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operation of the semicon-  much easier to construct by semiconductor
ductor network illustrated in Figure 1 and  network  techniques. These
substitutions    just described will be briefly described to  have been
checked by temperature cycling    provide a  better understanding  of the
the semiconductor network  multivibrator    5 structure of the
semiconductor network de-  and both the basic circuit of Figure 2c and 70
vice of Figure 1. Figures 2b and 2c pro-  the revised circuit of Figure 2b
operate    vide the same operation as Figure 2a, but  properly up to
110[err]C.    differ in circuit design. Semiconductor net-   The gated
bistable multivibrator shown    works could also be constructed to conform
in Figure 2a is designed for use as one  20 exactly with the circuits shown
in Figures  stage of a binary counter. The set input 75     2b and 2c. For
example, the difference be-  lead is utilized to determine which transistor
tween Figures 2a and 2b involves diodes  will be initially conducting  and
which     D[err], D[err], D[err] and D[err]. These diodes are shown
initially non-conducting. Since both TR-2     as separate circuit elements
in Figure 2b,  and TR-3 are NPN transistors, a positive  15 but are
incorporated in other structures in  pulse on the base of transistor TR-2
will 80     Figure 2a. In Figure 2a, the diodes D[err] and  render that
transistor conducting and TR-3     D[err] are defined by the emitter-base
and base-  non-conducting. Negative trigger pulses may     collector
junction diodes respectively of  then be applied to the input lead through
TR-1, and diodes D[err] and D[err] of Figure 2b  diode D[err], coupling
capacitor C[err] and diode  10 are incorporated in transistors TR-2 and
D[err] to cut off transistor TR-2 and render 85      TR-3 of Figure 2a in
the form of second  transistor  TR-3  conducting. A  second      emitter
base junctions.                     trigger pulse will return the circuit
to its        Another difference between Figures 2a  original condition.
Selective application of      and 2b is that the cross-coupling capacitors
pulses to the lockout lead may lock out  25 C[err] and C[err] of Figure 2b
have been replaced  or block trigger pulses applied to the in- 90      by
the distributed capacitance between their  put lead to render the
multivibrator circuit      corresponding semiconductor network 5K
insensitive to  input pulses. A  positive      and 7K resistors R[err] and
R[err], and R[err] and  polarity pulse applied to the clear lead will
R[err]. As described above with respect to the  return the circuit to its
original condition.  30 semiconductor network of Figure 2a, R[err] and
Output 1 and output 2 supply pulses in- 95      R[err] are formed by
P-strips .32 and 42, dicative of the state of their correspond- 



respectively, and R[err] and R[err] are formed by  ing transistor.
N-crystal portions 34 and 44, respectively.    Therefore, Figure 2a
illustrates a basic      Since the polarity across the capacitance  gated
bistable multivibrator circuit diagram  35 thus formed is always the same,
the junc-  which represents the operation of the semi- 100      tion-type
distributed capacitance is satis-  conductor network of Figure 1. Figure 2b
factory.                                    is the equivalent of Figure 2c,
and also        The difference between Figures 2b and  represents exactly
the operation of Figure      2c is that the 100 K. resistors R[err] R[err]
R[err]  1. However, in Figure 2b, the 100 K.  40 and R[err] of Figure 2c
are replaced by reverse  resistors of 2c have been replaced by re- 105
biased PN junction diodes D[err], D[err], D[err] and  verse biased PN
junction diodes. Figure 2a      D[err], respectively, of Figure 2b. The
purpose  again is the full equivalent as far as opera-      of these 100 K.
resistors, shown in Figure  tion is concerned of Figures 2b and 2c, but
2c, is to supply current to reverse bias the  in order to adapt the circuit
more easily  45 diode gates D[err], D[err] and D[err]. Although this  to
semiconductor solid network techniques, 110      multivibrator circuit
could be constructed  two separate diodes have been combined      as a
miniature semiconductor network to  into a single transistor structure as
collector      correspond  exactly  with  the  schematic  base and emitter
base diodes. In addition,      illustrated in Figure 2c, semiconductor net-
two other diodes have been replaced by an   50 work techniques do not lend
themselves as  additional emitter-base junction in each of 115      easily
to providing high valued resistances  the switching transistors TR-2 and
TR-3.      such as the 100 K. resistors R[err]-R[err], inclusive.
Reference is additionally made to our      In particular, 100 K. resistors
require either  co-pending parent patent application no.      very high
resistivity semiconductor material  16071/60 (Serial no. 958,242), from
which   55 or a large amount of space for a long path  the present
application is divided, and to 120      in lower resistivity  material.
Since the  our co-pending patent applications nos.      purpose of these
resistors is to supply  23279/63;  46087/63;  46089/63;  and      current
to  back bias diode gates, this  46090/63  (Serial nos. 958,244, 958,246,
current may also be obtained by replacing  958,248 and 958,249), also
divided from   60 the resistors with reverse biased PN junc-  said parent
patent application.         125      tion diodes, effectively placing the
diode    Terms indicative of position, such as "on"      gate and the
biasing diode in series. Such  and "overlying", are used in the following
substitutions result in the differences be-  claims to define relationship
of parts in a      tween the diagram shown in Figures 2b and  form
convenient for the purpose, but such 65  2c, the circuit shown in Figure 2b
being  terms are not to be construed in any 130    



