
958,243      connections with the N-wafer 22 at the        strip 38 is also
connected to this region of     regions shown in Figs. 2 and 3, whereas
wafer 22 so as to indicate the. potential at   strip 32 makes ohmic contact
as is shown        the collector. A  negative bias on contact     in Figure
2 only.                            strip 30 is applied to the upper
left-hand  5   The different regions of wafer strip 20     region of wafer
20 through the upper hori- 70     and the circuit components fabricated
there-    zontal leg of wafer 20 which corresponds     in will now be
described with particular        to resistance R[err]. Since contact strip
24 is     reference to Fig. 4. Wafer 20 is composed       ohmically
connected to this upper left-     of N-type semiconductor material similar
to     hand region of wafer 20, it is seen that the 10  that of wafer 22.
The upper horizontal leg      base electrode 16 of transistor T[err] in
wafer 75     of wafer 20 is of such a length and cross       22 is
therefore connected by lead 42 to one     sectional area as to  provide the
desired       terminal of resistor R[err], such as indicated     resistance
for resistor R[err] shown in Fig. 1. in Fig. 1. Furthermore, this upper
left-hand     The lower horizontal leg of wafer 20 in like    region of
wafer 20 is also utilized as the  15 manner corresponds to resistor R[err],
while    cathode 17 of diode D[err], and it is further 80     the single
vertical leg corresponds to resistor seen that strip 26 provides an ohmic
con-     R[err]. The diode D[err] is fabricated in the region  nection to
the anode 15 of diode D[err] to     found at the intersection of the upper
hori-    which is applied a signal at input I[err]. As     zontal and
vertical legs. Fig. 4 is a cross     before explained, since input I[err]
is being  20 sectional view taken of this diode region.    utilized, no
bias is applied to contact strip 85     As shown in Fig. 4, an amount 50 of
P-       36 so that the lower horizontal leg and     type semiconductor
material is formed at        vertical leg of wafer 20 are not made effec-
the above-described region of wafer 20 in       tive and can be
disregarded. Therefore, a     such a manner as to form  a rectifying
positive signal which is introduced at I[err]  25 P-N  junction
therebetween. A metal con-      will cause the potential on contact strip
38  90     tact 15 is ohmically connected to P-region      to fall in
accordance with the previously     50. The processing of the original wafer
20     described operation of Fig. 1. However, if     thus results In a
diode D[err] being formed     input I[err] is to be used, then a positive 



whose anode is region 50 and whose cathode      potential is applied to
contact strip 36 and,  30 is a region of the wafer 20. Contact strips
thence, to the upper left-hand region of 95     24, 30, 34, and 36 make
ohmic connections       wafer 20 through its lower horizontal leg     with
wafer 20 at the regions shown in Fig.      and vertical leg, which
correspond  to     2.                                           resistors
R[err] and R[err] respectively.  Contact       It has thus been described
how wafer strip    strip 34 is connected to the region of wafer 35  22 has
regions contained therein which per-     20 which is formed at the junction
of the 100     form  the functions of resistance R[err] and    lower
horizontal and vertical legs. Thus, a     transistor T[err], while water
strip 20 has     signal at 1[err] enters the inverter circuit between
regions therein which perform the functions     resistors R[err] and
R[err].     of resistors R[err]. R[err]. R[err], and diode D[err]. It
Techniques suitable for processing the 40  now remains to effectively
connect the two  wafers 20 and 22 so as to fabricate circuit 105     wafer
strips 20 and 22 together so as to        components therein have been
fully described     form  the complete inverter circuit. These      in the
afore-mentioned co-pending patent     final connections are made by ohmic
leads       application No. 3633/60 (Serial No. 945734).     40, 42, and
44. Emitter contact 14 of tran- .   For example, in order to  fabricate
the 45  sistor T[err] is connected to contact strip 28 by  transistor
T[err] in wafer 22, diffusion or other 110     lead 44. Base contact 16 of
T[err] is connected processes may be used in forming the P-N     by lead 42
to contact strip 24 which, in        junctions between regions 48 and 22
and     turn, makes ohmic contact with the upper        46 and 48, after
which the desired. area of     left-hand region of wafer 20. Anode contact
these regions may be shaped by means of  50 15 of diode D[err] is connected
to contact strip  an etching process. Furthermore, the forma- 115     26 by
lead 40.                               tion of the wafer strips 20 and 22
may be       The functioning of the inverter circuit       accomplished by
initially placing a single     which is fabricated within the semiconductor
body of N-type semiconductor material onto     wafers 20 and 22 will now be
described in       the substrate 18 and thereafter etching away  55 order
to aid in the understanding of its      portions thereof so as to form the
desired 120     construction. Assuming that input lead I[err]   shape of
the wafers. This etching also     is being utilized, the proper bias
voltages     divides the original single body of N-type     corresponding
to those shown in Fig. 1       semicondutcor material into several bodies,
will be connected to contact strips 28, 30,     or wafers, which are thus
effectively insulated  60 and 32. A positive potential on contact strip
from each other so as to prevent short cir- 125     32 is applied to the
lower left-hand region     cuits between components. However it is con- 



