
1,104,767                                       5 an oxide having a low
surface charge density,    means for making ohmic contact to said the oxide
must either be formed or later  first and second regions; and heated at a
temperature above 600[err]C, the    a second dielectric layer having a
relatively  65 preferred embodiment of the method accord-  high  surface
charge  density overlying  the 5  ing to the invention entails forming the
di-  remaining portions of said major surface. electric oxide layer 20
first and then forming    2. The transistor of claim  1 wherein said the
oxide layer 21 under conditions which  first layer of dielectric material
has a maxi- will  not substantially  change the  surface  mum   surface
charge density of  approxi-  70 charge density of layer 20.  For example, a
mately 5 X 10[err] charges per square centimeter 10  high temperature
thermally grown steam oxide  and wherein said second dielectric layer has
should not be used for the layer 21 since the  a minimum surface charge
density of approxi- the layer 20 will be converted to an oxide  mately 1 x
10[err] charges per square centimeter. with a high surface charge density
during    3. The transistor of claim 2 wherein said  75 the formation of
the layer 21.             semiconductor material is silicon and wherein 15
As examples of methods by which the  both of said first and second
dielectric layers two oxide layers can be formed, the gate  are oxides of
silicon. oxide may first be either thermally grown    4. In a method of
manufacturing insulated at about 1200[err]C in a dry oxidising atmos-  gate
type field effect transistors wherein the  80 phere, anodically grown
followed by vacuum   ends of the channel region in a semiconductor 20  bake
at a temperature between 750-900[err]C,  substrate  of a first conductivity
type  are or vapor deposited followed by a  vacuum   defined by planar P-N
junctions formed by bake at about 900[err]C.  The second layer of  spaced.
regions of opposite conductivity type, 



oxide (layer 21) may then be formed by a  the improvement comprising:
85 low  temperature, i.e., below  600[err]C, oxide    forming a first layer
of dielectric material 25  forming process, e.g., anodic growing or vapor
having a low surface charge density on the deposition, which is not
followed by heating  surface of said substrate overlying the channel the
formed oxide to a temperature above  region and the adjacent portions of
the P-N 600[err]C.                                     junctions; and
90 Although the device has been described for    forming  a second  layer
of  dielectric 30  P-channel MOST devices with  dielectrics  material
having a relatively high  surface wherein Q[err] is a positive charge, as
indicated  charge density over the remainder of the sur- above this is due
to the unavailability and  face of said substrate in a manner so as not
lack of knowledge of dielectrics wherein Q[err] to substantially change the
surface charge den- is a negative charge.  Accordingly, it is con-  sity of
said first dielectric layer. 35  ceivable that when and if this latter type
of    5. The method of claim  4 wherein said dielectric is readily
available, that the basic  first layer of dielectric material is an oxide
concept of this invention, i.e., the use of two  of silicon and is formed
by heating said wafer dielectrics with different surface charge den-  in a
substantially dry oxidizing atmosphere  100 sities, can be applied to
N-channel devices.   at a temperature of about 1200 degrees centi- WHAT WE
CLAIM  IS: -                    grade, and wherein said second layer is a
1. A field effect transistor comprising:        silicon oxide formed by a
low temperature a monocrystalline semiconductor wafer of  oxide producing
process. N-type conductivity;                         6. The method of
claim  4 wherein said  105 first and second regions of P-type conduc-
first layer of dielectric material is an oxide 45  tivity located within
said wafer and forming  of silicon formed by a low temperature oxide 



