
4                                       983,252      transistor, it will
saturate, the diode present  number 35, and, in order to facilitate de-
due to the PN junction between the gate and  scription of the operation of
the invention,     the source of the field-effect transistor 23  they are
represented by the circuit diagram     will become forward-biased, and the
volt-  shown in Fig. 3. Thus, each semiconductor  5 age at the source 17
will be clamped to the  network 35 is represented by unipolar field- 70
5     voltage at the collector 19.  The device  effect transistor 23 and a
junction transistor     will remain fully conducting until the volt-  25
with the drain of the unipolar field-effect     age at the source 17 is
decreased to less than  transistor 23 connected directly to the base
the voltage at the collector 19, at which  of the junction transistor 25
and with the  10 time the field-effect transistor 23 will start  gate of
the unipolar field-effect transistor 23 75     to be pinched off. A
regenerative action will  connected directly to the collector of the
come into play to switch the device to a  junction transistor 25. The
connection be-     non-conducting  condition  if the junction  tween the
gate of unipolar field-effect trans-     transistor acts faster than the
field-effect  istor 23 and the collector of junction trans-
5  15 transistor 23.  If this were not to happen  istor 25 provides the
collector 19; the source 80     the field-effect transistor would become
non-  of the unipolar field-effect transistor 23 pro-     conducting while
the junction transistor is  vides the source 17; and the emitter of the
still in storage.                        junction transistor 25 provides
the emitter     It should be noted that, when the junction   21.  20
transistor 25 is saturated, the voltage from    The ring counter comprises
a plurality     the collector to the base of the junction   of identical
stages which may be of any     transistor 25 is about zero volts;
therefore,  number. In the specific embodiment of the     the voltage from
the source to the drain of  present invention, only four stages are shown
the field-effect transistor 23 will be the same  to simplify the showing in
the drawings.  25 approximately as the voltage from the source  These are
designated generally by the re- 90     to the gate, and the field-effect
transistor 23  ference numbers 41, 42, 43, and 44. Each     will be
saturated. Therefore, the source-to-  stage of the ring counter comprises a
net-     drain current of the field-effect transistor  work 35 which has
its collector connected     may be less than its limiting value. If the
through a 300 ohm resistor 47 to a source  30 junction transistor 25
requires the limiting  of +10 volts common to all the three stages 95
value of drain current as base current in  applied at a terminal 49. In
each stage of     order to saturate, it will never saturate, and  the ring
counter, the emitter 21 is connected     the field-effect transistor 23
will act as a  through a 200 ohm  resistor 51 to ground.     base current
clamp to keep the junction  In each stage of the ring counter, a capacitor
35 transistor 25 unsaturated.  Of course, the  53 connects the source 17 of
the bipolar 100     low-gain junction transistors are the ones that
field-effect transistor 35 to an  input 55     would not saturate. These
low-gain devices  common to all three stages. The input 55 is     would be
the slowest switching to a fully  connected to ground by 51 ohm  resistor
conducting condition because there would  57. The collector 19 in each
stage is con-  40 be less loop gain, but they would be cut off  nected
through  a 1.5 kilohm  resistor 59 105 



faster because of decreased storage time.    to the source 17 of the next
preceding stage.       The loop gain and the RC circuit of the  Thus, a
resistor 59 connects the source 17       input resistance 40 and the
capacitance from   of the stage 41 to the collector 19 in the       the
source 17 to ground determine the rise  stage 42; a resistor 59 connects
the source 17  45 time of the circuit.  The storage  and fall  in the stage
42 to the collector 19 in the 110      time of the circuit depend almost
entirely  stage 43; a resistor 59 connects the source      on the storage
and fall time of the junction   17 in the stage 43 to the collector 19 in
the      transistor 25.                           stage 44; and a resistor
59 connects the                  a        Reference to Fig. 2a will reveal
a jumper  source 17 in the stage 44 to the collector  50 connecting gate 14
to collector tab 19. Al-  19 in the stage 41. Similarly, a 2.2 kilohm  115
though  such an arrangement lends itself  resistor 61 in each stage
connects the source      advantageously to use in the foregoing em-  17 to
the emitter 21 in the preceding stage.      bodiments. an alternative
connection pro-  Thus, the resistor 61 in the stage 44 connects      vides
increased versatility in other applica-  the source 17 of this stage to the
emitter  55 tions. Thus, if the jumper is broken and a  21 in the stage 43;
the resistor 61 in the 120      resistor inserted serially therein,
relatively  stage 43 connects the source 17 in this stage      low  power
pulses may be applied to the  to the emitter 21 in the stage 42; the
resistor      gate 14 to effect switching from one of the  61 in the stage
42 connects the source 17 in      stable states to the other.
