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Semiconductor Devices

We, RADIO CORPORATION OF AMERICA, a
Corporation organized under the laws of the
State of Delaware, United States of
America, of 30, Rockefeller Plaza, City and

5 State of New York, United States of America,
do hereby declare the invention, for which
we pray that a patent may be granted to us,
and the method by which it is to be per-
formed, to be particularly described in and

10 by the following statement:—

This invention relates to semiconductive
devices, and more particularly, the invention
relates to insulated-gate field-effect semicon-
ductor devices and to methods of making

15 them.

Thne type of semiconductor device in which
the conductivity of a portion of a semicon-
ductive wafer may be modulated by an
applied electric field is known as a field-effect

20 device. One kind of field-effect device has
a dielectric or insulating layer over a por-
tion of the surface of a crystal-line semicon-
ductive wafer, and has a control electrode
deposited on this insulating layer. Units of

25 this kind are known as insulated gate field-
effect devices, and may comprise a layer or
wafer of crystalline semiconductive material,
two spaced conductive regions adjacent to
one face of said layer, a film of insulating

30 material on said one face between said two
spaced regions, two metallic electrodes
bonded respectively to said two spaced con-
ductive regions, and a metallic control elect-
rode on said insulating film between said two
spaced regions.

One class of insulated gate device is known
as the MOS (Metal-Oxide Semiconductor)
transistor, and is described by S. R. Hofstein
and F. P. Heiman in “ The Silicon Insulated
40 Gatie Field-Effect Transistor ”, PROC_IEEE

Vol. 51, page 1190, September 1963. In
devices of this type, the insulator usually
consists of silicon oxide, the metallic con-

‘[Price 4s. 6d.]

trol electrode on the insulating film is also
known as the gate electrode, and the two 45
electrodes bonded directly to the semicon-
ductive wafer are known as the source and
drain electrodes. It is desirable to improve
the stability and uniformity of the electrical
characteristics of such MOS devices. 50

An object of this invention is to provide
improved field-effect semiconductor devices
having improved stability with respect to
their electrical characteristics.

According to one aspect of the present in- 55
vention, there is provided an insulated gate
field-effect semiconductor device comprising;

a crystalline semiconductive body of a
given conductivity type having at least one
major face; first and second spaced low re- 60
sistivity regions constituting source and drain
electrodes in said body immediately adjacent
to said one major face; metallic electrode
contacts to said regicns; a layer of dielectric
material on said face covering the gap be- 65
tween said regions, said dielectric layer con-
taining a substance which is a conductivity
modifier for said body; and a metallic gate
‘electrode on said dielectric layer over the
gap between said regions. 70

It is another object of this invention to
provide improved methods of fabricating im-
proved field-effect semiconductor devices.

According to another aspect of the pre-
sent invention, there is provided a method of 75
fabricating an insulated gate field-effect
semiconductor device which method com-
prises the steps of: preparing a crystalline
semiconductive body with at least one major
face; forming two spaced low resistivity 80
regions in said body adjacent to said one
major face; depositing a layer of undoped di-
electric material on said major body face
over the gap between said first and second
regions; depositing another layer of dielectric 85
material on said first dielectric layer, said
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other layer containing at least one-half per-
cent by weight of a substance which is a con-
ductivity modifier in said body; depositing
a first metallic contact on one said low re-
sistivity region; depositing a second metallic
contact on the other said low resistivity
region; and depositing a third metallic con-
tact on said other dielectric layer over the
gap between said regions.

According to yet another aspect of the
present invention, there is provided a method
of fabricating an insulated gate field-effect
semiconductor device which method com-
prises the steps of: preparing a crystalline
silicon body with at least one major face and
a resistivity of at least 1 ohm-cm; forming
two spaced low resisfivity regions in said
body adjacent to said one major face by
diffusing a conductivity modifier into por-
tions of said face; depositing a first layer of
undoped silicon oxide on said major body
face over the gap between said first and
second regions; depositing another layer of
silicon oxide on said first silicon oxide layer,
said other layer containing at least one-half
percent by weight of phosphorus; depositing
a first metallic contact on one said low re-
sistivity ~region; depositing a second
metallic contact on the other said low re-
sistivity region; and depositing a third
metallic contact on said other silicon oxide
layer over the gap between said regions.

