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of  ment constructed for operation with a single Abacus House, 33 Gutter
Lane, London   input of clock pulses, said arrangement com- EC2V 8AH, a
British Company, do hereby   prising a first bistable including a cross-
declare the invention, for which we pray   coupled pair of transistors and
a second bi-  50 5 that a patent may be granted to us, and   stable
including a cross-coupled pair of tran- the method by which it is to be
performed,  sistors, means being present for supplying to be particularly
described in and by the   at least the cross-coupled pair of transistors
following statement:-                     in the first bistable with
primary bias cur- This invention relates to electrical cir-  rent of a
certain magnitude from  a fixed  55 10  cuits, particularly but not
exclusively inte-  current source, means responsive  to the grated
circuits, comprising  at least one   clock pulse input being present for
sup- master/slave bistable arrangement construc-  plying primary bias
current to the cross- ted for operation with a single input of  coupled
pair of transistors in the second clock pulses.
bistable at a normal level and a reduced level  60 15   Integrated circuits
are known comprising   during  clock periods, further means being a
plurality of semiconductor circuit elements  present to provide from  the
fixed current arranged in a common semiconductor body   source sources of
secondary bias current of and adjoining one side of the body, at least -
smaller magnitude for supply to the cross- one multi-layer current
injection structure  coupled pair of transistors, or transistors con-  65
20  being present for supplying bias current to  nected thereto, in the
second bistable, said a zone of a circuit element. Such integrated
sources of secondary bias current having no circuits are described in
United Kingdom   effect on the state of said second bistable Patent
Specifications Nos. 1,398,862/3/4/   when the primary bias current supplied
to 5/6/7/8 and for a further description of  the cross-coupled pair of
transistors in said  70 25  the mechanism by which such current in-  second
bistable is at the normal level,said jection integrated circuits operate
and the  sources of secondary bias current being advantages inherent in the
structures refer-  effective when the primary bias current sup- ence  is
invited  to  "Philips  Technical  plied to the cross-coupled pair of
transistors Review", Volume 33, 1973, No. 3, pages 76   of said second
bistable is at the lower level  75 30  to 85.
to pre-condition the state of said second With conventional current
injection inte-  bistable and hence determine its condition grated circuits
a problem arises when it is  on return of the said primary bias current
desired to construct a master/slave bistable  to the normal level.
arrangement operating on voltage levels with-    This circuit comprises a
master/slave  80 35  out  recourse to separate clock pulse inputs
arrangement operating on current levels, as for the master and slave. The
voltage levels  opposed to voltage leads in known circuits within a current
injection integrated cir  such as Transistor-Transistor Logic (TTL) cuit
normally lie within the  range of bias  integrated circuits, and with a
single input voltage applied to the current injector. This  of clock
pulses. Particularly when constructed   85 40  is normally 1 volt or less.
Therefore with in an integrated circuit form using current current
injection there is not a sufficient vol-  injection techniques with
suitable choice of tage change to inhibit the slave and to en-  the
situation and configuration of multi-layer able  the master in the normal
manner.    current  injection structures and the zones According to one
aspect of the invention   of circuit elements to be biased and utilising
90 45  there is provided an electrical circuit com-  the feature that bias
currents of different prises at least one master/slave arrange-  magnitudes
can be supplied by one or more    2
1,494,481                                          2 multi-layer current
injection  structures, the  ing capable of reinjecting minority charge said
configuration may give rise to signifi-  carriers into the fourth region
which are re- cant advantages. It is thus  possible using   ceived by the
fifth region via the rectifying current injection techniques to form  a
static  junction between the fourth region and the 5 shift register with
static     transfer.              fifth region. Furthermore in such arrange
Thus, the electrical circuit, may be formed   ments a preferred
construction is that 



as an integrated circuit, sai  integrated cir-  which  the second  and
fourth  regions are cuit comprising  a semicon uctor body in   present as a
common semiconductor region which the transistors are present and adjoin
which constitutes the emitter zones of the 10   one side of the body a
plurality of multi-  cross-coupled pair of transistors in the first  75
layer current injection  structures adjoining   bistable and the emitter
zones of the said the said one side of the     body and  pro-  transistors
to be supplied with reinjected bias vided for supplying primary bias
current to  current, the collector zones of the cross- the cross-coupled
pairs of    tansistors in the   coupled pair of transistors  in the first
bi- 15  first and second bistables an  for supplying   stable being present
as surface zones within   80 secondary bias current in   the form  of re-
and  of opposite conductivity  type to the injected  bias current to
the cross-coupled           third  regions, and  the collector zones of
pair of transistors, or transistors connected   the said transistors to be
supplied with re- thereto, in the second bistable,  the said re-  injected
bias current being present as sur- 20  injected  secondary  bias  current
being  of  face zones within and  of opposite conduc-   85 smaller
magnitude than the primary   bias cur-  tivity type to the fifth regions.
rent supplied to the relevant  transistor of    In a second form  of the
integrated cir-' the second bistable.                        cuit the
multi-layer current injection struc- Such an  integrated circuit has
various ad-  tures for supplying primary bias current to 25  vantages as
will be apparent   from the des-  the. cross-coupled pairs of transistors
in the   90 cription later herein of various embodiments.  first and second
bistables each comprise three In particular the employment of the multi-
successively arranged regions of alternating layer current, injection
structures      to provide  conductivity type adjoining the one side of
primary  bias current and  sondary  rein-  the semiconductor body, the
third  regions 30  jected bias current of smaller magnitude en-
constituting the base zones of said cross-   95 ables a master/slave
bistable    arrangement         coupled pairs of transistors and in each of
operating on current levels   th a single  said structures' the first
region forming an clock pulse input to  be obtained in a rela  injector
region  having  a  connection  for tively simple manner and in a
relatively com-   applying one polarity of a source of bias cur- 35  pact
form. The single input   of  clock pulses  rent and the  second-region
having a con- 100 may be applied in various different ways de-  nection for
the other polarity of said source pending on the particular  configuration
of  of bias current, the said connections of the the arrangement and this
will be described   current injection structures associated with
subsequently in respect of different   specific  the said transistors in
the first bistable be- 40  forms  of the arrangement.
ing for a fixed current source and the said    105 In a first form  of the
integrated circuit                    connections of the current injection
struc- the multi-layer current injection structures  ture associated with
the said transistors in which supply primary bias current to the  the
second bistable being for a clocked cur- transistors in the first bistable
each  com-  rent source, further multi-layer current in- 45  prise five
successively  arranged     regions of  jector structures being present for
supplying   110 alternating conductivity  type   adjoining  the  reinjected
bias current to the cross-coupled one side of the semiconductor  body, the
pair of transistors, or transistors connected third regions constituting
the base  zones of  thereto, in the second  bistable and  each the
cross-coupled pair of transistor in the  comprising five successively
arranged regions 50  first bistable  and  the  fifth   regions con-  of
alternating conductivity type adjoining the   115 stituting the base -zones
of the   transistors  one side of the semiconductor body of which to be
supplied with reinjected bias  current,  regions the first region forms an
injector and  in  each  of said  structure  the first  region having a
connection for applying one region forming an injector region having a
polarity of the fixed source of bias current 55  connection for applying
one    polarity of a  and the second region has -a. connection for  120
source of bias current and the second region  the other polarity of said
fixed source of having a. connection for the o  er polarity  bias current,
the fifth regions of the five- of said source of bias current  hereby the
layer current injection structures which can rectifying junction between
the first region  receive via the rectifying junction between' 60  and the
second region can be  polarised in  the  fourth  region  and  the  fifth
region   125 the forward direction  for the   injection of  minority
charge carriers reinjected  by the minority carriers into the second
region which' third region into the fourth region consti- are received by
the third region   via the  tuting the base zones of the cross-coupled
rectifying junction between the second region  pair of transistors, or of
transistors connected 65  and the third region, the third region be
thereto, in the second bistable.                    130    3
1,494,481                                       3 According  to  a further
aspect of the  of the integrated circuit shown in Figures 1  65 invention
there is provided an integrated   and 2; circuit employing current
injection compris-   Figure 4 is a plan view  of the semicon- ing a first
bistable having first and second   ductor body portion of part of another
inte- 5 transistors and a second bistable having third  grated circuit in
accordance with the inven- and. fourth transistors, the state of the first
tion, said part forming an element of a shift  70 



bistable having a controlling effect on the  register circuit; second
bistable, wherein a common zone of      Figure 5 is a plan view of the
semicon- one conductivity type, which forms the emit-  ductor body portion
of part of a further inte- 10  ter zones of the transistorsof said
bistables,  grated circuit in accordance with the inven- comprises at least
four islands of the oppo-  tion, said part being in the form of a master/
75 site conductivity type, said islands consti-  slave arrangement having
first and second tuting the base zones of said transistors,  bistables
constituting a divide-by-two ele- which base zones comprise islands of the
one   ment and forming part of a counter circuit; 15  conductivity type
which constitute the col-    Figure 6 is a cross-sectional view through
lector zones of said transistors,            the semiconductor body portion
on the line   80 a collector zone of the first transistor be-  VI-VI in
Figure 5; ing connected to the base zone of the second   Figure 7 is a
circuit diagram of the part transistor and a collector zone of said second
of the integrated circuit shown in  Figures 20  transistor being connected
to the base zone   5 and 6; of the first transistorso as to form the first
Figure 8 is a plan view of the semicon-  85 bistable,
ductor body portion .of another integrated a collector zone of the third
transistor  circuit in accordance with the invention, said being connected
to the base zone of the   part being in the form  of a plurality of 25
fourth transistor and a collector zone of said  shift register elements;
fourth transistor being connected to the base    Figure 9 is a plan view of
the semicon-   90 zone of the third transistor so as to form   ductor body
portion of a further integrated the second bistable,
circuit in accordance with the invention, said part being a master/slave
arrangement hav- the base zones of the  first and  third tran-  ing first
an  second bistables forming an 30  sistors  being  disposed in  close
proximity to  element of a counter cicuit ,               95 each other so
that with the emitter zone Figure 10 is a circuit diagram of the part they
constitute a first lateral   transistor,  of the integrated circuit shown
in Figure 9; the base zones of the second  and the    Figure 11 is a
circuit diagram of a fur- fourth transistors being disposed in close  ther
embodiment and in the form  of a 35  proximity to each other so that with
the  J-K bistable arrangement;                      100 emitter zone they
form a second lateral tran-    Figure 12 is a circuit diagram of a fur-
sistor, which lateral transistors function as  ther emboiment and in the
form of an R-S coupling transistors between the first and the  bistable
arrangement and second bistable,                           Figure 13 is a
circuit diagram of a further 40    a first current injector zone of the
oppo-  embodiment and in the form  of a D-type  105 site conductivity type
being disposed in close  bistable arrangement. proximity to and  for
supplying a constant    The part of the integrated circuit shown current to
the base zones of the first and  in Figures 1 and 2 is a divide-by-two ele-
the second transistors and a second current  in  Figures 1 and 2 is a
divide-by-two ele- 45  injector zone of the opposite conductivity  ment of
a counter circuit and. comprises a 45 injector zone of the opposite
conductivity       master/slave arrangement having first and  110 type
being disposed in close proximity to and second bistable circuits. for
supplying current at two different levels    The circuit elements present
are twelve during clocking periods  to the base zones of  bipolar
transistors [err] to [err] of which in the third and the fourth
transistors.       Figures 1 and 2 the base regions are indi- 50
Embodiments of the invention will now    cated by the reference characters
[err] to [err]  115 be described, by  way of example, with re-  inclusive.