this stage to the emitter 21 in the stage 41;  60   Fig. 6 illustrates a
plurality of electrical  and the resistor 61 in the stage 41 connects 125
circuits each according to the present in-  the source 17 in this stage to
the emitter      vention electrically interconnected to form a  21 in the
stage 44.      ring counter. In Fig. 6 each electrical circuit    Each of
the stages 41, 42, 43 and 44 have      is embodied in semiconductor network
form  two stable states. One stable state will be  65 and is generally
designated by the reference  with the transistor 25 conducting and the 130
983,252                   field-effect transistor 23 conducting.  In
source voltage in the field-effect transistor 23                  this
condition, the stage is referred to as  in the stage 42 is just greater
than the pinch-                  being turned on. In the other stable
state,  off voltage for reasons which will be ex-                  the
field-effect transistor 23 will be pinched  plained below. Since the
field-effect trans-                off, and as a result. the junction
transistor  istor 23 in the stage 41 is conducting, the 70
25 will be cut off. In this stable state, the  voltage applied to the
source 17 of this.                   stage shall be referred to as being
turned  stage will be considerably less than the +6                   off.
It shall be assumed for purposes of  volts, since a large amount of the
current                   description that the stage 41 is turned on,
flowing through the resistor 59 will flow       10 and that the stages 42,
43, and 44 are turned into the source of the field-effect transistor 75
off.  In the stages which are turned off,  23. As pointed out above, since
the stage 41                   the collectors 19 will be substantially at +
10  is conducting, there will be a large voltage 



volts. Similarly, the emitters of the stages drop through the resistor 47.
This voltage                   which are turned off will be substantially
drop will be sufficient to bring the voltage                15 at zero
volts.  The voltage at the sources  between the collector 19 and the source
17. 80                   17 in each of the turned-off stages 42, 43,  in
the stage considerably less than the pinch-                   and 44 is
determined by the voltage-dividing  off voltage of the field-effect
transistor 23.                   effect of the resistors 61 and 59.  Thus,
The field-effect transistor 23 will therefore                   the voltage
at each source 17 in the turned-  be maintained conducting, and the stage
41               20 off stages will be six-tenths of the difference will be
maintained in its turned-on stable 85.           between the voltage at the
collector of the  state.                   succeeding stage and the voltage
at the        When a +input pulse is applied to the:
emitter of the preceding stage. For example,  terminal 55, it will be
applied through the                   the voltage at the emitter 21 of the
stage 42  capacitors 53 to the sources 17 in each stage.               25
is zero volts, and the voltage at the collector  This will have the effect
of raising the volt- 90                   19 of the stage 44 is in + 10
volts. Thus,  age at the source 17 in each stage and de-
the voltage applied to the source 17 of the  creasing the gate-to-source
voltage in each                   stage 43 will be six-tenths of +10 volts,
stage. Since the stage 41 is already turned                   or   6 volts.
Since the voltage applied  on, it will.not have any effect on this stage.
30 to the collector 19 of the stage 43 is +10  The voltages at the sources
17 in the stages 95                   volts, the gate-to-source voltage of
the field-  43 and 44 will be sufficiently low that the
effect transistor 23 will be +4 volts, which  input pulse will not raise
the potential at the                   is sufficient to  maintain  this
field-effect  sources 17 in the stages 43 and 44 enough to
transistor pinched-off, and in this manner,  bring the gate-to-source
voltage of the field-                351 the stage 43 is maintained in its
turned-off  effect transistors 23 in these stages below  100
stable state.  Since the stage 41 is turned  the pinch-off voltage.
