
(54) UHF AMPLIFIER       (71)   We, RCA CORPORATION, formerly  and drain
electrodes, an input signal circuit    RADIO CORPORATION OF AMERICA, a
Corpor-  coupled  between  the  gate  and  source    ation organized  under
the laws of the State  electrodes of said first transistor, the drain    of
Delaware, United States of America, of electrode of said first transistor
and the  5 30, Rockefeller Plaza, City and State of source electrode of
said second transistor 50    New York, United States of America, do  being
interconnected or constituted by  a    hereby declare the invention, for
which we  common electrode, an output signal circuit    pray that a patent
may be granted to us, and  coupled between the drain electrode of said
the method by which it is to be performed, second transistor and a point of
reference 10 to be particularly described in and by the  potential to which
the source electrode of the 55    following statement: -
first transistor is also coupled, and means      This invention relates to
amplifiers and, coupling the gate electrode of said second    more
particularly, to a radio frequency  transistor to said point of reference
potential,    amplifier using regenerative compensation  said means
including inductive reactance 15 and  employing  insulated-gate
field-effect having a value such as to neutralize the 60    semi-conductor
devices.                    interelectrode capacitance of the second tran-
In the tuner of a television receiver, for  sistor over a part of a given
spectrum of    example, it is necessary to amplify and  UHF frequencies and
to develop at the gate    frequency translate a received signal in the
electrode of the second transistor a feedback 20 frequency range including
VHF (Very High  signal causing a regenerative increase in the 65
Frequency) and UHF. (Ultra-High Fre-  forward gain of said first and second
tran-    quency). In the VHF range, extending from  sistors over at least
the remainder of such    54 to 216 megahertz, it is the practice to
frequency spectrum.    amplify discrete channels or narrow bands of   In
the accompanying drawings: 25 frequencies. In the UHF range extending
FIGURE 1 is a cross-sectional view of a 70    from 470 to 890 megahertz, on
the other dual gate insulated-gate field-effect tran-    hand, it is the
practice to tune the entire  sistor;    band continuously because of the
many    FIGURE 2 is a schematic  circuit diagram    channels therein
contained.  This latter of an amplifier arrangement embodying the 30
amplification requires an amplifier arrange- invention and utilizing the
dual gate field- 75    ment providing broad band gain with good  effect
transistor shown in FIGURE 1;  and    stability and low noise. Prior art
vacuum  FIGURES 3A and 3B are graphs illus-    tube.and transistor
amplifier arrangements, trating the forward gain and reverse atten-
however, have not proved totally suitable  uation  characteristics
provided  by  the 35 for use over this UHF band of frequencies.  amplifier
embodiment of FIGURE 2.   80    Therefore, their use has been generally
Referring now to FIGURE 1, the cross-    limited to the VHF discrete
channel service. sectional view of the illustrated dual gate
Accordingly, it is an object of the present insulated-gate field-effect
transistor shows a    invention, therefore, to provide an amplifier header
10 which is typically the base of a 40 which exhibits good noise and gain
per- metal can encapsulation. Mounted on this 85    formance over a
spectrum of UHF signal header 10 is a substrate of semiconductor
frequencies.                               material 12 which may be nearly
intrinsic      As will become clear hereinafter, such an  P-type silicon of
a 10-20 ohm-cm. doping,    amplifier includes first and second field-  for
example. In the manufacture of the 45 effect transistors, each having gate,
source  transistor three regions 13, 14 and 15 of 90        2
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high  N-type  doping  are  provided  and   numeral  15, and also, as the
source region     respectively become the drain, the combined   for the
other insulated-gate transistor whose     source-drain, and the source
regions of the  drain region is represented by the number     dual  gate
transistor.                     13. As constructed however, the dual gate
5   Connection  leads 16 and  17 are pro-  transistor is an  single
integrated unit enclosed 70     vided  to  connect the drain and  source
by  a metal encapsulation.     regions 13 and 15, respectively, to the ter-
Referring now  to  FIGURE 2,  there is     minals of the encapsulation not
shown.   An  shown a schematic circuit    diagram  of an     insulating
film  of silicon   dioxide  18 is  amplifier arrangement embodying the
prin- 10 formed  over the substrate surface extending  ciples  of the
invention for UHF   frequencies. 75    from  the source region  15 to the
drain  Corresponding  numbers are used in FIGURE    region 13. Over this
film  18 are provided  2 to identify similar component elements as    the
two metal gate electrodes 19 and 20  are used in the dual-gate
insulated-gate field-    which are separated  by an insulating spacer
effect transistor illustration of FIGURE  1. 15 21 to reduce the
capacitance between these    An input signal terminal 23 is shown in 80
electrodes.                          FIGURE  2 and  couples the signal to
be      In detail, the  metal gate electrode 19 is  amplified  to  a broad
band stub tuning circuit    formed so 'as to overlap the semiconductor  24.