The first bistable, which is de- ference to the accompanying diagrammatic
noted the slave comprises transistors [err] to drawings, in which: -
[err] and the second bistable, which is de- Figure 1 is a plan view of the
semicon-  noted the master comprises transistors [err] to 55 ductor
bodyportion of part of an integrated  [err] the  transistors [err] to.
[err] being present 120 circuit in accordance with the invention, said  in
the feedback circuit between the slave part being in the form  of a
master/slave  and  master. The transistors [err] to [err] are arrangement
having first and second bistables  arranged adjacent one side of  a
semiconductor constituting  a divide-by-two  element and   body common to
all the circuit elements 60  forming part of a.counter circuit,
present.                                    125 Figure 2 is a
cross-sectional view through  The circuit is formed in a silicon body the
semiconductor body portion on the line  which comprises an [err]-silicon
substrate 1 II-II in Figure 1;                         having thereon an
n-type epitaxial layer 2. Figure 3 is a circuit diagram of the part  On the
upper surface 3 of the n-type epit-    4
1,494,481                                         4 axial  layer   2
there   is  a   silicon  as laterally arranged p-n-p transistors [err] and
oxide insulating layer 4 an  for the sake  [err]  having n-type base
regions [err] and [err] of clarity of illustration the  yer 4 is shown
with the p-type region 21 constituting an as being of uniform  thickness
whereas in  emitter region common to both lateral p-n-p 



5   practice the layer 4 normally will be of vary-  transistors and the
collector regions of said ing thickness. A locally diffused [err]-region 5
transistors [err]  and [err]  respectively being extends through the
epitaxi  layer 2 from   common with the  base regions of the n-p-n the
surface 3 to the substrate   1 and serves  vertical transistors [err] and
[err] to perform a separatng function between in-    The portions of the
n-type epitaxial layer 10   dividual circuit elements and groups of cir-  2
forming the n-type base regions of the  75 cuit elements as will be
described herein-  lateral p-n-p transistors are bounded  on two after.
Within the epitaxial layer 2 there are  opposite sides by the p-type
regions 21 and a plurality of locally diffused  p-type regions,  [err] and
on two further opposite sides each of substantially rectangular configura-
by portions of the [err]-diffused region 5. The 15  tion. The boundaries of
such p-type regions  latter referred  to boundaries between the [err]  80
are indicated in the plan vie  of Figure 1  diffused region 5 and the
n-type material of by solid lines. Six of these  type regions  the
epitaxial layer 2 are indicated in the are indicated by reference
characters [err]  plan view of Figure 1 by chain lines. [err] as these
regions form  the     The p-type region 22 constitutes the first 20  base
regions of transistors [err]              layer of two five-layer current
injection struc-  85 [err] and [err] respectively. Within these locally
tures and of two three-layer current injec- diffused p-type-regions there
locally dif-  tion structures, the first three layers of a fused
[err]-regions 11 to 19 inclu ve indicated  five-layer strucure forming the
three layers in the plan view of  Figure 1 by  solid lines.  of a three-
layer current injection structure. 25  These [err]-regions form the
collector regions  Thus, a five-layer current injection structure  90 of
vertically arranged  inverse n-p-n  transistors  is formed by the p-type
region 22, an ad- [err] and [err] having the n-       jacent portion of the
n-type epitaxial layer 2 type epitaxial layer 2 as an    emitter region
and referenced [err] the p-type region [err] an which  is common  to  all
said   vertically   adjacent portion of the n-type  epitaxial layer 30
arranged n-p-n inverse transistors.   Thus with-  2 and referenced [err]
and the p-type region  95 in the. p-type base  region [err] the
[err]-regions  [err] Of these five regions the first three 11 and 19 form
the two collectors  of the  regions, namely the regions 22,[err] and [err]
multi-collector n-p-n inverse transistor[err].  form a three-layer current
injection structure. Similarly, within  the p-type base regions [err]  A
further five-layer current injection struc- 35  [err] and [err] the
n-regions 12,  13 and 14  ture is formed  by the p-type region 22, an  100
respectively form the collector regions of the  adjacent portion of the
n-type epiaxial layer n-p-n inverse transistors [err]  and [err]  2 and
referenced B, the p-type region [err] Within the p-type  base region [err]
the [err]  an adjacent portion of the n-type epitaxial regions 15 and 16
form the  two  collectors  layer 2 and referenced B,, and the p-type 40  of
the multi-collector n-p-n inverse transistor  region [err]. Of these five
regions the first 105 [err] and within the p-type base region [err]  three
regions namely the regions 22, [err] and the [err]-regions 17 and 18 form
the two col-  [err] form a three-layer current  injection struc- lectors of
the multi-collector n-p-n inverse  ture. transistor [err]
The  two. three-layer  current injection 45     Two further locally
diffused p-type regions  structures 22, [err] and  22, [err] provide  110
21 and 22 extend in the epitaxial layer 2  bias current for the p-type base
regions [err] on opposite sides of the remaining six p-   and [err] of the
vertically arranged inverse type regions [err] and [err]  n-p-n transistors
[err] and T[err] respectively and The p-type regions 21 and 22 which  are
also  themselves may be considered as laterally 50  indicated in the plan
view of Figure 1   by  arranged p-n-p transistors [err] and [err] having
115 solid lines constitute the first lay   of multi-  base regions  B[err]
and B[err] with  the p-type layer current injection structures.   Thus the
region 22 constituting an emitter region com- p-type region 21 constitutes
the first layer  mon to both lateral p-n-p transistors and the of two
three-layer current injection struc-  collector regions of said transistors
[err] and 55  tures, a first of which is formed  y the p-  T  being common
with the base regions of 120 type regions 21 and [err] and an intermediate
the inverse n-p-n vertical transistors [err] and n-type portion of the
epitaxial layer refer-  [err] enced [err] and a second  of which  is formed
The two five-layer current injection struc- by the p-type regions 21 and
[err] and an  tures 22, [err] and 22, [err] 60  intermediate n-type portion
of the epitaxial  [err] provide bias current for the p-type  125 layer
referenced [err]. These two three-layer  base regions [err] and [err]
respectively of the current injection structures provide   e main
vertically arranged inverse n-p-n transistors bias currents for the p-type
base regions of  [err] and [err]. However these bias currents are the
vertically arranged n-p-n    transistors [err]  appreciably smaller than
the bias currents 65  and [err] and themselves may be    considered
supplied by the three-layer injectors to the  130    5
1,494,481                                           5 regions [err] and
[err]. This will now  be ex-   ally may be of an order of magnitude greater
plained in detail in the case of the three-   than the bias current
supplied to [err] by layer and five-layer current injection struc-  the
five-layer current injection structure. In tures 22, [err] and 22, [err]
the case, for example, where 100 units of 



5  Consider the case where a bias voltage is  current flow into the p-type
injector region   70 applied  between the p-type region 22 con-   22,
typically with a structure as shown in stituting the first "injector" layer
of the cur-   Figures 1 and 2 one would expect a bias rent injection
structure  and  the  n-type   current of between 50 and 70 units to be
epitaxial layer 2 comprising the n-type regions   supplied by the
three-layer injection struc- 10  [err] and [err]  respectively forming the
second   ture to the p-type base region [err] of tran-   75 and fourth
layers of the current injection   sistor [err] and a bias current of
between 5 structure, said bias voltage being applied in   and 10 units to
be supplied by the five-layer such a sense that the p-n junction between
injection structure to the p-type base region the p-type region 22 and the
n-type region   [err] of transistor [err]. The ratio of these two 15  [err]
is in the forward direction. Holes are   bias  currents  can - be
predetermined  by   80 injected across said forward biased junction
various structural features, for example, by into the n-type region [err]
forming the second  the area of the p-type region [err] and the layer of
the current injection. structures and   separation of the p-type region
[err] and the are collected by the p-type region [err] form-   separation
of the p-type regions [err] and [err] 20  ing the third layer of the
current injection   The magnitude of the bias current supplied   85
structure. The p-type region [err] is the zone   to the p-type region [err]
by the three-layer to be biased of a first circuit element, namely
injection structure with respect to the cur- the inverse n-p-n vertical
transistor [err] and   rent flowing in the p-type injector region 22 a
total hole current I will be collected by   can be predetermined by various
structural 25  this region. Positive charge therefore  builds   features
including  the spacing of the p-   90 up on. the region [err] and its
potential rises  type regions 22 and [err]. The said ratio be- until the
p-n junction between  the p-type   tween  the bias currents supplied  to
the region [err] and  the n-type regions [err] and   zones [err] and [err]
by the three-layer and five- [err] comes in the forward direction. A
current  layer injection structures ideally should re- 30  equal to I must
follow across the p-n junc-   main constant over a wide range of supply
95 tion since charge cannot accumulate in the   currents, for example, in
the circuit des- p-type region [err]. This current is made up of   cribed
over a range in which the said 100 several components, namely (a) a hole
current   units of current lies in the range of be- flowing from the p-type
region [err] and being   tween 10 nanoamps and 10 milliamps. 35  collected
by the p-type region 22, since the   It is mentioned that the separation of
the  100 p-n-p transistor formed by regions 22, [err]  p-type region 22 and
the p-type region [err] B, is saturated, (b) a hole current which
constituting the fifth  layer of the five-layer .         flows from
region [err] and recombines with   current injection structure, that is the
dis- electrons the n-type regions [err] and [err] and   tance in the n-type
material of the epitaxial 40  the part of the n-type epitaxial layer 2
layer 2 between  these regions, is considerably  105 below the p-type
region [err] (c) an electron   greater than  a minority  carrier diffusion
current, most of which forms the emitter  length in the said n-type
material and there- current of the inverse n-p-n vertical tran-  fore
direct injection of holes from  the p- sistor [err] of which the p-type
region [err]    type region 22 into the p-type  region [err] 45  forms the
base region, and (d) a current of  does not occur.