The invention will now be described in
greater detail by examples considered in con-
junction with the accompanying drawings,
in which:

Figures 1 to 5 are cross-sectional eleva-
tional views of a semiconductive body illu-
strating successive steps in the fabrication of
a semiconductive device according to one
embodiment of the invention;

Figures 6 to 8 are cross-sectional eleva-
tional views of a semiconductive body iltu-
strating successive steps in the fabrication of
a semiconductive device according to an-
other embodiment of the invention;

Figure 9 is a schematic diagram of one
form of apparatus useful in the practice of
the invention; and

Figure 10 is a graph showing the variation
of transconductance with time for a field-
effect device as described, and for a com-
parable prior art device.

EXAMPLE 1

A crystalline semiconductive body 10
(FIGURE 1) is prepared with af least one
major face 11. The exact size, shape and
conductivity of semiconductive body 10 is
not critical. Conveniently, the semiconduc-
tive body or substrate 10 is a die having two
opposing major faces 11 and 12. In this
example, the semiconductive die 10 is
approximately 50 mils square,, approxi-
mately 6 mils thick, consists of monocrystal-
line silicon, and is of P-fype conductivity.

The resistivity of die 10 is prcféx;a-bly'at least

1 ohm-cm, that is, equal to or ‘greater than _
Immediately adjacent to one

1 ohm-cm.
major die face 11 two spaced low resistivity
regions 13 and 15 are formed. Formation
of low resistivity regions 13 and 15 may be
accomplished by techniques known to the
art, such as by diffusion of a conductivity
modifier through a mask into selected por-
tions of die face 11, and need not be de-
scribed here. In this example, the two
spaced low resistivity regions 13 and 15 are
formed by diffusion of a donor such as
arsenic, antimony, phosphorus, or the like.
To ensure low resistivity in regions 13 and
15, the diffusion is accomplished under such
conditions of source concentration and heat-
ing profile that the concentration of charge
carriers (electrons in this example) at the sur-
face of regions 13 and 15 is at least 10" per
cm?.  This concentration decreases with in-
creasing depth, but regions 13 and 15 are
less than 0.5 mil thick. P-N junctions 14
and 16 are formed at the boundaries be-

70

75

30

85

tween the N-type diffused regions 13 and 15 gq

respectively and the P-type bulk of the wafer.,
The precise size and shape of the two dif-
fused regions is not critical. The two
regions 13 and 15 may be of the same size
and shape, or may differ in this respect, but
preferably the space between the two
regions should be less than one mil. In this
example, the two donor-diffused low resist-
ivity regions 13 and 15 are 10 mils long,
3 mils wide, and 0.1 mil thick. The two
regions 13 and 15 are separated along their
10 mil length by a gap or space of approxi-
mately 0.2 mils.

A first layer 20 (FIGURE 2) of substanti-
ally pure or undoped silicon oxide is formed
on the one major face 11 of die 10. Silicon
oxide layer 20 may be formed by thermal
decomposition of a siloxane compound, as
described below.  Alternatively, where the
die 10 consists of silicon, the silicon oxide
layer 20 may be formed by thermal oxida-
tion of the die. In this example, silicon die
10 is heated in an oxygen ambient for from
7 to 12 minutes at a temperature of approxi-
mately 1050°C. The first silicon oxide layer
20 thus formed is from 250 to 300 Angstroms
thick, and consists of substantially pure or
undoped silicon oxide. The undoped layer
20 acts as a barrier to prevent diffusion into
the semiconductive die of conductivity modi-

fiers from the doped silicon oxide layer

which is deposited next. Heavily doped
silicon oxide does not adhere to a silicon
surface as well as pure or undoped silicon
oxide. However, heavily doped silicon
oxide does adhere well to undoped silicon
oxide. Therefore, the undoped silicon oxide
layer 20 also serves as a firm base to ensure
the adherence of the doped silicon oxide
layer which is next deposited.
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Reférring now to FIGURE 3, a second
silicon oxide layer 22 is deposited on the
first silicon oxide layer 20. The second
silicon oxide layer 22 is formed by the ther-

