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proposed in the past. At first, most of -the

20 effort was spend upon reducing 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
¢fiorts have been made to reduce the size
of electronic circuits, such as by eliminat-
ing the protective coverings from = com-
ponents, by using more or less conventional
techniques to form the components of a

30 complete circuit on a single substrate, and

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

35 require a very large number and variety -

of operations in fabricating a .complete
circuit. For example, of all circuit com-
ponents, resistors are wusually considered
the most simple to form, but when adapted

40 for miniaturization by conventional tech-

~ niquks} fabrication vequires at least the
following steps: - o
a. Formation of the substrate - .-

. each

flicting treatments, or interactions, become
of increasing importance. Interactions may
be minimized by forming the components
separately and then assembling them into
a coms)lete package, but the very act of
assembly may cause damage to the more
sensitive components. .

. Because of the large number of opera-
tions required, control over miniaturized
circuit fabrication becomes very difficult.
To illustrate, many raw materials must be
evaluated and controlled, even though they
may not be well understood. Further, many
testin.%‘ operations are required and, even
though a high yield may be obtained for
yeration, S0 many operations are
that the over-all yield is often
In service, the reliability of a
methods of such com-

require
quite low.
circuit produced b,
plexity may also
tremendous number of controls ' required.
Additionally, the separate formation of
individual components. requires individual
terminations for each component. These

terminations may - eventually becorites 88
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A defining a diode comprised of a region of resistor R, which, in.turn, is connected to
- : P-q:re oonductivity and a region of N-type a source of positive potentlal Emitter 14
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P : defininy resistors, each of sajd resustnrs Potential as shown. Base 16 of transistor T, .
_ ~° 85 having one end thereof ohmicall 1 s connected to one terminal of resistor R,, 120
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of wafer 22, which corresponds to the col - ceivable that the inverter

circuit coul d be |l ector electrode 12 of transistor T[err] through
fabric ody. if the the vertical and horizontal |egs
resi stance of certain current paths were 65 which
corresppnd .to resistance Rlerr]. Contact nade so great as to effectlvely
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ed to, ospplickion,sbowregi Bigs 1 afe GBbodi

‘or integrated within portioiis of a body
%f semioonductot material, as shown in
i

2. glass or oeramnc substrate 18
is pmvided

ulp%on ‘the - semiconductor
material used in fabricating the circuit of -

Fig. 1. The manner in which the semicon-
ductor material may be supported or
attached to the substrate is disclosed in the
brpllcatxon for patent No. 16070/60 (Serial

0. 958,241) filed 6th May, 1960.

Two associated pottions of an N-type
semioonductor material in the form of wafer
strips 20 and 22 are formed on substrate
18. Each wafer strip 20 and 22 is shaped
and regions of its ‘surface pro S0 as

to include thetein sevetal of the circuit .

components found in Fn%1 1. The regions
of each wafer 20 and 22 have been marked
with symbols representative of the circuit
element functions that are performed therein
which correspond to the components found
m Fig. 1. Metal contact strips 26, 28, 30, 32,

% and 38 are also attached to the sub-
strate material 18 so as to provide input and
output connectors for the bias volta

signals shown in Fig. 1. For examp con-

tact strip 26 corresponds to input lead L in

Fig. 1 so as to apply a signal thereon to
dlode D, which is formed within a region
of wafer 20, as will subsequently be
described. It will be noted that the end
portions of contact strips 30, 32, 34, 36,

- and 38 are positioned in_physical contact
. beneath various regions of iwafers 20, and

-65

22 .and so‘make ohmic connections thereto
However, contact stnps 26 and 28 do’ not

lengtlis in centimeters.. A is the cross- 95

sectiona] arca of the wafer strip, and p is
the resistivity in ohm.centimeters of the
N-type semiconductor materidl in the wafer

trip. Transistor Ty is formed or fabricated
at the lefi-hand end of the horizontal leg
of wafer 22. The construction of transistor
T, is more readily discered from Fig. 3,
which is a ctoss sectional view taken of
this left-hand region of wafer 22. As shown,
a small amount 48 of P-type semiconductor
material is formed’ on top of the N-type
semiconductor material of this region of
wafer 22 in any well known manner so as
to form a rectifying P-N junction there-
between. Another amount 46 of N-type
semiconiductor material is formed on top
of P-region 48 so as to create a rectifying
P-N junction thetebetween. Regions 46, 48,
and the left-hand region of wafer 22 ‘thus

100

103

110 -

form an N-P-N transistor at this region of 115

wafer 22. Furthermore, in the
embodiment as shown, N-region 46 is taken
to be the emitter region, while the left-hand
region of wafer 22 is considered to be the
collector region of the above-identified
transistor. metaj emnter electrode 14 is
attached to region 46 in a well known
manner sO as to form an ohmic contact

- thereto. Furthermore, a4 metal base elec-

trode 16 is alloyed through region 46 so
as to make an ohmic contact with the
base region 48. The junction between

iAcontact 16 and tegion 46 may be etched

away if desired so as effectively to insulate

16 from 46 Con;act strip 38 makes ohtmc 130

artlcular .
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R. R and dlode

jut hanpt on b
obt ai ned of resistors
. A0 now remnains to elfectwely connect the two
wafer strips 20 and 22 togethet so as to
form the complete inverter. circuit. These
final connections are made by ohmic leads

feri ulStfoei&l at

ﬁmm@%: 3‘5’*

ctlStsulmi

e %:“%o'ﬁ.biﬁe Sl e

and whose cath

" 45 sistor T, is connected to contact strip 28 by
lead 44, Base contact 16 of T, is connected
by lead 42 to contact strip 24 which, in
turn, makes ohmic contact with the upper
left-hand region of wafer 20. Anode contact
15 of diode D, is connected to contact strip
26 by lead 40.

The functioning of the inverter circuit
which s fabricated within the semiconductor
wafers 20 and 22 will now be described in
.order to aid in the understanding of its
construction. Assuming that input lead I,
is being utilized, the- proger bias voltages
corresponding to those shown in Fig.
will be connected to.contact strips 28, 30,
and 32. A positive potential on contact strip
32 is applied to the lower left-hand region
of wafer 22, which corresponds to the col-
Tector -electrode 12 of transistor T;. through
the vertical and hotizontal legs of wafer 22
65 which correspond to resistance R;. Coneact
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Techmques smtable for processing the
‘wafers 20 and 22 so as to fabricate circuit
comgonents therein have been fully described
in the afore-mentioned co-pending gatent
application No. 3633/60 (Serial No 945734)
or example, in order to fabricate the
transistor T, in wafer 22, diffusion or other

rocesses may be used in forming the P-N
junctions between regions 48 and 22 and
46 and 43, after which the desired.area of
these regions may be shaped by means of
an etching process. Furthermore, the forma-
tion of the wafer strips 20 and 22 may be
accomplished by initially placing a single
body of N-type semiconductor material onto

the substrate 18 and thereafter etching away
portions thereof so as to form the desired
shape of the wafers. This etching also
“divides the original single body of N-type
semicondutcor material into several bodies,
or wafers, which are thus effectively insulated
- from each other so as to prevent short cir-
cuits between components. However it is con-
ceivable that the inverter circuit could be
fabricaled within a single body if the
resistance of certain current paths were
made so great as to effectively create open 130
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