110 holes which are reinjected from  the p-type     In a similar manner the
bias current sup- region [err] into the n-type region [err] consti-  plied
to the base zone [err] of the inverse tuting the fourth layer of. the
five-layer cur-  p-n vertical transistor [err] by the three- rent
injection structure and are collected by   layer injection structure
22,[err] can be 50     the p-type region [err] forming the fifth layer   an
order of magnitude greater than the bias  115 of the five-layer current
injection structure. current supplied to the base zone [err] of the The
last mentioned hole current(d) con-     inverse n-p-n  vertical transistor
[err] by the stitutes a bias current supplied to a second
five-layer injection structure 22, [err] circuit element, in this case the
fifth layer   [err]  With the arrangement shown the bias 55  of the current
injection structure constituting   currents supplied to the base zones of
the  120 the base zone [err] of the inverse n-p-n ver-  inverse n-p-n
vertical transistors [err] and tical transistor [err]. Due to the existence
of  [err] are mutually substantially equal as also the current components
(a), (b),and (c) the   are the bias currents supplied to the base bias
current (d) supplied to [err] by the five-  zones of the inverse n-p-p
vertical transistors 60  layer current injection structure is consider-
[err] and [err] and the bias currents supplied to  125 ably less than the
bias current supplied to  the base zones- of the inverse n-p-n vertical
[err] by the three-layer current injection struc-  transistors [err] and
[err] ture. In the circuit shown in Figures 1 and     The two five-layer
current injection struc- 2 the bias current supplied to [err] by the
tures which provide bias current for the p- 65  three-layer current
injection structure typic-  type base regions [err] and [err] of the
inverse  130    6                                          1,494,481
6 n-p-n vertical transistors [err] and [err]  respec-  exception of the
[err] boundaries which are tively  each may be considered    as the series
shown as a line of crosses. Further conduc- connection of two lateral p-n-p
transistors in  tive tracks 33, 34, 35, 36 and 37 of alumi- which the
collector region of the first lateral  nium  extend on the surface silicon
oxide 



5  p-n-p transistor [err] or [err] is common with  layer 4 and form
contact with various dif  70 the emitter region  of the second  lateral
ferent semiconductor regions through open p-n-p transistor [err] and [err]
said first  and  ings in the layer 4. The conductive track 33 second
lateral transistors in  the present ex-  connected to a collector region 19
of tran- ample having n-type base regions which are  sistor [err] forms. as
output  connection con- 10  interconnected via the [err]-substrate 1.The p-
ductor  and is further designated by reference  75 type collector regions
of the  lateral p-n-p   Q. The tracks 34 to 37 inclusive form inter-
transistors [err] and [err] respectively are com-  connections between
various regions of the. mon with the base regions [err]  and [err] of  the
transistors present in the master and slave vertical n-p-n   inverse
transistors [err] and [err]  bistable elements. 15  The portions of the
n-type epitaxial layer 2  The p-type injector  region 22 is operated  80
forming the n-type base regions [err] and [err]  as a fixed current
injector with a constant of the lateral p-n-p transistors   [err] and [err]
current source between a connection  to the are bounded on two opposite
sides by the  track 31 and a connection to the [err]-substrate p-type
regions [err] and [err] and on   1 which is connected at earth potential.
In 20  two further opposite sides by  portions of the   Figure 1 this
constant current source which  85 [err]-diffused region 5. The latter
referred to  supplied  bias current to transistors in the boundaries
between the [err]-diffused region 5  slave bistable element is designated
FCS(S). and the n-type material of the  epitaxial layer    The p-type
injector  region 21 is operated 2 are indicated in Figure 1, by chain
lines.                 as a variable current injector with applied 25
The presence of the portions of the [err]-  clock pulses which  may be
superimposed on  90 diffused region 5 which adjoin   and partially    a
constant current between a connection  to surround the p-type injector
layers 21 and  the track 32 and a connection to the [err]- 22 the six other
p-type regions in addition  substrate 1. In Figure- 1 this clocked cur- to
providing electrical separation  between  rent source which supplies bias
current in 30  these p-type regions also facilitates the con-  the master
bistable element is designated  95 finement of injected current in the form
of  CCS(M) holes to the dred portions of the n-type epitaxial layer 2. This
confinment of the in-   Figure  3 is a circuit diagram  of the jected
current increases the effective diffusion  part of the integrated circuit
shown in Figures 35 length of holes in the n-type layer 2 and    1 and
2,the base stmbols of the lateral aids in increasing the current
handling capa-  p-n-p  transistors [err]  100 bility of the vertical
inverse n-p-n  transistors.  being shown as horizontal lines and the base
Furthermore the presence of the portions of  symbols of the vertical n-p-n
transistors [err] the [err]-dffused  region 5 between adjoining   [err]
being shown as vertical 40  edges of adjacent p-type regions serves to
lines. The n-p-n transistor pair [err] and [err] inhibit parasitic p-n-p
transistor action  ,e-  of which the bias currents are supplied  by  105
tween said regions. The [err]  junction be-  the p-n-p transistors [err]
and [err] connected to tween the substrate 1 and epitaxial layer 2   the
fixed current source are cross-coupled to form a bistable   element which
is denoted together. with the [err]  junctions   between    form  a
bistable element which is denoted 45  portion of the [err]-zone 5 and  the
n-type  the slave in the master/slave configuration. portions [err] of the
The n-p-n    transistor pair [err] and [err] of 110 epitaxial layer 2
constitute a  barrier for the  which the bias currents are supplied by the
injected holes. Although in this  embodiment. p-n-p  transistors [err] and
[err] connected to the  p-type  regions extend   only  partially   the
clocked  current source  are  similarly 50  through the n-type epitaxial
layer 2 it is  cross-coupled  to form  a bistable element advantageous for
the p-type  regions to ad-  which is denoted the master in the master/  115
join the [err]-substrate 1 as closely  as possible  slave configuration.
The p-type injector regions  21  and 22 are    For information transfer
from  master to provided with  connection conductors in the  slave the
master can operate directly on the 55  form of aluminium tracks 31   and 32
respec-  slave via coupling to the bases of transistors tively which extend
on the surface of the  [err] and [err]. The feedback from the slave to  120
silicon oxide layer  4 and form  contact with  the master is via n-p-n
transistors [err] and [err] the regions 21 and 22 at openings  in the  the
bias currents of which are supplied by layer 4.
the p-n-p transistors [err] and [err] forming part 60    In  he plan view
of Figure   1 all open-  of the previously  described  five-layer cur- ings
in the silicon oxide layer 4 are shown in  rent injector structures. The
output Q  of 125 broken lines, all aluminium tracks  are shown  this
divide-by-two circuit is taken from  a in cross-hatched shading with
chain-dot line  collector region of transistor [err] Figure 3 boundaries,
and the  boundaries   of  diffused  indicates in dotted line that a
complementary 65  regions are shown in solid lines with the  output Q' may
be derived from  a further    7
1,494,481                                        7 collector region, when
provided, in tran-  current will therefore be supplied to tran- sistor T4.
sistor [err] but as described with reference to In the slave  bistable the
emitters of     Figures 1 and 2 the  base current to transistor 



sistors [err] and [err] are connected to a datum   [err] will be an order
of magnitude less than level, which is shown as earth potential. One  the
base current supplied to transistor [err]  70 of the collectors of
transistor [err] is connected  and also an order of magnitude less than the
to  the base of transistor [err] and one of  base current supplied to the
transistor [err] the collectors of transistor [err] is connected  from the
clocked current source at the high to the base of transistor [err] thus
forming  level.Due to transistor [err] being OFF and 10  the  bistable
element. The emitters of tran-  the base of transistor [err] being held low
75 sistors [err] and [err] are connected to the fixed  no bias current is
supplied to transistor [err] current source FCS. The bases of transistors
by the lateral p-n-p transistor [err]. [err] and [err] are connected to
earth and the    As the base current of transistor [err] is collectors of
transistors [err]   and [err] are con-  thus restricted it cannot sink the
whole of 15  nected respectively to bases of transistors [err]  the base
current for transistor [err] There-  80 and [err] and to the emitters of
transistors  fore transistor [err] continues to conduct and [err] and
[err]. The bases of  transistors [err] and  transistor [err] conducts out
of saturation. The [err] are connected to earth and the collector  state
of the master bistable with transistor of transistors [err]  and [err] are
connected re-  [err] conducting therefore remains unchanged. 20  spectively
to the bases of transistors [err] and    If the master bistable is now
clocked by   85 T.. Transistors [err] and [err] are grounded  reducing the
current supplied by CCS the emitter stages and the collectors  of
transistors   base current for  transistor [err] is therefore [err] and
[err] are connected respectively to the  reduced on the falling edge of the
clock bases of transistors [err] and [err] in the master  pulse. As the
base current of transistor T12 25   bistable.                 .  .
is reduced so its capacity to sink all the  90 In the master bistable the
emitters of tran-  base current for transistor [err] is also re- sistors
[err]   and [err] are commoned and are  duced. Bias current to transistor
[err] is how- connected  to  the clocked  current source  ever still
diverted by the collector of tran- CCS. The bases of transistors [err] and
[err]  sistor [err] and transistor [err] will remain in 30   are connected
to earth and the collectors of  the OFF condition due to the cross-coupling
95 transistors [err]  and [err] are connected re-  between transistor [err]
and transistor [err]. At spectivey to the bases of transistors [err]
this point the feed forward between the and [err]. In the multi-collector
transistors  master bistable and slave bistable is of no [err] and [err]
one collector of  [err] is con- effect and therefore the master bistable is
35  nected to the base of transistor [err] and one  now  effectively
isolated from  the slave bi- 100 collector of transistor [err] is connected
to- stable. the base of transistor [err] .The second col-    As the current
supplied by CCS is further '      lector of transistor [err] is  connected
to the  reduced, on the falling edge of the clock base of transistor [err]
and the second collector   pulse, transistor [err] becomes progressively 40
of transistor [err] is  connected to the base  more able. to divert all
the base current for 105 of transistor T2 thus forming the feed for-
transistor [err] supplied through transistor ward from  the master bistable
to the slave [err]. When transistor [err] is able to divert all bistable.
