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(54) Narrow channel MOS devices 
and method of manufacturing 

(57) High performance MOS transis-
tors are provided by a method that 
includes providing an oxygen-imper-
meable mask on a selected region 
of a semiconductor substrate 10, 
oxidizing the unmasked portion of 
the surface to provide a thick oxide 
layer 18 at least partially recessed 
in the substrate, which layer 18 
includes a smoothly tapered beak 
20 that extends between the mar-
gin of the mask and the underlying 
silicon surface, and, after removing 
the mask, implanting a selected im-
purity in the substrate beneath the 
selected region to form a thin impu-
rity layer 30 that terminates at a 
sloped portion 28 of the substrate 
formed by the oxidation step. 
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SPECIFICATION 

Narrow channel MOS devices and method 
of manufacturing 

5 
BACKGROUND OF THE INVENTION 
The present invention relates generally to 
metal-oxide-semiconductor (MOS) devices, 
and more particularly to methods for manufac-

10 turing high performance MOS field effect de-
vices adapted for large scale integration on 
semiconductor substrates. The invention fur-
ther relates to non-planar MOS devices char-
acterized by submicron channel widths. 

15 Metal-oxide-semiconductor field effect de-
vices conventionally include source and drain 
regions formed on the upper surface of a 
silicon wafer, interconnected by a channel 
region. A gate electrode is disposed overlying 

20 the channel region, insulated from it by a thin 
film of oxide or other suitable dielectric. Cur-
rent flow between the source and drain re-
gions is controlled by applying a voltage to 
the gate electrode. 

25 The performance (i.e., the frequency re-
sponse or switching speed) of such a device 
depends on the dimensions of its compo-
nents, particularly the length of its channel. 
Normally, the channel length of an MOS 

30 device is determined by the photolithographic 
and impurity diffusion processes used to form 
its source and drain regions. As convention-
ally practiced, these processes do not permit 
the formation of as short a channel as desired 

35 for maximum performance. 
Several high performance MOS technolo-

gies have been developed in recent years. 
These include a scaled-down silicon gate MOS 
process called H-MOS by its principal propo-

40 nent; V-MOS (for "vertical MOS"), a double-
diffusion process featuring anisotropic etching 
of a V-shaped groove in the silicon wafer; and 
a planar double-diffusion process called D-
MOS. While these technologies all are capa-

45 ble of producing devices having switching 
speeds approaching those of bipolar devices, 
none is without its disadvantages. For exam-
ple, H-MOS, which relies on scaling down the 
size and parameters of conventional planar 

50 MOS devices, places great demands on a 
manufacturer's ability fo form very fine pat-
terns accurately and reproducibly. The produc-
tion of V-MOS devices requires the use of two 
relatively high cost processes: epitaxial deposi-

55 tion and anisotropic etching. D-MOS, in which 
channels are defined by successive diffusions 
of n- and p-type impurities through the same 
mask opening, requires a precise diffusion 
source and superior process control to achieve 

60 narrow channel widths reproducibly. In addi-
tion, both H-MOS and D-MOS share the dis-
advantage (in applications requiring high 
packing density) of being planar processes, 
which require more wafer surface area than 

65 non-planar processes such as V-MOS. 

SUMMARY OF THE INVENTION 
The present invention is based, inter alia, 

on the recognition that in the selective doping 
of semiconductor substrates by ion implanta-

70 tion, ion penetration depth at a given acceler-
ating potential can be varied by varying the 
thickness of an oxide layer formed on the 
substrate surface. Thus, by providing an oxide 
layer of continuously increasing thickness, a 

75 thin impurity layer of similarly decreasing 
depth can be implanted. Further, by recessing 
such an oxide layer in the substrate surface, a 
buried impurity layer having an upturned 
edge terminating at a sloped portion of the 

80 semiconductor surface may be provided. This 
technique is utilized to make an MOS device 
in which the length of the channel is deter-
mined by the thickness of an implanted impu-
rity layer. As is known, exceedingly thin layers 

85 can be formed by ion implantation, allowing 
devices to be made that have much narrower 
channels than those of conventional MOS 
devices. 

