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A vertical ?eld effect transistor (1) and a method of manu 
facturing thereof are disclosed, in Which a buried layer (3) 
of a conduction type opposite to that of a substrate (2) are 
formed to a predetermined depth in the substrate (2) by ion 
implantation. The bottom of a of recesses (2a) for forming 
a protrusion (2b) on the substrate (2) is located Within the 
corresponding one of the buried layer The Width of the 
recess (2a) is set smaller than the Width of the buried layer 
(3). The surface of the protrusion (2b) and the bottom of the 
recess (2a) are formed With impurities regions (4a, 4b; 5a, 
5b) constituting a source and a drain, respectively. Achannel 
length (L) of the channel region formed on the side Wall of 
the protrusion (2b) is de?ned by the distance betWeen the 
buried layer (3) and the impurities regions (5a, 5b) on the 
surface of the protrusion (2b). 
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FIG. 2 
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FIG. 3C 
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FIG. 35 
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FIG. 31 
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FIG. 4 

10 11 10 



28, 2002 Sheet 9 0f 12 US 2002/0175365 A1 

X 
\\& 

FIG. 5A 

/ / /// /// 

FIG. 5B 

(///////// /A 



Patent Application Publication Nov. 28, 2002 Sheet 10 0f 12 US 2002/0175365 A1 

FIG. 5C 
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VERTICAL FIELD EFFECT TRANSISTOR AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a vertical ?eld 
effect transistor having a protrusion formed on a substrate, 
Wherein the side Wall of the protrusion is used as a channel 
region and its manufacturing method. 

[0002] In recent years, a semiconductor device constitut 
ing a MOS transistor has been Widely studied in Which a 
groove is formed on a silicon substrate and the side Walls of 
the groove is used as a channel region in order to improve 
the scale of integration of the semiconductor device. 

[0003] A con?guration of such a semiconductor device, 
i.e., What is called a vertical MOS transistor, is shoWn in 
FIG. 1. This vertical MOS transistor 41 comprises a semi 
conductor substrate 42 made of a p-type silicon formed With 
a groove Which forms a recess 42a and a protrusion 42b on 
the semiconductor substrate 42. 

[0004] On the surface of the recess 42a of the semicon 
ductor substrate 42 there are formed, from the surface side 
doWn, an n-type high-concentration region (n+) 43a and an 
n-type loW-concentration region (n—) 43b. Both the regions 
43a and 43b make up an n-type source region 43. On the 
surface of the protrusion 42b of the substrate 42 there are 
formed, from the surface side doWn, an n-type high-con 
centration region (n+) 44a and an n-type loW-concentration 
region (n—) 44b. Both the regions 44a and 44b constitute an 
n-type drain region 44. 

[0005] A gate insulating ?lm 45 made of an oXide ?lm or 
the like is formed on the semiconductor substrate 42. 

[0006] On the side Wall of the protrusion 42b of the 
semiconductor substrate 42 there is formed With a gate 
electrode 46 made of polysilicon or the like through the gate 
insulating ?lm 45. 

[0007] An inter-layer insulating layer 47 is formed over 
the entire surface of the elements mentioned above, and an 
opening is formed through the inter-layer insulating layer 47 
and the gate insulating ?lm 45 above the high-concentration 
region 44a of the drain region 44. A plug contact 48 made 
of tungsten or the like, for eXample, is formed in the 
opening. 

[0008] Further, a metal Wire 49 made of Al or the like is 
formed on the plug contact 48 to lead an electrode from the 
drain region 44. 

[0009] In this vertical MOS transistor 41 of a LDD (lightly 
doped drain) type, a channel region is formed in the side Wall 
portion of the protrusion 42b opposing to the gate electrode 
46 through the gate insulating ?lm 45, i.e., betWeen the 
source region 43 and the drain region 44. 