Therefore, the input.                   on, the voltage at the collector 19
of the  pulse will not affect the stages 43 and 44.                   stage
41 will be considerably less than + 10  As. pointed out above, the
potential at the                   volts due to the voltage drop through
the  source 17 in the stage 42 however, is iust               40 resistor
47. As a result, the voltage applied above the pinch-off voltage, and thus
when 105 to the source 17 of the stage 44 will even  the input pulse is
applied  through  the                   be less than  + 6 volts, and the
gate-to-  capacitor 53 to the source 17 in the stage
source voltage of the field-effect transistor 42, it will, cause the
voltage at the source                   23 in the stage 44 will be even
greater than   17 in this stage to rise sufficiently to bring
45 +4 volts. Therefore, the stage 44 will also  the gate-to-source voltage
of the field-effect 110                   be maintained in its turned-off
stable state.  transistor 23 in the stage 42 below the pinch-
Since the stage 41 is turned on, the voltage  off voltage, and the
field-effect transistor 23                   at the emitter 21 of this
stage will be con-  in this stage will begin to conduct.  When
siderably greater than zero, and thus the  the field-effect transistor 23
in the stage                50 voltage applied at the source 17 of the
stage 42 begins to conduct, it will cause current 115 43 will be greater
than  +6 volts.  The  to flow into the base of the junction transistor
values of the resistors 59 and 61 are selected  25 in this stage and, thus,
the junction trans-                   so that the voltage applied to the
source 17  istor 25 in stage 42 will begin to conduct.
does not make the gate-to-source voltage of Current will start to flow
through the re-               55 the field-effect transistor 23 in the
stage  sistor 47 in the stage 42, and this will cause 120 120
42 less than the pinch-off voltage. Thus, the  the voltage at the collector
19 in the stage                   field-effect transistor 23 will be
maintained  42 to drop.  This drop in voltage at the
pinched-off, and the stage 42 will be main-  collector 19 further decreases
the gate-to- 



tained in its turned-off stable state. It will  source voltage of the
field-effect transistor                60 be noted, however, that the
gate-to-source  23 in this stage, and thus more current flows 125 voltage
of the field-effect transistor 23 in the  through the field-effect
transistor 23 allow-                   stage 42 will be less than the
gate-to-source  ing more current to flow into the base of
voltage of the field-effect transistors 23 in the  the transistor 25. The
effect is regenerative.                   stages 43 and 44. The values of
the resistors  and the field-effect transistor 23 and the 130          65
59 and 61 are selected so that the gate-to- junction transistor: 25 will
become fully 130           6                                  983.252
conducting.  In this manner, the stage 42  for one of the stages of the
ring counter. As       is turned on. The drop in voltage at the  shown in
these figures. the semiconductor       collector 19 is transmitted to the
source 17  network comprises an oblong block of N-       in the stage 41 by
means of the resistor 59. type material 71 on which there is diffused     5
When the voltage at the source 17 in the  a layer of P-type material. At
one end of 70       stage 41 drops, the gate-to-source voltage  the oblong
block, a slot .73 is cut through       of the field-effect transistor 23 in
the stage  the layer of P-type material. dividing it into       41
increases. This increase in the gate-to-  two parts 75 and 77. the part 75
being much       source voltage of the field-effect transistor  longer
along the oblong block 71 than the    10 23 in this stage reduces the
current flowing  part 77. A section 79 of N-type material is 75
through this field-effect transistor, and thus  formed by diffusion in the
layer of P-type       reduces the current flowing through the  material at
one end of the part 75.   A       junction transistor 25. This causes a
rise  second section 81 of N-type material is       in the potential at the
collector 19 in the  formed by diffusion in the P-type layer close    15
stage 41, and thus the gate-to-source poten-  to the section 79, leaving a
short path of 80       tial of the field-effect transistor 23 in the