In the method of the invention, a mask 
90 comprising an oxygen impermeable layer is 

formed on a selected first region of a semicon-
ductor substrate surface. The surface is then 
selectively oxidized to provide a recessed ox-
ide layer on the unmasked portion, which 

95 layer includes a continuous, symmetrically 
tapered edge, or beak, extending between the 
margin of the oxygen-impermeable layer and 
the underlying portion of the masked sub-
strate surface. After removing the oxygen-

100 impermeable layer, a thin zone of a first 
impurity is implanted in the substrate beneath 
the selected first surface region. As already 
described, the implanted zone includes an an 
upturned edge that terminates at a sloped 

105 portion of the substrate surface formed by the 
oxidation step. 

After implantation of the first impurity zone, 
the upturned edge of which forms the de-
vice's channel, a second impurity of an oppo-

110 site conductivity type is introduced into the 
semiconductor substrate at the first surface 
region. A surface zone of the opposite type 
impurity is thereby formed adjacent the chan-
nel-forming zone to serve as the device's 

115 source region. The insulating oxide layer is 
removed, and a gate insulating film formed 
over a portion of the substrate surface that 
includes the channel. Another surface zone of 
the opposite type impurity is formed in the 

120 substrate to serve as a drain region. Prefera-
bly, the drain region is spaced from the chan-
nel to provide a drift region between the two. 
Finally, suitable electrodes are formed on the 
gate insulating film and in contact with the 

125 source and drain regions. In a preferred con-
struction, the gate electrode overlaps the 
source region slightly but does not overhang 
the drain region, minimizing gate-to-drain ca-
pacitance. The drift region provided between 

130 the channel and drain region permits much 
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higher operating voltages to be used than is 
possible with conventional planar MOS de-
vices. In addition, by disposing a portion of 
the device on the slope produced during oxi-

5 dation of the masked substrate surface, the 
amount of substrate area required is reduced, 
an important factor in the large scale integra-
tion of microelectronic circuits. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 
Figures 1a-1g illustrate in cross-sectional 

form a metal-oxide-semiconductor device at 
successive steps of manufacture in accordance 
with a first embodiment of the invention; 

1 5 Figures 2a-2f illustrate successive steps in 
making an MOS device according to a second 
embodiment of the present invention; and 

Figures 3a-3c illustrate alternative steps in 
making a silicon gate MOS device according 

20 to a third embodiment of the invention. 

DESCRIPTION OF PREFFERED EMBODI-
MENTS 

Referring now to Figs. 1 a—1f, which illus-
25 trate successive steps in the manufacture of 

enhancement mode n-MOS transistors, an ox-
ide layer 12 and an oxygen impermeable layer 
14, suitably of silicon nitride (Si3N4), are 
formed on the upper surface of a p-doped, 10 

30 ohm-cm. monocrystalline silicon wafer 10. 
Layers 12 and 14 are fabricated by conven-
tional, well known methods. Oxide layer 12 
may be about 300 to about 600 angstrons 
thick, typically about 400 angstroms. The 

35 nitride layer may be in the range of about 0.1 
to about 0.2 microns, typically about 0.13 
microns. 