of wafer 22, which corresponds to the col-      ceivable that the inverter
circuit could be     lector electrode 12 of transistor T[err] through
fabricated within a single  body  if the  the vertical and horizontal legs
of water 22    resistance of certain current paths  were  65 which
correspond to resistance R[err]. Contact  made so great as to effectively
create open  130
958,243     circuits. The "L" and "U" shapes of the       conductor
material.    wafers in Fig. 2 provide compactness.           WHAT WE CLAIM
IS:-       Although the invention has been shown         1. A
semiconductor  inverter  circuit 50    and described in terms of an
inverter circuit    comprising a substrate, semiconductor por-  5 utilizing
an N-P-N  transistor, it will be     tions in or on one face of said
substrate,    evident that such a circuit could be fabri-      said
portions including first, second, third,    cated within semiconductor
material which        fourth and fifth portions, said first portion
employed a P-N-P transistor or other tran-       defining a transistor
having a base region. 55    sistors. It will, thus, be evident that such
an emitter region and a collector region, 10 changes and modifications arc
deemed to        said second portion defining a load resistor,    fall
within the scope of the invention, as       one end of said load resistor
being ohmically    defined in the appended claims.               connected
to said collector region, said       Thus, for example, since it is known
that      third portion defining a diode comprised of 60    intrinsic
semiconductor material is charac-      a region of P-type conductivity and
a region 15 terized by a relatively high order of resis-     of N-type
conductivity, said fourth and     tivity, the substrate could be formed
thereof;   fifth portions defining resistors  each of     or the entire
unit could be formed from a        said resistors  having  one  end
thereof     block of intrinsic semiconductor material        ohmically
connected to one of the regions of 65 



into which doping impurities are diffused in     said diode, and  means
completing  the 20 the regions occupied by the cut wafers in
electrical interconnections of said portions     the drawing.
as on an  inverter circuit including  an       According to this
arrangement, member       electrical lead secured to a surface of one
18 of Fig. 2 would be either a separate       of said portions, which
surface is remote 70     block of intrinsic material on which wafers
from said substrate. 25 20 and 22 were mounted, or it would be           2.
An inverter circuit according to claim     part of the same physical piece
of semi-      1, in which said substrate is semiconductor     conductor
material as areas 20 and 22, the       material.     latter differing
therefrom only in electrical    3. An inverter circuit according to claim
75     characteristics due to impurity doping.       1, wherein  said
semiconductor portions 30   Among the advantages of the present
include a sixth portion defining a resistor,     invention are that it
provides semiconductor     and one end of said last mentioned resistor
transistor inverter circuit which  may be        being ohmically connected
to  the other end     fabricated from a body of semiconductor       of one
of said resistors.                    80     material which contains at
least two P-N        4. An inverter circuit according to any 35 junctions
and wherein all components of        preceding claim, wherein said one end
of     the inverter may be fabricated completely        said resistors is
ohmically connected to said     within the body of semiconductor material,
base region.     a transistor inverter circuit structure which    5. A
semiconductor  inverter  circuit 85     is substantially smaller and more
compact      substantially as described herein with refer- 40 than are
circuit  packages  heretofore         ence to Figs. 2 to 4 of the
accompanying      developed using known techniques, a tran-
drawings.      sistor inverter circuit structure in which      a transistor
and its output load may be           H. D. FITZPATRICK & CO.,      formed
within one portion of a body of              Chartered Patent Agents,  45
semiconductor material while the input      3 Gray's Inn Square, London,
W.C.l,      circuit to said transistor may be formed
and      within another portion of the body of semi-    94 Hope Street,
Glasgow, C.2.  Berwick-upon-Tweed: Printed for Her Majesty's Stationery
Office by The Tweeddale Press Ltd.-1964 Published at the Patent Office, 25
Southampton Buildings, London, W.C.2. from which copies may
be obtained. 



