
4                                         1,044,070       Vd and drain
current Id are adjusted to the  the transistor illustrated in Figure 3
except      desired values as by adjusting the variable  that an additional
second gate electrode 59      load resistor 37 and the variable gate bias
is provided. A unipolar transistor having two      resistor 30. A signal
voltage V[err] is applied  (or more) gate electrodes physically spaced   5
to the input terminals 29. For a device hav-  along the length of the
channel produces, not 70      ing a channel length of approximately 0.5
only the resistances R[err], R[err], and R[err], men-      mil, the
frequency response can extend into  tioned above, but also produces
additional      the kilomegacycle range. Drain (conven  resistances along
the channel opposite to the      tional) current Id flows from ground
through  space between adjacent gate electrodes. 10  the voltage source 35,
through the load re-   It has been found on analysis that all of 75
sistor 37, the drain electrode 57, through  the gate electrodes should be
considered as      the drain 53, the channel 47, the sources 51, a single
gate electrode structure. In order      the source electrode 55 to ground.
Majority  to achieve improved operating characteris-      charge carriers
flow in the opposite direc-  tics in a planar field effect transistor, it
is 15 tion in this embodiment. The transistor may  desirable in the
practice of this invention  80     be used to translate from a high
impedance  to provide a continuous gate electrode struc-     input to a low
impedance output, to am-  ture. By this is meant that the one or more
plify the input signal, or both to translate  gate electrodes present to
the channel a con-     and to amplify.                             tinuous
face with no spaces therebetween. 20    The transistor illustrated in
Figure 3 may  To this end, the embodiment of Figure 4  85     be prepared
by the following process. A 100  provides a second gate electrode 59 which
ohm-cm P-type silicon wafer approximately  is insulated from the first gate
electrode 49a.     18 mils thick is chemically polished to a  Also, the
continuous gate electrode structure 



thickness of 10 mils. A uniform layer of  (comprising the two gate
electrodes 49a and 25  phosphorus doped silicon oxide is thermally  59) is
offset toward the source 5la and away  90     deposited upon one surface of
the wafer by  from the drain 53a in the manner described     heating for
approximately 10 minutes at  with respect to the device of Figure 3.
75[err] C in an atmosphere of argon which    The circuit included in Figure
4 is similar     has been bubbled through trimethyl-phos-  to the circuit
described in Figure 3 except 30  phate and tetraethyl-orthosilicate. The
de-  that a second pair of input terminals 63 are 95     posited oxide is
consolidated by heating for  provided, together with suitable means 65
approximately 5 minutes at 75[err] C. in an  for biasing the gate electrode
59.     atmosphere of argon which has bubbled     through silane. A
photoresist pattern is now    WHAT WE CLAIM IS:- 35 deposited upon the
consolidated oxide and    1. A field-effect transistor comprising a     the
oxide etched away leaving the doped  body of semiconductor material, a
source 100     consolidated oxide over those areas which  adjacent to a
surface of said body; a drain     are to be the source and drain and
removing  adjacent to said surface and spaced from     the doped oxide from
the region between  said source, said source and said drain de- 40  source
and drain.                           fining the ends of a charge carrier
path ex-       The wafer is now heated at approximately  tending entirely
adjacent to said surface: 105     900[err]C  in oxygen to grow a new
silicon  and a single continuous gate electrode struc-     oxide layer in
the region between source  ture adjacent to said surface and extending
and drain and produce an inversion layer  opposite to at least a portion of
said source 45  under this layer. Also it simultaneously pro-  and a
continuous portion of said path, one     duces a diffusion of impurities
from the  end of said gate electrode structure being 110     doped
consolidated oxide into the wafer.  closer physically to said source than
the     This diffusion forms the highly doped  other end of said gate
electrode structure is     source-drain contacts. Then, the wafer is  to
said drain. 50  coated with a photoresist and etched to pro-    2. A
field-effect transistor as claimed in     vide access through the oxide
layer into the  Claim 1, wherein said gate electrode struc- 115     source
and drain. Then aluminium metal is  ture comprises a single P-N junction in
said 



evaporated over the entire surface of the  body.     water. A photoresist
is now applied and the   3. A field-effect transistor as claimed in 55
aluminium metal is etched away from the  Claim 1, wherein said gate
electrode struc-     surface of the wafer except where the source  ture
comprises at least one gate electrode 120     electrode, the drain
electrode and the gate  spaced from said path by a thin insulating
electrode are to be located. It is at this step  layer.     that the shape
of the gate electrode is de-   4. A field-effect transistor as claimed in
60  fined. The mask is offset to define the gate  Claim 1 or Claim 3,
wherein said gate elec-     electrode. Finally, the wafer is diced and
trode structure comprises a single gate elec- 125     suitable leads
connected to the source, drain  trode spaced from said path by an insulat-
and gate electrodes.                       ing layer genetically derived
from said body.       Figure 4 illustrates a third embodiment of    5. A
field-effect transistor as claimed in 65 a planar transistor 41a which is
the same as  Claim 1 or Claim 3 wherein said gate elec-         4
1,044,070              Vd and drain current Id are adjusted to the  the
transistor illustrated in Figure 3 except             desired values as by
adjusting the variable  that an additional second gate electrode 59
load resistor 37 and the variable gate bias  is provided. A unipolar
transistor having two             resistor 30. A signal voltage V[err]  is
applied  (or more) gate electrodes physically spaced          5  to the
input terminals 29. For a device hav-  along the length of the channel
produces, not 70             ing a channel length of approximately 0.5
only the resistances R[err], R[err], and R[err], men- 