Next, a mask 16 is formed on a first surface 
region of wafer 10 by selectively etching 

40 away corresponding portions of nitride layer 
14 and oxide layer 12. The unmasked areas 
of the wafer are then locally oxidized to form 
a thick oxide layer 18 recessed in the upper 
surface of wafer 10, as shown in Fig. 1b. As 

45 is known, local oxidation of a silicon surface 
masked by a nitride-oxide duplex layer pro-
duces oxide "beaks" 20 that extend between 
the margin of the oxygen impermeable nitride 
layer and the underlying portion of the wafer's 

50 upper surface. The formation of such beaks is 
described in an article by J. S. Appels et al., 
entitled "Local Oxidation of Silicon; New 
Technological Aspects" and published in Phil-
ips Research Reports, Vol. 26, No. 3, Pages 

55 157—1 65. Although oxide beak formation 
previously has been considered to be a disad-
vantage (see, for example, U.S. Pat. No. 
4,008,107 to Hayasaka et al.), the present 
invention is based on using such beaks to 

60 vary the depth of a subsequently implanted 
impurity layer. Layer 18 suitably has a maxi-
mum thickness in the range of about 1.5 to 
3.0 microns/typically about 2.0 microns, with 
beaks 20 providing a smoothly, tapered transi-

65 tion to the thickness of oxide layer 12 be-

neath mask 16. 
Following the local oxidation step, nitride 

layer 16 is removed and a mask 22 of a 
photoresist material is provided overlying the 

70 central portion of the first surface region. A 
very thin layer 24 of a p-type impurity, 
suitably boron, is implanted in wafer 10 and 
oxide layer 18 by ion bombardment, as indi-
cated by arrows 26 in Fig. 1c. As is known, 

75 the ion penetration resistance of silicon and 
Si02 is about the same. The contour of the 
implanted layer thus substantially matches the 
upper surface contour of the wafer's oxide 
coating, except in the region underlying pho-

80 toresist mask 22. By controlling the penetra-
tion of the boron ions in a known manner, 
layer 24 is implanted at a depth such that it 
crosses the slopes 28 on the wafer surface 
created by the local oxidation step. For an 

85 oxide layer 18 having a maximum thickness 
of about 2 microns, boron ions accelerated to 
about 130,000 electron volts will penetrate to 
a depth of about 0.5 microns, forming an 
impurity layer 24 about 0.13 micron thick 

90 that crosses slopes 28 at about their mid-
point. Boron concentrations of about 2 to 
8 X 1012 atoms/cm2 are suitable. 

The portions of layer 24 within the silicon-
wafer form p + zones 30 that terminate along 

95 slopes 28 beneath beaks 20. These zones, 
which form channel regions in the transistors, 
typically are on the order of about 0.1 to 
0.15 microns thick following the implantation 
step. As is known, ion implantation damages 

100 the silicon crystal lattice, and to heal this 
damage wafer 10 is annealed after implanta-
tion of layer 24. If performed at moderate 
temperatures (i.e. about 1,000°C) little diffu-
sion of zone 30 takes place. At higher temper-

105 atures, diffusion produces an increase in the 
thickness of the channel-forming zones. Thus, 
channel width can be varied, if desired, by 
controlling the annealing time and tempera-
ture. 

110 Mask 22 is now removed and an n-type 
impurity, suitably phosphorus, is introduced 
into the previously mentioned first surface 
region of wafer 10. Although the n-type impu-
rity could be diffused into the wafer in a 

115 conventional manner after etching a window 
in the oxide coating, preferably the impurity 
element is implanted by ion bombardment, as 
indicated by arrows 32 in Fig. 1d. By adjust-
ment of the acceleration potential, the phos-

120 phorus ions can be made to penetrate the thin 
oxide layer 12 overlying plateau region 34 of 
the wafer, but not the thicker local oxide layer 
18. The implantation, which may be an en-
ergy of about 1 0 0 - 2 0 0 kev and a concentra-

125 tion of about 1 to 5 X 1015 atoms/cm2, cre-
ates a shallow n + zone 36 adjoining the 
surface in plateau region 34. Subsequently 
annealing of the wafer for 20 minutes at 
about 900°C diffuses zone 36, which forms a 

130 source region for the transistors, to a nominal 
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depth of about 0.4 microns. 
The variable thickness oxide coating formed 

by layers 12 and 18 is next removed com-
pletely, after which silicon dioxide is deposited 