5 mal decomposition of a siloxane compound
as described below, and contains a substance
that is a conductivity modifier in semicon-
ductive body 10. Preferably, the layer 22
contains at least one-half percent by weight
of the conductivity modifier. In this ex-
ample, the conductivity modifier is phos-
phorus.  The silicon oxide layer 22 may
contain as much as 10 to 30 percent phos-
phorus by weight, usually in the form of
P,O,. The doped silicon oxide layer 22 is
conveniently from 300 to 350 Angstroms
thick. In the drawing, the thickness of the
silicon oxide layers is not to scale, having
been exaggerated for greater clarity.

20 Two spaced openings or apertures 25 and
27 (FIGURE 4) are now formed in the sili-
con oxide coatings 20 and 22 by any con-
venient method. For example, portions of
the surface of the silicon oxide layer may be
masked by coating with an acid resist. Por-
tions of the silicon oxide layers over the low
resistivity regions 13 and 15 are then re-
moved by conventional etching processes
well known to the art, leaving openings 25
and 27. One opening 25 is formed entirely
within one low resistivity region 13, and the
other opening 27 is formed entirely within
the other low resistivity wafer region 15. If
an acid resist has been utilized, it is removed
by means of a suitable solvent prior fo the
next step.

Referring now to FIGURE 5, a metal such
as aluminium, palladium, chromium, or the
like is deposited by any convenient method,
40 for example by evaporation through a mask,
on the exposed portions of wafer regions 13
and 15, and also on a portion of the upper-
most silicon oxide layer 22 over the gap or
space between regions 13 and 15. One
metallic contact 26 is thus formed to region
13, another metallic contact 28 to region 15,
and a third metallic contact 29 on the upper-
most silicon oxide layer 22 over the gap be-
tween regions 13 and 15. In operation, con-
tacts 26 and 28 serve as the source and drain
electrodes, while contact 29 serves as the
control or gate electrode of the device.
Electrical leads 36, 38 and 39 may be
attached to electrodes 26, 28 and 29 respec-
tively. Conveniently, lead wires 36, 38 and
39 are gold wires attached to the electrodes
26, 28 and 29 by thermocompression bond-
ing. In operation, the unit may be biased
as shown. The unit may be encapsulated
and cased by standard techniques known to
the semiconductor art.

The device of this example may be oper-
ated as follows. Leads 36 and 38 are
utilized as the source and drain leads, re-
65 spectively, while lead 39 is the control or
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gate lead. Die face 12 and source lead 36
are grounded. Drain lead 38 is positively
biased by a source of direct current potential
such as a battery 50, so that the drain elec-
trode or contact 28 and the drain region 15 70
of the device are also poled positive with
respect to the source region 13 and the
source electrode 26. The electrical load,
shown as a resistance 52, is connected between
the positive pole of battery 50 and the drain 75
lead 38. A signal input on gate lead 39 re-
sults in an amplified signal output developed
across the load resistor 52.

One method of depositing a dielectric or
insulating coating on a semiconductive 80
wafer or die is to treat the wafer in the
vapors of an organic siloxane compound at
a temperature below the melting point of the
wafer, but above the temperature at which
the siloxane compound decomposes, so that
an adherent insulating coating believed to
consist principally of silicon dioxide is
formed on the wafer surface. For example,
see British Patent No. 946,229,

A method of applying a doped silicon
oxide coating to a semiconductive body, and
apparatus useful for this purpose, will now
be described.

