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we pray that a patent may be granted
. to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement:—
" This invention relates to semiconductor
devices and methods of making same, and
more - partlcu!arly to semiconductor devices
including two circuit elements which are -
different in kind from one another.

Many methods and techniques for minia-
turizing electronic circuits have been pro-
posed in the past. At first, most of the effort
was spent upon reducing the size of the com-
-ponents and packing them more closely
together. Work directed toward reducing’
component size is still going on, but has ncarly
reached a limit. Other efforts have been
made to reduce the size of electronic circuits,
such as by climinating the protective cover-
ings from components, by using more or less
conventional techniques to- form the com-
ponents of a complete circuit on a single
substratc, and by providing the componcnts
with a uniform size and shapc to permit
closer spacings in . the circuit packaging
therefor.

All of thése - methods and techmques
requirc a very large number and variety of
operations in fabricating a complete circuit.
For example, of all circuit components, resis-
tors arc usually considered the most simple
to form, but when adapted for miniaturiza-
tion by conventional techniques, fabrication
requires at least the following steps: :

a. Formation of the substrate

b. Preparation of the substrate .
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adapted for mmiatunzatlon, each require at
feast as many steps in the fabrication thereof.
Unfortunately, many of the steps required
are not comipatible. ' A treatment that is desir-
able for the protection of a resistor may
damage another element formed on the same
substrate, SHCh #s a capacitor or transistor,
and as the size of the complete circuit is
reduiced, such conflicting treatments, or. inter-
actions, become of increasing importance.
Interactions silay be minimized by forming

‘the components separately and then assem-

bling them into a complete package, but the
very act of assembly may cause damage to
the more sensitive components.

Because of the large number of operations
required, control over miniaturized circuit
fabrication becomes very difficult. To illus-
trate, many raw materials must be evaluated
and controlled, even though they may not
be well understood Further, many testing
operations " are tequired and, even though a
high yield may be obtaitied for each opera-
tior, S0 many’ operatlons are required that the
over-all yicld is often quite low. In service,

the reliability of a citcuit produced by -

methods of such comiplexity may also be quite
low due to the tremendous number of con-
trols required.  Additionally, the separate
formation of individual components requires
individual terminations for each component.
These terminations may eventually become
as small as a dot of conductive paint. How-
ever, they still account for a farge fractiont
of the usable area or volume of the circuit,
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Is that the 100 K. resistors Rerr],
di odes. Figure 2a again is the full of Figure 2c are repl aced by
reverse biased equivalent as far as operation is concerned 25 PN
junction diodes Dlerr], Derr], Derr] and Dierr], of Figures 2b ang
but -in order to adapt 90 - respectlvely, of Figure 2b, The pur pos
' circuit nore easily to sem conductor sol i d t hese 100 K 'resifs
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and/or mechamcal shaping as described in
detail in said co-pending patent application
No. 3633/60- (Serial No. 945,734). As a
result, the final circuit is arranged in essen-
tially planar form.

An embodiment of the invention will now
be described, by way of example, with refer-
ence to the “accompanying drawings, in
which: —

Fig. 1 illustrates a top
semiconductor device emb:

lan view of a
ying the inven-

. tlon

55

F:g 2A illustrates a schematic circuit dia-
gra? of lthc semlconductor devnce illustrated
in Fig. 1;

Flgs 2B and 2C illustrate circuit dlagrams .

showing variations in the circuit 1llustrated
in Figs. 1 and 2A; and

Figs. 3 to 6, mc!uswe, show cross scc-
tional views of some of the semiconductor
circuit elements illustrated in Fig. 1.

" With rcference to the drawings, embodi-

' ments of the invention will now be described
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opcranon is to provide isolation between the
circuit elements integrated with or in layers
12 and 14, and it is to be understood that
substantial  electrical  isolation may be
obtaincd by means other than ctching com-
Fletely through a larger layer to form two
ayers; for example, electrical isolation could
be provided by a high resistance atea in the
semiconductor material betwcen circuit ‘ele-
ments desired to be isolated. This hlgh
resistance provides a substantial open circuit
to prevent undesired interference between the
circuit elements, mvolved However, in the
embodiment illustrated m Fig. 1, isolation
betwecn the two layers is provided by etch-
ing the space 16 in an original large layer
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As described in said co-pending patent
application No. 3633/60 (Serial No.
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2c and the revised circuit of Figure
from operate properly up to 110[err]
i nvention, which is defined in 120
’ t he appended cl ai ms.
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emitter transistor -3 is identical with

TR-2. '

Contigitous with base region 20 is a strip
or elongated portion 32 of P-type material ,

formed by diffusion into layer 12 and formed
in a tortuous path to define a cross-coupling
resistor R, having a value of 7 kilohms (K).
The. left-half 34 of layer 12, a portion of

which underlies P-strip 32, defines a bias

resistor R, having a value of SK. An ohmic
contact 36 is formed on the other end of
P-strip 32 to. provide means for electrically

connecting this end of R, to the output lead
-38.