[0010] With the con?guration of FIG. 1, a distance 
betWeen the drain region 44 and the source region 43, i.e., 
a channel length (gate length) L is determined by the depth 
of the groove formed on the semiconductor substrate 42. 
HoWever, if the depth of the groove is scattered from one 
groove to another, the channel length L is scattered and 
hence the characteristic of the MOS transistor is also varied, 
thereby making it impossible to secure stable characteristics 
of a semiconductor device as a Whole. 
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[0011] The depth of the groove develops some degree of 
variations during the manufacturing process, sometimes 
resulting in unstable characteristics. 

SUMMARY OF THE INVENTION 

[0012] In order to obviate the above-mentioned problem, 
an object of the present invention is to provide a vertical 
?eld effect transistor and a its manufacturing method, in 
Which stable characteristics can be obtained by eliminating 
the variations in channel length. 

[0013] According to an aspect of the present invention, 
there is provided a vertical ?eld effect transistor comprising 
a substrate, a buried layer formed to a predetermined depth 
of the substrate by ion implantation and having a conduction 
type opposite to that of the substrate, a protrusion formed on 
the substrate, a recess having the bottom thereof arranged 
Within the buried layer for forming the protrusion on the 
substrate and having a Width smaller than that of the buried 
layer, a impurity region constituting a source and a drain 
respectively formed on the surface of the protrusion and the 
bottom surface of the recess, and a channel region formed on 
the side Wall of the protrusion and having a channel length 
de?ned betWeen the buried layer and the impurity region on 
the surface of the protrusion. 

[0014] With this con?guration, the buried layer is uniquely 
determined by the ?ying distance of ion implantation and 
formed to a predetermined depth. 

[0015] The recess is formed by the groove in such a 
manner as to reach the buried layer. In other Words, the 
recess is formed With the bottom portion thereof set smaller 
than the Width of the buried layer. The impurity region 
constituting the source and the drain is formed on the bottom 
surface of the recess and the surface of the protrusion, With 
the channel length on the side Wall of the protrusion being 
de?ned betWeen the buried layer and the impurity region on 
the surface of the protrusion. Even When the depth of the 
recess is varied, therefore, the channel length remains 
unchanged. 
[0016] Consequently, it is possible to manufacture a ver 
tical ?eld effect transistor of stable characteristics free of 
variations in channel length. 

[0017] According to another aspect of the invention, there 
is provided a method of manufacturing a vertical ?eld effect 
transistor, comprising the steps of forming a buried layer of 
a second conduction type by ion implantation to a prede 
termined depth of a semiconductor substrate of a ?rst 
conduction type, forming on the surface a recess having a 
Width smaller than that of the buried layer and its bottom 
surface arranged in the buried layer, forming a gate electrode 
through a gate insulating ?lm on the side Wall of a protrusion 
formed by the recess of the semiconductor substrate, and 
forming an impurity region constituting a source and a drain 
on the surface of the protrusion and the bottom surface of the 
recess on the semiconductor substrate. 

[0018] According to this manufacturing method, the ?ying 
distance of ion implantation, i.e., the depth of the buried 
layer, is de?ned by a condition of the ion implantation. 
Accordingly, the buried layers having a substantially prede 
termined depth can be formed. 

[0019] Also, When the recess is formed by the groove on 
the substrate, the bottom portion of the recess is arranged 
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Within the buried layer and the Width of the recess is set 
smaller than the Width of the buried layer. Therefore, even 
When the depth of the groove is varied somewhat, the bottom 
portion of the groove is formed in the buried layer, and the 
length of the channel is de?ned betWeen the buried layer 
formed to a substantially predetermined depth and the 
impurity region (drain region or source region) formed on 
the surface of the protrusion of the substrate and is main 
tained substantially constant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a diagram schematically shoWing a 
con?guration of a conventional vertical MOS transistor; 

[0021] FIG. 2 is a diagram schematically shoWing a 
con?guration of a vertical ?eld effect transistor (vertical 
MOS transistor) according to an embodiment of the present 
invention; 
[0022] FIGS. 3A to 3] are diagram used to eXplain pro 
cesses for manufacturing the vertical MOS transistor shoWn 
in FIG. 2; 