The emitters of transistors [err] and  the current supplied via transistor
[err] there [err] are connected to earth.              is no base current
supplied to transistor [err] 45    The operation of the circuit is as
follows  and transistor [err] will turn  OFF. Transistor  110 The bias
current fed to the  bases of tran- [err] will therefore  turn ON but at a
very sistors [err] and  [err]  is a constant current,   low current level
since the base current sup- whereas the bias current  fed into the bases
plied by. [err]  will be small. The master will of transistors [err] and
[err] is varied between   be isolated from the slave and assuming that 50 a
high level and a low level as determined the clocked current source is not
reduced to 115 by the clocked current source CCS. It is  zero the state of
the master bistable will assumed for the purposes of this description  have
been changed to a     condition predeter- that the high level current  of
the clocked   mined by the slave bistable. Information can- current source
is equal to the fixed current  not be propagated to the output since the
supplied to the slave bistable.                slave is isolated  at this
time. If the clocked  120 Assuming now that the current supplied at current
source were to be reduced to zero CCS is at the high level and that the
con-  the master will be de-energised but the pre- dition of the slave
bistable is  such that tran- conditioning of the master by the slave will
sistor [err]  is ON and transistor [err] is there-  take  place
immediately the clocked current 60  fore OFF. For a stable condition
transistor  source is powered up again.-               125 [err] must
therefore be- OFF and transistor   When, following the period in which the
[err] must be ON. Current is therefore fed   clocked current source  is at
the low level, from  the fixed  current  source FCS to the  the master is
powered up again by the cur- emitter of transistor [err] which will be at a
rent supply by CCS increasing from  said 65  positive potential with
respectto earth Base  low level the current supplied via transistor  130
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8 [err] to the base of transistor [err] will be  the -next shift register
element. The input greater than the current   which can be sunk  to the
bistable comprising transistors [err] by transistor [err] and therefore
above this  to [err] of the element shown in full from 



current level transistor [err] will be unable  the bistable comprsing
transistors [err] and to effect the condition of the  master bistable
[err]  of the preceding shift register element   70 and hence the master
becomes effectively iso-  is via conductive tracks 45 and 46. and the.
lated from feedback.                         preconditioning  of this
bistable  (denoted As the current supplied  by CCS increases  the  master)
is  obtained  by  the  rein- transistor [err] becomes  able to sink
progres-  jected  bias  currents  supplied  to  the 1O  sively. more of the
base current of tran-  further transistors [err]   and [err]   associated
75 sistor [err] until  eventually transistor [err]    will with the
bistable comprisng transistors [err] turn  OFF. Therefore transistor  [err]
will turn  and [err] of said  preceding element. The track ON by the
cross-coupling    action of the slave  45 is connected to the p-type base
region bistable and at this point the    condition of   [err]    of  the
inverse   n-p-n        vertical transistor 15  the master  bistable will
have   been trans-  [err] and to the n-type collector region 16 of   80
ferred to the slave bistable. The sequence  the inverse  n-p-n vertical
transistor [err]. The of operations is then repeated, the output Q   track
46 is connected to the n-type collector being a square wave at half the
clock pulse  region 18 of transistor [err] and to the p- frequency of CCCS
and this    circuit therefore  type base region [err] of transistor [err].
In 20  constitutes a divide-by-two  circuit which  this manner a very
compact shift register  85 operates with a. master/slave  action which
element is obtained and it will be appreciated eliminates so-called race
hazards.       that  a series array of such shift register ele- By addition
of other transistors to the  ments may be fed with the necessary bias
master bistable element, the divide-by-two  currents from common injectors
21, 31 and 25  circuit can be adapted to  form     a J-K  bi-  22, 32 on
opposite sides of the array, the   90 stable or other -bistable element,
for ex-  one injector 22, 32  feeding the bistables ample a shift register
element. Thus the de-  (denoted slaves) being connected to the fixed vice
structure shown in Figures 1 and 2  current source FCS and the other
injector 21, can be regarded as a form: of  adaptable build-. 31 feeding
the  bistables (denoted masters) 30  ing block for many conventional
bistable ele-  being connected to the clocked current source   95 ments.
One such adaptation will   now  be. des- .  Referring now to Figures 5 and
6 there cribed with reference to Figure 4. In this  is shown in these
Figures part of another Figure, which shows  in plan view  a shift
integrated circuit and in  the form  of a 35  register element adaptation
of the basic  divide-by-two element of a counter circuit,  100 building
element of Figures 1 and 2 and  said  element  comprising  a  master/slave
its interconnections with succeedling and pre-  arrangement having first
and second bistables. ceding  shift register  eleements portions,   The
individual component circuit elements regions and layers  corresponding
to  those in  present are similar to those shown in. Figures 40  Figure 1
are indicated by the  same refer-  1 and 2 with the main difference
residing in  105 ence numerals and letters. With  respect to  the fact that
the number of transistors is now the various regions in the  semiconductor
ten instead of twelve, the transistors [err] and body the only difference
resides  in the p-  [err] present in the Figures 1 and 2 embodi- type
region  [err] which in Figure 4 is of  ment not being present in the
embodiment 45  smaller area and only  includes a single n-  of Figure 5.
The base regions of the tran-  110 type surface region, namely the region
11.  sistors [err] to [err] and [err] to [err] are indi- The
interconnection  pattern of   aluminium   cated by the reference characters
[err] to [err] tracks differs in that instead of there being   [err] and
[err]  to [err]. The bistable circuit corn- a single output from  the
p-type   region [err]  prising transistors  [err] to [err] is denoted the
50  there are the output connections from a first   master and the bistable
circuit comprising  115 bistable (denoted the slave) comprising tran-
transistors [err]  to [err] and [err] is denoted the sistors [err] and
[err] and present in   one shift  slave. These transistors are arranged
adjacent register element to a second bistable  (denoted   one side of a
semiconductor body common to the master) which is present in   the
following  all the circuit elements present 55  shift register element.
These connections con-    In Figures 5 and 6 various regions and  120 sist
of conductive tracks 43 and 44 connected  layers which correspond  to those
present in to the n-type collector  regions 13 and 14 of  the embodiments
of Figures 1 and 2 are in- the inverse n-p-n vertical transistors [err] and
dicated with the same  reference numerals [err] of the slave and therefore
the reinjected   and characters and  the line notation for 60  bias
currents supplied to transistors [err] and   various regions  in Figures 1
and 5 is identi- 125 [err] are employed for the preconditioning of  cal.
The silicon body comprises a p-type the second bistable  (denoted the
master)  substrate  51  having  thereon  an  n-type which  is present in
the following shift  epitaxial  layer. On the upper surface :3 of register
element in the transfer   informa   the epitaxial layer there is a silicon
oxide 65 tion from  the one shift register  element to  layer 4 of varying
thickness. Diffused [err]  130    1,494,481
9 type regions in the form of strips 52 extend   The p-type region 22
constitutes the first from the surface of the epitaxial layer 3 to  layer
of two three-layer. current injection the p-type substrate' 51 and serve
for the   structures and two five-layer current injec- 



electrical isolation of various groups of cir-  don structures, the first
three layers of a 5  cuit elements. In the present embodiment  five-layer
structure forming the three layers  70 the counter element is an element
based on   of a three-layer structure. Thus, as in the current injection
principles and the [err]-strips   embodiment shown in Figures 1 and 2, the
such as the strips 52 serve for the electrical  layers 22, [err] and 22,
[err] form a pair isolation of current injection  circuitry in the   of
three-layer current injection structures. 10  semiconductor body from other
forms of cir-   These provide bias current for the p-type  75 cuitry such
as TTL  (Transistor-Transistor   base regions [err] and [err] of the
inverse n-p-n Logic) peripheral circuitry. The structure   vertical
transistors [err] and [err] respectively shown in Figures 5 and 6 chosen
for the   and themselves may be considered as later- current injection
circuitry enables the cur-  ally arranged p-n-p transistors [err] and
[err]. 15  rent injection circuitry and the peripheral cir- cuitry, such as
TTL circuitry, to be provided       Said p-n-p  transistors [err]  and
[err]    have 80 simultaneously in the  semicondutor body          their
n-type base regions [err] and [err] bounded by processing  operations
conventionally em-   n two opposite sides by the [err]-region 5. The ployed
manufacture of  the peripheral  transistors [err]and [err] may be
considered as 20                                               first
circuit elments having zones [err] and circuitry.