mil, the frequency response can extend into  tioned above, but also
produces additional             the kilomegacycle range. Drain (conven-
resistances along the channel opposite to the             tional) current
Id flows from ground through  space between adjacent gate electrodes.
10 the voltage source 35, through the load re-   It has been found on
analysis that all of 75             sistor 37, the drain electrode 57,
through  the gate electrodes should be considered as             the drain
53, the channel 47, the sources 51,  a single gate electrode structure. In
order             the source electrode 55 to ground. Majority  to achieve
improved operating characteris-             charge carriers flow in the
opposite direc-  tics in a planar field effect transistor, it is         15
tion in this embodiment. The transistor may  desirable in the practice of
this invention  80             be used to translate from a high impedance
to provide a continuous gate electrode struc-             input to a low
impedance output, to am-  ture. By this is meant that the one or more
plify the input signal, or both to translate  gate electrodes present to
the channel a con-             and to amplify.
tinuous face with no spaces therebetween.        20    The transistor
illustrated in Figure 3 may  To this end, the embodiment of Figure 4  85
be prepared by the following-process. A 100  provides a second gate
electrode 59 which             ohm-cm P-type silicon wafer approximately
is insulated from the first gate electrode 49a.             18 mils thick
is chemically polished to a  Also, the continuous gate electrode structure
thickness of 10 mils. A uniform layer of  (comprising the two gate
electrodes 49a and        25 phosphorus doped silicon oxide is thermally
59) is offset toward the source 51a and away  90             deposited upon
one surface of the wafer by  from the drain 53a in the manner described
heating for approximately 10 minutes at  with respect to the device of
Figure 3.             75[err] C. in an atmosphere of argon which    The
circuit included in Figure 4 is similar             has been bubbled
through trimethyl-phos-  to the circuit described in Figure 3 except
30 phate and tetraethyl-orthosilicate. The de-  that a second pair of input
terminals 63 are  95             posited oxide is consolidated by heating
for  provided, together with suitable means 65             approximately 5
minutes at 75 C. in an  for biasing the gate electrode 59.
atmosphere of argon which has bubbled             through silane. A
photoresist pattern is now  WHAT WE CLAIM IS: -        35  deposited upon
the consolidated oxide and    1. A field-effect transistor comprising  a 



the oxide etched away leaving the doped  body of semiconductor material, a
source 100             consolidated oxide over those areas which  adjacent
to a surface of said body; a drain             are to be the source and
drain and removing  adjacent to said surface and spaced from
the doped oxide from the region between  said source, said source and said
drain de-        40  source and drain.                           fining the
ends of a charge carrier path ex-               The wafer is now heated at
approximately  tending entirely adjacent to said surface; 105
900[err]C. in oxygen to grow a new silicon  and a single continuous gate
electrode struc-             oxide layer in the region between source  ture
adjacent to said surface and extending             and drain and produce an
inversion layer  opposite to at least a portion of said source        45
under this layer. Also it simultaneously pro-  and a continuous portion of
said path, one             duces a diffusion of impurities from  the  end
of said gate electrode structure being 110             doped consolidated
oxide into the wafer.  closer physically to said source than the
This diffusion forms the highly doped  other end of said gate electrode
structure is             source-drain contacts. Then, the wafer is  to said
drain.        50  coated with a photoresist and etched to pro-    2. A
field-effect transistor as claimed in             vide access through the
oxide layer into the  Claim 1, wherein said gate electrode struc- 115
source and drain. Then aluminium metal is  ture comprises a single P-N
junction in said             evaporated over the entire surface of the
body.             water. A photoresist is now applied and the   3. A
field-effect transistor as claimed in        55 aluminium metal is etched
away from the  Claim 1, wherein said gate electrode struc-
surface of the wafer except where the source  ture comprises at least one
gate electrode 120             electrode, the drain electrode and the gate
spaced from said path by a thin insulating             electrode are to be
located. It is at this step layer.             that the shape of the gate
electrode is de-   4. A field-effect transistor as claimed in        60
fined. The mask is offset to define the gate  Claim 1 or Claim 3, wherein
said gate elec-             electrode. Finally, the wafer is diced and
trode structure comprises a single gate elec- 125             suitable
leads connected to the source, drain  trode spaced from said path by an
insulat-             and gate electrodes.                        ing layer
genetically derived from said body.               Figure 4  illustrates a
third embodiment of    5. A field-effect transistor as claimed in 



66 a planar transistor 41a which is the same as  Claim 1 or Claim 3 wherein
said gate elec-
1,044,070                                          5        trode structure
comprises two overlapping  illustrated in Figure 3 of the accompanying
gate electrodes spaced from said path by a  drawings.     first thin
insulating layer genetically derived  8. A  field-effect transistor
substantially     from said body, and spaced from each other  as herein
described with reference to and as  15 5  by a second thin insulating body.
illustrated in Figure 4 of the accompanying       6. A  field-effect
transistor substantially  drawings.     as herein described with reference
to and as           A. M. & WM. CLARK,     illustrated in Figure 1 of the
accompanying            Chartered Patent Agents,     drawings.
5, Stone Buildings, 10    7. A  field-effect transistor substantially
Lincoln's Inn,     as herein described with reference to and as
London, W.C.2.          Abingdon: Printed for Her Majesty's Stationery
Office, by Burgess & Son (Abingdon), Ltd-1966.                   Published
at The Patent Office, 25 Southampton Buildings, London, W.C.2,
from which copies may be obtained.    