P-type material joining the two sections 79       stage 41 is further
increased. Therefore, the  and 81. The sections 79 and 81 are diffused
current flowing  through  the field-effect  to a depth not quite as far as
the PN junc-       transistor decreases further. The action in  tion
between the N-type material of block 71    20 the stage 41 is regenerative,
and the stage  and the P-type material of part 75. Evapo- 85       is
turned-off. Thus, after the pulse has been  rated aluminium  contacts 83
and 85 are       applied to the input 55, the stage 42 is the  formed on
the part 77 of the P-type layer at       stage which is turned on, and the
stages 41, opposite sides thereof. An evaporated alu-       43 and 44 are
turned-off. Since each stage  minium contact 87 is formed on the section
25 is identical and  is connected  with  its 79 of N-type material. An
evaporated alu- 90       adjacent stages in exactly the same manner, minium
contact 89 is formed on the section       the stages 41, 43 and 44 will be
maintained  81 of N-type material. An evaporated alu-       turned-off in
exactly the same manner that minium contact 91 is formed on the part 75
the stages 42, 43 and 44, respectively, were  of the P-type layer close to
the section 81    30 maintained turned-off when the stage 41  and on the
opposite side thereof from the 95 



was conducting. Similarly, the stage 42 will section 79. A second
evaporated aluminium       be maintained turned on in the same manner
contact 101 is also formed on part 75 of the       that the stage 41 was
maintained turned on. P-type layer at the opposite end from the       The
next pulse applied to the input 55 will sections 79 and 81. The aluminium
con-    35 cause the stage 43 to turn on which, in turn, tacts 83, 85, 91,
and 101 make ohmic contact 100       will cause the stage 42 to turn-off in
the  with the layer of P-type material and the con-       same manner that
the stage 42 was turned  tacts 87 and 89 make ohmic contact with
conn       on and the stage 41 was turned-off. Each  the sections of 79 and
81, respectively.                 ing s       succeeding pulse will cause
each succeeding  Ohmic contacts in the form of tabs 103, 105,    40 stage
to turn on, and the preceding stage  and 107 are formed on the block of
N-type 105       to turn-off in the same manner. The next material on the
opposite side from the layer       pulse applied after the stage 44 has
been  of P-type material made up of the parts 75       turned on will cause
the stage 41 to turn on  and 77. The ohmic contact 103 is formed
again, and the stage 44 will be turned-off.  directly below the part 77 of
the P-type layer.     45 The device will operate in this manner con-  The
ohmic contact 105 is formed directly 110       tinuously as long as pulses
are applied  below the section 79 of N-type material and       to the input
55                     the ohmic contact 107 is formed at the op-         A
flip-flop circuit is provided when the  posite end of the block 71 of
N-type material       ring counter is built as just two stages. When
beneath the aluminium contact 101.  The    50 the ring counter is connected
in two stages  semiconductor network shown in Figs. 7 and 115       as a
flip-flop circuit, larger input pulses will  8 can be fabricated by the
same techniques       be required to cause switching from one stage
described for the fabrication of the bipolar       to the other because the
source 17 in the  field-effect transistor shown in Figs. 2b and       stage
which is turned-off will be at a lower  2c.     55 voltage due to its
connection to the collector    The above-described device shown in Figs.
120       of the stage which is turned on through the  7 and 8 can be used
to provide almost the       resistor 59 of the stage which is turned on.
entire circuitry for a single stage of the ring         Figs. 7 and 8
illustrate the embodiment of  counter. In order to use this device for the
the ring counter in semiconductor networks. circuitry of a single stage,
the contact 85    60 A semiconductor network is provided for  must be
connected directly to the contact 87 125       each stage of the ring
counter. Since each  and the contact 89 must be connected       stage of
the ring counter is identical. each  directly to the contact 105. The
capacitor       semiconductor network providing the cir-  53 of each stage
is not provided as an integ-       cuitrv for each stage will be identical.