[0023] FIG. 4 is a diagram schematically shoWing a 
con?guration of a vertical ?eld effect transistor (vertical 
MOS transistor) according to a second embodiment of the 
invention; 
[0024] FIGS. 5A to 5F are diagrams used to eXplain 
processes for manufacturing the vertical MOS transistor 
shoWn in FIG. 4; and 

[0025] FIG. 6 is a diagram schematically shoWing a 
con?guration of a vertical ?eld effect transistor according to 
a third embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] According to the present invention, there is pro 
vided a vertical ?eld effect transistor comprising a substrate, 
a protrusion formed on the substrate, and a channel region 
formed as the side Wall of the protrusion, in Which a buried 
layer of a conduction type opposite to that of the substrate 
is formed to a predetermined depth on the substrate by ion 
implantation, a recess for forming the protrusions has its 
bottom surface arranged Within the buried layer and its 
Width smaller than that the buried layer, its an impurity 
region constituting a source and a drain is formed on the 
surface of the protrusion and on the bottom surface of the 
recess, and the length of a channel regions is de?ned 
betWeen the buried layer and the impurity region on the 
surface of the protrusion. 

[0027] According to the present invention, there is also 
provided a method of manufacturing a vertical ?eld effect 
transistor comprising the steps of forming a buried layer of 
a second conduction type by ion implantation to a prede 
termined depth of a semiconductor substrate of a ?rst 
conduction type, forming on the substrate a recess With its 
bottom surface located in the buried layer and having a 
Width smaller than that of the buried layer, forming a gate 
electrode on the side Wall of the protrusion formed by the 
recess through a gate insulating ?lm, and forming a impurity 
region constituting a source and a drain, respectively, on the 
surface of the protrusion and on the bottom surface of the 
recess. 
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[0028] Also, in the method of manufacturing a vertical 
?eld effect transistor described above, the buried layer is a 
layer thermally diffused after ion implantation. 

[0029] Further, in the method of manufacturing a vertical 
?eld effect transistor described above, the buried layer is 
formed by ion implantation using a mask formed on an 
insulating ?lm, a side Wall insulating ?lm is formed on the 
insulating ?lm patterned by the mask, and then the recess is 
formed using the insulating layer and the side Wall insulating 
?lm as a mask. 

[0030] NoW, embodiments of the vertical ?eld effect tran 
sistor and the method of manufacturing the same according 
to the invention Will be described With reference to the 
accompanying draWings. 

[0031] FIG. 2 shoWs an eXample of the vertical ?eld effect 
MOS transistor according to the present invention. Avertical 
?eld effect MOS transistor 1 has a semiconductor substrate 
2 made of silicon of a ?rst conduction type, i.e., a p-type on 
Which formed is a groove. The groove makes up a recess 2a 
and a protrusion 2b on the semiconductor substrate 2. 

[0032] A loW-concentration (n—) buried layer 3 of a sec 
ond conduction type, i.e., an n-type in the present eXample, 
is formed around a periphery of the recess 2a, i.e., on the 
outer and loWer sides of the bottom portion of the recess 2a. 
Accordingly, the bottom of the recess 2a is arranged Within 
the n-type loW-concentration buried layer 3, and the recess 
2a is set to a Width smaller than the Width of the buried layer 
3. To this end, the buried layer 3 is formed by thermal 
diffusion after ion implantation. 

[0033] Also, on the surface of the recess 2a of the semi 
conductor substrate 2 there are formed from its surface side 
doWn, an n-type high-concentration region (n+) 4a and an 
n-type loW-concentration region (n—) 4b. The high-concen 
tration region 4a, the loW-concentration region 4b and the 
buried layer 3 make up an n-type source region 4. On the 
surface of the protrusion 2b of the semiconductor substrate 
2 there are formed, from its surface side doWn, an n-type 
high-concentration region (n+) 5a and an n-type loW-con 
centration region (n—) 5b. Both the regions 5a and 5b 
constitute an n-type drain region 5. 

