
4                                       953,917                  performed
therein which correspond to the      created in wafer strip 40, preferably
in the        circuit components found in Figure 1. Wafer    same, manner
and at the same time the P- 65 strip 42 is formed in the shape of an "L"
region 78 is formed in wafer strip 42, thus                 having a
vertical and a horizontal leg. The    forming a rectifying P-N junction,
the junc-              particular dimensions of wafer 42 are de-      tion
of D[err]. A metal contact 22 is ohmic-                 signed so that the
sum of the effective bulk   ally connected to region 80 just as was con-
resistances of the semi-conductor material of  tact 14 to T[err]. Thus, it
is seen that a diode  70                 the two legs is equal to the
desired value of  having an anode 80 and a cathode 40 has
resistor R[err] which is shown in Figure 1.    been fabricated from the
original single body             10  This resistance may be calculated from
the     crystal of N-type semiconductor material.                 following
equation:-                    This diode corresponds to D[err] in Figure 1.
Contact strip 56 further ohmically contacts 75
R = [err] L/A                    wafer 40 to form cathode electrode 24 as
shown in Figure 2.                 where L is the sum of the active lengths
of      The construction of the components of                 the two legs
in centimetres, A is the cross-   wafer strip 36 will now be described,
with             15  sectional area of the wafer, and p is the
particular reference to Figure 5. In the pat- 80               resistivity
in ohm-centimetres of the N-type   ticular embodiment as shown in Figure 2,
semiconducting material of which wafer 42      wafer 36 is in the shape of
an "L" with a                 is made.
vertical and a horizontal leg. The length                   The left-hand
region (in the drawing) of     and cross-sectional area of the horizontal
20  the horizontal leg of wafer strip 42 is pro-   leg is calculated so as
to furnish the desired                 cessed so as to form transistor
T[err] therein.resistance of resistor R[err] found in Figure 1.
Figure 3 shows a cross-sectional view of the   The length and
cross-sectional area of the                 said left-hand region which
shows how the      vertical leg is such as to provide the desired
transistor is fabricated. A P-region 78 is     resistance of resistor
R[err]. Furthermore, as             25  formed within this region of wafer
42 in       shown in Figure 1, a distributed capacitance  90
any well-known manner, such as by the          C[err] is connected in
parallel with resistor R[err]                 vapour diffusion of
significant impurities into  and a portion of R[err].  Figure 5 shows a
the strip so as to form a rectifying P-N       cross-sectional view of the
actual construc-                 junction therein. A second N-region 76 is
tion of capacitor C[err] in the fabricated circuit             30  formed
in wafer strip 42 by diffusion over     of Figure 2 which utilizes the
inherent 95                 the P-region 78 so as to form a second
capacitance of a P-N junction. The vertical         rectifying P-N junction
between regions 76     leg and a portion of the horizontal leg of
and 78. The wafer strip 42 is then sub-        wafer 36 provide one plate
of this capacitor.                 jected to an etching treatment, using
well     On these portions of these legs is created a             36  known
transistor techniques, to remove both    region 62 of P-type semiconductor
material 100                 diffused layers 76 and 78 from the wafer
so as to form a P-N rectifying junction there- 



strip except in the circled area on the left-  between.  The P-type region
62 may be                 hand region of the wafer strip. The regions
created by diffusion in the same manner                 76, 78 and the
left-hand region of wafer 42    as and  preferably  simultaneously  with,
40   which lies beneath them now comprise an        region 80 of wafer
strip 40 and region 78 105                 N-P-N transistor. In the
particular embodi-    of wafer strip 42. A metallic plate 26 which
ment shown in Figures 2 and 3, region 76 is    may be a vapor deposited
layer of gold,                 the emitter of this transistor, the region
78 is  aluminum or other metal, is alloyed to P-                 the base
region, and N-region of wafer 42      region 62 to make ohmic contact
therewith.             45   underlying region 76 and 78 is the collector
This technique of fabricating a capacitor on 110                 of the
transistor. A metal emitter electrode   a single body of semiconductor
material is               or contact 14 Is attached to region 76, such
described in the Specification of our afore-                 as by vacuum
deposition and alloying, so as    mentioned co-pending  Patent Application
to foam an ohmic contact for the emitter, and  No. 3633/60 (Serial No.
