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Richard F. Stewart, Dallas, Tex., assignor to Texas In-
struments Incorporated, Dallas, Tex., a corporation of
Delaware

Filed Feb. 12, 1959, Ser. No. 792,840
6 Claims. (Cl. 317—235)

This invention relates to a multiple input semiconduc-
tor device with the circuit an integral part of the device.
The device comprises a computer circuit commonly re-
ferred to as a “nor” circuit. A “nor” circuit performs
the function of producing an output signal to indicate
the fact that no signal is applied to any of its plurality
of inputs.

This invention utilizes the fact that several base con-
tacts of a semiconductor device may be relatively inde-
pendent even though they are connected to the same base
layer of a tramsistor structure. This phenomenon is the
result of the very high sheet resistance which characterizes
the very thin base regions made possible by vapor diffu-
sion techniques of transistor fabrication. With such high
sheet resistance, the transistor action of each base con-
tact is confined to the region near such contact. The
starting wafer from which the device is fabricated is
selected to have a high resistivity. The load resistor then
is realized from the resistance from the active region of
the device through the wafer itself.

The invention improves over the prior art circuits in
that the necessary circuit elements such as the load resis-
tor may be made an integral part of the semiconductor
element. One such semiconductor element according to
the present invention replaces several transistors required
in the circuits of the prior art performing the same func-
tion. The interconnecting circuit wiring is thereby elimi-
nated or reduced. Also the gates of the “nor” circuit of
the present invention provide amplification in addition
to performing a logical function and the gates are well
matched since they are basically one transistor.

The fact that the entire circuit is embodied in a single
transistor element allows miniaturization of the circuit
heretofore not realizable.

Other objects and advantages of the invention will be-
come apparent as the following detailed description of
the invention unfolds and when taken in conjunction with
the following drawings wherein:

FIGURE 1 shows a perspective view of one embodi-
ment of the invention;

FIGURE 2 illustrates a cross section taken through
the embodiment shown in FIGURE 1;

FIGURE 3 illustrates the schematic diagram of the
equivalent circuit provided by the embodiment shown in
FIGURES 1 and 2; and

FIGURE 4 shows a modification of the embodiment
shown in FIGURES 1 and 2.

The transistor device, shown in FIGURES 1 and 2,
comprises a block of semiconductor material. This block
of semiconductor material is divided into three layers, a
lower thick collector layer 11, a base layer 12 and an
emitter layer 13. The base layer 12 is made extremely
thin such as can be obtained by vapor diffusion tech-
niques and as such the base layer has a very high sheet
resistance. A section of semiconductor material is formed
from the block of semiconductor material passing through
both the emitter and base layers to shape the block of
semiconductor material in the form of a step and pro-
viding an additional exterior surface 14 for the collector
layer 11. A conductor makes ohmic contact with the
collector layer 11 on the surface 14 to form a contact 15.
A second conductor makes chmic contact with the bottom
surface of the collector layer 1 to form a second con-
tact 16. Additional conductors pass through the emitter
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layer 13 to make ohmic contact with the base layer 12
to form contacts 17, 18 and 19. The three contacts 17,
18 and 19 make rectifying contact with the emitter layer
13. Because the base layer is so thin, the contacts 17, 18
and 1% may pass all the way through the base layer 12
into the collector layer 11. The contacts 17, 18 and 19
meake rectifying contact with the collector layer 11.

The dimensions used in the illustrations of FIGURES
1 and 2 are, of course, not accurate, as the collector layer
11 will be much thicker than the base layer 12. Also
the contact 15 will be much nearer to the base layer than
the contact 16 so that the conductive path through the
collector layer 11 from the active area of the transistor
device to the contact 15 is much shorter than the con-
ductive path from the active area to the contact 16. As
a result, there is a considerably greater resistance be-
tween the contact 16 and the active region than between
the contact 15 and the active region. The former resist-
ance will function as a load resistor for the device. The
collector layer 11 is made from a wafer having a high
resistivity so that the conductive path between the active
area and the contact 16 will provide the desired resist-
ance for the load resistor.