Circuit 24 is selected to   be of a  type    substrate 12 between the
source and source-  which  will translate the signal frequency 20 drain
regions 15 and 14,  while  the gate  band of interest. The translated
input signal    85    electrode  20  is formed so as to  overlap the    is
coupled to the gate electrode 19  of an    substrate 12 between the
source-drain and   integrated dual gate field-effect  transistor    drain
regions 14  and  13.  The  source   100 of the type   shown in  FIGURE  1
by            source drain, and drain regions 15,14,13
means of a  coupling capacitor  25 and the 25 respectively, are made of an
N-type doping   inherent  inductance of   lead  26.  A    bias  90    and
the substrate 12 is of a P-type doping,  potential is  also coupled to the
gate elec-    as was previously mentioned.                 trode 19 from
a supply  V[err] (not illustrated)      When an  operating  voltage is
applied   via an isolation inductance 27 connected to    which places the
source region  15  at a         the  junction   of capacitor   25  and lead
30 negative  potential with respect to the drain  inductance 26.
95    region     13, a  voltage   distribution occurs    The connecting
lead  17 connects  the    which results in a depletion    region being
source electrode 15 of transistor 100 to an    formed adjacent to the
drain 13.  This per-  adjacent point on the metal header  10.  The    mits
a  uniform very low voltage gradient    header 10 is shown coupled to a
point of 35 to be developed    across the remainder of the
reference or ground   potential outside the  100    substrate 12. The
resulting uniform  poten-  metal case encapsulation, so that the con-
tial across the entire substrate  12 then per-   necting lead 17 forms a
low inductance sig-    mits both gate electrodes 19  and 20 to be  nal path
from  the source electrode 15 to    biase  by means of connect  leads 26
ground.   The capacitance  of the input gate 40 and 31 with a voltage
referenced to the  electrode 19 to  the source electrode 15  is 105
source 15.  That is, the substrate 12 and  represented  in FIGURE  2 by a
dashed    the source 15 are  at substantially the same   capacitor 40.  The
capacitance of the gate    potential.
electrode 19 to the source-drain electrode      The principal conduction
between  the  14  is further represented  by  a dashed 45 source 15 and the
drain 13 is through a layer    capacitor 28.
110    of charge 22 present at the surface of the    A   signal derived
from the stub tuning cir-    semiconductor substrate 12 and adjacent  to
cuit 24 appears   across  the gate-to-source    the insulating silicon
dioxide  film 19. This     . This  capacitance 40 in a slightly attenuated
form    layer of charge 22 is induced by the due  to the combined effects
of  the gate con- 50  application  of  a control potential  to the  necting
lead inductance 26 and  the source 115    metal gate electrodes 19 and 20
by means  connecting lead inductance 17. This signal    of the leads 26
and 31. Therefore  input  is  amplified by  the  lower insulated-gate
signals and bias voltages applied to the gate  transistor 75 and appears in
amplified form    electrodes  19 and 20 can directly  control  between the
source-drain electrode  14  and 55 the  thickness and density of the
induced  ground. The  stray capacitance between the 120    charge layer 22
and the   resultant current        source-drain   electrode  14 and
ground is    flow between the source and drain regions represented by
another dashed capacitor  29.    15 and 13.
The  gate electrode  20  of the  upper      It will  be appreciated that
the dual gate  insulated-gate field-effect  transistor 80 of the 60
transistor of  FIGURE  1  can be considered  integrated dual gate pair is
connnected to 125    as  being a pair of transistors having their  pound
potential via the inherent  inductance    current paths serially connected.