945,734). Contact             50   a metal base electrode l6 is applied in
the    strip 52 makes contact only with the lowest 115                 same
manner and alloyed through region 76      portion of the vertical leg of
wafer 36 as                 so as to provide ohmic contact to base
shown by dashed lines in Figure 2, this                 region 78 and
rectifying contact to region     lower portion being equivalent to the
upper                 76. The junction between contact 16 and
terminal of resistor R[err] shown in Figure 1.             55   region 76
may be etched away if desired as     Thus, the vertical leg and a portion
of the 120                 customary in the art in the formation of
horizontal leg of wafer section 36 has been                 double diffused
transistor such as is con-     processed so as to form a parallel R-C
stituted by T[err]. Contact strips 50 and 58   circuit. It will be noted
that the metallic                 further contact in ohmic fashion the
wafer     layer 26 of capacitor Cl, which is actually             60
strip 42 at the regions shown in Figure 2.     the capacitance of the
reverse biased P-N 125                  The construction of diode D[err] in
wafer    junction between P-layer 62 and the N-type                  strip
40 will now be described, with particu-  region of wafer strip 36, does not
appear to                lar reference to Figure 4. A P-region 80 is    be
connected directly to the circuit at any
953,917                                  5 point. However, to those skilled
in the art  found to be + 13V. Contact strip 58 is also it will be apparent
that such construction is  connected to the collector region of this
equivalent to a capacitance connected in  transistor and so provides the
output at the parallel with R[err]. Contact strips 44 and 48  collector of
T[err].  A small positive bias is are also ohmically connected to wafer 36
applied to contact strip 56 and thus to the  70 at the regions shown in
Figure 2.         emitter electrode 14 of the transistor in wafer The
construction of the components of  42. A potential of I volt has been found
wafer strip 38 will now be described with  satisfactory.  This positive
bias is also particular reference to Figure 6. Diode D[err],  applied to
the cathode of diode D, by 



which is shown in Figure 1, is fabricated  virtue of contact strip 56 being
connected  75 into the left-hand region of wafer strip 38 in  to wafer
strip 40. A small negative bias, for a manner shown by Figure 4, above des-
example, -2V, is applied by contact strip cribed. Capacitor C[err] is
fabricated into the  48 to the base electrode 12 of the transistor
remaining right-hand region of wafer strip  through contact strip 44 and
the horizontal  38 in a manner shown by Figure 6, which is  leg of wafer
strip 36 which corresponds to  80  a cross-sectional view. This region of
wafer  resistor R[err].  This is because contact strip 44  strip 38
provides one plate of this capaci-  is ohmically connected to the junction
of the  tor. Formed onto this region is a layer 60  vertical and horizontal
legs of wafer strip  which provides a dielectric layer for capaci-  36, and
thus it also connects the base elec-  20  tor C[err]. As oxide of silicon
has been found  trode to one terminal of resistor R[err]. Anode  85  to be
a suitable material for this dielectric  electrode 18 of diode D[err] in
wafer strip 38  layer, as explained in the Specification of  is also
connected to the base electrode 16  our aforementioned co-pending
Application  of the transistor at contact strip 44, and its  No. 3633/60
(Serial No. 945,734). A plate  cathode, which is the left-hand region of
32 forms the other plate and is provided by  wafer strip 38, is connected
by contact strip  90  evaporating a conductive material onto layer  54 to
the anode electrode 22 of diode D[err] in  60. Gold and aluminum have been
found  wafer strip 40. Plate 32 of capacitor C, is  to be satisfactory
materials for plate 32.  connected to contact strip 46 which con-  Contact
strip 54 ohmicahlly contacts, wafer  stitutes input terminal I[err] and
receives the  30  strip 38 at its left-hand portion and it serves  trigger
pulse when two of the solid state  95  as an internal connecting point   .