A form of apparatus wuseful in the practice
of the invention is illustrated in FIGURE 95
9. The apparatus 90 comprises a flow meter
91 for regulating the flow of the carrier gas;
a drier or drying column 92 for purification
of the carrier gas utilized; and an inlet tube
93 provided with stop-cocks 94 and 94’ for
bypassing a bubbler 95, The bubbler 95
contains a liquid mixture 96, which consists
of an organic siloxane compound and a vola-
tile doping agent or conductivity modifier for
the particular semiconductor utilized. The 105
organic siloxane compound may, for ex-
ample, consist of 10 volumes of ethyl tri-
ethyoxysilane, and the volatile doping agent
may be 1 volume of trimethyl phosphate.
The proportions of the conductivity modifier 110
and the siloxane compound may be varied
to obtain different concentrations of the dop-
ing agent in the silicon oxide layers de-
posited.  Inlet tube 93 is attached to one
end of furnace tube 97. The apparatus 90
generally, including inlet tube 93 and fur-
nace tube 97, is suitably made of refractory
materials, such as high melting glass, or
fused quartz. The furnace tube 97 is sur-
rounded by a furnace 98, which is main-
tained at approximately 700°C. An inert
carrier gas such as nitrogen, argon, helium,
and the like, is passed through the appara-
tus 90 jn the direction indicated by the
arrows.  Since siloxane compounds gener-
ally begin to decompose at approximately
600°C, the furnace temperature of 700°C is
sufficient to ensure pyrolysis of siloxane
vapours introduced into the furnace tube 97
by the flowing carrier gas. The trimethyl 130
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phosphate is also decomposed at this tem-
perature, and is oxidized to phosphorus
pentoxide P;O;.

The mixed vapours of the inert carrier gas,

5 the doping agent, and the thermal decom-

position products of the siloxane compound,

which include silicon dioxide, exit from the

other end of furnace tube 97 by way of jet

99, and the jet stream of mixed vapours and

10 carrier gas (not shown) thus formed impinges

upon one face 11 of the semiconductive die

10. A coating of phosphorus-doped silicon

oxide is thus deposited on face 11 of die

10, The jet stream cools off rapidly as it

15 leaves the jet 99, and hence the temperature

of the jet stream at the point where it im-

pinges on the semiconductive wafer can be

varied by adjusting the distance between the

jet or orifice 99 and the semiconductive die

20 or wafer 10. For a furnace temperature of

approximately 700°C, and a separation be-

tween jet 99 and semiconductive die 10 of

approximately 2 millimeters, the tempera-

ture of the jet impinging on the semiconduc-

95 tive die is approximately 150°C.  For a

more detailed description of this method of

depositing a doped silicon oxide coating on

a semiconductive wafer, see United States

Patent No. 3,114,663. 1t is thus seen that

30 doped silicon oxide coatings can be de-

posited by this technique on semiconductive

wafers while maintaining the semiconductor

at very moderate temperatures. Undoped

silicon oxide coatings can be similarly de-

35 posited by omitting the doping agent from
the liquid 96 in bubbler 95.

EXAMPLE 11

It may be desirable to fabricate devices

according to the invention utilizing precision

40 photolithographic processes.
cesses a thin layer of a photoresist is de-
posited on the uppermost oxide coating. The
photoresist may, for example, be a bichro-
mated protein such as bichromated gum

45 arabic, bichromated gelatin or bichromated
albumin.

The photoresist layer may be deposited
directly on an oxide layer containing a con-
ductivity modifier, such as the phosphorus-

50 doped silicon oxide layer 22 of Example I.
However, it has been found that the photo-
resist Jayer does not adhere to the phos-
phorus-doped silicon oxide as uniformly as
a photoresist layer adheres on pure undoped

55 silicon oxide. Accordingly, when utilizing
photolithographic techniques, it has been
found advantageous to deposit, as a third
layer on the semiconductive die, a thin coat-
ing of pure undoped silicon oxide over the

60 doped silicon oxide layer 22. The photo-
resist layer is then deposited on the surface
of this pure silicon oxide layer, and adheres
more uniformly thereto.