[0034] A gate insulating ?lm 6 made of an oXide or the like 
is formed on the semiconductor substrate 2. The gate insu 
lating ?lm 6 has a portion 6‘ above the high-concentration 
region 5a of the drain region 5, Which portion 6‘ is formed 
thicker than the other portion thereof. 

[0035] The side Wall of the protrusion 2b of the semicon 
ductor substrate 2 is formed With a gate electrode 7 made of 
polysilicon or the like through the gate insulating ?lm 6. 

[0036] An inter-layer insulating layer 8 is formed to cover 
all the elements mentioned above. An opening is formed 
through the portion of the inter-layer insulating layer 8 and 
the gate insulating ?lm 6‘ on the high-concentration region 
5a of the drain region 5. Aplug contact 9 made of tungsten 
or the like, for example, is formed in the opening. 

[0037] Further, a metal Wire 10 made of Al or the like is 
formed on the plug contact 9 to thereby derive an electrode 
from the drain region 5. 

[0038] In this vertical MOS transistor 1, a channel region 
is formed betWeen the drain region 5 and the buried layer 3 
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making up a part of the source region 4, i.e., on the side Wall 
of the protrusion 2b of the semiconductor substrate 2. 

[0039] A channel length L of the channel region is a 
distance betWeen the buried layer 3 and the drain region 5. 

[0040] Even in the case Where the groove is varied in 
depth somewhat, therefore, the distance betWeen the buried 
layer 3 and the drain region 5 remains unchanged in the 
bottom of the groove, i.e., the bottom of the recess 2a of the 
semiconductor substrate 2 is located Within the buried layer 
3. Thus the channel length L is not affected by any variations 
in the groove depth. 

[0041] Therefore, the channel length L is free of variations 
unlike the case of FIG. 1, thus eliminating the characteris 
tics variations among the vertical MOS transistors, so that a 
semiconductor device using such a vertical MOS transistor 
has stable characteristics. 

[0042] The vertical MOS transistor 1 is manufactured in 
the manner described beloW. 

[0043] First, as shoWn in FIG. 3A, a semiconductor 
substrate 2 made of silicon, for example, and having a ?rst 
conductivity type, i.e., a p-type is formed thereon With an 
insulating ?lm 11 by a thermal oxidation or a CVD (chemi 
cal vapor deposition) method. Aphotoresist 12 is formed on 
the insulating ?lm 11 so as to open a portion Where a groove 
is formed later. 

[0044] Then, as shoWn in FIG. 3B, With the photoresist 12 
as a mask, an impurity such as P (phosphorus) or the like is 
ion-implanted in the neighborhood of a region of the semi 
conductor substrate 2 made of p-type silicon, Which Will 
become a source region 4 later, thereby to form a loW 
concentration (n—) buried layer 3 of a second conduction 
type, i.e., an n-type. 

[0045] In the process, taking the impurity concentration of 
the semiconductor substrate 2 into consideration, the impu 
rity concentration for ion implantation and the implantation 
energy are selected thereby to be able of forming the buried 
layer 3 at a predetermined depth. 

[0046] As the next step, as shoWn in FIG. 3C, after the 
photoresist 12 is removed, the impurity of the buried layer 
3 is diffused by a heat treatment. 

[0047] Then, a photoresist 13 is formed at the same 
position as the case of FIG. 3A, and using this as a mask, 
the insulating ?lm 11 and the silicon substrate 2 are etched 
by an RIE (reactive ion etching) process or the like thereby 
to form a groove 14, as shoWn in FIG. 3D. 

[0048] At the same time, a Width W2 of the groove 14 is 
set smaller than a Width W1 of the buried layer 3 into Which 
the impurity is introduced, and the bottom of the groove (the 
recess of the semiconductor substrate) 14 is formed Within 
the region of the buried layer 3. 