circuits of Figure 2 are being used to form  It now remains to connect the
various  a complete bistable multivibrator. The  circuit components found
in each of the  operation of such a semiconductor multi-  above-described
wafer strips of sections into  vibrator is similar to that described in
con-  35 the completed circuit diagramed in Figure 1.  nection with Figure
1.               100  Wire connectors 64, 66, 68, 70 and 72 per-    The
techniques for fabricating various cir-  form this function. Base electrode
16 of  cuit components within a single body of  transistor T[err] is
connected by connector 66  semiconductor material have been described  to
contact strip 44 and thus to the common  in the Specifications of both of
the afore-  40  terminal of resistors R[err] and R[err]. Also, the
mentioned co-pending Patent Applications, 105  anode electrode 18 of diode
D[err] is connected  which are herein incorporated by reference.  to this
latter junction by connector 68. The  For example, the transistor of Figure
3 in  emitter electrode 14 of the transistor is con-  the instant
Application may be fabricated by  nected to contact strip 56 by. connector
72  producing the P-region 78 and N-region 76  45  and thus to the cathode
of diode D[err] which  by means of the well-known diffusion pro- 110  is
formed by the wafer strip 40. The anode  cess, or otherwise, and then
etching away  electrode 22 of diode D[err] is connected to  portions of
these regions so as to obtain their  contact strip 54 by the connector 70
and desired area. Furthermore, in practice the  thus to the cathode of
diode D, which con-  several wafers shown in Figure 2 may be  50  sists of
the left-hand region of wafer strip  formed individually and then placed on
the 115  Furthermore, the remaining right-hand  supporting substrate and
interconnected. The  region of wafer strip 38 forms one plate 30  exact
shape of the various wafer strips or 



(see Figure 7) of capacitor C[err]. The other  sections are unimportant to
the operation of  plate 32 of capacitor C[err] is connected by  the
circuit. The geometrical "L" shape of               55  wire 64 to contact
strip 46.              wafer strip or section 42, for example, merely 120 A
brief explanation of the signal and bias  provides compactness. Also, the
wafers or voltage input to the fabricated circuit of  sections of Figure 2
are there shown entirely Figure 2 will now be given, corresponding to
disconnected from each other, except for the those shown in Figure 1.
Positive potential  metallic connectin  wires 64, 66, etc., in 60  is
applied by contact strip 50 to the left-  order to prevent short circuits
between cer- 125 hand region of the horizontal leg of wafer  tain
components. However, it is possible to strip 42, corresponding to the
collector of  fabricate the circuit of the instant invention transistor
T[err], through the vertical and hori-  into a single body of high
resistivity or essen- zontal legs of wafer 42 which correspond to  tially
intrinsic semiconductor material in 65  resistor R[err]. A satisfactory
voltage has been  which there have been produced N-type or 130            6
953,917           P-type layers which are in the form of wafe,     and
ohmic contacts to said collector and said strips 36, 38, 40 and 42 and
insulated from      emitter and to the other ends of said first, 65
each other by the "intrinsic" semiconductor      second and third
resistors.         material underlying them. A circuit device      2. A
semiconductor circuit according to      5 fabricated in such a manner
assumes the        Claim 1, wherein another one of said regions
same configuration as shown in Figure 2, 3,      is adapted to provide the
electrical proper-         4, 5 and 6, except that the substrate 34
ties of a P-N junction diode, and one elec- 70         represents the
supporting layer of intrinsic     trode of said diode is ohmically
connected         semiconductor material in such a device and      to said
base.     10 contact tabs 44, 46, 48, 50, 52, 54, 56 and       3. A
semiconductor circuit according to-         58 are alloyed completely
through the in-        Claim  2, wherein a further one of said
trinisic layer 34 to form low resistance con-    regions is adapted to
provide the electrical 75         tacts to the several regions defining the
circ-  properties of a second P-N junction diode,         cuit components.
and one of the electrodes of said second     15   Among the advantages
proferred by this       diode is ohmically connected to the other
invention are that it provides a miniature       electrode of said diode.
semi-conductor bistable multivibrator sub-      4. A semiconductor circuit
according to  80          combination which can be fabricated from a
Claim  3, wherein the other electrode of          body of semiconductor
material, portions of      said second diode is ohmically connected to 



20 which are processed so as to form therein a    said emitter.
transistor diode or capacitor, and-wherein      5. A semiconductor circuit
according to          all or part of all components of the circuit     any
preceding claim, including a capacitor 85          subcombination are
completely fabricated         having one plate thereof comprised of a por-
within the body of the semiconductor ma-      tion of semiconductor
material of one of     25 terial; that it can provide a miniaturized
said regions, dielectric material overlying         semiconductor bistable
multivibrator sub-        said portion and conductive material over-
combination circuit structure which is sub-      lying said dielectric.