Resistance R, is connected to the bias
lead 40 which is mounted on substrate 10
and passes beneath layer 12 into ohmic con-
tact therewith. P-strip or elongated portion
42 and its corresponding underlying end
crystal Fortion 44 define resistors R, and R,
in an identical ‘manmer. The distributed
capacitance at the PN junctions formed by
P-strips 32 and 42, with their underlying
corresponding N-strip portions provide a dis-
tributed capacitance equivalent to capacitors

C, and C,, each having a value of 1000

micromicrofarads.

- Also formed in N-layer 12 is the tran-
sistor TR-1 having a collector region defined
by an area of layer 12, a diffused P-laycr
45 (Figure 1) defining a base region and a
diffused N-layer 46 defining an emitter
region.  An ohmic contact 48 is plated on
the emitter layer 46 and an ohmic contact
50 is plated on the base layer 45 so that
clectrical leads may be interconnected
between these contacts and other elements,

as described below. In cross section, TR-1 -

is similar to Figure 3 with the cxception
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other circuit comiponents or leads.

Also formed on layer 14 are two oxide-type
semiconductor nétwork coupling capacitors
C, and C, formed as described in our co-
pending patent application No. ~ 5691/62

(Serial No. 945,737). As shown in Figure 5, -

oxide capacitor C; comprises a silicon dioxide
coating 64 on P-layer 58. This coating acts
as a dielectric for the capacitor C,.- A metal
plate 66 is then plated on top of oxide coat-
ing 64 to complete formation of the capacitor.
The capacitor is defined by the two coni-
ductors, P-layer 58 and metal plate 66, separ-
ated by the dielcctric oxide coating 64.
Additional leads are attached to the sub-
strate 10, and are utilized when this bistable -

. multivibrator is contiected as a part of a

binary counter. These leads are as follows:
input lead 68; clear lead 70; set lead 72;
lockout lead 74; ground lead 76. . External
wires, as shown in Figure 1, interconnect the’
various circuit components with each other,
and with the leads in a manner to provide
bistable multivibrator operation. o
The general operation of the semiconductor
network illustrated in Figure 1 and just
described will be briefly described to pro-
vide a better understanding of the structure
of the semicondiuctor network device of
Figure 1. Figures 2b and 2¢ provide the
same operation as Figure 24, but differ in.
circuit design. Semiconductor networks could
also be constructed to conform -exactly with
the circuits shown in Figures 2b and 2c.
For example, the difference between Figures
2a and 2b involves diodes D,, D,, D, and D,.
These diodes are shown as separate circuit
elements in Figure 25, but are incorporated
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by the distributed capacitance between their wll return the circuit to
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differences between the diagram shown in
Figures 26 and 2¢, thc circuit shown in
Figure 2b being much easier to construct by
semiconductor network techniques. These
substitutions have been checked by tempera-
ture cycling the semiconductor network multi-
vibrator and both the basic circuit of Figure
2¢ and the revised circuit of Figure 2b
opcrate properly up to 110° C.

The gated bistable multivibrator shown in
Figure 2a is dcsigned for use as one stage
of a binary counter. The set input lead is
utilized to determine which transistor will
be initially conducting and which initially
non-conducting. Since both TR-2 and TR-3
are NPN transistors, a positive pulse on the
base of transistor TR-2 will render that tran-
sistor conducting and TR-3 non-conducting.
Negative trigger pulses may then be applied
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terms are not.to be constmed in any restric-.
tive sense and it will be manifest that the’
semiconductor device could be used in any
desired positional orientation.

It must be emphasized here that only
several preferred embodiments of this inven-
tion have been described above, and that
other variations and modifications thereof
may be made without departing from the
scope of this invention, which is defined in
the appended claims.

WHAT WE CLAIM 1S:—

1. A semiconductor circuit comprising a
wafer of single crystal semiconductor material
having a plurality of first regions each having
a conductivity type opposite to that of the
region immediately underlying such first
region thereby to form a plurality of corres-

ponding PN junctions extending to one

major wafer face and there defining 4 corres-

8t
rarNC

gzPr e

ype

%tor

evers
£ piiljes’ R er

g(pn

(0]

hi s

d:l dasllyl’to sdmid@ndikcdoc solidl i odes
tam!wdea bave corre
act |y

ori; Wvd @ brnﬂoJeE Q%'& noi‘es a2
of naabmonk d)esh-plaoain mdantmnal emitter-base junctiomi ques

nl@stmteﬂeflgr@ﬁ ‘% ithe switrhing oremsivteps 2 to o
A

0 ou di ng
pendm%}]me(tiltgfgte‘?x:iig g‘ﬁ Z%E Q ng'n CLOG

115

120

125 -

130 |

(DU QL

._.“,_‘
wn e

- -

" -~

Le
Pu

s

(D

rw

53

(0]

L -



bi as di ode gates,
n Onl

such as
"overlying",

junction di gdes;

obt ai ned by
are used in the follow ng

5 Pl acing t
pur pose, bdt tl ”
in the terns nstruedl

differentes between the d| agram sm;mm n.