[err]  to be biased.                             85 An [err]-buried layer
53 is present in 'the vicinity of the interface between the [err]-type
Between the adjacent peripheries of the epitaxial layer 2 and the p-type
substrate 51   p-type regions [err] and [err] the [err]-region 5 Further
strip-shaped  [err]-regions 54 and 55  is not present and thus these
regions. are 25  extend between the surface of the epitaxial  separated by
n-type material of the epitaxial layer 2 and the peripheral edges of the
buried  layer 2 and referenced [err]. Similarly the p-    90 layer 53.
These [err]-regions are contacted by  type regions [err] and [err] are
separated by n- aluminium conductive tracks 56 and 57 re   type material of
the epitaxial layer 2 and spectively via apertures in the silicon oxide
referenced [err] . A  layer current injection 30  layer 4. In this' element
there are only six  structure is thus formed by the regions 22, locally
diffused p-type regions, namely the   [err]  and another five-layer current
95 injector regions 21 and 22 and the regions  injection structure is
formed by the regions [err] and [err] the latter four regions 22, [err].
These can provide bias respectively forming the base regions of in-
currents of relatively smaller magnitude for 35  verse n-p-n vertical
transistors [err]       the p-type base regions [err] and [err] of the and
[err] Within these locally diffused p-   nverse n-p-n vertical transistors
[err] and [err]  100 type regions there are seven locally diffused in the
case when a clocked current source [err]-regions 11, 12, 15, 16, 17, 18 and
19   CCS(M) applied to the master via the con- which form  the collector
regions of the in-  ductive tracks 31 and 56 is at a low level. 40  verse
n-p-n vertical transistors   [err]    For the same reasons as described
with and [err] having the n-type epitaxial layer 2  reference to Figures 1
and 2 the bias cur-  105 as  an  emitter region which is common to  rents
which can be supplied by the five- all said inverse n-p-n vertical
transistors.  layer injection structures to the base zones The p-type
'injector' regions 21 and 22  [err] and [err] of the inverse n-p-n vertical
45  constitute the first layer of multi-layer cur-  transistors [err] and
[err] are of considerably rent  injection structures. Thus the p-type
smaller magnitude  than the bias currents sup-  110 region 21 constitutes
the first layer of two  plied by the three-layer injection structures
three-layer  current  injection  structures,  (having their layers common
with the first namely one formed by the regions 21, [err]  three layers of
said five-layer injection struc- 50  and [err] and another formed by the
regions  tures) to  the base zones [err] and [err] of the 21, [err] and
[err]. These two three-layer cur-  inverse n-p-n vertical transistors [err]
and [err]  115 rent injection structures provide the main bias  Again by
suitable choice of the dimensions currents for the p-type base  regions
[err]  of the various regions present the ratio be- and [err] of the
inverse n-p-n vertical tran-  tween said bias currents can be predeter- 55
sistors [err] and [err] and themselves may be  mined, for example by
suitable choice of considered as laterally  arranged p-n-p tran-  such
parameters as the area of the p-type  120 sistors [err] and [err]
regions [err] and [err] and the  separation of the The portions [err] and
[err] of the n-type  regions [err] and [err] and the separations of
epitaxial layer 2 forming the base regions  the regions [err] and [err]
Furthermore it is 60  of transistors [err] and [err]  are bounded on
mentioned that the separation of the 'in- two opposite sides by the p-type
regions 21  jector' region 22 from  the fifth layers [err]  125 and [err]
[err] and on two further opposite and [err] of the five-layer structures is
con- sides by portions of the [err]-diffused region 5  siderably in excess
of a minority carrier as in the embodiment shown in Figures  1  diffusion
length in the n-type epitaxial layer 65  and 2.
2 and therefore direct movement of injected    10
1,494,481 holes to the p-type regions [err] and [err] does in Figure 7 the
collector of [err] is connected not occur.
in Figure 7 the    collector of [err] is connected 



directly to the base of[err] and the collector The two five-layer current
injection struc-   of  [err] is connected directly to the base of tures
which  can provide  the  relatively  transistor [err]. The circuit of
Figure 7 func- 5  smaller magnitude bias currents for the base  tions in a
similar manner to the circuit of zones [err] and [err] may  be  considered
as the   Figure 3. When. the clocked current source  70 series connection
of two  lateral  p-n-p tran-   applied to the master decreases towards the
sistors in which the collector region of the   low level, base current is
supplied to one first lateral p-n-p transistor   [err] or [err] is  sideof
the master via the feedback from the 10   common with the emitter region
of the   slave, that is by one of the said five-layer second lateral p-n-p
transistor  [err]said  injection structures, and this pre-determines  75
first and  second lateral transistors having   the state of the master
which is locked into n-type base regions which are  interconnected   the
predetermined state as the clocked cur via the [err]-buried layer 53.The
p-type col-  rent source applied to the master later in- 15   lector
regions of the lateral  p-n-p transistors   creases from the low level. The
sequence of [err]  and [err] are common with the base regions   operation i
the same as described with re-  80 [err] and [err] respectively of the
inverse n-p-n  ference to Figure 3 and a similar master/ vertical
transistors [err]   and [err] said base   slave action is achieved. regions
being fed with main  bias  currents     The 'divide-by -two' counter
element show 20   from  the p-n-p transistor three-layer injec-  in Figures
5 and 6 can be adapted to form a tion structures 21, [err]  and 21, [err]
J-K  bistabl  or other bistable element, for  85 when the clocked  current
source CCS  is  example a  shift register element. Thus the at a higher
level.                         device structure  shown in  Figures 5   and
6 Aluminium  conductive  tracks        61 to 64   may  also be regarded as
a form of adaptable 25  inclusive are situated on the  surface of the
building block for many conventional bistable silicon oxide layer 4 and
extend in con-  circuits. One such adaptation will now  be   90 tact with
various regions   via apertures in   described with reference to Figure 8.
This said oxide layer. These tracks forms inter- Figure  shows in plan
view   one complete connection paths between various regions in
master/slave  shift register element [err] 30   the master bistable and
slave   bistable ele-   which is an adaptation of the basic building ments.
A further aluminium conductive track   element of Figures 5 and 6. The
Figure also   95 65 connected to a collector  region  19 of the   shows.the
slave [err]   of the preceding shift transistor T2 forms an ou  ut
connection   register elt and the master master[err] of the conductor and
is further  designated by re-  succeeding shift register element, said pre-
35   ference Q.                                     ceding and  succeeding
elements being iden- As in the previous embodliment the p-    tical in
structure to the complete element  100 [err] Portions, layers and regions
corres- type injectr region  22 is  operated as  a              ponding to
those present in Figure 5 and fixed current injector with a   constant
current 6 are indicated with the same references in source  designated FCS
in Figure 5 between   Figure 8 .In  each complete   master/slave 4 a
connection to the tracks 32   and 57. The               element the p- type
region [err] in the slave is  105 p-type injector region 21 is operated as
a variable current injector with applied   clock   of substantially  the
same area  as the p- pulses supplied via a docked   current source  type
region [err] and only includes a single n- between connections to the
tracks 31 and             type surface region, namely the region 11 45   56
and designated CCS in  Figure 5. It will be noted that   in Figure 8 the
master and slave in each complete element [err] 110 Figure 7 is a circuit
diagr   of the part  are  laterally displaced with respect to one of the
integrated- circuit shown   in Figures  another. The  master [err]   and
slave [err]  are 5 and 6, the base symbols  of the lateral  interconnected
by aluminium  tracks 67 and p-n-p transistors [err]       68. Thus the
track 67 forms an interconnec- 50   being shown as horizontal lines and the
base  tion between the n-type collector region  12  115 symbols of the
vertical n-p-n  transistors [err]  of the inverse  n-p-n vertical
transistor [err] [err] being shown as vertical lines.  and the p-type base
region [err] of the inverse It will     be   clear  that  this  circuit  is
similar  n-p-n  vertical transistor T2  in the  slave  [err] to that shown
in Figure 3         respect of  further extends over the surface insulating
55   the cross-coupled transistor pairs   [err] and  layer and forms a
connection to the n-type  120 [err]  together  with their bias current
collector region 17 of the inverse n-p-n  ver- supplied from  the fixed
current  source FCS   tical  transistor [err] in the master [err]. Simi-
and the clocked current source  CCS. Also the  larly the track 68 forms an
interconnection output Q  is the same as  in   the Figure 3   between the
p-type base region [err]  of the 60   circuit and the same possibili
exists  for  inverse n-p-n vertical transistor [err] and the n-  125 the
adaptation of the structure o provide a   type collector region 11 of the
inverse n-p-n complementary  output Q'. The difference in  vertical
transistor [err] in the slave [err] further the circuits resides in  the f
back loop  extends over the surface insulating layer and from  slave to
master. In the   circuit shown   forms a connection to the n-type collector



11                                       1,494,481.