Figs. ral part of the semiconductor network and    65 7 and 8 illustrate
the semiconducter network  must be connected externally. This capaci- 130
983,252                                            7              tor will
be connected to the contact 91. When  gate-to-source voltage of the
unipolar field-             this semiconductor network is used in the
effect transistor 23 will be high. Therefore, 



ring counter, the contact 83 will be grounded  the field-effect transistor
23 will be pinched             and + 10 volts will be applied to the ter-
off, and will have no current flowing there-          5 minal 103. With the
block connected in this  through. As a result, no base current will 70
manner, the complete circuitry for a single  flow through the junction
transistor 25 and            stage of the ring counter is provided. The
the transistor 25 will thus be cut off. There-            resistance of the
conducting path through the  fore, no collector current will flow in this
part 77 of the P-type layer between the con-  transistor, and a high
voltage will result at         10 tacts 83 and 85 provides the resistance
51  the collector of transistor 25.   This high 75            for the
stage. The resistance of the path  voltage will be applied to the gate of
the            through the part 75 of the P-type layer be-  transistor 23,
maintaining it pinched off.            tween the contacts 91 and 101
provides the  Current will then flow from  the positive            resistor
61.  The resistance of the path  source at terminal 132 through the
variable        15 through the N-type semiconductor material  resistor 136,
charging the capacitor 138, thus 80            of the block 71 between the
contacts 105 and  causing the potential at the source 17 of the
107 provides the resistor 59. The resistance  bipolar field-effect
transistor 35 to rise. The            of the path between the contacts 103
and 105  capacitor 138 will charge in this manner un-            through
the N-type material of the block 71  til the voltage at the source 17 rises
to a        20 provides the resistor 47. The sections 79  point at which
the voltage between the gate 85            and 81, the PN junction between
the layer  and the source of the field-effect transistor 23            of
P-type material and the block 71 of N-  is below pinch-off. At this point,
the field-            type material beneath these sections, and the  effect
transistor 23 will begin to conduct.            contacts 87, 89, 91, and
105 with the con-  When the field-effect transistor 23 starts to        25
tacts 89 and 105 connected together provide  conduct, base current will
start to flow in 90            the desired electrical circuit, the contact
91  the transistor 25, thus causing collector cur-            providing the
source, the common connec-  rent to flow in the transistor 25. This action
tion to the contacts 89 and 105 providing  will cause a drop in the
collector voltage of            the collector, and the contact 87 providing
the transistor 25 and in the gate voltage of    30 the emitter.
the field-effect transistor 23. Therefore, cur- 95              Thus, to
connect a plurality of these stages  rent flow in the field-effect
transistor 23 will           formed out of semiconductor networks, as
increase. The action is regenerative, and the           disclosed in Fig.
6, the contact 101 of each  collector voltage of the transistor 25 will
drop           succeeding stage should be connected to the  so far that the
gate of the field-effect tran-        35 contact 87 of the preceding stage
and the  sistor 23 becomes forward-biased, the cap- 100           contact
91 of each preceding stage should be  acitor 138 then discharges through
the gate           connected to the contact 107 of the succeed-  of the
transistor 23 and into the collector of           ing stage. The
unconnected terminals of the  the transistor 25. Of course, some of the
capacitors 53 connected to the contacts 91, capacitor current will also go
through the       40 of course, will be connected together to the  base of
the transistor 25. The capacitor 138 105           input terminal 55 and
through the resistor  will continue to discharge in this manner un-
57 to ground. as shown in Fig. 6. In this  til the voltage at the source 17
drops to a           manner, the ring counter is provided with  value at
which the current in the field-effect           semiconductor networks.