5 by conventional means on the exposed upper 
surface of wafer 10 to form an oxide layer 38 
having a thickness of approximately 1 micron. 
Portions of layer 38 are removed by photo-
etching at selected locations 40 where gate 

10 structures are to be fabricated overlying slopes 
28. Portions of the oxide layer are similarly 
removed at selected locations 42 on the re-
cessed planar portions 44 of the wafer surface 
where drain regions are to be provided subse-

15 quently. The thus exposed portions of the 
wafer surface are oxidized to form a thin gate 
oxide film 46 at locations 40 and an oxide 
film 48 at locations 42. Films 46 and 48 
suitably have a thickness of about 1000 ang-

20 stroms. The resulting structure is shown in 
Fig. 1e. 

Next, a photoresist masking layer 50 having 
windows at locations 42 is formed on the 
wafer. An n + drain region 52 is provided in 

25 wafer 10 beneath film 48 by implanting an n-
type impurity through the oxide film, as indi-
cated by arrows 52 in Fig. 1f. By way of 
example, phosphorus may be implanted at an 
energy of about 200 kev and a concentration 

30 of about 5 X 1015 atoms/cm2. Alternatively, 
drain region 52 can be provided by diffusion 
in a conventional manner after removal of 
oxide film 48 to expose the wafer surface. 

Photoresist layer 50 is stripped and the 
35 wafer annealed for about 20 minutes at about 

1000°C to heal the damage caused by ion 
implantation and diffuse the drain region to a 
greater depth. After annealing, openings are 
etched in oxide layer 38 and oxide film 48 to 

40 expose portions of source region 36 and drain 
regions 52, respectively. A layer of metal, 
suitably aluminium, is vacuum deposited on 
the upper surface of the wafer and selectively 
photoetched to define a source electrode 54, 

45 gate electrodes 56 and drain electrodes 58. 
Finally, a passivation coating 60, suitably of 
silicon nitride, is provided for contamination 
protection. 

The resulting structure, shown in Fig. 1g, 
- 50 includes a pair of transistors 62 and 64 

sharing a common n + source region 36 
formed in a plateau on the upper surface of 
wafer 10. A thin, implanted p + channel-
forming zone 30 in each transistor adjacent 

55 the source region includes an edge that abuts 
the slope joining the plateau to a recessed 
portion 44 of the wafer surface. An important 
feature of the invention is that the thickness 
of that edge determines the length of the 

60 channels in transistors 62, 64. Ion implanta-
tion techneques permit the formation of very 
thin channel-forming zones, and since the 
frequency response of a MOS transistor is 
inversely related to channel length, very high 

65 performance MOS transistors can be pro-

vided. Disposed on the surface slopes, overly-
ing the edge of each zone 30, is a gate 
structure comprising insulating oxide film 46 
and electrode 56. 

70 Transistors 62, 64 additionally include n + 

drain regions 52 formed on the recessed 
upper surface of wafer 10. As will be noted, 
the drain regions are spaced from the channel 
zones to provide a pi or drift region between 

75 them. This drift region permits the use of 
increased operating voltages and minimizes 
source-to-drain capacitance. In additon, it will 
be seen that the spacing provided by the drift 
region allows the gate electrode to be made 

80 long enough for high amplification without 
overlapping the drain region. The structure 
thus minimizes deliterious gate-to-drain capa-
citance. 

Figs. 2a-2f illustrate the manufacture of n-
85 MOS transistor structures according to a sec-

ond embodiment of the invention. On the 
upper surface of a n-doped silicon wafer 70 is 
formed a layer 72 of Si02 about 1 micron 
thick. A diffusion window 74 is etched in 

90 layer 70 and a p-type impurity, suitably bo-
ron, is selectively diffused through the win-
dow to form a high concentration p + region 
76 in the wafer. As shown in Fig. 2a, an 
oxide skin forms on the exposed wafer surface 

95 during the diffusion.The oxide layer and skin 
are entirely removed from wafer 70, and a 
duplex silicon oxide-nitride layer formed on 
the wafer's upper surface as previously des-
croved in connection with Fig. 1a. An oxygen-

100 impermeable mask 78 is next formed by se-
lective removal of the duplex layer, after 
which the unmasked surface areas of wafer 
70 are locally oxidized to form a variable 
thickmess oxide layer 80. As shown in Fig. 