958,243                     circuits. The "L" and "U" shapes of the
conductor material.                    wafers in Fig. 2 provide
compactness.          WHAT WE CLAIM  IS:-                      Although the
invention has been shown         1. A  semiconductor  inverter  circuit 50
and described in terms of an inverter circuit    comprising a substrate
semiconductor por-                 5 utilizing an N-P-N  transistor, it
will be       tions in or on one face of said substrate,
evident that such a circuit could be fabri-      said portions including
first, second, third,                    cated within semiconductor
material which        fourth and fifth portions, said first portion
employed a P-N-P transistor or other tran-       defining a transistor
having a base region. 55 sistors. It will, thus, be evident that such
an emitter region and a collector region,                10 changes and
modifications are deemed to       said second portion defining a load
resistor,                    fall within the scope of the invention, as
one end of said load resistor being ohmically                    defined in
the appended claims.              connected  to said collector region, said
Thus, for example, since it is known that      third portion defining a
diode comprised of 60                    intrinsic semiconductor material
is charac-      a region of P-type conductivity and a region
15 terized by a relatively high order of resis-     of N-type conductivity,
said fourth and                    tivity, the substrate could be formed
thereof;   fifth portions defining resistors, each of                    or
the entire unit could be formed from a        said resistors  having  one
end  thereof                    block of intrinsic semiconductor material
ohmically connected to one of the regions of 65                    into
which doping impurities are diffused in     said diode, and  means
completing the                20 the regions occupied by the cut wafers in
electrical interconnections of said portions                    the
drawing.                                 as on  an  inverter circuit
including  an                      According to this arrangement, member
electrical lead secured to a surface of one                    18 of Fig. 2
would be either a separate          of said portions, which surface is
remote 70                    block of intrinsic material on which wafers
from said substrate.              25  20 and 22 were mounted, or it would
be         2. An inverter circuit according to claim 



part of the same physical piece of semi-      1, in which said substrate is
semiconductor                    conductor material as areas 20 and 22, the
material.                    latter differing therefrom  only in electrical
3. An inverter circuit according to claim 75
characteristics due to impurity doping.          1, wherein  said
semiconductor portions                30   Among the advantages of the
present         include a sixth portion defining a resistor,
invention are that it provides semiconductor     and one end of said last
mentioned resistor                    transistor inverter circuit which may
be         being ohmically connected to the other end
fabricated from  a body of semiconductor         of one of said resistors.
80                    material which contains at least two P-N        4. An
inverter circuit according to any                35 junctions and wherein
all components of       preceding claim, wherein said one end of
the inverter may be fabricated completely        said resistors is
ohmically connected to said                     within the body of
semiconductor material        base region.                     a transistor
inverter circuit structure which      5. A semiconductor inverter  circuit
85                     is substantially smaller and more compact
substantially as described herein with refer-                 40 than are
circuit  packages heretofore         ence to Figs. 2 to 4 of the
accompanying                     developed using known techniques, a tran-
drawings.                     sistor inverter circuit structure in which
a transistor and its output load may be          H. D. PITZPATRICK & CO.,
formed within one portion of a body of             Chartered Patent Agents,
45 semiconductor material while  the input    3 Gray's Inn Square, London,
W.C.1,                     circuit to said transistor may be formed
and                     within another portion of the body of semi-     94
Hope Street, Glasgow, C.2.                Berwick-upon-Tweed: Printed for
Her Majesty's Stationery Office by The Tweeddale Press Ltd.-1964
Published at The Patent Office, 25 Southampton Buildings, London, W.C.2.
from  which copies may
be obtained.    