transistor starts to pinch off. When the field-       45   Fig. 9
illustrates a relaxation oscillator cir-  effect transistor 23 starts to
pinch off, it will 110           cuit embodying the present invention.  In
reduce the base current flowing through the           Fig. 9, the reference
numeral 35 generally  transistor 25, and thus cause the collector
designates a semiconductor network includ-  current of the transistor 25 to
drop. The 



ing an electrically connected field-effect and  gate voltage of the
field-effect transistor 23       50 bipolar transistor which is represented
in  will therefore rise. This action will further 115           Fig. 9 by
its circuit diagram  in order to  pinch off the current flowing in the
field-           facilitate the description of the operation.  effect
transistor 23. The action is regener-           The collector 19 is
connected to a source of  ative, and the transistors 23 and 25 will both
+ 10 volts applied at a terminal 132 through  stop conducting.   The
capacitor 138 will      55 a 200 ohm resistor 134. The + 10 volts at  then
again start to charge through the resis- 120          terminal 132 is also
connected through a  tor 136, and the cycle will repeat itself ad
variable I megohm resistor 136 to the source  infinitum.          17. The
emitter 21 is connected to ground    The frequency of the circuit is
determined          through a 100 ohm resistor 43.  A 0.022  by the size of
the capacitor 138 and the re-      60 microfarad capacitor 138 is connected
be-  sistor 136, since these two elements deter- 125          tween the
source 17 and ground.              mine the charging current to the
capacitor            For purposes of the description of the  138 and the
voltage at the source 17. With          operation, it is assumed that the
capacitor  the proper choice of values for the capacitor          138 is
discharged. The source 17 will there-  138 and the resistor 136, the
circuit can be      65 fore be at a low voltage, and as a result, the  made
to oscillate at any frequency in the 130        983,252     range from less
than 1 cycle per second to  diffusion of impurities, and other means to
600 kilocycles per second. The period and  form areas within the wafer
which function:    pulse width are directly proportional to the  as
discrete circuit elements. The fewer the    capacitance of the capacitor.
The pulse  number of regions which it is necessary to  5 width produced by
the circuit can be de-  create, the better the chance of obtaining a 70
creased by decreasing tile ratio of the resist-  complete network which
will operate in a    ance of the resistor 134 to the resistance of
satisfactory manner. This also greatly les-    the resistor 136. By
maintaining this ratio  sens the possibility that one portion of the
low, the transistor 25 is kept out of hard  circuit will fail sometime
during operation of       a 10 saturation and, therefore, it is easier to
turn  the circuit, thereby requiring replacement of 75    the transistor 25
off by the cumulative action.  the entire network.      Instead of using a
semiconductor network    In fabricating semiconductor networks, it    35,
the circuit can also be provided simply  is difficult to form regions
having a high    by using a field-effect transistor and a junc-  value of
resistance, and relatively large sur- 15 tion transistor connected in the
circuit shown  face areas are required to form  regions 80    in Figs. 3,
5, 6 or 9, as the field-effect tran-  which exhibit high capacitance. As
the high-    sistor 23 and the junction transistor 25.  input impedance of
the bipolar field-effect    When such a circuit is used, the pulse width
device allows the use of relatively low values    generated by the circuit
can be further de-  of resistance and capacitance, the semicon- 20 creased
by providing a resistor connected  ductor network can be reduced in size
and, 85 



from the base of the transistor 25 to ground.  in some cases, semiconductor
networks can    In this, there is provided a path directly to  be
fabricated which would otherwise not be        a    ground for the reverse
base current of the  practical.
tra    transistor 25 which flows when the transistor    A  circuit having
the above-mentioned 25 25 is cut off.
characteristics may provide a ring counter 90      Field-effect devices
have long been known  circuit which may be manufactured as a    in the
semiconductor art.  The unipolar  semiconductor network.  The ring counter
field-effect devices have some definite ad-  circuit which is one
embodiment of the pre-    vantages over junction transistors and cir-  sent
invention is a semiconductor circuit, and 30 cuits that require high input
impedances.    as such has the general advantages of semi- 95      The
electrical circuit including the func-  conductor circuits, being of light
weight, hav-    tions of a field-effect and bipolar transistor  ing low
power consumption, and taking up a    of the present invention provides the
high  small amount of space.    input impedance characterizing the above-
In addition, the use of electrical circuits 35  mentioned unipolar
field-effect devices and,  according to the present invention in ring 100
in addition, displays a negative resistance counter circuits provides ring
counter circuits    characteristic, making the circuit especially which are
less complicated and require less    desirable for some switching
applications.  trigger power than ring counter circuits of    Thus, the
circuit of the present invention is  the prior art. 40 especially useful in
some types of logic cir-    The circuit of the present invention is also
105    cuits which require on device to drive as  used to provide a
semiconductor relaxation    many as ten or more other circuits. How-
oscillator which, in addition to having the    ever, because of the
above-mentioned nega-  general advantages of semiconductor circuits,
tive resistance characteristic, the circuit finds  is not temperature
sensitive. The latter ad- 45 utility in any type of switching circuit.