Region of gate connecting lead 31, a direct current    14, for example, can
serve both as the drain  isolating  capacitor 32, and  an  inductive
region  for  one  insulated-gate  transistor  reactance stub 33 all being
serially con- 65 having its source region represented by the nected. The
drain electrode 13 of the upper 130        
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3       transistor 80 is coupled to an output ter-  and thereby raises this
impedance.  As a minal 38 by means of a drain connecting   result, the gain
of the lower transistor 75 is      lead 16, which also exhibits an inherent
increased. Because there is an increase in      inductance, a coupling
capacitor 35, and a  gain in both stages by virtue of this re-   5 stub
timer circuit 36. The stub tuner 36  generative feedback, only a small
amount 70      is continuously tunable over the UHF band  is required to
significantly increase the over-      and is typically in ganged connection
with  all gain.  In this way the stability of      the input stub tuber 24.
amplifier operation is retained while the        A radio frequency choke
coil 39 is pro-  forward  gain  provided is increased.   10 vided to couple
an operating voltage supply  Besides providing improved broad band 75
+ V[err]  (not illustrated) to the drain electrode  signal gain, another
feature of the amplifier      13 and is connected to the junction of the
lead  arrangement of FIGURE 2 is the neutraliz-      16 and the  capacitor
35. The capacitance of  ation of interelectrode capacitance feedback
the  gate electrode 20 to the source-drain elec- The  drain electrode 13 of
the upper tran-  15 trode 14 is represented by the capacitor 30.  sistor 80
of the integrated dual gate pair and 80      A bias potential is coupled to
the gate elec-  the gate electrode 19 of the lower tran-      trode 20 from
a supply V[err](not illustrated)  sistor 75 of the pair have disposed
between      via an isolating inductance 34 connected to  them  an array of
stray capacitances and      the junction of lead inductance 31 and
interelectrode  capacitance   including  the  20  capacitor 32 .
termination of some of these capacitances in 85        The  amplified
signal which  appears  the ground lead to the gate electrode 20.
between the source-drain electrode 14 and    Any such array between  three
terminals      ground due to the action of the lower  may be reduced to an
equivalent three      insulated-gate field effect transistor 75 also
capacitor Tee  configuration.  In such an  25 appears across the input
circuit of the upper  equivalent Tee configuration the capacitance 90
transistor 80, i.e., across the series  con-  of the leg connected to the
ground  terminal      nection of the gate-source  capacitance 30, is of
interest. That capacitance in series      the gate lead inductance 31, the
coupling  with an appropriate inductance to ground      capacitor 32, and
the inductance stub 33. will resonate at a frequency within the trans-
This signal is amplified further by the upper  lated band of frequencies
and will provide a 95      insulated-gate field-effect transistor 80 and
low impedance path to ground from  the      appears at the drain electrode
13.          center connection of the Tee. At that fre-        A portion of
this signal is coupled back  quency, however, reverse feedback through
from  the drain  electrode 13 to  the gate  the interelectrode capacitances
is neutralized  35 electrode 20 by means of a gate-to-drain   by the
presence of the inductance in the 100     interelectrode capacitance 37.
This positive  ground  lead  to  the gate  electrode 20.     feedback
signal causes an increase in the  Experience with the integrated dual gate
overall signal gain provided by the inte-  field-effect transistor has
shown that there is     grated dual gate transistor 100.         a
significant band of frequencies where this   40   Regenerative feedback to
the gate elec-  neutralization provides effective reduction 105      trode
20 of the upper insulated-gate field-  of reverse feedback to the gate
electrode 19.      effect transistor 80  increases the  input    FIGURE 3A
is a graph showing the for-      impedance at the source-drain electrode
14. ward gain characteristic of the amplifier of      Because the stray
capacitance 29 existing  FIGURER 2 as a function of frequency with  45
between this combination electrode 14 and  and  without regenerative
compensation. 110      the grounded metal header 10 is extremely FIGURE 3B
is a graph showing the reverse      small, the signal gain provided by the
upper  attenuation characteristic presented by the      transistor 80 is
not  limited at this point by  amplifier  of  FIGURE 2 to a signal at the
capacitance loading. It is a feature of the  drain electrode 13 and
preventing it from  50 integrated dual gate transistor 100 that the
appearing at the gate electrode 19, under 115      capacitance to ground of
the combined  the same frequency and compensation con-      drain electrode
of the lower transistor 75  ditions.  As shown in FIGURE  3A, the      and
source electrode of the upper transistor  forward gain  with regenerative
compensation      80 is reduced to a value far less than the  changes by
only some 4db. over the entire  55 total capacitance to ground would be if
band of UHF frequencies, while without 120      these electrodes were
considered component  regenerative compensation, the variation  is
parts of two discrete  insulated gate field-  over 10db.      effect
transistors.                           As shown, in FIGURE 3B, the reverse
The signal gain provided by the lower  attenuation is improved in a part of