In this embodiment, a crystalline semicon-

65 ductive die 10 having a resistivity of at least

In these pro- .

1 ohm-cm is prepared with opposing major
faces 11 and 12, as in FIGURE 1, amd two
spaced low-resistivity regions 13 and 15 are
formed adjacent to one major face 11 by dif-
fusion of a conductivity modifier into 70
selected portions of die face 11. The low
resistivity regions 13 and 15 may be of the
same conductivity type as the bulk of the
die. © For example, the die 10 may be lightly
N-type, containing approximately 1016 75
charge carriers (electrons) per cm®.  The
regions 13 and 15 are given a surface con-
centration of at least 1019 charge carriers per
cm?®,  The boundaries 14 and 16 may then
be described as N- N+ junctions. A first gg
layer 20 (FIGURE 2) of pure or undoped
silocon oxide is deposited on major die face
11. This first layer serves as a barrier to
prevent diffusion of conductivity modifiers
from the next silicon oxide layer into the g5
semiconductor die. A second silicon oxide
layer 22 (FIGURE 3) is deposited on the
first silicon oxide layer 20. The second
layer 22 is conveniently formed by the ther-
ma] decomposition of a siloxane compound, 90
as described above in connection with
FIGURE 9, and is heavily doped with a con-
ductivity modifier, such as phosphorus,

Referring now to FIGURE 6, a third sili-
con oxide coating 24 of pure or undoped 95
silicon oxide is deposited on the second sili-
con oxide layer 22. Layer 24 is conveni-
ently formed by thermal decomposition of a
siloxane compound, as described above in
connection with FIGURE 9. A pure
siloxane compound, such as ethyltrioxy
silane, or the like, is utilized as the liquid
96 in the bubbler 95, in order to deposit the
pure or undoped silicon oxide layer 24,

A thin coating 30 (FIGURE 6) of a photo-
resist is deposited on the third silicon oxide
layer 24. The photoresist utilized may be
one of those previously mentioned, or may
be a commercially available photoresist such
as Eastman Xodak “ KPR ” and “ KMER ”, 110
or Clerkin Company “CFC?”, or Pitman
Company “ HOT TOP ”.

Portions of the photoresist layer 30 are illu-
minated by ultra-violet light, then poly-
merized, and hardened. The remaining 115
portions of photoresist 30 are removed by a
suitable solvent, thus exposing portions of
the silicon oxide layer 24. A suitable etch-
ant, such as a hydrofluoric acid solution, is
then utilized to remove the exposed portions
of silicon oxide Iayers 24, 22 and 20. Two
spaced openings or apertures 25 and 27
(FIGURE 7) are thus formed in the silicon
oxide coatings 24, 22 and 20. One opening
25 is formed entirely within one low resist- 125
ivity region 13, and the other opening 27 is
formed entirely within the other low re-
sistivity region 15.

The remaining portions of the photoresist
layer 30 are removed by means of a suitable 130
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r stripper, suci1 as methylene chloride. A some drain current flows even at zero gate

metdl such’ as chromium, palladium, alu-
minium, and the like, is deposited by any
convenient method, such as by evaporation,
5 on the exposed portions of die regions 13
and 15, and also on a portion of the upper-
most silicon oxide layer 24 over the gap or
space between regions 13 and 15. A first
metallic contact 26 (FIGURE 8) is thus
10 formed to die region 13; a second metallic
contact 28 is formed to die region 15; and
a third metallic contact 29 is formed on the

uppermost silicon oxide layer 24 over the
gap or spaced between the regions 13 and
15.
26, 28 and 29 respectively, then encapsulat-
ing and casing the device, are accomplished
by standard techniques of the semiconduc-
tor art. The completed unit is biased and
operated in the same manner as described
in EXAMPLE I above in connection with
FIGURE 5.