[0049] Next, as shoWn in FIG. 3E, the photoresist 13 is 
removed, and then a gate insulating ?lm 6 is formed on the 
surface of the silicon substrate 2 by a thermal oxidation. 

[0050] As the next step, as shoWn in FIG. 3F, 21 polysili 
con layer 15 providing a gate electrode is by the CVD 
method to cover the gate insulating ?lm 6. In order to reduce 
the resistance, an impurity such as phosphorus or the like is 
introduced into the polysilicon layer 15. 
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[0051] Then, as shoWn in FIG. 3G, the polysilicon layer 
15 is etched aWay by the RIE (reactive ion etching) process 
or the like except for the side Wall portion thereby to form 
a gate electrode 7. 

LOW-concentration (1x1013 to 5x1014 cm2) 

[0052] phosphorus is ion-implanted into the recess 2a and 
the protrusion 2b of the silicon substrate 2 to some depth 
With the implantation energy of 100 to 300 keV, folloWed by 
implanting high concentration (1><1015 to 1><1016 cm2) 
arsenic to a lesser depth With an implantation energy of 20 
to 100 keV. 

[0053] As a result, as shoWn in FIG. 3H, 21 high-concen 
tration n+ region 4a and a loW-concentration n— region 4b 
are formed in the recess 2a of the silicon substrate 2. Thus, 
at this portion an n-type source region 4 is formed of the 
high-concentration n+ region 4a, the loW-concentration n+ 
region 4b and the n— buried layer 3. At the same time, a 
high-concentration n+ region 5a and a loW-concentration n 
region 5b are formed in the protrusion 2b of the silicon 
substrate 2. Thus, at this portion an n-type drain region 5 is 
formed of the high-concentration n+ region 5a and the 
loW-concentration n— region 5b. 

[0054] Then, as shoWn in FIG. 3I, the groove 14 is buried 
a ?lm made of BPSG (boron phosphorus silicate glass) or 
the like is formed to ?ll the groove 14 and to over the entire 
surface. This BPSG ?lm is then heat-treated to How (?atten 
by ?uidity) thereby forming an inter-layer insulating layer 8. 

[0055] As shoWn in FIG. 3J, an opening (contact hole) 
reaching up to the surface of the protrusion 2b of the silicon 
substrate 2 formed With the high-concentration region 5a of 
the drain region 5 is formed in the inter-layer insulating layer 
8. This opening is ?lled by forming therein a layer of 
tungsten or the like by the CVD method. The portion above 
the upper end of the opening is etched back by the RIE 
method thereby to form a plug contact 9 made of tungsten 
or the like material. 

[0056] Then, an Al ?lm is formed by sputtering on the 
plug contact 9 and Worked into a predetermined shape 
thereby to form a metal Wire 10 (see FIG. 2). In this Way, 
the vertical MOS transistor 1 of a LDD structure shoWn in 
FIG. 2 is formed. Though not shoWn, the subsequent 
process includes the step of forming an overcoat ?lm or the 
like, for example, on the surface. 

[0057] FIG. 4 and FIGS. 5A to SF shoW a vertical MOS 
transistor and its manufacturing method according to 
another embodiment. 

[0058] In this embodiment, a side Wall insulating ?lm 
made of an insulating layer is formed on the lateral side of 
the surface insulating layer. With the insulating layer and the 
side Wall insulating ?lm Wall as a mask, a groove is formed 
on the semiconductor substrate by an etching process. 

[0059] In a vertical MOS transistor 21 shoWn in FIG. 4, as 
compared With the vertical MOS transistor 1 shoWn in FIG. 
2, the recess 2a of the semiconductor substrate 2 is formed 
using the insulating ?lm 11 on the protrusion 2b of the 
semiconductor substrate 2 and a side Wall insulating ?lm 22 
on the lateral side of the insulating ?lm 11 as a mask. 