respectively first and second P-N  junctions  producing process followed by
heating said which extends to a major surface of said  wafer in an inert
atmosphere at a tempera- wafer, said first and second regions being  ture
about 600 degrees centigrade; and where- 110 spaced apart to define the
ends of a channel  in said second layer of material is an oxide region
wherein upon application of a suitable  of silicon formed by a low
temperature oxide electric field a channel will be formed so that
producing process. current may flow between said first and second    7. A
field effect transistor substantially as regions;
described with reference to the accompany- 115 a first dielectric layer
having a relatively  ing drawing low surface charge density located on said
8. A method of manufacturing insulated major  surface and  overlying said
channel  gate type field effect transistors substantially region and the
portion of said first and second as described. junctions adjacent thereto;
An electrode overlying said first dielectric  POLLAK, MERCER & TENCH, 1 60
layer for applying an electrical field to said      Chartered Patent
Agents, channel region and the adjacent portions of   Audrey House, Ely
Place, London, E.C.1, the respective junctions;
Agents for the Applicants. Printed for Her Majesty's Stationery Office by
the Courier Press, Leamington Spa, 1968. Published by the Patent Office,
25, Southampton Buildings, London, W.C.2, from which copies may be
obtained.    an oxide having a low surface charge density,    means for
making ohmic contact to said 
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having a relatively  65 preferred embodiment of the method accord-  high
surface charge  density overlying  the 5  ing to the invention entails
forming the di-  remaining portions of said major surface. electric oxide
layer 20 first and then forming    2. The transistor of claim 1 wherein
said the oxide layer 21 under conditions which  first layer of dielectric
material has a maxi- will not substantially  change the  surface  mum
surface charge density of  approxi-  70 charge density of layer 20.  For
example, a  mately 5 x 10[err] charges per square centimeter 10  high
temperature thermally grown steam oxide  and wherein said second dielectric
layer has should not be used for the layer 21 since the  a minimum surface
charge density of approxi- the layer 20 will be converted to an oxide
mately 1 X 10[err] charges per square centimeter. with a high surface
charge density during    3. The transistor of claim 2 wherein said  75 the
formation of the layer 21.             semiconductor material is silicon
and wherein 15    As examples of methods by which the  both of said first
and second dielectric layers two oxide layers can be formed, the gate  are
oxides of silicon. oxide may first be either thermally grown    4. In a
method of manufacturing insulated at about 1200[err]C in a dry oxidising
atmos-  gate type field effect transistors wherein the  80 phere,
anodically grown followed by vacuum   ends of the channel region in a
semiconductor 20  bake at a temperature between 750-900[err]C,  substrate
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defined by planar P-N junctions formed by bake at about 900[err]C.  The
second layer of  spaced regions of opposite conductivity type, oxide (layer
21) may then be formed by a  the improvement comprising:                 85
low temperature, i.e., below  600[err]C, oxide    forming a first layer of
dielectric material 



25  forming process, e.g., anodic growing or vapor  having a low surface
charge density on the deposition, which is not followed by heating  surface
of said substrate overlying the channel the formed oxide to a temperature
above  region and the adjacent portions of the P-N 600[err]C.
junctions; and                             90 Although the device has been
described for    forming  a second  layer of  dielectric 30  P-channel MOST
devices with  dielectrics  material  having a relatively high  surface
wherein Q[err] is a positive charge, as indicated  charge density over the
remainder of the sur- above this is due to the unavailability and  face of
said substrate in a manner so as not lack of knowledge of dielectrics
wherein Q[err]  to substantially change the surface charge den-  95 is a
negative charge.  Accordingly, it is con-  sity of said first dielectric
layer. 35  ceivable that when and if this latter type of    5. The method
of claim 4 wherein said dielectric is readily available, that the basic
first layer of dielectric material is an oxide concept of this invention,
i.e., the use of two  of silicon and is formed by heating said wafer
dielectrics with different surface charge den-  in a substantially dry
oxidizing atmosphere  100 sities, can be applied to N-channel devices.   at
a temperature of about 1200 degrees centi- WHAT WE CLAIM  IS:-
grade, and wherein said second layer is a 1. A field effect transistor
comprising:  silicon oxide formed by a low temperature a monocrystalline
semiconductor wafer of  oxide producing process. N-type conductivity;
6. The method of claim 4 wherein said  105 first and second regions of
P-type conduc-  first layer of dielectric material is an oxide 45  tivity
located within said wafer and forming  of silicon formed by a low
temperature oxide respectively first and second P-N junctions producing
process followed by heating said which extends to a major surface of said
wafer in an inert atmosphere at a tempera- 



wafer, said first and second regions being  ture about 600 degrees
centigrade; and where- 110 spaced apart to define the ends of a channel  in
said second layer of material is an oxide 50  region wherein upon
application of a suitable  of silicon formed by a low temperature oxide
electric field a channel will be formed so that  producing process. current
may flow between said first and second    7. A field effect transistor
substantially as regions;                                   described with
reference to the accompany- 115 a first dielectric layer having a
relatively  ing drawing. low surface charge density located on said    8. A
method of manufacturing insulated major surface and  overlying said
channel  gate type field effect transistors substantially region and the
portion of said first and second  as described. junctions adjacent thereto;
An electrode overlying said first dielectric  POLLAK, MERGER & TENCH, 60
layer for applying an electrical field to said      Chartered Patent
Agents, channel region and the adjacent portions of   Audrey House, Ely
Place, London, E.C.1, the respective junctions;
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