105 2a, layer 80 is recessed in the upper surface 
of the wafer and includes symmetrically ta-
pered oxide beaks 82 that extend beneath the 
margins of mask 78. Deep diffusion of boron 
from region 76 during the local oxidation 

110 forms a deep p + region, or well, 84 in wafer 
70 as shown. 

Next, mask 78 is removed and a thin layer 
86 of a p-type impurity such as boron is 
implanted at a depth such that it crosses the 

115 slopes 88 on the wafer surface underlying 
(and resulting from) oxide beaks 82, as illus-
trated in Fig. 2c. 

Referring to Fig. 2d, a photoresist mask 90 
is next provided on oxide layer 80 overlying 

120 well 84. The principal function of mask 90 is 
to prevent the conductivity of the well from 
being reduced adjacent the substrate surface 
during the subsequent formation of n + source 
regions 92. The source regions are suitably 

125 formed by ion bombardment with an n-type 
impurity such as phosphorus, as indicated by 
arrows 93. 

Oxide layer 80 is stripped from wafer 70 
and an approximately 1 micron thick layer 94 

130 of Si02 is deposited on the upper surface of 
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the wafer. Portions of layer 94 overlying 
slopes 88 are selectively removed by photo-
etching where insulated gates are to be lo-
cated, and a thin (about 1000 angstroms) 

5 gate oxide film 96 is grown on the thus 
exposed areas of wafer 70. Additional por-
tions of oxide layer 94 are selectively removed 
to expose the wafer surface at locations 98 
where drain regions are to be formed, and at 

10 a location 100 on the wafer's plateau region 
where a source electrode is to be provided 
subsequently. A layer 102 of photoresist hav-
ing openings at locations 98 is applied to the 
wafer, after which an n-type impurity, suitably 

15 phosphorus, is implanted at those locations to 
form n + drain regions 104 adjoining the 
exposed wafer surface. The resulting structure 
is shown in Fig. 2e. 

After removing photoresist layer 102 and 
20 annealing the wafer, source, gate, and drain 

electrodes 106, 108, 110 respectively, are 
provided in a conventional manner. Finally, a 
passivation coating 112 of Si02 or Si3N4 is 
applied. The resulting transistor structure, 

25 which is shown in Fig. 2f, is useful in the 
construction of high speed static random ac-
cess memories. 

Steps in the manufacture of a silicon gate 
MOS transistor structure according to a third 

30 embodiment of the invention are illustrated in 
Figs, 3a-3c of the drawings. Fabrication of 
the silicon gate device proceeds initally in the 
same manner as described in connection with 
Figs. 2a-2c. Thus beginning with the struc-

35 ture shown in Fig. 2c, and adopting the same 
reference numerals for like elements, oxide 
layer 80 is stripped from wafer 70 and a thin 
oxide film 120 formed on the nonplanar up-
per surface of the wafer. Film 120 suitably 

40 has a thickness of about 1000 angstroms. A 
layer 122 of polychrystalline silicon, suitably 
about 0.5 microns thick, is deposited in a 
known manner on the oxide film, resulting in 
the structure shown in Fig. 3a. 

45 Gate electrodes 124 are formed on the 
slope portions of oxide film 120 by selective 
photoetching of layer 122. Next, a photoresist 
masking layer 126 is provided that includes 
openings exposing the gate electrodes and 

50 areas of the oxide film-covered wafer surface 
where n + source and drain regions are to be 
formed subsequently. Source regions 128 and 
drain regions 130 are then provided in wafer 
70 by ion implantation of phosphorus or other 

55 n-type impurity, as indicated by arrows 132 in 
Fig. 3b. The conductivity of the unmasked 
polychrystalline silicon gate electrodes is si-
multaneously increased by the phosphorus 
implantation. 