In FIGURE 10, Curve A is a plot showing
the drain current (in milliamperes) at differ-
ent values of gate bias (in volts) for a typical
insulated gate field-effect device shortly after
fabricating. When the gate bias is positive,
and is one volt or less, essentially no drain
current flows. 'When such insulated gate
field-effect transistors are stored at elevated
temperatures with a positive bias on the
gate, their electrical characteristics, parti-
cularly the transconductance or transfer
characteristic, tend to change. Curve B is
a plot showing the drain current (in milli-
amperes) at different values of gate bias (in
volts) for an insulated gate field-effect de-
vice according to EXAMPLE II after 16
40 hours storage at 125°C with a positive gate
bias of 10 volts applied during the entire
storage period. This device included be-
tween the gate electrode and the semicon-
ductive die a triple layer of silicon oxide,
comprising a central layer heavily doped
with phosphorus, between two layers of
essentially pure or undoped silicon oxide. In
that device according to EXAMPLE II, the
granh of which is drawn in FIGURE 10,
there is only a small and tolerable change
in the transfer characteristic. The positive
gate bias at which the drain current becomes
essentially zero is now 0.5 volts, and in
general, Curve B is shifted by approximately
0.5 volts from the corresponding values of
these devices after fabrication and before
storage. which were shown in Curve A. For
comparison, Curve C shows the drain cur-
rent (in milliamperes) at different values of
gate bias (in volts) after storage for 16 hours
at 125°C with 10 volts positive gate bias for
a prior art insulated gate field-effect tran-
sistor having only pure or undoped silicon
oxide between the gate electrode and the
65 semiconductive die. 1In the prior art device,
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The subsequent steps of attaching leadd

bias, and in general, Curve C is shifted by
approximately S volis from the correspond-
ing values of the device before storage, as
shown in Curve A. A change in character- 70
istics of this magnitude is undesirable for
many circuit applications. It is thus seen
that after storage at elevated temperatures
the insulated gate field-effect transistor
according to the embodiment of EXAMPLE 75
IT is more stable as to transfer characteristic
than the corresponding prior art device by

a factor of 10.

The exact reasons for the improved
stability of insulated gate field-effect semi- 80
conductor devices according to the invention
are not presently understood. However, the
invention may be practiced regardless of
whatever theoretical explanation is advanced
to explain the results obtained. 85

The above EXAMPLES are by way of
illustration only, and not limitation. Other
doping agenfts such as boron and arsenic may
be utilized instead of phosphorus. Other
dielectrics or insulators, such as magnesium
oxide and the like, may be utilized instead of
silicon oxide.  The conductivity types of
the various regions in the device may be
reversed. Other siloxane compounds such
as dimethy! diethoxysilane, tetraethoxysilane,
amyl iriethoxysilane, and vinyl triethoxy-
silane may be utilized. Other semiconduc-
tive materials such as germanium and sili-
con-germanium alloys may be used instead
of silicon.

WHAT WE CLAIM IS:

1. An insulated gate field-effect semicon-
ductor device comprising: a crystalline semi-
conductive body of a given conductivity type
having at least one major face; first and
second spaced low resistivity regions con-
stituting source and drain electrodes in said
body immediately adjacent to said one major
face; metallic electrode contacts to said
regions; a layer of dielectric material on said 110
face covering the gap between said regions,
said dielectric layer containing a substance
which is a conductivity modifier for said
body; and a metallic gate electrode on said
dielectric layer over the gap between said 115
regions. -

2. An insulated gate field-effect semicon-
ductor device according to Claim 1, where-
in said dielectric layer contains at least one-
half perecent by weight of a substance which
is a conductivity modifier for said body.

3. An insulated gate field-effect semicon-
ductor device according to Claim 1 or Claim
2, wherein said crystalline semiconductive
body is silicon having a resistivity of at least
1 ohm-cm.

