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[57] ABSTRACT

A method of making a field effect transistor in which
a pate electrode is provided on a semiconductor layer
and then the surface subjected to electron or ton bom-
bardment to form the source and drain electrodes on
opposite sides of the gate, acting as a mask, and
spaced apart by the width of the gate.

12 Claims, 5 Drawing Figures
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1
METHOD OF MANUFACTURING A

SEMICONDUCTOR DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

The invention relates to a method of manufacturing a
semiconductor device comprising at least one fieid-

effect transistor which is arranged in a semiconductor

layer provided on a substrate which layer preferably
consists of a sulphide or a selenide of cadmium or zinc
or of a mixed crystal of sulphides or selenides of cad-
mium or zinc, which transistor is provided with at least
one source electrode and one drain electrode and with
at least one gate electrode which is connected to a part
of the semiconductor layer located between the source

and the drain electrode.
The invention furthermore relates to a semiconduc-

tor device which is manufactured by using the method
according to the invention.

Semiconductor devices comprising at least one field
effect transistor of the type described above are known
in various constructions in which the source and drain
electrode and the gate electrodes may be arranged both
on the same side and on opposite sides of the semicon-
ductor layer. In these devices the source and drain
electrode in the form of conductive strips are provided
at a very short distance beside one another and the gate
electrode, preferably separated from the semiconduc-
tor by a thin insulating layer, is provided on the inter-
mediate part of the semiconductor layer. A gate elec-
trode is to be understood to include the said insulating
layer if that layer is present. It has been found 1n prac-
tice that providing [cource} source and drain elec-
trodes at very short distances beside one another, for
example, by a selective vapour-deposition through a
mask, often presents difficulties. This holds in particu-
lar as far as the location of source and drain electrodes
relative to the gate electrode is concerned in which, for
example, the gate electrode may not overlap the source
and drain electrodes while the source and drain elec-
trodes must nevertheless adjoin the gate electrode as
closely as possible.

It is the object of this invention to provide a method
in which in a simple manner source and drain elec-
trodes can be provided at a very small mutual distance
on a field-effect transistor of the type mentioned to the
preambile.

The invention is based inter alia on the recognition of
the fact that by using the gate electrode or a part
thereof as a mask in [[ anion ]} an ion or electron bom-
bardment, readily conducting mutually separated sur-
face layers which serve as source and drain electrodes
can be formed in a semiconductor body in which in a
very simple manner the desired location of the gate
electrode and the source and drain electrodes relative
to one another is obtained while avoiding overlapping
and in which said layers, after providing a contact,
show very favourable electric properties, for example,
to form ohmic connections.

Therefore, according to the [ inventon } invention,
a method of the type mentioned in the preamble 1is
characterized in that on the surface of the semiconduc-
tor remote from the substrate, first, the gate electrodes
are provided at least partly, after which an ton or elec-
tron bombardment is carried out on the semoconduc-
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tor surface as a result of which the upcovered regions
of the semiconductor surface located beyond the gate
electrodes become more strongly conductive, contacts
being then provided on these more strongly conductive
regions which serve as source and drain electrodes. The
regions of the semiconductor surface located below the
gate electrode(s) which is (are) wholly or partly pro-
vided are not exposed to the 1on or electron bombard-
ment so that readily conducting contact layers can be
realized at the surface at very small mutual distances.
which layers can then be provided with contacts, if
desired, at places which are located further away from
one another. As a result of this the desired location of
the gate electrode and the source and drain electrodes
relative to one another is obtained In a simple manner
while overlapping is avoided. The additional advantage
is obtained that an ohmic contact can be formed on
these contact layers with metals, for example, gold and
platinum, which are particularly suitable as electrode
materials as a result of their low resistivity and corro-
sion resistance, but which do not form ohmic contact
with the said semiconductor materials as such.