90         stantially  smaller, more  compact, and         6. A
semiconductor circuit according to         simpler than circuit packages
which here-        Claims 4 and 5, wherein said portion is     30 tofore
have been developed using known         ohmically connected to the other
electrode         techniques; that it can provide a miniatur-      of said
diode and said one electrode of said         ized semiconductor bistable
multivibrator        second diode.                             95
circuit subcombination comprising a body        7. A semiconductor circuit
according to         of semiconductor material wherein a tran-        any
preceding claim, wherein said substrate     35 sistor and a load resistor
and various input     is semiconductor material.         circuits to the
transistor are fabricated with-    8. A  bistable circuit comprising two
in the semiconductor body.                    members connected together to
form a single 100            Although the invention has been shown
circuit and each including a substrate having         and described in
terms of a specific embodi-     therein or thereon a plurality of semicon-
40 ment, it will be evident that many changes     ductor regions together
providing the elec-         and modifications are possible within the
trical properties of a transistor, a capacitive         scope of the
appended claims. For example,       semiconductor diode and a portion of
semi- 105         the bistable multivibrator subcombination
conductor material with a substantial re-         circuit may utilize a
P-N-P transistor or        sistance.     45 possibly other forms of
transistors. In such      9. A bistable circuit including two semi-
a case, the semi-conductor body adjacent the     conductor members
connected together and         substrate 34 is a P-type semiconductor
built up into a single circuit, each member 110         material.
including a transistor, a capacitive semi-
conductor diode and a portion of semicon-            WHAT WE CLAIM IS: -
ductor material with a substantial resistance.
10. A bistable circuit according to Claim     50    1. A semiconductor
circuit comprising a     8 or 9, wherein the collector of each tran- 115
substrate, a plurality of semiconductor       sistor is connected through
one capacitive         regions in or on one and the same face and
semiconductor diode to the base of the         spaced from the opposite
face of said sub-       transistor of the other member.         strate,
said regions being electrically isolated   11. A bistable circuit according
to Claim     55 from  one another through said substrate,      8, 9 or 10,
wherein for each transistor a por- 120         certain of said regions
being adapted to      tion of semiconductor material with a sub-
provide the electrical properties of a tran-     stantial resistance forms
a collector resistor.         sistor having a base, emitter and collector
12. A bistabld circuit according to Claim         and first, second and
third resistors, said      11, wherein in each member a portion of     60
first resistor having one end thereof ohmic-     semiconductor material
with a substantial 125 



ally connected to said collector, said second    resistance is connected to
a terminal of the         and third resistors each having one end
capacitive diode.         thereof ohmically connected to said base,
13. A bistable circuit according to any            953,917  P-type layers
which are in the form of wafer     and ohmic contacts to said collector and
said             strips 36, 38, 40 and 42 and insulated from      emitter
and to the other ends of said first, 65             each other by the
"intrinsic" semiconductor      second and third resistors.
material underlying them. A circuit device         2. A semiconductor
circuit according to         5  fabricated in such a manner assumes the
Claim 1, wherein another one of said regions             same configuration
as shown in Figure 2, 3,      is adapted to provide the electrical proper-
4, 5 and 6, except that the substrate 34         ties of a P-N junction
diode, and one elec- 70             represents the supporting layer of
intrinsic     trode of said diode is ohmically connected
semiconductor material in such a device and      to said base.         10
contact tabs 44, 46, 48, 50, 52, 54, 56 and        3. A semiconductor
circuit according to             58 are alloyed completely through the in-
Claim  2, wherein a further one of said             trinisic layer 34 to
form low resistance con-    regions is adapted to provide the electrical 75
tacts to the several regions defining the circ-  properties of a second P-N
junction diode,             cuit components.                            and
one of the electrodes of said second         15    Among the advantages
preferred by this         diode is ohmically connected to the other
invention are that it provides a miniature       electrode of said diode.
