
1,113,211                                     5 is preferably produced by
deposition from a  tapered oxide is to selectively deposit the in-. vapor.
Also, in devices with polycrystalline  sulator as by vapor deposition.   By
:this channels, the channel material may be de- technique, an aperture mask
is moved slowly posited upon the insulator or the insulator during the
deposition laterally  along the 5  may be deposited upon the channel.
channel. The tapering of the oxide is con- 70 The fabrication techniques
for insulated- trolled by the movement of the aperture mask, gate field
effect transistors are similar to those  and the rate of deposition. The
thickness may used to produce planar bipolar transistors and  be profiled
by adjusting the rate of move- integrated  monolithic  devices.  Impurity
ment of the mask. 10 diffusion techniques may be used, and -geo-   The
fabrication of gate structures with a 75 metry may be controlled by
precision masking  tapered or stepped dielectric constant in the and
photolithographic techniques.        insulator may be done by vapor
deposition A fabrication schedule for a stepped oxide  using  more than
one source, depositing remote cutoff channel device may be as different
materials in sequence through a re- 15 follows: A lightly doped P-type
silicon wafer, positioned mask. One may, for example, use 80 about one inch
in diameter and 0.007 inch  three sources with three different insulators
thick, is polished on one side and the surface  with three dielectric
constants corresponding heavily oxidized in a furnace at about 900[err]  to
65a, 65b and 65c in FIGURE 7. After C containing a steam atmosphere to
produce  depositing the insulator corresponding to 65a 20  an oxide surface
coating.  The oxide surface through a suitable mask, the mask is moved  85
coating is then etched away in selected areas laterally to the position
corresponding to 65b defined by masking, using photolithographic  and the
insulator corresponding to 65b is de- techniques.
posited. By repeating the procedure the third 



Next, the wafer is heated at about 1050[err]  insulator corresponding to
65c is laid down. 25  C. for 10 minutes in an atmosphere contain- By
gradually moving the mask while gradually  90 ing an N-type dopant, such as
phosphorus, shifting from one insulator to the other, an thereby forming
source and drain regions which insulator layer with tapered dielectric con-
are not covered by the oxide. The entire stant can be obtained. remaining
oxide layer is then removed. Then,   For fabrication of structures with a
tapered 30 the wafer is heated at about 900[err] C in dry  or stepped
dielectric constant in the semi- 95 *      oxygen gas for about five hours
until another, conductor, the same procedure may be used second oxide layer
about 4000 A thick is with three sources of three different semi- formed on
the surface of the wafer.  The  conductors in combination with a movable
wafer is cooled to room temperature and then  mask. 35 reheated at about
400[err] C. in dry hydrogen gas for about 5 minutes to produce a desired
WHAT WE CLAIM  IS:-                 100 channel characteristic. The second
oxide layer   1. An insulated-gate field effect transistor is selectively
removed over the source and  having drain current flow in a plurality of
drain regions as by etching.              paths which have different pinch
off voltages 40    The oxide layer over the channel is now  transversely
across the gate, thereby obtaining stepped by using a series of
photolithographic  a remote cut-off characteristic, said remote 105 and
partial etching operations designed to  cut-off being obtained by a lateral
change reduce the oxide thickness. The number of in one or more of the
thickness of the insu- these operations depends upon the requisite  lator,
the thickness of the channel under the 45 number of oxide steps. In this
example, four gate of the transistor, the dielectric constant steps are
produced having thicknesses of about of the insulator, the dielectric
constant of the 110 1000, 2000, 3000 and 4000 A. Metal is channel, and the
charge carrier density in the 



evaporated over the entire wafer, and then  channel. selectively etched
from all areas of the wafer    2. An insulated-gate field-effect transistor
50  except over the source region, the drain region  comprising a channel
of a semiconductor and the stepped oxide. The metal over the  material; a
source and a drain connected to 115 stepped oxide between the source region
and  said channel and defining the ends of a plur- the drain region
constitutes the gate of the  ality of drain current paths in said channel,
device. The wafer is then diced into separate  a metallic electrode across
and spaced from 55 units or arrays.  The units or arrays are  said channel
by an insulator which varies con- mounted on a suitable support and leads
tinuously or discontinuously as to some physical 120 are bonded thereto, as
by thermal compression. characteristic in a direction transverse to said
After bonding, the units are encapsulated.    current paths and along said
gate whereby Another method for obtaining the stepped  the field applied to
the channel is varied 60 oxide employs photolithographic techniques to  in
the direction transverse to the direction fully, instead of partially,
remove the oxide. of current flow so as to provide the effect of 125 The
oxide growth is then reheated. The areas  a plurality of devices with
different pinch off with oxide already present grow thicker and  voltages
connected in parallel and thereby the stripped regions grow to a thinner
layer. obtain a remote cut-off characteristic. 65    A  method for
obtaining a continuously   3. An insulated-gate field-effect transistor
is preferably produced by deposition from a  tapered oxide is to
selectively deposit the in- vapor. Also, in devices with polycrystalline
sulator as by vapor deposition.   By this channels, the channel material
may be de-  technique, an aperture mask is moved slowly 