The gate electrodes may be provided 1n various man-
ners. A gate electrode as a whole may be provided prior
to the ion or electron bombardment. Alternatively, tor
example, when a gate electrode is connected to the
semiconductor surface through an insulating layer, said
insulating layer may first be provided separately, if
desired, while the gate contact 1s provided on the nsu-
lating layer after the 1on or electron bombardment.

According to an important preferred embodiment
the gate electrodes are provided by using a photoresist
method. In this manner the proportions of the gate
electrode in the direction of the source and drain elec-
trode and consequently also the mutual distance be-
tween the source and drain electrode may be made
very small which is desirable for obtaining favourable
transistor properties.

As a contact material for the source and drain elec-
trodes many metals or alloys may be used. Advanta-
geously, however, contacts which consist of gold, plati-
num or a nickel-chromium alloy are provided on the
more strongly conductive regions, inter alia with a view
to the resistance against chemical influences and n
connection with the favourable conductivity proper-
ties. .

According to an important preferred embodiment of
the method according to the invention a semiconductor
layer is used which consists of cadmium sulphide.

The ion bombardment is preferably carried out tn the
form of a gas discharge between the semiconductor
layer and a further electrode, which gas discharge may
take place, for example, in the same vacuum equip-
ment in which subsequently contacts are provided by
vapour-deposition on the formed more strongly con-
ductive regions.

The invention further relates to a semiconductor
device manufactured by using the method according to
the invention.

In order that the invention may readily be carried
into effect one embodiment thereof will now be de-
scribed in greater detail, by way of example, with refer-
ence to the accompanying drawing, in which

FIG. 1 is a plan view of a field-effect transistor manu-
factured by using the method according to the inven-
tion,

FIGS. 2 to § are diagrammatic cross-secttonal views
taken on the line II—II of the field-effect transistor
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shown 1n FIG. 1 in successive stages of manufucture.

For clearness’ sake the figures are not drawn to scale.
In the tollowing example the manufacture will be de-
scribed of a field-effect transistor of the so-called TFT
(thin film) type.

Starting material I1s a glass substrate 1 (see FIGS. 1
and 2) on which a layer 2 (see FIG. 2) of ligh ohmic
n-type cadmium [ sulphite } sulphide is vapour-depos-
ited 1in a thickness of 0.1 micron. In the manner com-
monly used in semiconductor technology a mask 3 of a
hardened photoresist is provided on said cadmium
sulphide layer 2, said mask comprising a gap 4. A pho-
toresist 1s to be understood to include the photochemi-
cal substances normally used in photoresist methods.
There 15 to be distinguished between a negative
photoresist—which by a photochemical process is se-
lectively hardened and becomes insoluble in the associ-
ated developer at the exposed places and remains solu-
ble at the unexposed places—and a positive photoresis-
t—which by a photochemical process becomes selec-
tively soluble tn the associated developer at the ex-
posed places and remains insoluble at the unexposed
places. In this example a positive photoresist 1s used,
for example, “*Kalle Kopierlack PIRE 2327/50,” ob-
tainable from Kalle A.G., Weisbaden, Germany.

An wnsulating layer 5 (see FIG. 3) consisting of sili-
con oxide, 500 A, thick, 1s then vapour-deposited on

-the cadmium sulphide layer 2 and the mask 3, after

which finally an aluminum layer 6, 600 A. thick, 1s
vapour-deposited on said layer. By spraying with ace-
tone the photoresist mask 3 with the parts of the layers
S and 6 provided thereon are then removed, a gap-like
gate electrode 7, 8 (see FIG. 4) being formed which is
connected to the semiconductor layer 2 by an insulat-
ing layer 8.