the  60 transistors 75 of the integrated  pair is  band as a result of the
neutralization of 125      limited by the impedance at the source drain
interelectrode capacitance feedback and the      electrode 14.  The
regenerative feedback  simultaneous cancellation of the degener-
between the drain electrode 13 and the gate  ative current feedback. It can
be seen that      electrode 20, however, cancels the degener-  the reverse
attenuation is improved in a   65 ative feedback of the total transistor
current  significant fractional part of the UHF band 130       
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4      while the forward gain is increased.        a point of reference
potential to which the       Reverse attenuation of a radio frequency
source electrode of the first transistor is also     amplifier provides a
means for attenuating  coupled, the drain electrode of said first     the
oscillator injection signals of the mixer  transistor and the source
electrode of said  5 stage which appear at the amplifier output.  second
transistor being interconnected or be-     As used in a UHF  tuner for a
television  ing constituted by a common electrode, and  65     receiver,
for example, the integrated dual  means coupling the gate electrode, of
said     gate  transistor amplifier of FIGURE 2 can  second transistor to
said point of reference     be used to amplify the  received signal be-
potential, said -means including inductive 10 fore application to a mixer
circuit for fre-  reactance  having a value such as to neutralize
quency translation down to an intermediate  -the interelectrode capacitance
of said  second 70     frequency.  Such  a mixer circuit might  transistor
over a part of a given spectrum of     typically use a crystal diode,- as
is the current  UHF frequencies and to develop at the     practice.  The
oscillator injection  signal  gate electrode  of said  second  transistor
15 supplied to the crystal mixer will then also  a  feedback  signal
causing  a  regener-     appear at the output of the integrated  ative
increase in the forward gain of said 75     insulated-gate amplifier.
Attenuation of the  first and second transistors over at least the
reverse feedthrough of the oscillator signal  remainder of such frequency
spectrum.     prevents it from  appearing at the antenna    2. An amplifier
as claimed in Claim  1,  20 terminals and thereby being radiated by the
wherein said field-effect transistors are of     receiving antenna. The
20-30db of additional  the insulated gate variety.     isolation  provided
by  the  amplifier  of   3. An amplifier as claimed in  Claim 1 or
FIGURE  2 significantly reduces interfer-  Claim  2, wherein the drain
electrode of     ence from  any radiation which may still  said first
transistor is direct current con- 25 exist.
nected to the source electrode of said  second       For UHF amplification
the required com-  transistor.                                 85
pensation inductance may be a very short    4. An amplifier as claimed in
any pre-     length of wire or coaxial stub. These high  -ceding claim,
wherein said first and second     frequencies  and short wave lengths make
field-effect transistors are constructed on a 30 the length of the gate
connecting lead 31 a  single  substrate of semiconductor material.
significant part of the correct compensation    5. An amplifier- as defined
in any pre- 90     inductance. It has been found that the most  ceding
claim, wherein said inductive re-     reproducible connection for the gate
connect-  actance  includes the inductive reactance     ing lead 31 is a
direct, short connection to  exhibited by a connecting lead in series 35
ground at the metal header 10. Since an  with  an:  inductance element, the
two   be-     additional, very short wire would represent  ing connected
between the gate electrode 95     the inductance required for proper com-
of said second transistor and said point of     pensation, a  coil placed
inside the device  reference potential.     encapsulation as a part of the
dual gate    6. An amplifier as defined in Claim  5, 40 transistor  would
provide  proper  com-  wherein said inductance element is included
pensation. Such a configuration would have  with the transistors in a
single encapsulation. 100     the advantage of high reproducibility.
7; An amplifier substantially as herein       A further refinement would
include adjust-  described with reference to FIGURE 2  of     ment of the
device fabrication such that the  the accompanying-drawing. 45 proper bias
for the gate electrode 20 would    8. An amplifier as claimed in Claim 7
be zero volts with respect to the source  having the transistors thereof
constituted 105     electrode 15. The gate lead 31 could then
substantially as described with reference to     be connected directly to
ground without the  FIGURE 1 of  the drawing.     coupling capacitor 32 or
the necessity of a 50 bias supply.
T. I. M. SMITH,        WHAT WE CLAIM IS:
Chartered Patent Agent,       1. A UHF amplifier including first and
50 Curzon Street,     second field-effect transistors each having
London, W.1. 55 gate, source and drain electrodes, an input          Agent
for the Applicants.    signal circuit coupled between the  gate and
source electrodes of said first transistor, an  Reference has been
directed in- pursuance of    output signal circuit coupled between the
Section 9. Sub-Section (1) of the Patents Act,    drain electrode of said
second transistor and  1949, to patent No. 1,060,242.   Printed for Her
Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1970 Published at the Patent Office; 25 Southampton
Buildings, London WC2A  1AY  from  which copies
may be obtained.       