4. An insulated gate field-effect semicon-
ductor device according to Claim 1 or Claim
2, wherein said crystalline body is silicon
having a resistivity of at least 1 ohm-cm, 130
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chromium, palladium, aly. bias, and in general, Curye C js shifted by

and the like, ig deposited by any approximately 5 volts from the correspond-

convenient method, such as by evaporation, ing values of the device before storage, as
on the exposed portions of die regions 13 shown jn Curve A. A change in character. 70

] portion of the Upper-  istics of thig magnitude is undesirable for

ide layer 24 over the gap or many circuit applications. It is thus seen

Space between regions 13 and 15, A first  that after storage at elevated temperatures

metallic contact 26 (FIGURE 8) is thus the insulated gate field-effect transistor
10 formed to die region 13; a second metallic according to the embodiment of EXAMPLE 75

contact 28 is formed to die region 15; and T js more stable as to transfer characteristic

a third metallic contact 29 is formed on the than the corresponding prior art device by

Wi ; ) a factor of 10,

uppermost silicon oxide layer 24 over the ® eXact reasons for the improved
£4p or spaced between the regions 13 and stability of insulateg gate field-effect semj. 80

he subsequent steps of attaching leadl conductor devices according to the invention

26, 28 and 29 respectively, then encapsulat-  are pot presently understood. However, the

ing and casing the device, are accomplished  jnvention may be practiced regardless of

by standard techniques of the semiconduc- whatever theoretica] explanation is advanced
20 tor art ¢ completed unit is biased and  to explain the results obtained. 85
Operated in the same manner as described ¢ above EXAMPLES are by way of
in EXAMPLE 1 above in connection with illustration only, and not limitation, Other
FIGURE 5, do_pin_g agents such as boron and arsenic may
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insulated gate field-effect device shortly after silicon oxide. The conductivity types of
fabricating, Whep the gate bias is Positive, the varioys regions in the device may be
and is one volt or less, essentially no drajn reversed.  Other siloxane compounds such
30 current flows, en such insulated gate gas dimethy] diethoxysilane, tetraethoxysilane, 95
field-effect transistors are stored at elevated amy] i:riethoxysilane, and viny] triethoxy-
temperatures With a positive bias on the silane may be utilized, Other semicondyg.

cularly the transconductance or fransfer Con-germanium alloys may be used instead
35 characteristic, tend to change. Curve B is  of silicon, 100
a plof showiqg the drain current (in_mili- WHAT WE CLAIM IS:

40 hours Storage at 125°C with a positive gate aving at least One major face; first and 105
bias of 10 volts applied during the entire  second spaced low resistivity regions con-
Storage period. This device included be. stituting source and drain electrodes in said
tween the gate electrode and the semicon- body immediately adjacent to said one major
ductive die a triple layer of silicon oxide, face; metallic electrode contacts to said

45 comprising a central layer heavily doped regions; a layer of dielectric material on said 110
with phosphorus, between two layers of face covering the gap between said regions,
essentially pure or undoped silicon oxide. In  sajd dielectric layer containing 4 substance
that device according to EXAMPLE 11, the which i 5 conductivity modifier for said
graph of which is drawn in FIGURE 10, body; ang a metallic gate electrode on said

50 there is only a smal] and tolerable change dielectric layer over the 8ap between sajd 115
in the transfer characteristic. The positive regions,
gate bias at which the drain current becomes 2. An insulateq gate field-effect Semicon-
essentially zero is now 0.5 volts, and in ductor device according to Claim 1, where-
general, Curve B g shifted by approximately in said dielectric layer containg at least one-

55 0.5 volts from the corresponding values of hajy perecent by weight of 5 substance which 129
these devices after fabrication and before isa conductivity modifier for said body.