The transistor device may be either PNP or NPN. If
the device is NPN, it will provide the equivalent of the
circuit shown in FIGURE 3 with no additional circuitry
other than the applied bias voltage. The contact 15 be-
comes the output 27. The B plus is applied to the con-
tact 16; and one of the contacts 17, 18 and 19, preferably
the contact 18, is grounded to become the emitter con-
tact. The input signals may be applied to the conductors
17 and 19 and correspond to the inputs 21 and 22 of the
circuit shown in FIGURE 3. Because the base layer 12
has such a high sheet resistance, the device will function
as two separate transistors, which are designated as 23
and 25 in the equivalent circuit of FIGURE 3. The
rectifying contact between the conductor 18 and the
emitter layer 13 forms the rectifier or diode 24 of the
equivalent circuit and the large resistance between the
active area of the device and the contact 16 forms the
load resistor 26.

When a signal represented by a positive voltage is
applied to the input 21 of the circuit shown in FIGURE
3, the transistor 23 will conduct. The diode 24 will break
down and operate in its Zener region. Thus the output
voltage produced at output 27 will be relatively low.
Likewise when a signal represented by a positive voltage
is applied to input 22, the transistor 25 will conduct with
the diode 24 breaking down and a relatively low voltage
will be produced at output 27. Whereas if neither in-
put 21 or 22 has such a signal applied thereto, neither of
the tramsistors 23 or 25 will conduct and the voltage
produced at output 27 will be relatively high. This rela-
tively high voltage will represent the presence of an out-
put signal and indicate that no input signal as represented
by a positive voltage is applied to either of the inputs 21
or 22. Thus the circuit is a “nor” circuit. Since the
circuit of FIGURE 3 is the equivalent of the device
shown in FIGURES 1 and 2, this device constitutes a
“nor” eircuit when properly biased.

The modification shown in FIGURE 4, like the device
of FIGURES 1 and 2, comprises a block of semicon-
ductor material having a thick, high resistivity collector
layer 11, a very thin base layer 12 having a high sheet
resistance, and an emitter layer 13. Also like the modi-
fications shown in FIGURES 1 and 2 the modification
of FIGURE 4 has a rectangular section cut out to ex-
pose an additional surface 14 on which a conductor makes
ohmic contact with the collector layer 11 to form a con-
tact 15. Also a conductor makes ohmic contact with the
bottom surface of the collector layer 11 to form contact
16. Seven conductors pass through the emitter layer 13
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‘making rectifying contact therewith to make ohmic con-
tact with the base layer i2 to form contacts 31 through
37. An additional conductor forms contact 38 which
runs the entire length of the block of semiconductor ma-
terial and passes through the emitter layer 13 making rec-
tifying contact therewith to make ohmic contact with the
base layer 12. Because the base layer 12 is so thin, it
i$ practical for the contacts 31 through 38 to pass entirely
through the base layer 12 and into the collector layer 11.
The contacts 31 through 38 make rectifying contact with
the collector layer 11.

In this modification, like the modification of FIGURES
1 and 2, the conductive path from the active area to the
contact 16 is considerably greater than that from the ac-
tive area to contact 15, The modification shown in FIG-
URE 4 will thus form a “nor” circuit just as the modi-
fication shown in FIGURES 1 and 2, except that instead
of just two transistors in parallel there will be seven tran-
sistors in parallel with each of the contacts 31 through
37 forming inputs for the seven transistors and the contact
38 forming the emitter contact through a rectifier. To
bias the device, contact 38 may be grounded and the
contact 16 may have the B plus applied thereto. The
contact 15 will be the output conductor, and the circuit
will function to produce an output signal at the contact
15 only when no input signal is applied to any of the
contacts 31 through 37.

