
6                                         982,941 layer 188 into which has
been further diffused   a ceramic wafer using tabs and appropriate two
n-type regions 190. Each n-type region  interconnections. defines beneath
it the channel for its respec-    The present invention therefore
advantage- tive field-effect transistor. The two n-type re-  ously
overcomes the problem of obtaining large 5   gions 190 constitute the gates
for the field-  capacitance values in tiny integrated electronic  70 effect
devices, and are connected together by   circuits by advantageously
increasing the input means of a lead 191 and to an intermediate  impedance
of the active elements by several portion of the region 180 by means of
lead   orders of magnitude. Consequently, since the 192. To stabilize the
bias on the gates 190,  frequency response is largely dependent upon 10  a
Zener diode is formed on the region 180  the ratio of input impedance to
capacitance  75 intermediate the output 182 and supply ter-  (i.e.,
coupling capacitance, bypass capacitance, minal 172 and connected by lead
199 to the   etc.), frequency response can be extended many output 182.
Lead 193 connects the output  octaves without changing capacitance values.
lead 184 with one end of the field-effect devices  Thus, full advantage may
be taken of the re- 15  at contact 194. The other end of the field-
markable characteristics of the prior art pro-  80 effect devices at
contact 195 is connected by  posals in low frequency embodiments without
means of lead 196 back to the gate of field-  sacrifice to extreme
reduction in size. effect transistor 164. The region intermediate    Among
the other advantages of this inven- the two n-type diffused regions 190 is
con-  tion are that greater versatility is imparted to 20  nected by means
of a contact 197 and lead  semiconductor circuits, that the  frequency  85
2 198 to capacitor 186, the other side of which  range over which circuits
of minimum  size 



is grounded. The emitter region of transistor  can be effectively operated
is extended, that 174 is connected to ground. The emitter re-  the
effective input impedance of active ele- gion of transistor 166 is also
connected to   ments within integrated electronic circuits is 25  ground.
By connected to ground is meant that  considerably increased, and that the
ratios  90 a suitable terminal or tab is provided to which   between
impedances present at active element the emitter regions are connected
either by   electrodes and the reactances presented by leads or other means
for the purpose of ground-  associated capacitors are optimized. ing these
areas. The circuit diagram  for the     WHAT WE CLAIM  IS: - 30
semiconductor circuit shown in Fig. 5a is    1. An amplifier circuit
comprising a tran-  95 illustrated in Fig. 5b.
sistor having base, emitter and collector elec- It will be appreciated that
the problem of  trodes, a  field-effect transistor having  its d-c bias
stability is overcome to a large extent  channel ohmically connected
between the base in this semiconductor circuit by means of the   and
collector electrodes, an input applied to 35  large amount of d-c negative
feedback that is  the gate electrode of said field-effect transistor 100
furnished from  the output lead 184 to the  and an output connected to the
collector or gate of the field-effect transistor 164 via the   emitter
electrode. low  pass filter constituted by the field-effect    2. An
amplifier circuit according to claim devices located above the region 180
and the   1, further including a capacitor coupled to 40  capacitor 186. In
this connection, the field-  said gate electrode for applying said input
105 effect devices function as voltage-variable re-  thereto. sistors and
provide resistances in the order of    3. An amplifier circuit according to
claim meg-ohms for attenuation, whereas the capaci-  1 or 2, wherein said
output is connected to 



