
`lune 23, 1964 
J. s. KILBY 3,138,721 

MINIATURE SEMICONDUCTOR NETWORK DIODE AND GATE 

Filed May 6. 1959 

¿4%1. 

ATTORNEYS 



United States Patent O 
l 

3,138,721 
MINIATURE ‘SEMICONDUCTÜR NETWÜRK 

DIODE AND GATE 
Jack S. Kilby, Dallas, Tex., assignor to Texas Instruments 

Incorporated, Dallas, Tex., a corporation of Delaware 
Filed May 46, 1959, Ser. No. 811,372 

3 Claims. (Cl. 307-885) 

This invention relates broadly to miniature semiconduc 
tor networks and more particularly to a diode AND gate 
in the form of an integrated semiconductor device. 
Many methods and techniques for miniaturizing elec 

tronic circuits have been proposed in the past. At first, 
most of the effort was spent upon reducing the size of the 
components and packing them more closely together. 
Work directed toward reducing component size is still go 
ing 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 compo 
nents, by using more or less conventional techniques to 
form components of a complete circuit on »a single sub 
strate, and by providing the componen-ts 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 for miniaturization by conventional 
techniques, fabrication requires Iat least the following 
steps: 

(a) Formation of the substrate 
(b) Preparation of the substrate 
(c) Application of terminations 
(d) Preparation of resistor material 
(e) Application of the resistor material 
(f) Heat treatment of the resistor material 
(g) Protection or stabilization of the resistor 

Capacitors, transistors, and diodes when adapted for 
miniaturization each require at least as many steps in the 
fabrication thereof. Unfortunately, many of the steps 
required are not compatible. A treatment that is de 
sirable for the protection of »a resistor may damage an 
other element formed on the same substrate, such as a 
capacitor or transistor, and as the size of the complete 
circuit is reduced, such coniiicting treatments, or inter 
actions, become of increasing importance. Interactions 
may be minimized by forming the components separately 
and then assembling 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 lover 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 testing operations are 
required land, 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 reli 
ability of a circuit produced by methods of such com 
plexity may also ‘be quite low due to the tremendous 
number of controls 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. However, they still account vfor a large fra-ction of 
the usable area or volume of the circuit, and may be 
come an additional cause of circuit failure or rejection due 
to misalignment. 

In contrast to the approaches to miniaturization that 
have been made in the past, the present invention has re 
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sulted from a new and totally different concept for' 
miniaturization. This concept ‘and circuit elements made 
in accordance with this concept are the subject matter 
of a pending application, Serial No. 791,602, filed Febru 
ary 6, 1959, by the same inventor, and «assigned to the 
same assignee as this application. Radically departing 
from the teachings of the art, it is proposed in that pend 
ing application that miniaturization can best be attained 
by use of las few materials and operations as possible. 
In accordance with the principles of that invention, the 
ultimate in circuit miniatur'ization is attained using only 
one material for ̀ all circuit elements and a limited number 
of compatible process steps for the production thereof. 
The Vabove is accomplished by utilizing a body of semi 

conductor material exhibiting one type of conductivity, 
either N-type or ‘P-type, and having formed therein a 
diffused region or regions of appropriate conductivity type 
to form a P-N junction between such region or regions and 
the remainder of the semiconductor body or, as the case 
may be, between diffused regions. It is, of course, under 
stood that the P-N junction may be formed by other well 
known methods, even though diffused junctions are 
utilized in the preferred embodiment of this invention. 
According to the principles of this invention, all compo~ 
nents of a diode “AND” gate «are fabricated Within the 
body so characterized by adapting the novel techniques 
described in said pending application, together with cer 
tain new techniques. It is to be noted that all components 
of the circuit ‘are integrated into the body of semiconduc 
tor material and constitute portions thereof. 

In a more speciiic conception of this invention, all com-v 
ponents of «a diode “AND” gate circuit are formed in or 
near one surface of a relatively thin semiconductor wafer 
characterized by a diffused P-N junction or junctions. 
Of importance to this invention is the concept of shaping. 
As described in detail in said pending application, this 
shaping concept makes it possible in a circuit to obtain the 
necessary isolation between components and to define the 
components or, stated differently, to limit the area which 
is utilized for a given component. Shaping may be ac 
complished in a given circuit in one or more of several 
different ways. These various ways include »actual re 
moval of portions of the semiconductor material, special~ 
ized con‘iigurations of the semiconductor material such as 
rectangular, L-shaped, lU-shaped», etc., selective conversion 
of intrinsic semiconductor material by diffusion of im~ 
purities thereinto to provide low resistivity paths for 
current iiow, and selective conversion of semiconductor 
material of yone conductivity type to conductivity of the 
opposite type wherein the P-N junction thereby formed 
acts `as a barrier to current flow. In any event, the effect 
of shaping is to direct and/ or confine paths for current 
iiow, thus permitting the fabrication of circuits which 
could not otherwise be obtained in -a Isingle wafer of semi 
conductor material. As a result, the final circuit is ar 
ranged in essentially planar form. It is possible to shape 
the wafer ̀ during processing and to produce by diffusion 
the Various circuit elements in a desired and proper rela 
tionship. 