[0060] Consequently, the protrusion 2b and the drain 
region 5 (5a, 5b) of the semiconductor substrate 2 are 



US 2002/0175365 A1 

formed Wider than the embodiment shown in FIG. 2, While 
the recess 2a and the source region 4 (4a, 4b) of the 
semiconductor substrate 2 are formed narroWer than the 
embodiment shoWn in FIG. 2. 

[0061] The arrangement of the remaining portions of the 
vertical MDS transistor 21 shoWn in FIG. 4 is made similar 
to that of the vertical MOS transistor 1 shoWn in FIG. 2 and 
therefore, With the same reference numerals attached to the 
corresponding parts, respectively, Will not be described 
again. 

[0062] In this case, too, the channel length L is de?ned by 
the distance betWeen the drain region 5 and the buried layer 
3, and the buried layer 3 is formed to substantially the 
constant depth by setting the ion implantation condition. 
Thus, even When any variation develops dependent on the 
groove, the channel length L remains the same in vieW of the 
fact that the groove is formed in such a manner that the 
bottom of the recess 2a of the semiconductor substrate 2 is 
located Within the buried layer 3. 

[0063] The result is that the characteristics of the vertical 
?eld effect transistor are free of variations. 

[0064] This vertical MOS transistor 21 is manufactured in 
the manner described beloW. 

[0065] First, as shoWn in FIG. 5A, a semiconductor 
substrate 2 made of silicon of a ?rst conduction type, say, a 
p-type is formed With an insulating ?lm 11 by the thermal 
oxidation or the CVD (chemical vapor deposition) method. 
Aphotoresist 12 is formed on the insulating ?lm 11 in such 
a manner as to form an opening in the portion thereof Where 
a groove Will be formed later. 

[0066] Then, as shoWn in FIG. 5B, With the photoresist 12 
as a mask, an impurity such as phosphorus or the like is 
ion-implanted in a region to constitute a source region in the 
p-type silicon semiconductor substrate 2, thereby forming a 
loW-concentration(n—) buried layer 3 of a second conduction 
type, say, an n-type. 

[0067] The neXt step is to etch aWay the insulating ?lm 11 
by the RIE method using the photoresist 12 as a mask as 
shoWn in FIG. 5C, after Which the photoresist 12 is 
removed. 

[0068] Then, as shoWn in FIG. 5D, an insulating oXide 
?lm 18 made of SiO2 or the like is formed by the CVD 
process to cover the remaining portion of the insulating ?lm 
11. 

[0069] As shoWn in FIG. 5E, the insulating oXide ?lm 18 
is etched by the RIE method thereby to form a side Wall 
insulating ?lm 22 made of an insulating oXide ?lm on the 
sides of the original insulating ?lm 11. 

[0070] As shoWn in FIG. 5F, using the insulating ?lm 11 
and the side Wall insulating ?lm 22 as a mask, the semi 
conductor substrate 2 is etched by the RIE method thereby 
to form a groove 14. 

[0071] In the process, as in the preceding embodiment, the 
bottom of the groove 14 is formed Within the region of the 
buried layer 3 into Which the impurity is introduced. 

[0072] After that, like in the steps 3E to 3] described 
above, a gate electrode 7, a high-concentration region 4a and 
a loW-concentration region 4b constituting a source region 4, 
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a high-concentration region 5a and a loW-concentration 
region 5bmaking up a drain region 5, an inter-layer insulat 
ing layer 8 and a metal electrode 10 are sequentially formed 
thereby to form the vertical MOS transistor 21 as shoWn in 
FIG. 4. 

[0073] In the above-mentioned embodiments, the relative 
positions of the buried layer 3 and the groove 14 are liable 
to be displaced due to the displacement of the mask betWeen 
the photoresist 12 of FIG. 3B and the photoresist 13 of FIG. 
3D. According to this embodiment, in contrast, such a 
displacement betWeen the buried layer 3 and the groove 14 
is completely eliminated because after forming the buried 
layer 3, the insulating ?lm 11 is patterned using the same 
photoresist 12 as a mask, thereby forming the side Wall 
insulating ?lm 22 and then the groove 14 is formed With the 
side Wall insulating ?lm 22 as a mask. 