tor 186 functions as an a-c shunt or bypass.  said collector electrode,
further including a 45  Thus, the d.c. is fed back without difficulty,
second transistor having collector, base and  110 whereas the a-c component
of the output signal  emitter electrodes, wherein said output is con- is
shunted out of the feedback loop.           nected to the base of said
second transistor. In the semiconductor circuit of Fig. 5a,    4. An
amplifier circuit according to claim capacitors 162 and 186 are external of
wafer  3, further including negative feedback means 50  used for the
circuit and may be provided in  interconnecting the collector electrode of
said  115 other wafers. It is possible, however, to fabri-  second
transistor and the gate electrode of cate these capacitors from the same
wafer used.  said field-effect transistor. for the circuit of Fig. 5a
simply by widening     5. An amplifier circuit according to claim the wafer
and using the additional space for  4, wherein said negative feedback means
in- 55  the fabrication of capacitors 162 and  186.  cludes a low pass
filter.                         120 These capacitors can be made either as
PN         6. An amplifier circuit according to claim junction types or as
oxide types as shown in  3, 4 or 5 wherein the output connection to the
specification of our co-pending Patent  the base of said second transistor
includes a Application No. 3633/60 (Serial No. 945,734).  Zener diode. 60
By this means, the capacitors can be fabri-    7. An audio amplifier
circuit comprising a  125 cated at the same time as the semiconductor
transistor having collector, base and emitter circuit. After completion,
the wafer can be  electrodes, a field-effect transistor having its etched
through or otherwise divided to separ-  channel ohmically connected between
the col- ate the circuit and the capacitors. The three  lector and base
electrodes, a capacitor coupled 65  semiconductor parts can then be mounted
on  to the gate electrode of said field-effect tran- 130 
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to the base of said second transistor. In the semiconductor circuit of Fig.
5a,    4. An amplifier circuit according to claim capacitors 162 and 186
are external of wafer  3, further including negative feedback means 50
used for the circuit and may be provided in  interconnecting the collector
electrode of said  115 other wafers. It is possible, however, to fabri-
second transistor and the gate electrode of cate these capacitors from the
same wafer used.  said field-effect transistor. for the circuit of Fig. 5a
simply by widening     5. An amplifier circuit according to claim the wafer
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etched through or otherwise divided to separ-  channel ohmically connected
between the col- ate the circuit and the capacitors. The three  lector and
base electrodes, a capacitor coupled 65  semiconductor parts can then be
mounted on  to the gate electrode of said field-effect tran- 130    982,941
7 sistor for applying an input thereto, an output  11. An amplifier circuit
according to any of  25 connected to the collector electrode and nega-
claims 8 to 10, wherein said wafer includes one tive feedback means
interconnecting the out-  or more elongated portions thereof defining put
and said gate electrode.                    one or more resistors, each
elongated portion 0                5     8. An amnplilier circuit according
to any   lying on said one major wafer face and being preceding claim,
comprising a semiconductor   electrically connected in the circuit.
30 wafer having therein or thereon the gate elec-     12. An amplifier
circuit according to any trode, the collector base junction and the base-
preceding claim including a plurality of addi- emitter junction of said
transistor all adjacent  tional  field-effect  transistors  having  their 5
10  one and the same major wafer face.               channels connected in
series and their gates 9. An amplifier circuit according to claim   reverse
biased and being electrically connected  35 8 and claim  3, 4, 5 or 6,
wherein said wafer  in the circuit. includes the collector-base junction
and the       13. An  amplifier circuit substantially  as base-emitter
junction of said second transistor  hereinbefore described with reference
to Fig. 15  adjacent said one major wafer face.               1, 4b, 4d or
5b of the accompanying drawings. 



10. An amplifier circuit according to claim      14. An amplifier circuit
substantially  as  40 8 or 9, wherein said wafer includes a diffused
hereinbefore described with reference to Figs. layer having a conductivity
type opposite to   4a and 4b, 4c and 4d or 5a and 5b of the that of the
semiconductor material underlying   accompanying drawings. 20    it,
wherein one region of said diffused layer functions as the channel of said
field-effect           H. D. FITZPATRICK  & CO., transistor and a
contiguous region  of said                Chartered Patent Agents, diffused
layer functions as the base of said        3 Gray's Inn Square, London,
W.C.1, and transistor.                                             94 Hope
Street, Glasgow, C.2. Leamington Spa: Printed for Her Majesty's Stationery
Office, by the Courier Press (Leamington) Ltd.-1965. Published by The
Patent Office, 25 Southampton Buildings, London, W.C.2, from which copies
may be obtained. I 11111 11111111111 II l 1 1111 * C   L   M    S *    