Subsequently an ion bombardment is applied to the
surface of the cadmium sulphide in the direction of the
arrows in the form of a gas discharge in a vacuum
chamber. The layer i1s placed on a metallic support
which is situated at a distance of about 10 cm. from a
metallic electrode with a surface of about 100 cm.2
The chamber is then evacuated and the electrode is
biased positively at about | kv. with respect to the
support. Then a gas as for instance argon, oxygen or
nitrogen 1s admitted by means of a needle valve, so that
a gas discharge is established in which the positive gas
ions hit the cadmium sulphide layer. The pressure is
regulated so that a discharge current of about 50 mA.
is maintained; this pressure may be of the order of 0.2
mm. The ion bombardment is carried out for about 4
minutes. This ion bombardment may be substituted by
an electron bombardment for instance by inversion of
the polarities of the said support and the said electrode.
Because of the difference in mass between ions and
electrons, in order to obtain the same effect an electron
bombardment should be carried out for a time or at a
current which are 5 to 10 times superior to those re-
quired for an ion bombardment. The nature of the
employed gases and the above mentioned parameters
are not critical. The gate electrode (7, 8) serves as a
mask. As a result of this bombardment strongly con-
ductive surfaces 10 and 11 are formed in the uncovered
regions of the cadmium sulphide. These readily con-
ducting layers 10 and 11 may then be provided at suit-
able places (see F1G. §) with the contacts 12 and 13 by
vapour depositing, if required through a mask, a gold
layer (12, 13), 500 A. thick, which forms an ohmic
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contact with the strongly conducting contact lavers 10
and 11.

In this manner a field-effect transistor is obtained
having surface layers 10 and 11 serving as source and
drain electrodes.

It will be clear that the method 1s not restricted to the
example described but that many variations are possi-
ble to those skilled in the art without departing from
the scope of this invention. For example, the gate elec-
trode may be provided, besides by a photoresist
method, In a different manner also, for example, by
vapour-depositing selectively through a mask. Alterna-
tively, the gate electrode need not be provided entirely
before the 1on or electron bombardment is carried out.
For example, in the above example it is sufficient for
masking against the gas discharge to provide an oxide
layer 8 after which the contact 7 s provided at a later
mstant. In addition, metals other than gold, for exam-
ple, platinum or a nickel-chromium alloy, may also be
used as soufce and drain contacts while the semicon-
ductor layer also may consist of other materials than
the cadmium sulphide used In this example.

Finally 1t 1s to be noted that although the invention is
of particular importance for providing ohmic source
and drain contacts, the invention may also be applied
to semiconductors in which ion bombardment pro-
duces inversion of the conductivity type also in addi-
tion to an increase of the conductivity. This may be of
importance, for example, for the manufacture of
L most-type 1 MOST-type transistors in which (see, for
example, FIG. 4) the surface layers 10 and 11 are
source and drain electrodes of a conductivity type op-
posite to that of the remaining part of the layer 2.

What 1s claimed is;

1. A method of manufacturing a semiconductor de-
vice comprising at least one field-effect transistor hav-
Ing source, dran and gate electrodes coupled to a semi-
conductor layer, [comprising providing on a surface
of a semiconductor layer, J comprising providing on a
surface of a semiconductor layer at least part of a gate
electrode 1n a thickness capable of blocking impinging
ions or electrons leaving exposed semiconductor sur-
face portions on opposite sides of the gate, subjecting
the said gate and the said exposed surfaces of the semi-
conductor layer on opposite sides of the provided gate
electrode to ton or electron bombardment to modify
the conductivity of the exposed semiconductor surface
portions while the said gate blocks the underlying sur-
face portions from receiving said bombardment, and
providing on the said surfaces of modified conductivity
and spaced from the gate electrode ohmic contacts to
form source and drain contacts, the surfaces of modi-
fied conductivity forming source and drain electrodes
spaced apart by the width of the gate electrode in the
completed device.