In place of using rectifying contacts 17, 18 and 19
with emitter layer 13, it will be appreciated that contacts
functioning as emitter contacts can make ohmic contact
with layer 13. The advantage of using rectifying con-
tacts is that since only one type of contact is used there
is uniformity of contact processing.

Also it is possible to use multiple emitter contacts in
place of a strip contact 38 and to tie the several contacts
together. It would even be conceivable to use a combi-
nation of these contacts.

Whereas the invention has been shown as a block hav-
ing contacts arranged in a group of three or in a row
with respect to a strip, it will of course be understood
that any geometrical, random or statistical grouping, ar-
rangement or pattern is within the purview of the inven-
tion.

The number of input conductors can be increased in-
definitely limited only by the size of the wafer. The
contact 15 need not be formed on the cut away portion
but may be formed on the side of the semiconductor
wafer. It is only necessary that the contact 15 be near
the base layer so that the resistance path from the base
layer to the contact 15 is short to form a low resistance
relative to the resistance path between the base layer 12
and the contact 6. These and other modifications are
considered to come within the scope and spirit of the
present invention which is limited only as defined in the
appended claims.

What is claimed is:

1. A semiconductor device comprising an emitter layer,

a base layer, and a collector layer, a plurality of base
layer contacts passing through said emitter layer, said
base layer having sufficient sheet resistance to make the
operation of each of said base contacts substantially inde-
pendent of each other, a portion of said emitter and base
layers cut away to expose an additional surface on said
collector layer, a first collector contact on said additional
surface, a second collector contact on the surface oppo-
site said additional surface, said collector layer having
a shape that the conductive path from the boundary be-
tween said base layer and said collector layer through
said collector layer to said second collector contact is sub-
stantially greater than the conductive path from said
boundary through said collector layer to said first collec-
tor contact.

2. A semiconductor device comprising an emitter layer,
a base layer, and a collector layer, a plurality of contacts
each passing through said emitter layer making rectifying
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contact therewith, said base layer having sufficient sheet
resistance to make the operation of each of said contacts
when biased as a base contact substantially independent
of each other, any one of said contacts functioning as
the emitter contact when biased properly, a portion of said
emitter and base layers cut away to expose an additional
surface on said collector layer, a first collector contact on
said additional surface, and a second collector contact
on the surface opposite said additional surface.

3. An integrated circuit device comprising:

(¢) a thin wafer of monocrystalline extrinsic semi-
conductor material,

(b) first crystal means of one conductivity-type in-
cluded in said wafer providing collectors for a plu-
rality of tramsistors,

(¢) second crystal means of the opposite conductiv-
ity-type included in said wafer adjacent a major face
thereof, the second crystal means being very thin
relative to the lateral dimensions thereof and rela-
tive to the thickness of the wafer, the second crystal
means providing bases for a plurality of transistors,
the lateral area occupied by the second crystal means
adjacent said major face being much less than the
total surface area of said major face,

(d) third crystal means of said one conductivity-type
included in said wafer adjacent said major face, the
third crystal means being very thin relative to the
lateral dimensions thereof and relative to the thick-
ness of the wafer, the third crystal means providing
emitters for a plurality of transistors, the surface
area occupied by the third crystal means on said
major face being much less than the total surface
area of said major face,

(e) a plurality of transistors provided by the first, sec-
ond and third crystal means, each transistor being
defined in a separate small portion of the wafer ad-
jacent said major face, the small portions being
laterally spaced from one another on said major face,
diffusion of minority carriers being effective in each
small portion through only a part of the second
crystal means to only a part of the first crystal means,
the total lateral area of the small portions adjacent
said major face being much less than the total sur-
face area of said major face, and less than the lateral
area of the second crystal means adjacent said major
face,

(f) first contact means engaging said small portions
of the wafer on said one major face, said first contact
means being connected to said third crystal means
and effective in operation to provide substantially
ohmic connections to the emitters of the plurality of
transistors,

