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effort was spent upon teducing the size of
the .components and packing them more
closely together. Work directed toward
reducing component size is still going on,
but has nearly reached a limit. Other efforts
have been made to reduce the size of
electronic circuits, such as by eliminating
the protective coverings from components,
by using more or less conventional
techniques to form the components of a

30 complete circuit on a single substrate, and
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by providing the components with a uniform
size and shape to permit closer spacings
in the circuit packaging therefor.

All of these methods and techniques
require a very large number and variety of
operations in fabricating a complete circuit.
For example, of all circuit components,
resistors are usually considered the most
simple - to form, but when adapted fot
miniaturization by conventional technigues,
fabrication requires at least the followmg
steps
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" separately and then assembling them into

a complete package, but the very act of

assembly may cause damage to the more.

gensitive' components.

Because of the large number of opera--

tions required, control over miniaturized
circuit fabrication becomes very difficult. To
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illustrate, many taw materials must be

evaluated and controlled, even though they

may not be well understood. Further, many
testing operations are required and, even
though a high yield may be obtained for
each operation, . so many operations are
required that the . over-all yield is often

quite low.-In service, the reliability of a.

circuit produced by methods of such com-
plexity may also be quite low due to the
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tremendous number of controls requlted .
Additionally, theé separate formation of in-

dividual components requires.

individual .
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conductor wafer, strip or layer which is in
or on one surface of a semlconductot
substrate.

Circuit elements in the semiconductor
wafer may be effectively electrically isolated
through the advantageous employment :of

electrical andfor mechanical 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
essentially planar form.

An embodiment of the invention will now
.be described, by way of example, with
reference to the accompanying drawings, in
which:—

Fig. 1 illustrates a top plan view of a
semiconductor device embodying the inven-
tion;

. Fig. 2A .illustrates a schematic circuit
diagram of the semiconductor device

electrical characteristics due to the impurity

doping. The space 16 between the two layers

may be formed by originally starting with =

a single large layer of semiconductor
material and etchmg- to divide the large
layer into two portions or layers. However,
the purpose of this shaping operation is to

rovide 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 obtained by
means other than etching completely through

a larger layer to form two layers; for =

example, electrical isolation could be pro-
vided by a high resistance area in the semi-
conductot haterial between circuit elements
desired to be isolated. This high resistance
provides a substantial open circuit to pre-
vent undesired interference between the
clrcmt elenments involved. However, in the
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' . to substrate 10 and extends beneath the with the N-stnp 14 merely acting as a sub-
left-hand end of layer 12 and makes ohmlc strate. A metal contact 62 is plated on
E confact therewith, and thereby also with N-layer 60 to provxde means for intercon- -
108 40 collector region 18 of TR-2. Double emitter necting the junction with other circuit com- 105
transistor TR-3 is 1dentlcal with TR-2. ponents or leads.
Contiguous with base region 20 is a strip Also formed on layer 14 are two oxide-
or elongated portion 32 of P-type material type semiconductor network coupling capa-
formed by diffusion into layer 12 and citors C, and C, formed as described in

45 formed in a tortuous path to define a cross-. our co-pending patent application no. 110
coupling rtesistor R, having a value of 7 5691/62 (Serial no. 945,737). As shown in
kilohms (K). The left-half 34 of layer 12, Figure 5, oxide capacitor C, comprises a
a portion of which underlies P-strip 32, de- silicon dioxide coating 64 on P-layer 58.
fines a bias resistor R, havmg a value of This coating acts as a dielectric for the

* 50 5K. An ohmic contact 36 is formed on the capacitor C,. A metal plate 66 is then plated 115
other end of P-strip 32 to l[:rovnde means on top of oxide coating 64 to complete
for electrically connecting this end of R, formation of the capacitor. The capacitor
to the output lead 38, Resistance R, is con- is defined by the two conductors, P-layer
nected to the bias lead 40 which is mounted 58 and metal plate 66, separated by the -

55 on substrate 10 and passes beneath layer dielectric oxide coating 64. 120
12 into ohmic contact therewith. P-strip or Additional leads are attached to the sub-
elongated portion 42 and its corresponding strate 10, and are utilized when this bistable -
underlying end crystal portion 44 define ~ multivibrator is connected as a part of a
resistors R, and R, in an identical manner. binary counter. These leads are as follows:

60 The distributed capacitance at the PN junc- input lead 68; clear lead 70; set lead 72; 125
tiony formed by P-strips 32 and 42, with lockout lead 74; ground lead 76. External
their underlying corresponding N-sttip por- wires, as shown in Figure 1, interconnect -

. tions -provide a disiributed capacitance the various circuit components with each

_ equivalent to capacitors C, and C,,- each other, and with the leads in a manner to
he 130 65 havmg a value of 1000 mlcromlcrofatads provide bistable multivibrator operation. 1))
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5 40 and R, of Figute 2c are replaced by reverse
! biased PN junction diodes- D,, D,, D, and
D,, respectively, of Figure 2b. The putpose
of these 100 K. resistors, shown in Figure
2c, i3 to supply current to reverse bias the
diode gates D;, Dy and D,. Although this
multivibrator circuit could be constructed
as a miniature semiconductor network to
corréspond exactly with the schematic
. illustrated in Figure 2¢, semiconductor net-
50 work techniques do not lend themselves as
i easily to providing high valued resistances

45

In particular, 100 K. resistors require either
very high resistivity semiconductor material
or a large amount of space for a long path
in lower 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 reverse biased PN junc-
5. _ tion diodes, effectively placmg the diode
: gate and the biasing diode in series. Such

A5

tween the diagram shown in Figures 2b and
65 "c. the circuit shown in Figure 2b being
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fgbéég%hg o ion of Figure
1. However, m F!gure 2b, the 100 K.
resistors of 2c have been teplaced by te-
verse biased PN junction diodes. Figure 2a
again is the full equivalent as far as opera-
tion is concerned of Figures 2b and 2c, but
in order to adapt the circuit more easily
to semiconductor. solid network techniques,
‘two separate diodes have been combined
into a single transistor structure as collector
base and emitter base diodes. In addition,
two othei diodes have been replaced by an
additional emitter-base junction in each of 115
the switching transistors TR-2 and TR-3.

Reference is additionally made to our
co-pending parent patent. application no.
16071/60 (Serial no. 958 ,242), from which
the present application is divided, and to 120
our co-pending patent applications nos.
23279/63; 46087/63; 46089/63; and
46090/63 (Serial nos. 958,244, 958,246,
958,248 and 958,249), also divided from
said parent patent appllcatlon
Terms indicative of position, such as “on”

and “ovetlying”, are used in the following .
claims to define relationship of parts in a
form convenient for the putpose, -but such
terms are not to be construed in any 130
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