2. A method as claimed in claim 1, characterized 1n
that the gate electrode 1s provided by using a photore-
sist method.

3. A method of manufacturing a semiconductor de-
vice comprising at least one field-effect transistor hav-
ing source, drain and gate electrodes coupled to a semi-
conductor layer, comprising providing on a substrate a
layer of semiconductive material, providing on a sur-
face of the semiconductor layer remote from the sub-

‘strate an 1nsulating layer and on the insulating layer at

least part of a gate electrode in a thickness capable of
blocking impinging ions or electrons leaving exposed
semiconductor surface portions on opposite sides of
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the gate, subjecting the said gate and the said exposed
surfaces of the semiconductor layer on opposite sides
of the provided gate electrode to ion or electron bom-
bardment, until the said exposed surfaces exhibit in-
creased conductivity while the said gate blocks the
underlying surface portions from receiving said bom-
bardment, and providing on the said surfaces of in-
creased conductivity and spaced from the gate elec-
trode ohmic contacts of a material selected from the
group consisting of gold, platinum and nickel-
chromium alloy to form source and drain contacts, the
surtfaces of increased conductivity forming source and
dramn electrodes spaced apart by the width of the gate
electrode in the completed device.

4. A method as claimed in claim 3, characterized in

that the semiconductor layer is cadmium sulphide.
- 3. A method as claimed in claim 3, characterized in
that an 10on bombardment is used in the form of a gas
discharge between the semiconductor layer and a fur-
ther electrode.

6. A method of manufacturing an insulated gate field
effect transistor comprising forming on a semiconductor
body surface an insulating layer and on the latter a gate
electrode layer, and using the insulated gate electrode
structure as a bombardment mask ion bombarding the
semiconductor body surface to form therein adjacent the
semiconductor surface source and drain electrode region
portions spaced apart by the bombardment-masked sur-
face region below the insulated gate electrode structure.

/. A method as claimed in claim 6 wherein at the sur-
face the semiconductor body is of one conductivity type
and ion bombardment is effected to form source and
drain electrode region portions of the opposite conductiv-
ity type.

8. A method as claimed in claim 7, wherein the transis-
tor formed is a MOST-type transistor.

9. A method of fabricating an insulated gate field effect
device comprising the steps of forming an insulated gate
electrode member on a portion of the surface of a semi-
conductor body, and causing ions productive of conduc-
tivity type inversion to impinge on said surface, whereby
~more strongly conductive regions of like conductivity
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tvpes ure established in the semiconductor body adjacent
and spaced apart by a less-strongly conductive body re-
gion of the apposite conductivity type under the insulated
gate electrode member.

10. A method of making a field-effect transistor com-
prising providing an insulated gate electrode on a body
comprising a semiconductor leaving exposed surface
regions of the bodv on opposite sides of the gate electrode,
subjecting the body to electron or ion bombardment inca-
pable of penetrating the gate electrode which thereby
masks the underlying semiconductor surface but capabie
of reaching and impinging on to modify the conductivitv
of the semiconductor surface regions on oppuosite sides of
the gate electrode to form thereat in the semiconductor
source and drain electrodes spaced precisely apart by the
width of the gate electrode and not overlapped by the
bombardment masking gate.

[1. A method as set forth in claim 10 wherein the gate
electrode is formed using a photoresist method.

12. In the method of making an insulated-gate field-
effect transistor having a body comprising a semiconduc-
tor having adjacent a surface spaced source and drain
electrodes separated by a region with an insulated pate
electrode on the semiconductor surface over the said
region and source and drain contacts to the source and
drain electrodes respectively, the source and drain
contacts being spaced from the said region, the improve-
ment comprising forming an insulated-gate electrode on
the semiconductor surface portion overlying the said
region and substantially coextensive with the said region,
and thereuafter causing ions to impinge on the surface of
the semiconductor containing the insulated gate elec-
trode to modify the conductivity of the semiconductor
surface regions on opposite sides of the insulated gate to
establish source and drainn electrodes directly adjacent
the said region under the insulated gate electrode, said
insulated gate electrode having a thickness capable of
blocking the impinging ions thereby masking the said
underlying region against the effect of the impinging

IONS.
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