitry and con-
sequetitly no attempt is made herem to define
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@en% @d’ctl gatenal is similar to a pair
of semiconducting diodes formed by the junc-
ticns 105 and 108 disposed in back-to-back
relation with a substaritial resistance inserted
therebetween so that for direct current and
alternating current signals there is afforded
a substantial high impedance between the
zones 102 and 103, It is thus possible with this
substantial isolation of the zones 102 and
103 to procced to modify such zones in
desired manners to form appropriate circuit
elements therefrom., Thus, there may be
diffused into the zone 102 an acceptor im-

purity to establish a transistor base 111 there-

in and a further diffusion of a donor impurity
into such base region to thereby form a tran-
sistor emitter 112 thercin, The major portion
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