Certain `of the circuit components described in said 
pending application have utility in and of themselves; how 
ever, they perhaps iind their greatest utility as integral 
parts of miniature semiconductor networks. Therefore, 
it is .a principal object of this invention to provide a novel 
miniaturized semiconductor network which functions as a 
diode “AND” gate. 

It is another princip-al object of this invention to provide 
a miniature semiconductor network diode “AND” gate 
fabricated from a body of semiconductor material con 
taining a plurality of P-N junctions wherein all comno 
nents of the diode gate are completely fabricated within 
the body ̀of semiconductor material. 
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It is a further object of this invention to provide a 
unique miniaturized diode “AND” gate circuit structure 
which is substantially smaller, more compact, and simpler 
than circuit packages heretofore developed using known 
techniques. 

Other and further objects of the present invention will 
become more readily apparent from the following de 
tailed description of a preferred embodiment of the pres 
ent invention when taken in conjunction with the appended 
drawings in which: 
FIGURE 1 is a plan view of a miniature semiconduc 

tor network diode “AND” gate according to this in 
vention; 
FIGURE 2 is a schematic diagram of the semiconduc 

tor network illustrated in FIGURE l; and 
FIGURE 3 is a sectional view taken along lines 3-3 

of FIGURE 1. 
Referring now to the drawings, a preferred embodi 

ment of the present invention will be described in detail 
in order to provide a better understanding of the prin 
ciples of this invention. 
With reference to FIGURE 1, there is shown a ceramic 

substrate 10. A strip 12 of semiconductor material, 
preferably a silicon or germanium wafer of P-type con 
ductivity, is attached to the substrate 10. Regions 14, 
16, 18, and 20 of N-type semiconductor material have 
been produced in the right-hand portion of strip 12 to 
form integral P-N junction diodes D1, D2, D3, and D4. 
These regions 14, 16, 18, and 20 may be produced, for 
example, by the method disclosed in the above-mentioned 
pending application. Ohmic contacts 15, 17, 19, and 21, 
which may be plated or alloyed contacts, are provided on 
each of the N-type regions. In FIGURE 3, there is illus 
trated a cross sectional view of the typical junction diode 
D1 to show the various layers. In forming these junc 
tions, the semiconductor strip may be first subjected to 
diffusion of a N-type significant impurity material over 
its entire surface. Then, the N-type semiconductor mate 
rial may be etched away except in the regions in which 
the junctions are required. This process forms a raised 
mesa 24 on each area of the strip 12 in which a junction 
is desired. 

Returning now to FIGURE 1, three input leads 26, 
28, and 30, an output lead 32 and a bias lead 34 are 
attached to substrate 10. Bias lead 34, also attached to 
the substrate, passes beneath the left-hand end of semi 
conductor strip 12, and is placed in ohmic contact there 
with, as by soldering. Wire leads 26a, 28a, 30a, and 
32a are connected between their corresponding input and 
output leads 26, 28, 30, and 32 and junction diode ohmic 
contacts 15, 17, 19, and 21, respectively. The left-hand 
portion of strip 12 is shaped to define a resistor R1 hav 
ing a desired value, which in one embodiment of the 
circuit of the present invention may be 16 k., between 
the point of ohmic contact by bias lead 34 and the junc 
ture with the anode of the junction diode D1. The shap 
ing of resistor R1 is accomplished by etching or other 
means to provide a required length and cross sectional 
area of the left-hand portion of the strip 12 necessary 
for that strip to exhibit the required resistance, taking 
into consideration the resistivity of the material of the 
strip 12. A posiive potential, V+, which may be, for 
example, 12 volts, is applied to lead 34. A thin strip 
of conducting material 25 is attached to the substrate 
10 beneath the semiconductor strip 12, which is in ohmic 
contact therewith. In this manner, all diode anodes are 
maintained at approximately the same potential inasmuch 
as the resistance in the strip 12 of semiconductor material 
beneath the'diodes is effectively shorted out by the con» 
ductive strip 25. Alternatively, the same result may be 
accomplished by forming a suitable region of conducting 
material on the lower side of strip 12, using well known 
methods. 
_The miniature semiconductive device of FIGURE l is 