11 region 15 of the inverse n-p-n vertical tran-  Figure 9. The operation
of this circuit is sistor [err] in the master [err].                similar
to that shown in Figure 7, the main In this embodiment the coupling between
difference residing in that the p-type injector a first bistable present in
one shift register  regions are connected to the same, fixed cur- 5
element and a second bistable present in a  rent source and clock pulses
are applied  via  70 succeeding shift register element is achieved
transistors [err] and [err]. The  bistable com- by  means of the reinjected
bias currents  prising the transistors [err]  and supplied  from the first
bistable by the lateral  referred to herein as the master is powered p-n-p
transistors [err] and [err]  down by diverting the bias currents  sup- 10
[err] to  the base zones of the - transistors  plied by the three-layer
injection structures  75 [err] and [err] respectively of the second bi-
21, [err] or 21, [err] said bias current stable when the docked current
source is  diversion being through transistor [err] via effectives in
reducing the main bias currents  the relevant base contacts to the
transistors to said. transistors [err] and [err]. Thus the  [err] and
[err]. The bias current for transistor 15  slave [err] operates on the
master [err]  as  [err] is supplied by the transistor [err] formed   80
does the slave [err] on the master [err] via the  by the three-layer
injection structure 21, [err] preconditioning obtained  with said
reinjected   [err] When this powering down of the master bias currents. It
will be noted that in the   occurs the relevant five-layer injection struc-
shift register embodiment of Figure 8, data  ture 21, [err] or 21, [err] 20
is transferred in a direction from right to   [err] is effective in
supplying reinjected bias  85 left whereas in the shift register embodiment
current to the base  zone of transistor [err] of Figure 4, data is
transferred in a direction   or [err] respectively, said bias current being
from left to right                          of a considerably smaller
magnitude than that A further embodiment of a divide-by-two   supplied by
the respective three-layer injec- 25  counter element of an integrated
circuit will  tor structure 21, [err]or 21, [err] to the  90 now be
described with reference to Figures  base zone of transistor [err] or [err]
and serving 9 and 10. This element comprises a master/  for preconditioning
the state of the master slave bistable element having the same tran-  in a
similar manner as described with respect sistors and interconnections as
are present  to the preceding embodiments. Thus in this 30  in the
master/slave element shown in Figures  embodiment as [err] is normally OFF,
its bias  95 5 and 6, corresponding parts being indicated   current
supplied  by transistor [err] being by the same reference numerals and
charac- sunk by the clock pulse input CPI in the ters. The p-type injector
regions 21 and 22  said OFF condition. When the clock pulse are connected
together through a single alu-  input is such as to no longer be capable of
35  minium  track 71 and in operation a fixed  diverting said bias current
the transistor [err]  100 current source FCS is applied between the
progressively turns ON  thus diverting the p-type injectors 21, 22  and
the  n-type  bias currents of both [err] and [err] and thus epitaxial layer
2.                           powering down the master. At the end of An
additional P-type region [err] is pre-  the clock pulse period the master,
which 40  sent and is separated from  the p-type in-  has been
preconditioned with the aid of the  105 jector region 21 by a portion [err]
of the n-  said  reinjected bias current as described, is type epitaxial
layer 2. Within the.. p-type   powered up again by the transistor T 4 turn-
region [err] there are two n-type regions 73  ing OFF. and 74. A  further
three-layer current in-    It will be evident that as the clock pulse 45
jection structure is formed by the regions 21,  input is a simple
connection to the base  11O [err] and may be considered  as a lateral
region of transistor [err] in a series of the p-n-p transistor [err]. This
supplies bias cur-  counter circuits, the dock pulse input can rent to the
region [err] which constitutes the  be driven from the output Q of the
preced- base zone of an auxiliary inverse n-p-n ver-  ing stage. 50  tical
transistor [err]  of which  the n-type      Referring now to Figure 11
there is shown  115 emitter zone is formed by then n-type epitaxial  the
circuit diagram of a J-K  bistable. This layer 2 and two collector zones
are formed   circuit effectively is a modification of the by the n-type
regions 73 and 74. An alu-  circuit shown in Figure 3 and correspond-
minium  track 75 makes contact with the  ing transistors which perform
identical or 55  base region [err] via an opening in the surface
substantially identical functions are corres-  120 oxide layer and in
operation this track is  pondingly indicated with the same reference
connected to an input source of clock pulses  numerals. The modification
resides in the CPI.                             .          provision of
vertical inverse n-p-n transistors One collector region 73 of the auxiliary
[err]  and [err] which have  their collector 60  transistor [err] is
connected  to a collector  regions respectively connected to the base  125
region of transistor [err] and the other collec-  regions of transistors
[err] and [err] The tran- tor region 74 of transistor [err] is connected to
sistors [err] and [err] are fed with primary a collector region of
transistor [err]       bias current by three-layer current injector Figure
10 is a circuit diagram  of the  structures and represented as lateral
p-n-p 65   counter element shown in  plan. view  in  transistors [err] and
[err]. The first regions of 130   
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12 these three-layer current injection structures  lateral p-n-p
transistors [err] and [err] are are connected to the fixed current source
formed by a pair of five-layer current in- FCS. It will be appreciated
that this cir-  jection structures of which the first regions cuit
arrangement with the additional tran-  are both connected to the fixed
current source  65 5  sistors [err] may be readily   FCS. In this manner
reinjected bias current provided in integrated circuit  form using the   of
smaller magnitude  than the  primary bias structure described with
reference to Figure   current supplied by the three-layer current 1 with
provision of two further three-layer  injection structures can be supplied
to the lateral p-n-p current injection  structures and   inverse n-p-n
vertical transistors [err] and [err]  70 10  two further inverse vertical
n-p-n transistors.  of which the base regions are formed by the fifth
regions of the five-layer current injec- The K  and J inputs are connected
to-the   tion  structures, namely the collector zones of base zones of the
transistors  [err] and [err]   [err] and [err]  respectivey. The said
transistors which in  the.  integrated c rcuit form  are    [err] and [err]
when biassed by said rein- 75 formed by the third layers of the further
jected bias current into the ON  condition 15  three-layer current
injection structures. The   serve to divert  at least a portion of the
primary bias current, depending on its level, K and J inputs are current
drains  which may   suplied from     the clocked  current source be turned
ON and  OFF by  connecting the   CCS to the transistors [err] and [err]
respec-  80 inputs to earth or not. As in the circuit shown   tively by the
three-layer  injection structures in Figure 3 the pre-conditioning     of
the bi-  constituted by the lateral  p-n-p transistors 20  stable
comprising transistors [err] and [err] is  [err] and [err] respectively.
effected via one of the transistors [err] or [err]    The R and  S inputs
are current drains and thus by turning transistor [err]   or[err]    which
when ON drain the reinjected bias  85 ON the pre-conditioning can be
overriden so   current from  transistors [err] and [err] and thus cause the
transistors [err]  and [err] re- that the J and-.K  inputs   can   control
the   spectively to be non-conducting. 25  next state of the bistable.
The operation of the circuit may be illus- trated by first assuming that
the arrange-  90 If both the K and J inputs are connected   ment has been
set by S with R ON. When to earth the bias currents supplied to [err] . R
turns OFF and S is switched ON no and [err] from: the fixed current source
FCS   reinjected current is drained from [err]  and are drained away and
[err] and  [err] are both  therefore [err]  is ON. Thus a proportion of 30
OFF. The circuit now  reverts back  to the  the  bias current supplied by
[err]  to transistor  95 operation as described for the  circuit  shown
[err] is drawn off  via the collecor-emitter path in Figure 3.
of  [err], the proportion being predetermined Figure 12 shows an R-S
bistable in which                    by  the arrangement of [err] and [err]
in the transistors  present in and   sociated with  respect of
amplification factors. During the 35  the first and second bistables  which
corres-   normal level of the clock pulse source nothing 100 pond to the
transistors present  in and asso-  further occurs and the state of the
bistable ciated with the first and second bistables in   comprising
transistors [err] and [err] is thus Figure 3 are indicated with   the same
refer-  unaltered. ence numerals.                                 When the
dock pulse source is reduced a 40    Further transistors [err] to  [err]
are present,  higher proportion of the bias current       105 the R and S
inputs being connected to the   plied by T  to [err]  is drawn away via
[err] bases of transistors  [err]  and T [err]            and thus  the
reinjected bias current sup- The circuit is formed in  integrated form
plied to [err] is effective in  pre-conditioning using current injection
techniques and  in a   the state of the bistable comprising transistors 45
similar manner as described in the preceding   [err] and [err] because
eventually [err] turns  110 embodiments. The multi-layer  current  in-
OFF, and [err] is turned ON when the dock jection structures for supplying
primary bias  pulse turns to its  normal  level at the end of current to
the  cross-coupled  pairs of tran-  te  clock pulse period. sistors in the
first and second bistables each  In a similar manner [err]  can be pre-con-
50  comprise three  successively ar anged regions  ditioned into conduction
by the set input S  115 of alternating conductivity type.  Thus the in-
being OFF and the reset input R being ON. verse vertical n-p-n transistors
[err]    In a modification of this arrangement tran- and [err] are fed with
primary bias current by   sistors [err] and [err] are omitted and the re-
three-layer current injection structures and re-  injected bias currents
provided by [err] 55  presented. as lateral p-n-p transistors [err],  and
[err] are supplied, in a similar man- 120 [err] and [err] respectively. The
first regions of   ner as in the circuit shown in Figure 7, [err] and [err]
are connected to  a clocked cur-  directly to the base zones of the
transistors rent source CCS and 'the first regions of [err]   [err] and
[err]. In such a case the circuit is and [err] are connected to a fixed
current source   such that the collector  of [err] is connected 60  FCS.