semi-conductor bistable multivibrator sub-         4. A semiconductor
circuit according to  80             combination which can be fabricated
from a       Claim 3, wherein the other electrode of             body of
semiconductor material, portions of      said second diode is ohmically
connected to         20  which are processed so as to form therein a
said emitter.             transistor, diode or capacitor, and wherein
5. A semiconductor circuit according to             all or part of all
components of the circuit     any preceding claim, including a capacitor 85
subcombination are completely fabricated         having one plate thereof
comprised of a por-          within the body of the semiconductor ma-
tion of semiconductor material of one of          25  terial; that it can
provide a miniaturized       said regions, dielectric material overlying
semiconductor bistable multivibratot sub-        said portion and
conductive material over-             combination circuit structure which
is sub-      lying said dielectric.                90
stantilally smaller, more compact, and             6. A semiconductor
circuit according to             simpler than circuit packages which here-
Claims 4 and 5, wherein said portion is        30  tofore have been
developed using known           ohmically connected to the other electrode
techniques; that it can provide a miniatur-      of said diode and said one
electrode of said             ized semiconductor bistable multivibrator
second diode.                         95 



circuit subcombination comprising a body           7. A semiconductor
circuit according to             of semiconductor material wherein a tran-
any preceding claim, wherein said substrate        35  sistor and a load
resistor and various input     is semiconductor material.
circuits to the transistor are fabricated with-    8. A  bistable circuit
comprising two             in the semiconductor body.
members connected together to form a single 100               Although the
invention has been shown          circuit and each including a substrate
having             and described in terms of a specific embodi-     therein
or thereon a plurality of semicon-        40  ment, it will be evident that
many changes       ductor regions together providing the elec-
and modifications are possible within the        trical properties of a
transistor, a capacitive             scope of the appended claims. For
example,       semiconductor diode and a portion of semi- 105
the bistable multivibrator subcombination        conductor material with a
substantial re-             circuit may utilize a P-N-P transistor or
sistance.        45  possibly other forms of transistors. In such       9.
A bistable circuit including two semi-             a case, the
semi-conductor body adjacent the     conductor members connected together
and             substrate 34 is a P-type semiconductor           built up
into a single circuit, each member 110             material.
including a transistor, a capacitive semi-
conductor diode and a portion of semicon-               WHAT WE CLAIM IS:-
ductor material with a substantial resistance.
10. A bistable circuit according to Claim        50    1. A semiconductor
circuit comprising a        8 or 9, wherein the collector of each tran-
115            substrate, a  plurality of semiconductor         sistor is
connected through one capacitive            regions in or on one and the
same face and       semiconductor diode to the base of the
spaced from the opposite face of said sub-       transistor of the other
member.            strate, said regions being electrically isolated   11. A
bistable circuit according to Claim        55  from one another through
said substrate,         8, 9 or 10, wherein for each transistor a por- 120
certain of said regions being adapted to         tion of semiconductor
material with a sub-            provide the electrical properties of a
tran-     stantial resistance forms a collector resistor.            sistor
having a base, emitter and collector,       12. A bistable circuit
according to Claim            and first, second and third resistors, said
11, wherein in each member a portion of        60  first resistor having
one end thereof ohmic-     semiconductor material with a substantial l25
ally connected to said collector, said second    resistance is connected to
a terminal of the            and third resistors each having one end
capacitive diode.            thereof ohmically connected to said base,
13. A bistable circuit according to any       .
953,917                                        7  of Claims 8 to 12,
wherein the two members        H.D. FITZPATRICK  & CO., are identical to
each other.                        Chartered Patent Agents,
14. A semiconductor circuit substantially   3 Gray's Inn Square, London,
W.C.1, 



as described herein with reference to Figs.                   and 1 to 6 of
the accompanying drawings.            94 Hope Street, Glasgow, C.2.
Abingdon: Printed for Her Majesty's Stationery Office, by Burgess & Son
(Abingdon), Ltd.-1964. Published at The Patent Office, 25 Southampton
Buildings, London, W.C.2,                                 from which copies
may be obtained.   ERRATA  SPECIFICATION NO.  953,917                  Page
1, line 13, for "or" read "for"  Page 1, line 14, for "electron" read
"electronic"                   Page 1, line 21, for "side" read "size" Page
1, line 53, after "or" delete "a"  Page 2, line 14, after  "components,"
insert "such as diodes and transistors." Page 3,  line 63, in every
instance for "inch" read "inches"  Page 3, line 99, for "out" read "our"
Page 4, line 17, for "semiconducting" read "semitonductor"  Page 4, line
43, after "emitter" insert "region"                  Page 4, line 107, for
"vapor" read "vapour"  Page 5, line 20, for "As" read "An" Page 5, line 34,
for "of" read "or"  Page 6, lines 11 and 12, for "intrinisic" read
"intrinsic"  Page 6, lines 13 and 14, for "circuit" read "circuit" THE
PATENT OFFICE, 12th September 1967    