Storage, which were shown in Curve A. For 3. An insulated gate field-effect Semicon-
compg.risoz_l. Curve C shows the drain cyr- ductor device according to Clajm 1 or Claim

60 gate bias (in volts) after storage for 16 hours body is silicon having a resistivity of at least 125
at 125°C with 10 volts positive gate bias for 1 o m-cm,
a prior art insulated gate field-effect tran. 4. An insulated gate field-effect semicon-
sistor having only pure or undoped silicon ductor device according to Claim | or Claim
oxide between the gate electrode and the 2, wherein saiq Crystalline body is silicon

65 semiconductive die. "In the prior art device, having a Tesistivity of at Jeast 1 ohm-cm, 130
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and said dielectric layer contains at least
one-half percent by weight of phosphorus.
5. An insulated gate field-effect semicon-
ductor device according to any one of the
5 preceding claims, wherein said layer of di-
electric material is a layer of silicon oxide on
said body face covering the gap between
said first and second regions.
6. An insulated gate field-effect semicon-
10 ductor device according to amy one of the
preceding claims, wherein a layer of undoped
dielectric material on said body face covers
the gap between said first and second regions
and is positioned between said body face
15 and said first layer of dieleciric material
which contains the conductivity modifier,
said metallic gate electrode being positioned
on said first dielectric layer.
7. An insulated gate field-effect semicon-
20 ductor device according to Claim 6, wherein
said crystalline semiconductive body is sili-
con having a resistivity of at least 1 ohm-cm,
8. An insulated gate field-effect semicon-
ductor device according to Claim 6 or Claim
25 7, wherein said first dielectric layer contains
at least one-half percent by weight of a sub-
stance which is a conductivity modifier in
silicon.
9. An insulated gate field-effect semicon-
30 ductor device according to Claim 6 or Claim
7, wherein said first layer of dielectric
material contains at least ome-half percent
by weight phosphorus.
10. An insulated gate field-effect semi-
35 conductor device according to claim 7, char-
acterized in that said two layers of dielectric
material comprise silicon oxide, and said first
layer of silicon oxide contains at least one-
half percent by weight phosphorus.
40 11. An insulated gate field-effect semicon-
ductor device according to any one of Claims
1 to 5, wherein there is a layer of undoped
dielectric material on said body face cover-
ing the gap between said first and second
45 regions and positioned between said body
face and said first Jayer of dielectric material
which contains the conductivity modifier,
and a third layer of dielectric material which
is undoped and positioned on said first layer,
50 said metallic gate electrode being positioned
on said third dielectric layer over the gap
between said first and second regions.
12. An insulated gate field-effect semicon-
ductor device according to Claim 11, where-
55 in all three of said layers of dielectric

material comprise silicon oxide. -

13. A method of fabricating an insulated _
gate field-effect semiconductor device which-~-
method comprises the steps of; preparing a

crystalline semiconductes body with at least 60 4¥¢

one major face; forming two spaced low re-
sistivity regions in said body adjacent to said
one major face; depositing a layer of undoped
dielectric material on said major body face
over the gap between said first and second 65
regions; depositing another layer of di-
electric material on said first dielectric layer,
said other layer containing at least one-half
percent by weight of a substance which is a
conductivity modifier in said body; deposit- 70
ing a first metallic contact on one said low
resistivity region; depositing a second
metallic contact on the other said low re-
sistivity region; an depositing a third metallic
contact on said other dielectric layer over 75
the gap between said regions.

14. A method of fabricating an insulated
gate field-effect semiconductor device which
method comprises the steps of: preparing a
crystalline silicon body with at least one 80
major face and a resistivity of at least 1 ohm-
cm; forming two spaced low resistivity
regions in said body adjacent to said one
major face by diffusing a conductivity modi-
fier into portions of said face; depositing a 85
first layer of undoped silicon oxide on said
major body face over the gap between said
first and second regions; depositing another
layer of silicon oxide on said first silicon
oxide layer, said other layer containing at 90
least one-half percent by weight of phos- -
phorus; depositing a first metallic contact on
one said low resistivity region; depositing a
second metallic contact on the other said
low resistivity region; and depositing a third 95
metallic contact on said other silicon oxide
layer over the gap between said regions.

15. A method of fabricating an insulated
gate field-effect semiconductor device sub-
stantially as herein described with reference 100
to Figures 1 to 5 or Figures 6 to 8 of .the
accompanying drawings.

16. An insulated gate field-effect semicon-
ductor device when fabricated by a method
according to any one of Claims 13 to 15.
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