posited upon the insulator or the insulator during the deposition
laterally along the 5  may be deposited upon the channel.         channel.
The tapering of the oxide is con- 70 The fabrication techniques for
insulated- trolled by the movement of the aperture mask- gate field effect
transistors are similar to those  and  the rate of deposition. The
thickness may used to produce planar bipolar transistors and  be profiled
by adjusting the rate of move- integrated  monolithic  devices.  Impurity
ment of the mask. 10  diffusion techniques may be used, and geo-    The
fabrication of gate structures with a 75 metry may be controlled by
precision masking  tapered or stepped dielectric constant in the and
photolithographic techniques.          insulator may be done by vapor
deposition A fabrication schedule for a stepped oxide  using  more  than
one source, depositing remote cutoff channel device may be as different
materials in sequence through a re- 15 follows: A lightly doped P-type
silicon wafer, positioned -mask. One may, for example, use  80 about one
inch in diameter and 0.007 inch  three sources with three different
insulators thick, is polished on one side and the surface  with three
dielectric constants corresponding heavily oxidized in a furnace at about
900[err]  to 65a, 65b, and 65c in FIGURE 7. After C. containing a steam
atmosphere to produce  depositing the insulator corresponding to 65a 20  an
oxide surface coating.The oxide surface  through a suitable mask, the mask
is moved  85 coating is then etched away in selected areas  laterally to
the position corresponding to 65b defined by masking, using
photolithographic and the insulator corresponding to 65b is de- techniques.
posited. By repeating the procedure the third Next, the wafer is heated at
about 1050[err]  insulator corresponding to 65c is laid down. 25  C  for 10
minutes in an atmosphere contain- By gradually moving the mask while
gradually  90 ing an N-type dopant, such as phosphorus, shifting from one
insulator to the other, an thereby forming source and drain regions which
insulator layer with tapered dielectric con- 



are not covered by the oxide. The entire  stant can be obtained. remaining
oxide layer is then removed. Then,   For fabrication of structures with a
tapered 30  the wafer is heated at about 900[err] C in dry  or stepped
dielectric constant in the semi- 95 oxygen gas for about five hours until
another, conductor, the same procedure may be used second oxide layer about
4000 A thick is  with three sources of three different semi- formed on the
surface of the wafer.  The  conductors in combination with a movable wafer
is cooled to room temperature and then  mask 35  reheated at about 400[err]
C  in dry hydrogen gas for about 5 minutes to produce a desired    WHAT WE
CLAIM  IS: -                  100 channel characteristic. The second oxide
layer    1. An insulated-gate field effect transistor is selectively
removed over the source and  having drain current flow in a plurality of
drain regions as by etching.               paths which have different pinch
off voltages 40    The oxide layer over the channel is now  transversely
across the gate, thereby obtaining stepped by using a series of
photolithographic  a remote cut-off characteristic, said remote 105 and
partial etching operations designed to  cut-off being obtained by a lateral
change reduce the oxide thickness. The number of in one or more of the
thickness of the insu- these operations depends upon the requisite  lator,
the thickness of the channel under the 45  number of oxide steps. In this
example, four gate of the transistor, the dielectric constant steps are
produced having thicknesses of about of the insulator, the dielectric
constant of the 110 1000, 2000, 3000 and 4000 A.  Metal is  channel, and
the charge carrier density in the evaporated over the entire wafer, and
then  channel. selectively etched from all areas of the wafer    2. An
insulated-gate field-effect transistor 50  except over the source region,
the drain region  comprising a channel of a semicouductor and the stepped
oxide. The metal over the  material, a source and a drain connected to 115 



stepped oxide between the source region and  said channel and defining the
ends of a plur- the drain region constitutes the gate of the  ality of
drain current paths in said channel, device. The wafer is then diced into
separate  a metallic electrode across and spaced from 55 units or arrays.
The units or arrays are  said channel by an insulator which varies con-
mounted on a suitable support and leads  tinuously or discontinuously as to
some physical 120 are bonded thereto, as by thermal compression.
characteristic in a direction transverse to said After bonding, the units
are encapsulated.    current paths and along said gate whereby Another
method for obtaining the stepped  the field applied to the channel is
varied 60 oxide employs photolithographic techniques to  in the direction
transverse to the direction fully, instead of partially, remove the oxide.
of current flow so as to provide the effect of 125 The oxide growth is then
reheated. The areas  a plurality of devices with different pinch off with
oxide already present grow thicker and  voltages connected in parallel and
thereby the stripped regions grow to a thinner layer. obtain a remote
cut-off characteristic. 65    A  method for obtaining a continuously   3.
An insulated-gate field-effect transistor    6
1,113,211 according to claim 1 or 2 wherein the thickness    7. An
insulated-gate field effect transistor of said insulator varies
continuously or dis-  according to clain 5 or 6 in which the channel
continuously in said direction.              is thicker than the insulator.
4. An insulated-gate field-effect transistor    8. An insulated-gate field
effect transistor 5  according to claim 1 or 2, wherein the com-  according
to claim 6 in which the dielectric  25 position or dielectric constant of
said insulator  constant of the insulator is greater than the 



varies continuously or discontinuously in said  dielectric constants of the
channel. direction.                                9. An insulated-gate
field-effect transistor 5. An insulated-gate field effect transistor
substantially as hereindescribed with reference 10  according to claim 1
comprising a channel, a  tothe Figures 1-3, [err]r 4 & 5, or 6 & 7, or 8,
30 source and a drain connected to said channel  or 9 & 10, or 11, or 12 or
13 of the accm- and defining the ends of a plurality of drain  panying
drawings. current paths in said channel, and a gate spaced from said
channel by an insulator, 15  wherein it is a physical characteristic of
said channel which varies laterally.                          For the
Applicants 6. An insulated gate field effect transistor   MATTHEWS, HADDAN
& CO. according to claim  1 or 5, wherein it is             Chartered
Patent Agents the dielectric constant of said channel which          31-32,
Bedford Street, 20  varies laterally                                      .
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