this current may al so be

t he biasing dyode
in series.;

the resistors
_._..reverse_bhi ased

repl aci ng

n any reéstric- .
tive sense and it will

PN

lainms to define relationship of parts i
form convenient for
Such substltutlons resul't

be

ly 115 3

br at or andb Ho ke ttlseecrbasouplmgl capatitérs (ﬂ_ Eh rﬁsensmvh ao inpat palées.on%s pasivd
di ficatlPosnd Ga “fe 25 have been replaced tum {ﬁ@%f%&ﬂ’cm t‘,‘alclwokadFl"éure
may. be @ onmﬁmfﬁg" t 1 and qu Qﬁ%ﬁzso ropery
to 110[ eFK] reltors R, and R, di:HQQQm@ smmm f Qb sl by hm&or digd. i n
The gat ed bldstraiad enbwulmth/rda:eatwrtlshmm |mnsnstdne a ended cl ai nms.. :
s Filgure 2d §°“d I“M’tef 9 basic 80

fer o
conduct i
havi ng 125

conduct i vi t ¥ thyt R MEQ%sﬁterst,

t ansi St

Negat i ve,
di

f i ni ng

35

- 40

55

(1]

mani fest that the
_se.mxon,duct@ ‘gﬁ\ﬁ;&é s‘“ ol
much easi ert e Oenf Q% ﬁ

m conduct diods Gtspaetively $fETRIN apidedioded IDGS @ucting.| tA sadanid teiggee Wkea@iumﬁirmer e

.and D, of Figure GFFQ inake 96 if tg I‘FEG’R'EG“UW

S'F
eferred ef ﬁﬁﬁ%ﬁ?%ﬁ
4N conduct orA,;a

off a bi narytl

conpri Sl ng arystal ortions 34 and 44, lﬂs pectivaly Slfuﬁ
amé;ceplss hai coprgithaest Ghusngis g aduivalent of Figure6@c,

b

-3 rion- CO&dUQﬁpp

.reverse biased P

4 placing the diode gate and the biasing diode -

d%P ettyaty

%ﬁ : ¥:—co } i O

GRS

rk Qj
by T
pO

q@d pacntanoe 82 Ls&t

- The differetice betwe

PancUegTRS 4
hR} atﬂ

59
ggrgg‘g‘c ductor network to corre-

spond exactly with the schematic illustrated
in Figure 2¢, semiconductor network tech-
nigues do not lend themsclves as easily to
providing high valued resistances such as the
100 K. resistors R,—R,, inclusive. In par-

“ticular, 100 K, resistors_require either very

high tesistivity semiconductor material or a
large amount of space for a long path in

Jower resistivity material. Since the purpose

of these resistors is to supply current to back
bias diode gates; this current may also be
obtained by replacing the resistors with
junction diodes, effectively

in series. Such substitutions result in the
differences between the diagram shown in
Figures 25 and 2¢, the citcuit shown in
Figure 2b being much easier to construct by
semiconductor network - techniques, Thess
substitutions have been checked by tempera-
ture cycling the semiconductor network multi-
vibrator and both the basic circuit of Figure
2c and the revised circuit of Figure 2b
operate properly up to 110° C.

The gated bistable multivibrator shown in-

Figure 2a is designed for use as one stage
of a binary counter. The set input lead is
utilized to determine which transistor will
be initially conducting and which initially
non-conducting. Since both TR-2 and TR-3
are NPN transistors, a positive pulse on the
base of transistor TR-2 will render that tran-
sistor conducting and TR-3 non-conductmg.
Negatwe tngger puises may then be apphed

ures 2b and
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ave been re-
placed by an additional emitter-base junction
in each of the switching tramsistors TR-2
and TR-3.

Reference is additionally ‘made to our co-
pending })arent patent application No. 16071/
60 (Serial No. 958242) from which the present
application is divided, and to our co-pending
patent apglicauons Nos. 23279/63; 46087/
63; 46088/63 and 46089/63 (Serial Nos.
958244 958246; 958247 and 958248), also
divided from said patent patent application.

Terms indicative of position, such as “on ”
and “overlying *, are used in the following
claims to define relationship of parts in a
form corivenient for the purpose, but such
terms are not to be construed in any restric-
tive sense and it will be manifest that the
semiconductor device could be used in any
desired positional orientation.

It must be emphasized here that only
several preferred embodiments of this inven-
tion have been described above, and that
_other variations and modifications thereof
may be made without departing from the
scope of this invention, which is deﬁned in
the appended claims, -

WHAT WE CLAIM 1S:—

1. A !semiconductor circuit comprising a
wafer of sihgle crysta! semiconductor material
having a plurality of first regions each having
a conductivity type opposite to that of the
tegion immediately underlying such first
region- thercby to form' a plurality of corres-'

ponding P—N junctions extending to one -

major wafer face and there defining 4 corres-
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958,249 ponding plurality of enclosed areas each has a further region
having a conductivity occupying a limted portion of the area of type
opposite to that of the. regi-an_.imredi ately.said one major face and spaced . _
from|] one- underlying it thereby to forma further P-N 25 another on said _i'
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*1g an el ongated portion thereof providing and there defining a further
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