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while the forward gain is increased.        a point of reference potential
to which the                   Reverse attenuation of a radio frequency
source electrode of the first transistor is also                amplifier
provides a means for attenuating  coupled, the drain electrode of said
first                the oscillator injection signals of the mixer
transistor and the source electrode of said              5 stage which
appear at the amplifier output.  second transistor being interconnected or
be-                As used in a UHF tuner for a television  ing constituted
by a common electrode, and 65                receiver, for example, the
integrated dual  means coupling the gate electrode, of said
gate transistor amplifier of FIGURE 2 can  second transistor to said point
of reference                be used to amplify the received signal be-
potential, said means including inductive             10 fore application
to a mixer circuit for fre-  reactance having a value such as to neutralize
quency translation down to an intermediate  the interelectrode capacitance
of said second 70                 frequency.  Such a mixer circuit might
transistor over a part of a given spectrum of                 typically use
a crystal diode, as is the current  UHF frequencies and to develop at the
practice.  The oscillator injection  signal  gate electrode  of said
second  transistor              15 supplied to the crystal mixer will then
also  a  feedback  signal  causing  a  regener-                 appear at
the output of the integrated  ative increase in the forward gain of said 75
insulated-gate amplifier. Attenuation of the  first and second transistors
over at least the                 reverse feedthrough of the oscillator
signal  remainder of such frequency spectrum.                 prevents it
from  appearing at the antenna    2. An amplifier as claimed in Claim  1.
20 terminals and thereby being radiated by the  wherein said field-effect
transistors are of                 receiving antenna. The 20-30db of
additional  the insulated gate variety.                         I
isolation  provided  by  the  amplifier of    3. An amplifier as claimed in
Claim 1 or                 FIGURE  2 significantly  reduces interfer-
Claim  2, wherein the drain electrode of                 ence from  any
radiation which may still  said first transistor is direct current con-
25 exist.                                      nected to the source
electrode of said second                   For UHF amplification the
required com-  transistor.                                85
pensation inductance may be a very short    4. An amplifier as claimed in
any pre-                 length of wire or coaxial stub. These high  ceding
claim, wherein said first and second                 frequencies and short
wave lengths make  field-effect transistors are constructed on a
30 the length of the gate connecting lead 31 a  single substrate of
semiconductor material.                 significant part of the correct
compensation    5. An amplifier as defined in any pre- 90
inductance. It has been found that the most  ceding claim, wherein said
inductive re-                 reproducible connection for the gate connect-
actance includes  the inductive reactance                 ing lead 31 is a
direct, short connection to  exhibited by a connecting lead in series
35 ground at the metal header 10. Since an  with an inductance element, the
two be-                 additional, very short wire would represent  ing
connected between the gate electrode 95                 the inductance
required for proper com-  of said second transistor and said point of
pensation, a coil placed inside the device   reference potential.
encapsulation as a part of the dual gate    6. An amplifier as defined in
Claim  5. 40 transistor  would  provide  proper  com-  wherein said
inductance element is included                pensation. Such a
configuration would have  with the transistors in a single encapsulation.
100                the advantage of high reproducibility.        7. An
amplifier substantially as herein                   A further refinement
would include adjust-  described with reference to FIGURE 2 of
ment of the device fabrication such that the  the accompanying drawing.
45 proper bias for the gate electrode 20 would   8. An amplifier as claimed
in Claim  7                be zero volts with respect to the source  having
the transistors thereof constituted 105                electrode 15. The
gate lead 31 could then  substantially as described with reference to
be connected directly to ground without the  FIGURE 1 of the drawing.
coupling capacitor 32 or the necessity of a             50 bias supply.
T. I. M. SMITH,                    WHAT WE CLAIM IS: -
Chartered Patent Agent,                   1. A UHF amplifier including
first and                50 Curzon Street,                second
field-effect transistors each having               London, W.1.
55 gate, source and drain electrodes, an input         Agent for the
Applicants.                signal circuit coupled between the gate and
source electrodes of said first transistor, an  Reference has been directed
in pursuance of                output signal circuit coupled between the
Section 9, Sub-Section (1) of the Patents Act,                drain
electrode of said second transistor and  1949, to patent No. 1,060,242.
Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd.
Berwick-upon-Tweed, 1970            Published at the Patent Office. 25
Southampton Buildings, London WC2A 1AY from which copies
may be obtained.    