vantage is obtained by the use of the field- 110      Thus. the circuit of
the present invention effect device. The frequncy of oscillation is    is
particularly advantageous for use in bi-  dependent on the pinch-off
voltage of the    stable circuits because of its very high input
field-effect device. The pinch-off voltage of    impedance when turning ON
or OFF. The  the field-effect device is not dependent on 50 high  input
impedance also reduces the  temperature.                               115
amount of trigger power required and allows    Furthermore, relaxation
oscillator circuits    many more stages to be driven by any one  embodying
the present invention will gener-    stage.  Another very important
advantage  ate higher frequencies and produce better    occurring from the
high input impedance of  pulse sharpness than the circuits of the prior 55
the circuit is that much less complicated cir-  art which are of comparable
simplicity.    120    cuitry may be used and the associated resis-    In
addition, the said relaxation oscillator    tors and capacitors required to
complete the  circuits embodying the present invention pro-    circuit may
be of relatively low value.   vide a means to control the minority carrier
Needless to say, the last two mentioned storage in the device which
improves the 60 advantages are exceedingly important in. turn-off time of
the circuit and the pulse 125    semiconductor networks, both from the pro-
shape provided by the circuit.    duction and the reliability stand-point.
In    Reference is made to our copending patent    the manufacture of
semiconductor networks,  application  No.  23277/64  (Serial  No.    it is
necessary to shape a wafer of single-  983.275) which is divided from the
present 65 crystal semiconductor material by etching, application.
130  



983,252                                       9               WHAT WE CLAIM
IS:-                     in the transistors are embodied in or on a 1. An
electrical circuit including a field-  semiconductor wafer, and wherein the
col-                effect transistor having a source, drain and
lector-base and base-emitter junctions are                gate, and a
transistor having a collector, base  adjacent one major wafer face and
wherein 30 5 and emitter, wherein the gate is electrically  the source,
drain and gate are also adjacent connected to the collector and the drain
is  said one major wafer face.               directly connected to the
base.             6. An electrical circuit substantially as
2. A circuit according to Claim 1, in which  hereinbefore described with
reference to Fig.            a capacitor is connected between the source  3
of the accompanying drawings.      35 10 and emitter, the capacitor being
connected to    7. An electrical circuit substantially as               a
source of voltage through a resistor, the  hereinbefore described with
reference to Fig.               circuit forming a relaxation oscillator.
5 of the accompanying drawings.                 3. A circuit according to
Claim  1 or 2,    8. A  plurality of electrical circuits sub-
wherein the transistor is embodied in or on  stantially as hereinbefore
described with 40 15 a semiconductor wafer, and wherein the col-  reference
to Fig. 6 of the accompanying               lector-base and base-emitter
junctions are ad-  drawings.               jacent one major wafer face and
wherein the    9. An electrical circuit substantially as
source, drain and gate are also adjacent said  hereinbefore described with
reference to Fig.               one major wafer face.                     9
of the accompanying drawings.         45 20   4. A  plurality of circuits
according to               Claim 1, electrically interconnected to form
H. D. FITZPATRICK & CO.               a ring counter, wherein the emitter
of the        Chartered Patent Agents,               transistor in one
circuit is electrically con-      3, Gray's Inn Square,
nected to the source of the field-effect tran-        London, W.C1. 25
sistor in another circuit.                                  and
5. A circuit according to Claim 4, where-      94, Hope Street. Glasgow.
Berwick-upon-Tweed: Printed for Her Majesty's S tationery Office by The
Tweeddale Press Ltd.-1965 95        Published at The Patent Office, 25
Southampton Buildings, London, W.C2 from  which copies may
be obtained.    