to the base of [err] and the collector of [err]  125 Lateral p-n-p
transistors [err] and [err] and   is connected to the base of  [err]   
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13 Figure 13 shows a D-type bistable and can  from  a fixed current source,
means respon-  65 be considered as a modification of the R-S  sive to the
clock pulse input being present bistable shown in Figure 12 and differs in
for supplying primary bias current to the so far as a further inverse n-p-n
vertical  cross-coupled pair of transistors in the second 5  transistor
[err] is present to control the sup-  bistable at a normal level and a
reduced [err] of reinjected bias current to [err] and  level during clock
periods, further means be-  70 [err] The base of [err] is formed by the
third  ing present to provide from  the fixed cur- region  of the
five-layer current injection  rent source sources of secondary bias current
structure comprising transistors [err] and [err]  of smaller magnitude for
supply to the cross- 10   The collector zone of transistor [err] is con-
coupled pair of transistors, or transistors con- nected to the third region
of the five-layer nected thereto, in the second bistable, said  75 current
injection structure comprising tran-  sources of secondary bias current
having no sistors [err] and [err]. The transistor [err] is  effect on the
state of said second bistable fed with primary bias current from the fixed
when the primary bias current supplied to 15   current source by the
transistor [err] formed  the cross-coupled pair of transistors in said by
the first three layers of the relevant five-  second bistable is at the
normal level, said  80 layer current injection structure. The D-input
sources of secondary bias current being effec- is connected to the base
region of transistor  tive when the primary bias current supplied [err]
to the cross-coupled pair of transistors of 20     The basic circuit
operation is similar to  said second bistable is at the lower level to that
of the R-S bistable shown in Figure  pre-condition the state of said second
bistable  85 12 with the main difference residing in that  and hence
determine its condition on return the transistor [err] is used to invert
the data  of the said primary bias current to the normal input D to give an
"R" and an "S" input  level. 25   which are thus always complementary. The
2. An electrical circuit as claimed in Claim R and S inputs in Figure 12
are replaced by   1 and formed as an integrated circuit, said  go the
normal and complementary D input.       integrated circuit comprising a
semiconduc- It will be obvious that many modifications  tor body in which
the transistors are pre- are possible without departing from the scope
sent and adjoin one side of the body, a 30   of the invention. Thus, for
example, in  plurality  of multi-layer current injection principle
semiconductor materials other than   structures adjoining the said one side
of the  95 silicon may be used and if desired the con-  body and provided
for supplying primary bias ductivity types of the regions may be re-
current to the cross-coupled pairs of tran- versed. Isolation between
groups of elements  sistors in the first and second bistables and 35  may
be effective by means other than p-n  for supplying secondary bias current
in the junction isolation diffused separation chan-  form of reinjected
bias current to the cross- 100 nels, for example isolation may be achieved
coupled pair of transistors, or transistors con- using local oxidation of
silicon (LOCOS) to  nected thereto, in the second bistable, the form  an
oxide separation region inset in an  said reinjected secondary bias current
being 40   eptaxial layer over at least part of the thick-  of smaller
magnitude than the primary bias ness of the epitaxial layer. Furthermore
such   current supplied to the relevant transistor of 105 local oxidation
of silicon may be employed  the second bistable. to form inset oxide
portions to define various  3. An integrated circuit as claimed in regions
in the master/slave bistable element,  Claim 2, wherein the multi-layer
current in- 45  in particular to confine the injected bias cur-  jection
structures which supply primary bias rent to a desired area.
current to the transistors in the first bistable  110 Although the
embodiments are all des-  each  comprise  five  successively  arranged
cribed in terms of integrated circuit devices  regions of  alternating
conductivity type ad- utilising current injection techniques it is pos-
joining the one side of the semiconductor 50  sible to construct the
circuit arrangement by   body, the third regions constituting the base
other means, for example by using conven-  zones of the cross-coupled pair
of transistors 115 tional bipolar integrated circuit technology or  in the
first bistable and the fifth regions con- even discrete circuit elements.
stituting the base zones of the transistors to be supplied with reinjected
bias current, and WHAT WE CLAIM  IS:-                       in each of said
structures the first region 55     1. An electrical circuit comprising at
least  forming an injector region having a connec- 120 one master/slave
arrangement constructed for  tion for applying one polarity of a source of
operation with a single input of clock pulses,  bias current and the second
region having a said arrangement comprising a first bistable  connection
for the other polarity of said including a cross-coupled pair of
transistors  source of bias current whereby the rectify- 60   and a second
bistable including  a cross-  ing junction between the first region and the
125 coupled pair of transistors, means being pre-  second region can be
polarised in the for- sent for supplying at least the cross-coupled   ward
direction for the injection of minority pair of transistors in the first
bistable with  carriers into the second region which are primary bias
current of a certain magnitude  received by the third region via the recti-
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13 Figure 13 shows a D-type bistable and can  from  a fixed current source,
means respon-   65 be considered as a modification of the R-S  sive to the
clock pulse input being present bistable shown in Figure 12 and differs in
for supplying primary bias current to the so far as a further inverse n-p-n
vertical  cross-coupled pair of transistors in the second 5  transistor
[err] is present to control the sup-  bistable at a normal level and a
reduced [err]    of reinjected bias current to [err] and  level during
clock periods, further means be-  70 [err] The base of [err] is formed by
the third  ing present to provide from  the fixed cur- region  of the
five-layer current injection  rent source sources of secondary bias current
structure comprising transistors [err] and [err]  of smaller magnitude for
supply to the cross- 10   The collector zone of transistor [err] is con-
coupled pair of transistors, or transistors con- nected to the third region
of the five-layer  nected thereto, in the second bistable, said  75 current
injection structure comprising tran-  sources of secondary bias current
having no sistors [err] and [err]. The transistor [err] is  effect on the
state of said second bistable fed with primary bias current from the fixed
when the primary bias current supplied to 15   current source by the
transistor [err] formed  the cross-coupled pair of transistors in said by
the first three layers of the relevant five-  second bistable is at the
normal level, said  80 layer current injection structure. The D-input
sources of secondary bias current being effec- is connected to the base
region of transistor  tive when the primary bias current supplied [err]
to the cross-coupled pair of transistors of 20     The basic circuit
operation is similar to  said second bistable is at the lower level to that
of the R-S bistable shown in Figure  pre-condition the state of said second
bistable  85 12 with the main difference residing in that  and hence
determine its condition on return the transistor [err] is used to invert
the data  of the said primary  bias current to the normal input D to give
an "R" and an "S" input  level. 25  which are thus always complementary.
The       2. An electrical circuit as claimed in Claim R and S inputs in
Figure 12  are replaced by   1 and formed as an integrated circuit, said
go the normal and complementary D input        integrated circuit
comprising a semiconduc- It will be obvious that many modifications  tor
body in which the transistors are pre- are possible without departing from
the scope  sent and adjoin one side of the body, a 30   of the invention.
Thus,  or example, in  plurality  of multi-layer current injection
principle semiconductor materials other than   structures adjoining the
said one side of the  95 silicon may be used and if desired the con-  body
and provided for supplying primary bias ductivity types of the regions may
be re-  current to the cross-coupled pairs of tran- versed. Isolation
between groups of elements  sistors in the first and second bistables and
35  may be effective by means other than p-n  for supplying secondary bias
current in the junction isolation diffused separation chan-  form of
reinjected bias current to the  cross- 100 nels, for example isolation ma
be achieved   coupled pair of transistors, or transistors  con- using local
oxidation of silicon (LOCOS) to  nected' thereto, in the second bistable,
the form an oxide separation region inset in an  said reinjected secondary
bias current being 40  eptaxial layer over at least part of the thick-  of
smaller magnitude than the primary bias ness of the epitaxial layer.
Furthermore such   current supplied to the relevant transistor of 105 local
oxidation of silicon may be employed  the second bistable. to form inset
oxide portions to define various  3. An integrated circuit as claimed in
regions in the master/slave bistable element   Claim  2, wherein the
multi-layer current in- 45  in particular to confine the injected bias cur-
jection structures which supply primary bias rent to a desired area.
current to the transistors in the first bistable 110 Although the
embodiments are all des-  each  comprise  five  successively  arranged
cribed in  terms of integrated circuit devices regions of alternating
conductivity type ad- utilising current injection techniques it is pos-
joining the one side of the semiconductor 50  sible to construct the
circuit arrangement by   body, the third regions constituting the base
other means, for example by using conven-  zones of the cross-coupled pair
of transistors  115 tional bipolar integrated circuit technology or  in the
first bistable and the fifth regions con- even discrete circuit elements.
stituting the base zones of the transistors to be supplied with reinjected
bias current, and WHAT WE CLAIM  IS: -                      in each of said
structures the first region 55     1. An electrical circuit comprising at
least  forming an injector region having a connec- 120 one master/slave
arrangement constructed for  tion for applying one polarity of a source of
operation  with a single input of clock pulses,  bias current and the
second region having a said arrangement comprising a first bistable
connection for the other polarity of said including a cross-coupled pair of
transistors  source of bias current whereby the rectify- 60   and a second
bistable including a cross-  ing junction between the first region and the
125 coupled pair of transistors, means being pre-  second region can be
polarised in the for- sent for supplying at least the cross-coupled   ward
direction the the injection of minority pair of transistors in the first
bistable with  carriers into the second region which are primary bias
current of a certain magnitude  received by the third region via the recti-
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14 fying junction between the    second region and   connection for
applying one polarity  of a the  third   region, the third  region  being
source of bias current whereby the rectify- capable of reinjecting minority
charge car-  ing junction between  the first region and the riers into the
fourth region  which are re-  second region  can be polarised in the for- 5
ceived by the fifth  region   via the   rectifying   ward direction for the
injection of minority   70 junction between the fourth  region and the
carriers into the second region which are fifth region.