[0074] Although, unlike in the above-mentioned embodi 
ments the gate electrode is formed of a single polysilicon 
layer, the vertical ?eld effect transistor according to the 
present invention can be also applicable With equal effect to 
an apparatus (NV device, i.e., a non-volatile device) in 
Which the gate is formed by double polysilicon layers 
formed through the inter-layer insulating layer. That 
eXample or third embodiment of the present invention is 
described beloW. 

[0075] A vertical ?eld effect transistor 31 shoWn in FIG. 
6 has the gate electrode thereof formed of a double poly 
silicon layer including a ?oating gate 32 and a control gate 
34, and a second gate insulating layer 33 held betWeen the 
gates 32, 34. This vertical ?eld effect transistor 31 is 
applicable to an EPROM, a ?ush memory or the like. 

[0076] The construction the other parts thereof is similar 
to that the corresponding parts of the vertical ?eld effect 
transistor 1 shoWn in FIG. 2, and therefore Will not be 
described again, With the same reference numerals attached 
thereto, respectively. 
[0077] In this example, the source region 4 and the drain 
region 5 are formed after forming the ?oating gate 32 or 
after further forming the control gate 34. 

[0078] In this case, too, like in the above-mentioned 
embodiments, variations in the depth of groove Which may 
develop cause no variations in the channel length L. The 
characteristics of the apparatus as a memory, therefore, are 
not subjected to variations. 

[0079] The vertical ?eld effect transistor and the manu 
facturing method thereof according to the present invention 
are not con?ned to the above-mentioned embodiments, but 
can assume various other con?gurations Without departing 
from the spirit and scope of the invention. Therefore, the 
scope of the present invention should be determined by the 
appended claims only. 

What is claimed is: 
1. A vertical ?eld effect transistor, comprising: 

a substrate; 

a protrusion Which is formed on the substrate and Whose 
side Wall of said protrusion serves as a channel region: 

a buried layer of a conduction type opposite to that of 
said substrate formed to a predetermined depth of 
said substrate by ion implantation; 
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a recess for forming said protrusion,its bottom being 
located Within said buried layer and a Width of said 
recess smaller being selected to be than the Width of 
said buried layer; and 

an impurity region making up each of a source and a 
drain formed on the surface of said protrusion and on 
the bottom surface of said recesses, Wherein a chan 
nel length is set by the distance betWeen said buried 
layer and said impurity region on the surface of said 
protrusion. 

2. A vertical ?eld effect transistor according to claim 1, 
further comprising on a channel region of its side Wall: 

a ?rst gate insulating ?lm; 

a ?oating gate electrode; 

a second gate insulating ?lm; and 

a control gate electrode. 
3. A method of manufacturing a vertical ?eld effect 

transistor, comprising the steps of: 

forming a buried layer of a second conduction type by ion 
implantation to a predetermined depth in a semicon 
ductor substrate of a ?rst conduction type; 
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forming a recess having a Width smaller than the Width of 
said buried layer and having the bottom thereof located 
Within said buried layer of said semiconductor sub 
strate; 

forming a gate electrode through a gate insulating ?lm on 
the side Wall of a protrusion formed by said recess; and 

forming an impurity region making up a source and a 
drain on the surface of said protrusion and on the 
bottom surface of said recess. 

4. A method of manufacturing a vertical ?eld effect 
transistor according to claim 2, Wherein said buried layer is 
thermally diffused after ion implantation. 

5. A method of manufacturing a vertical ?eld effect 
transistor according to claim 2, 

Wherein said buried layer is formed by ion implantation 
using a mask formed on an insulating ?lm, and 

Wherein a said Wall insulating ?lm is formed on said 
insulating ?lm patterned by said mask, and thereafter 
said recess is formed With said insulating layer and said 
side Wall insulating ?lm as a mask. 

* * * * * 