represented schematically by the circuit diagram shown 

20 

25 

30 

40 

50 

60 

in FIGURE 2. Corresponding elements in FIGURES 1 
and 2 have been designated with the same reference 
numerals. The circuit operation is conventional, and 
may be easily understood by reference to FIGURE 2. 
The circuit functions to perform a logical “AND” opera 
tion. When simultaneous positive pulses of sufi’icient 
amplitude to back bias the diodes D1, D2, and D3 are 
applied to the three input leads in opposition to the for 
ward bias provided by the positive potential V+ applied 
through bias resistor R1, current will no longer flow 
through R1. The full V-l- voltage is then applied to D1 
to forward bias it and provide a positive pulse to output 
lead 32, indicating coincidence of three inputs. If one 
or more of the diodes D1, D2, and D3 remain forward 
biased, i.e., do not receive a positive pulse from their 
inputs, current continues to flow through R1 to suppress 
the bias voltage applied to D4. It is, of course, to be 
understood that a circuit with two inputs or four or 
more, rather than only three as shown in FIGURES l 
and 2, or a circuit which does not utilize the output 
diode D1, could easily be fabricated by utilizing the prin 
ciples of this invention and such variations are within 
the contemplated scope of this invention. 

It must be emphasized here that only one preferred 
embodiment of this invention has been described above 
and that other variations and modifications thereof may 
be rnade without departing from the scope of this in 
vention which is defined in the appended claims. 
What is claimed is: 
1. A semiconductor network comprising a wafer of 

semiconductor material, an elongated region of one con 
ductivity-type defined in said wafer, at least three surface 
portions of the opposite conductivity-type defined in said 
wafer adjacent a major face thereof, said portions being 
spaced from one another and contiguous to said region 
adjacent one end thereof, a conductive plating adherent 
to said region adjacent said one end and adjacent said 
portions, said plating being effective to lower the ap 
parent resistance of said region in the area of said portions, 
conductive means on said major face making ohmic con 
tact to each of said portions individually, and a non 
rectifying contact connected to said region on said major 
face adjacent the opposite end thereof, the resistance of 
the path through said region from said contact to said 
portions being much greater than the resistance between 
the portions whereby an output resistor is provided by 
said path. 

2. A miniature solid state semiconductor circuit device 
for providing a logical function comprising an insulating 
substrate, a strip of single crystal semiconductor material 
of one type conductivity mounted on said substrate, said 
strip having first and second strip portions, four longi 
tudinally spaced layer regions of diffused opposite type 
semiconductor material in said first strip portion for defin 
ing therein four p-n junction diodes, said second strip 
portion defining a bias resistor extending from one end 
thereof to its juncture with said first strip portion, an input 
lead connected to each of three of said layer regions, an 
output lead connected to the other of said layer regions, 
conductive means adherent to said first strip portion mak 
ing low resistance ohmic connection to the semiconductor 
material of said one conductivity type of all of said diodes, 
a bias lead connected to said one end of said second strip 
portion for applying a relatively low forward bias voltage 
to said diodes in said first strip portion, means for apply 
ing signals to said input leads to reverse bias said three 
diodes so that when said three diodes are simultaneously 
reverse biased a relatively high forward bias is applied 
from said bias lead to said other diode to cause a rela 
tively high voltage to appear on said output lead, thereby 
providing an AND logical function. 

3. A semiconductor integrated circuit comprising a 
wafer of monocrystalline semiconductor material, a plu 
rality of regions of semiconductor material defined in the 
wafer adjacent one major face thereof, each region oc 
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cupying only a limited part of the total area of said one 
major face, each region being composed of semiconductor 
material of conductivity type opposite to that of the zone 
immediately underlying such region so that a P-N junc 
tion separates each 4such region from the remainder of 
the Water, the regions being spaced and separated from 
one another along said one major face, an elongated 
resistor portion defined in the wafer to provide a resistive 
current path generally parallel to said one major face, 
the resistor portion being spaced from the regions for at 
least the major part of its length, conductive means se 
cured to a major face of the Wafer electrically connected 
to one end of the resistor portion and to the zones of semi 
conductor material underlying the regions thereby provid 
ing low resistance connection between such zones, a plu 
rality of contacts with each contact separately engaging 
a different one of said regions on said one major face, 
and a contact on a major face of the Wafer engaging the 
other end of the resistor portion. 
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