received by the third region via the recti fifth region. 4. An integrated
circuit  as claimed  in  fying junction between the second region and Claim
3, wherein the  second  and  fourth  the third region. 10   regions are
present as a   common semicon-   8. An integrated  circuit as claimed in
Claim   75 ductor region which constitutes  the emitter  7, wherein  the
arrangement       is constructed zones of the cross-coupled    r
otransistors  for operation with a clock  pulse source of in die first
bistable and th  emitter zones of  bias current applied between the first
and the said transistors to be supplied with re-  second regins of the
three-region current in- 15   injected bias current, the  collector zones
of  jection strtures associated with the second   80 the cross-coupled pair
of    transistors in the  bistable  and  a  constant source of bias cur-
first bistable being present as surface zones   rent applied between
the first and second within and of opposite conductivity type to  regions
of   the .fiveregion current injection the third regions, and the collector
zones of  structures associated with the first bistable 20   the said
transistors to be supplied with re-    9. An integrated circuit as claimed
in Claim    85 injected bias .current being present  as sur-  8, where
appendent to  Claims 5  and  7, face zones within and of  pposite conduc-
wherein the first and second bistables form a tivity type to the fifth
regions.               divide-by-two counter element having at least 5. An
integrated circuit as   claimed in any  one output connection  to the base
region of 25    of Claims 2 to 4, whereinthe coupling  one of the
transistors of the cross-coupled   90 between the first and sec
bistables via  pair in the first bistable. which information is
transferred from  the    10. An   integrated circuit as claimed in second
bistable to the first  bistable following   Claim  8, where appendant to
Claims 6 and the preconditioning of the second  bistable  7, wherein  the
plurality of  serially coupled 30    comprises the connection of
collectors of  bistables form a shift register.                 95 the
trasistors in the secon  bistable'to the     11. An  integrated circuit as
claimed in bases of the transistors in.  the first bistable,  any of Claims
2 to 4, wherein the coupling the transistors to be supplied  with
reinjected  between the first and second bistables via bias current being a
pair  of  separate tran-  which information is transferred from  the 35
sistors connected in the feedback  paths be-  second bistable to the first
bistable following  100 tween the first and second  bistables.          the
preconditioning of  the second bistable 6. An integrated circuit as claimed
in any  comprises the connection of the collectors of of Claims 2 to 4,
wherein the  circuit com-  te transistors in  the second bistable to the
prises a  plurality  of serially  coupled  bi-  bases of the transistors in
the first bistable, 40    stables having first bistables  alternating with
the transistors to be supplied with reinjected  105 second  bistaes and
successive  bistables  bias current  being the cross-coupled pair of
arranged in a master/slave  relationship, the  transistors in the second
bistable. alternate couplings via which   information is    12. An
integrated circuit as claimed in any transferred from  a first bistable to
a second  of  Claims 2 to  4, wherein the circuit com- 45    bistable
comprising a pair of  separate tran-  prises a plurality of serially
coupled bistables  110 sistors which are to be supplied  with the  having
first bistables alternating with second said  reinjected  bias current,
said separate  bistables and successive bistables arranged in transistors
being  connected  to  the  cross-  a master/slave  relationship,  the
alternate coupled transistors    in the second bistable.   couplings via
.which information is transferred 50      7. An integrated  circuit  as
Claimed in     from  a first bistable  to a second bistable  115 Claim  5
or Claim  6,  wherein  the  cross-  being provided in operation by the
direct coupled pair of transistors in   e second bi-  supply  of the said
reinjected bias current to stable are supplied with  bias current by a
the cross-coupled transistors in the second bi- pair of  current injection
structure consist-  stable. 55   ing of three successively       arranged
regions of      13. An integrated circuit as claimed in  120 alternating
conductivity type of which 'the  Claim  11 or Claim 12 each where appendant
third regions constitute the   base zones of  to Claim  4, wherein the
cross-coupled pair said transistors, the second   ns form parts  of
transistors in the second bistable are sup- of a common. region  and
constitute  the   plied with primary bias current by a pair of 60   emitter
zones of said transistors,the collec-  current injection structures
consisting of three  125 tor zones of said transistors being present as
successively arranged regions of alternating surface zones within and of
opposite con-  conductivity type of which the third regions ductivity type
to the third regions, and in   which also form  the fifth  regions of the
each of said three-region structures the first  said five-region current
injection structures 65   region forming an injector region having a
associated with the first bistable  constitute  130  
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15 the  base zones of said transistors, the second second regions of the
five-layer current in- regions form parts of a common region and  jection
structures associated with the first bi- constitute the emitter zones of
said transis-  stable, the base zone of the auxiliary tran- tors, the
collector zones of said transistors  sistor having a connection for an
input of 5   being present as surface zones within and  clock pulses.
70 of opposite conductivity type to the third         18. An integrated
circuit as claimed in regions  and in each of said  treeregion  Claim  17,
wherein the first and second bi- structures the first region  forming  an
in-  stables form a counter element. jector region having a connection for
apply-    19. An integrated circuit as claimed in 10   ing one polarity of
a source of bias current  Claim  5, wherein the first and second bi-   75
and the second region having a connection  stables form  is a J-K  bistable
arrangement, for the other polarity of said source of bias  the base zones
of the said separate transistors current whereby the rectifying junction
be-  being connected to the collector zones of tween the first region and
the second region  further transistors which are fed with pri- 15   can be
polarised in the forward direction for  mary bias current from  the fixed
current   80 the injection of minority carriers into the  source via
three-layer current injector struc- second region which are received  by
the  tures, the base zones of said further tran- third region via the
rectifying junction be-  sistors being connected to the J and K  in- tween
the second region and the third region.  puts. 20    14. An integrated
circuit as claimed in      20. An integrated circuit as claimed in    85
Claim.13, wherein the arrangement is con-  Claim 2, wherein the multi-layer
current in- structed for operation with a clock pulse  jection structures
for supplying  primary bias source of bias current applied between the
current to the cross-coupled pairs of tran- first and second regions of the
three-region  sistors in the first and second bistables each 25   current
injection structures associated with  comprise three successively arranged
regions   90 the second bistable and a constant source of  of alternating
conductivity type adjoining the bias current applied between the first and
one side of the semiconductor body, the second regions of the five-region
current in-  third regions constituting the base zones of jection
structures associated with the first bi-  said cross-coupled pairs of
transistors and in 30   stable.                                        each
of said structures the first region form-   95 15. An integrated circuit as
claimed in  ing an injector region having a connection Claim 14 where
appendant to Claims 11 and  for applying one polarity of a source of bias
13, wherein the first and second bistables  current and the second  region
having a con- form a divide-by-two counter element having  nection for the
other polarity of said source 35   at least one output connection to the
base  of bias current, the said connections of the   100 region of one of
the transistors of the cross-  current injection structures associated with
coupled pair in the first bistable.           the said transistors in the
first bistable being 16. An integrated circuit as claimed in  for a  fixed
current source and  the said Claim 14 where appendant to Claims 12 and
connections of the current injection structure 40   13, wherein the
plurality of serially coupled  associated with the said transistors in the
105 bistables form a shift register.              second bistable being for
a clocked current 17. An integrated circuit as claimed in  source, further
multi-layer current injector Claim  7 or Claim  13, wherein an auxiliary
structures being present for supplying rein- transistor is present and is
fed with bias  jected bias current to the cross-coupled pair 45   current
by a further current injection struc-  of transistors, or transistors
connected there-   110 ture comprising 'three  successively arranged  to,
in the second bistable and each .com- regions of alternating conductivity
type of. prising five successively arranged regions of which the third
region forms the' base zone  alternating conductivity type adjoining the of
the auxiliary transistor, the second region  one side of the semiconductor
body of which 50   forms the emitter zone of the auxiliary tran-  regions
the first region forms an injector   115 sistor, said auxiliary transistor
comprising two  region having a connection for applying one collector zones
present as surface zones with-  polarity of the fixed source of bias
current in and of opposite conductivity type to the  and the second region
has a connection for third region and respectively connected to  the other
polarity of said fixed source of 55   the base zones of the transistors in
the cross-. bias current, the fifth regions of the five-layer   120 coupled
pair in the second bistable, the first  current injection structures which
can re- region of the three-region current injection  ceive via the
rectifying junction between the structure forming  an injector region, the
fourth region and the fifth region minority arrangement being constructed
for operation  charge carriers reinjected by the third region 60   with a
constant source of bias current applied  into the fourth region
constituting the base   125 between the first and second regions of the
zones of the cross-coupled pair of transistors, three-layer current
injection structures asso-  or of transistors connected thereto  in the
ciated  with  the  second bistable and  the  second bistable. auxiliary
transistor and a constant source of    21. An integrated circuit as claimed
in 65   bias current applied between the first and   Claim  20, wherein the
first and second bi-.  130  
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form an R-S bistable arrangement and  four islands of the opposite
conductivity the supply of reinjected bias current by the  type, said
islands constituting the base zones five-layer current injection  tructures
is con-  of said transistors, which base zones com- trolled by the R and S
inputs which are con-  prise islands -of the one conductivity type  50 5
nected to the third regions of these current  which constitute the
collector zones of said - injection  structures.
transistors, 22. An integrated  circuit as claimed in   a collector zone of
the first transistor be Claim  21, wherein the fifth regions of the  ing
connected to the base zone of the second five-layer current injection
structures con-  transistor and a collector zone of said second  55 10
stitute the base zones of transistors whose  transistor being connected to
the base zone collector zones are connected    to the base  of the first
transistor so as to form the first zones of the cross-coupled pair of
transistors  bistable, in the second bistable.                       a
collector zone of the third transistor be- 23. An integrated circuit  as
claimed in  ing connected to the base zone of the fourth  60 15  Claim 20,
wherein the first and second bi-  transistor and a collector zone of said
fourth stables form  a D-type bistable arrangement            transistor
being connected to the base zone and the supply of reinjec    bias current
by  of the third transistor so as to form  the the five-layer current
injection  structures is  second bistable, controlled by a further
transistor of which the      the base zones of the first and third tran-
65 20   base zone  is formed by   the third region of  sistors being
disposed in close proximity to one five-layer current injec  n structure
and  each other so that with the emitter zone the collector zone is conn
ed to the third  they constitute a first lateral transistor, and region of
the other five-layer current  injec-    the base zones of the second and
the tion structure, said further transistor being  fourth  transistors
being  disposed in dose  70 25   fed with bias current via the first three
layers  proximity to each other so that with the of the said one five-layer
current injection   emitter zone they form a second lateral tran- structure
and its base and  zone being con-  sistor, which lateral  transistors
function as nected to the D input of the  arrangement     coupling
transistors between the first and the 24. An electrical circuit
substantially as  second bistable,                              75 30
herein described with reference to Figure 3,    a first current injector
zone of the opposite Figure 7, Figure 10, Figure  11, Figure 12,
conductivity type being disposed in close or Figure 13 of the accompanying
drawings.  proximity to and for supplying a constant 25. An integrated
circuit substantially  as current to  the base  zones of the first and
herein described with reference to Figures 1  the second transistors and a
second current  80 35  to 3, Figure 4, Figures 5 to 7, Figure 8,  injector
zone of the opposite conductivity or Figures 9 and 10 of  the accompanying
type being disposed in close proximity to drawings.
and for supplying current at two different 26. An integrated circuit
employing current  levels during clocking periods to the base injection
comprising' a first bistable 'having  zones of the third and the fourth
transistors.  85 40  first and second transistors  and a second bi- stable
having third and fourth transistors,                B. T. STEVENS, the
state of the first bistable  having  a            Chartered Patent Agent,
controlling effect on  the second  bistable,                  Mullard
House, wherein a common zone of ne conductivity                  Torrington
Place, 45  type,' which forms the emitter  zones of the
London WC1E 7HD, transistors of said bistables,    comprises at least
Agent for the Applicants. Printed for Her Majesty's Stationery Office, by
the Courier Press, Leamington Spa, 1977 Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