(g) a plurality of second contacts to the wafer on said
one major face ohmically engaging the second crystal
means at said small portions so that the second con-
tacts will provide separate inputs to the bases of
the transistors,

(1) conductive means on said one major face ohmic-
ally engaging said first crystal means at positions
closely adjacent said small portions of the wafer to
provide collector contacts for the plurality of tran-
sistors,

(i) a resistor region defined within the wafer effec-
tive to provide a common collector load resistor for
at least two of the plurality of transistors, the re-
sistor region being ohmically engaged at one end by
said conductive means on said one major face of the
wafer, the resistor region being electrically isolated
from the second and third crystal means by P-N
junction means,

(j) third contact means engaging the wafer on a
major face thereof ohmically contacting the other
end of the resistor region, the third contact means
being spaced from the parts of the first crystal means
which function as the collectors of the transistors
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by distances much greater than the spacing between
such parts and the positions where the conductive
means engage the first crystal means,

(k) and means for applying operating bias voltage
to the first and third contact means.

4. A semiconductor integrated circuit device compris-

ing:

(a) a wafer of monocrystalline semiconductor ma-
terial;

(b) a plurality of junction transistors defined in the
wafer adjacent one major face thereof by thin layers
of semiconductor material of alternate conductivity
types closely adjacent said one major face, each
transistor having a collector region, a base region
and an emitter region separated from one another
by a collector-base junction and an emitter-base
junction, the transistors being laterally spaced along
said one major face;

(¢) a semiconductor resistor region provided within
the wafer;

(d) a plurality of electrically conductive means en-
gaging the surface of the wafer;

(e) a first of said conductive means making non-
rectifying electrical connection on said one major
face to the collector regions of each of the tran-
sistors and to one end of the resistor region;

(f) a second of said conductive means making non-
rectifying electrical connection to the other end of
the resistor region, the resistance through the resistor
region from the first to the second conductive means
being much greater than the resistance between the
collector-base junction of each transistor and the
first conductive means;

(g) a third of said conductive means making elec-
trical connection on said one major face to the emit-
ter regions of each of the transistors;

(k) means for supplying operating bias potential
across said second and third conductive means to
reverse bias the collector-base junction of each of
the fransistors, the resistor region thereby providing
a collector load resistor;

(i) and a plurality of base contacts making separate
electrical connection on said one major face to the
base regions of each of the transistors so that the
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emitter-base junction of each of the transistors may
be separately forward biased by potentials applied to
such base contacts,

5. An integrated circuit comprising a wafer of single
crystal semiconductor material with a plurality of junc-
tion transistors provided within the wafer adjacent one
face thereof by regions of opposite conductivity-types
overlying one another, each transistor including a col-
lector, a base, and an emitter; a portion of the wafer pro-
viding the electrical properties of a resistor; conductive
means secured to said one face making low resistance
obmic contact to one end of said resistor portion and to
the collectors of the plurality of transistors so that the
collectors are effectively connected together; separate
electrical connections including contacts on said one face
to the bases of the transistors; conductive means en-
gaging said one face contacting the emitters of the tran-
sistors; and an electrical connection to the other end of
said resistor portion.

6. An integrated circuit comprising a wafer of single
crystal semiconductor material with regions of alternate
conductivity-type defined in the wafer overlying one an-
other adjacent one face thereof to provide a pair of tran-
sistors with each transistor including a collector, a base,
and an emitter, a semiconductor resistor region provided
in the wafer, conductive means engaging said one face of
the wafer contacting one end of the resistor region and
also contacting the collectors of the pair of transistors
so that the collectors are effectively connected together,
a pair of base contacts on said one face with each sepa-
rately engaging the base of a different one of the tran-
sistors, conductive means engaging said one face contact-
ing the emitters of the transistors, and an electrical con-
nection to the other end of the resistor region.
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