60 After removing masking layer 126 and an-
nealing wafer 70, a Si02 layer 134 is formed 
over the entire surface of the wafer. Portions 
of oxide layer 134, which suitably has a 
thickness of about 0.5 microns, and corre-

65 spending portions of oxide film 120 over well 

84, source regions 128, and drain regions 
130 are removed by photoetching. Metal 
source and drain electrodes 136, 138 respec-
tively are then provided in a conventional 

70 manner, after which a passivation coating 
140 is applied. The resulting silicon gate 
MOS transistor structure is shown in Fig. 3c. 
As will be evident, it is essentially similar, 
except for the gate structure, to the transistor 

75 structure shown in Fig. 2 . A silicon gate 
version of the Fig. 1g structure can be pro-
vided in a similar manner. 

An improved method for making narrow 
channel MOS devices has been disclosed ac-

80 cording to the best mode presently contem-
plated for practicing the invention. The dis-
closed method is readily adaptable, with only 
minor changes to existing MOS processes, 
and enables the manufacture of high perfor-

85 mane MOS transistors at reduced cost com-
pared to other high performance technologies. 
In addition, by utilizing the slope formed by 
local oxidation of a masked semiconductor 
surface, improved packing density is 

90 achieved. 
While several embodiments of the present 

invention have been described, and certain 
modifications suggested, it will be understood 
that the invention is not limited to the details 

95 shown and described herein. The true, legal 
scope of the invention is defined by the 
following claims: 

CLAIMS 
100 1. A method for manufacturing a semicon-

ductor device comprising the steps of: 
forming on a selected region of a semicon-

ductor substrate surface a mask comprising an 
oxygen-impermeable material, 

105 selectively oxidising the substrate surface to 
provide an oxide layer on the unmasked por-
tion thereof, which layer includes a beak ex-
tending between the margin of said oxygen-
impermeable material and the underlying por-

110 tion of said selected region, 
removing said oxygen-impermeable materi-

al, and 
ion implanting a selected impurity into said 

semiconductor substrate through said selected 
115 surface region to from a zone of said impurity 

that terminates at the substrate surface be-
neath said beak. 

2. A method for manufactuing a semicon-
ductor device comprising the steps of 

120 forming on a first region of a semiconductor 
substrate surface a mask comprising an oxy-
gen-impermeable material, 

selectively oxidizing the substrate surface to 
provide an oxide layer on the unmasked por-

125 tion thereof, which layer includes a beak ex-
tending between the margin of said oxygen-
impermeable material and the underlying por-
tion of said first region, 

removing said oxygen impermeable materi-
130 al, 
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ion-implanting a first impurity into said 
semi-conductor substrate through said first 
surface region to form a zone of said first 
impurity that terminates at the substrate sur-

5 face beneath said beak, 
introducing a second impurity of a conduc-

tivity type opposite that of said first impurity 
into said semiconductor substrate through 
said first surface region to form a first zone of 

10 said second impurity adjacent said first impu-
rity zone, 

forming on said substrate surface a mask 
having a window therein overlying a second 
region of said surface, and 

15 introducing said second impurity into said 
substrate through said window and second 
surface region to form a second zone of said 
second impurity spaced from said first impuri-
ty zone. 