958,247                                         5       restrictive sense
and it will be manifest  are an integral part of said substrate.      that
the semiconductor device could be    9. A semiconductor device according to
used in any desired positional orientation. claim  4, wherein said one
plate comprises        It must be emphasized here that only  a diffused
portion in the region adapted to   5 several preferred embodiments of this
in-  provide the properties of said one plate 65      vention have been
described above, and  which diffused portion has a conductivity      that
other variations  and  modifications  type opposite to that of the
semiconductor      thereof may be made without departing  material
immediately underlying said dif-      from the scope of this invention,
which is  fused portion.  to defined in the appended claims.
10. A method of fabricating a semicon- 70        WHAT WE CLAIM  IS:-
ductor device comprising the steps of: form-        1. A semiconductor
device comprising a  ing a monocrystalline semiconductor layer
semiconductor substrate, a  plurality  of  in or on one surface of a
semiconductor      mutually spaced monocrystalline semicon-  substrate,
dividing said layer into a plurality  15 ductor regions in or on one and
the same  of mutually  spaced  regions electrically 75      surface and
spaced from the opposite sur-  isolated from  one another through said
face of said substrate, said regions being  substrate, and adapting each of
said regions      electrically  isolated  from   one  another  to provide
the electrical properties of one      through said substrate, and each of
said  or more circuit elements.  20 regions  being  adapted  to  provide
the    11. A method of fabricating a semicon- 80      electrical properties
of one or more circuit  ductor  device  according  to  claim  10,
elements, or one of said regions being  wherein one of said regions is
adapted to      adapted to provide the electrical properties  provide  the
electrical properties  of a      of one or more circuit elements and the
transistor including the steps of forming  25 other or another of said
regions being  the transistor base region by diffusing a con- 85
adapted to provide the electrical properties  ductivity  type producing
ingredient into      of at least part of a circuit element.    said layer
adapted to give said base region        2. A semiconductor device according
to  a conductivity type opposite to that of the      claim  1, wherein one
of said regions is  region immediately underlying it, forming 



30 adapted to provide the electrical properties  the transistor emitter
region by diffusing 90      of a transistor.
into said base region a conductivity type        3. A semiconductor device
according to  producing ingredient adapted to give said      claim  2,
wherein another of said regions  emitter region a conductivity type
opposite      is adapted to provide the electrical properties  to that of
said base region.  35 of a diode.                                   12. A
method of fabricating a semicon- 95        4. A semiconductor device
according to  ductor device according to claim 10 or 11,      any preceding
claim, wherein the region  wherein one of said regions is adapted to
adapted to provide the electrical properties  provide the electrical
properties of a resistor      of at least part of a circuit element pro-
including the step of forming an elongated  40 vides the electrical
properties of one plate  resistor portion by diffusing a conductivity 100
of a capacitor, and said device further in-  type producing ingredient into
said layer      cludes an oxide of silicon dielectric over-  adapted to
give said resistor portion a con-      lying said plate, and conductive
material  ductivity type opposite to that of the region      overlying said
dielectric whereby said plate, immediately underlying it.  45 said
dielectric and said conductive material    13. A method of fabricating a
semicon- 105      overlying said dielectric form said capacitor. ductor
device according to claims 11 and        5. A semiconductor device
according to  12, wherein said steps of forming said      any preceding
claim, wherein one of said  transistor base region and said elongated
regions is adapted to provide the electrical  resistor portion are
concurrent.  50 properties of a resistor including an elon-   14. A
semiconductor device when pro- 110      gated portion bounded by a P-N
junction.  duced by the method of any of claims 10        6. A
semiconductor device according to  to 13.      any preceding claim, wherein
one of said      regions is adapted to provide the electrical    H. D.
FITZPATRICK & CO.,   55 properties of a multi-emitter transistor.
Chartered Patent Agents,        7. A semiconductor device according to
3 Gray's Inn Square,      any preceding claim, wherein said regions
London, W.C.1.,      result from subdivision of one initial layer.
and        8. A semiconductor device according to                94 Hope
Street,   60 any preceding claim, wherein said regions
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.   
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3. A semiconductor device according to  producing ingredient adapted to
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adapted to            adapted to provide the electrical properties  provide
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