20 3. A method for manufacturing a field 
effect semiconductor device comprising the 
steps of 

forming on a first region of a semiconductor 
substrate surface a mask comprising an oxy-

25 gen-impermeable material, 
selectively oxidizing the substrate surface to 

provide a first oxide layer on the unmasked 
portion thereof, which layer includes a beak 
extending between the margin of said oxygen 

30 impermeable material and the underlying por-
tion of said first region, 

removing said oxygen impermeable materi-
al, 

ion-implanting a first impurity into said 
35 semi-conductor substrate through said first 

surface region thereof to form a zone of said 
first impurity that terminates at the substrate 
surface beneath said beak, 

introducing a second impurity of a conduc-
40 tivity type opposite that of said first impurity 

into said semiconductor substrate through 
said first surface region thereof to form a first 
zone of said second impurity adjacent said 
substrate surface and the termination of said 

45 first impurity zone therewith, 
removing said first oxide layer, 
forming an insulating oxide film over a 

second substrate surface region that includes 
the surface termination of said first impurity 

- 50 zone, which film forms a gate insulator for 
said device, 

forming on said substrate a mask having a 
window overlying a third region of said sub-
strate surface, and 

55 introducing said opposite conductivity type 
impurity into said substrate through said third 
surface region thereof to form a second zone 
of said second impurity adjacent the substrate 
surface and separated from said first zone of 

60 said impurity by a region of the substrate 
surface that includes the termination of said 
first impurity zone therewith, 

4. The method of claim 3, wherein said 
opposite conductivity type impurity is intro-

65 duced by ion implantation. 

5. The method of claim 3, wherein said 
first impurity is a p-type impurity and said 
second impurity is an n-type impurity. 

6. The method of claim 3, including the 
70 subsequental step of selectively depositing 

conductive material on at least a portion of 
each impurity zone to form source, gate and 
drain electrodes for said device. 

7. A method of making an insulated gate 
75 field effect semiconductor device comprising a 

semiconductor body having a pair of spaced 
zones of one conductivity type adjoining a 
surface of said body, which zones constitute 
source and drain zones in the device, a nar-

80 row zone of the opposite conductivity type 
disposed adjoining said surface intermediate 
said source and drain zones, an insulating 
layer disposed over a portion of said surface 
between said source and drain zones, a gate 

85 electrode disposed on said insulating layer, 
and source and drain electrodes in electrical 
contact with said source and drain zones, 
respectively, which method comprises: 

forming on a first region of said body 
90 surface a mask comprising an oxygen-imper-

meable material, 
selectively oxidizing said body surface to 

provide an oxide layer on the unmasked por-
tion thereof, which layer includes a beak ex-

95 tending between the margin of said oxygen-
impermeable material and the underlying por-
tion of said first region, 

removing said oxygen impermeable materi-
al, 

100 ion implanting an impurity of said opposite 
conductivity type into said semiconductor 
body through said first surface region to form 
a narrow zone of said impurity terminating at 
said surface beneath said beak, and 

105 removing said oxide layer. 
8. A narrow channel field effect semicon-

ductor device comprising: 
a body of semiconductor material having a 

nonplanar major surface that includes gener-
110 ally planar plateau and recessed portions 

joined by a slope, 
first and second regions of one conductivity 

type impurity adjoining the plateau and re-
cessed surface portions, respectively, of said 

115 body and constituting source and drain re-
gions for said device. 

an implanted layer of an opposite conduc-
tivity type impurity in said body, said layer 
having an edge terminating at said surface 

120 slope, intermediate said first and second re-
gions, and constituting a channel region for 
said device, 

a conductive material overlying at least the 
portion of said slope that includes said chan-

125 nel region, which material constitutes a gate 
electrode, and 

a dielectric coating separating said conduc-
tive material from said body surface. 

9. The device of claim 8, wherein said 
1 30 implanted layer is nonplanar. 
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10 The device of claim 8, wherein said 
channel and drain regions are spaced apart 
along the surface of said body to provide a 
drift region between them. 

5 11. A method for manufacturing a semi-
conductor device substantially as hereinbefore 
described with reference to the accompanying 
drawings. 

12. A semiconductor device substantially 
10 as hereinbefore described with reference to 

the accompanying drawings. 
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