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(57) ABSTRACT

The present invention relates to double-gate FinFET devices
and fabricating methods thercof. More particulacly, the
invention relates to an clectrically stable double-gate Fin-
FET device and the method of fabrication in which the Fin
active region on a bulk silicon substrate where device
channel and the body are to be formed has a nano-size width
and 1s connecled to the subsirale and is [ormed with the

shape ol a wall along the chaunel length direction.

The conventional double-gate MOS devices are fabricated
using SOI wafers which are more expensive than bulk
silicon wafers. It also has problems including the Hoating
body effeets, larger source/drain parasitic resistance, off-
current incrcase, and deterioration in heat transfer to the
substrate.

19 Claims, 19 Drawing Sheets

PR oo ™

10

——T

Z2b



U.S. Patent Apr. 26, 2005 Sheet 1 of 19 US 6,885,055 B2

34

32

z Y 32
'4 .

L

IFig. 1a

Fig. 1b

32

32

Fig. 1¢



U.S. Patent Apr. 26, 2005 Sheet 2 of 19 US 6,885,055 B2

16
34 . 6
z A
|
i
i ’
|
A
{2 )
10 2aq
Fig. 2a
16
6




U.S. Patent Apr. 26, 2005 Sheet 3 of 19 US 6,885,055 B2

16
6
12
avd
1
} {
/ \
7
4 [ )
10 2b
Fig. 3a
16
R\ W
12 Lo
»
[l -\ F' -;
:.'jZ:ij;ﬁ:i:iji:l:'.:l:::l;Z:; .:I;I:Z:Z;I:Z:I:I:Z:: E:‘::::.:::}‘::.:,:- ]]]]
4 )
10 2b



U.S. Patent Apr. 26, 2005 Sheet 4 of 19 US 6,885,055 B2

16
| 6
12
[
/j::“
e
L \’ ,
4
0 2
Fig. 4a
4
L T~—16

Fig. 4b



U.S. Patent Apr. 26, 2005 Sheet 5 of 19

16

18 6

{' a _ 3
1]0 4 2b
Fig. ba

18

7

Fig. 5b

US 6,885,055 B2



U.S. Patent

Apr. 26, 2005 Sheet 6 of 19

US 6,885,055 B2

Fig. 6a

16

‘Fig. 6b



U.S. Patent Apr. 26, 2005 Sheet 7 of 19 US 6,885,055 B2

| % 2
| L ]/—/
- e
| [ X‘\
16" \46
Fig. 6¢
‘i 48 46
: _ 4
\ B\
14 P W‘;;}
] %
7 ’/&éf‘ﬁg;‘\ /
16 46° \[48

Fig. 6d



U.S. Patent Apr. 26, 2005 Sheet 8 of 19 US 6,885,055 B2

E'“1|

38 46
i
. U

t6

4~ 16

r.:.: '
‘Hq]-
3 O

.........................
...........................

Fig., 7



U.S. Patent

Apr. 26, 2005

....................
.....................
................

------------

OO

Sheet 9 of 19

US 6,885,055 B2

2,

‘‘‘‘‘

............
...............
..............
...........
-------------

..............
.....................

...................

................
........................

......................

A




US 6,885,055 B2

Sheet 10 of 19

Apr. 26, 2005

U.S. Patent

lllll

L3 L] -
vl » - - ‘4
- e
e, ...' e
..... LU
r-o.v--. -----
L r‘-tstlt-
vl-.l'l-- L
SRR e« D NS e s S
e . b -
.-.--v.ol vI -v'rr..
PR
e T g --.vv-.-_ LI L ]
................... b+ r 2
................ LDRY SR el
LT g s . Lttt P
LI B -.--l-l-t

-----

...............
.....................
...............

...............

5_,_/""4
4—"
Fig. 9a
\

Fig. 9b




U.S. Patent Apr. 26, 2005 Sheet 11 of 19 US 6,885,055 B2

4 7
10

v1— --------

b i o e s o
tttttttttttttttttttttttt
------------------------

.............................................. f‘2b

-----------------------
.......................
-----------------------

L v-_-—wr‘ --——vr"‘—'v.. -yv

ttttttttttttttttttttttt
lllllllllllllllllllllll
....................... 2b
lllllllllllllllllllllll
llllllllllllllllllllll
.......................
lllllllllllllllllllllll
........................




U.S. Patent

Apr. 26, 2005 Sheet 12 of 19

L e
||||||||||||||||
-----------------
----------------------
ttttttttttttttttttttttt
--------------------
------------------
-------------------
------------------------

45 14

A

L

-----------------------

¥

-----------------------
--------------------- b

L O R D R B S R I I ) PR EED

-----------------------

ooooooooooooooooooooooooo
........................

~ 10

US 6,885,055 B2



U.S. Patent

Apr. 26, 2005 Sheet 13 of 19

6 i 14
4 |1
‘%zisi

vvvvvvvv
lllllllllllllllllllllll
llllllllllllllllllllllll
ooooooooooooooooooooo
ooooooooooooooooooooooo
ooooooooooooooooooooooo
lllllllllllllllllllllll
lllllllllllllllllllllll
lllllllllllllllllllllll

r-2b

—2b

US 6,885,055 B2



==
uwy
uw;
2
uwy
o )
oo
&
42!
-]
. Nal
N
2 \
z %imm .uww..
| vnrv-‘|1. v..vul-.
b ......... ........-.
: _-U.H.H @ ”.”.”.x
. T”..mw. — m”mm”
: S — R
n”.”rnu” g A Lo 3 oot Lt e oo e e -”.“o...a-“

................

................
................

. /// = /ﬁmmw
- = L
&~

1g. 11b



U.S. Patent Apr. 26, 2005 Sheet 15 of 19 US 6,885,055 B2

6y 14

e Sk R e ma bty

----------------------

e e D L A
...................... b
-----------------------

----------------------
uuuuuuuuuuuuuuuuuuuuuuu

vvvvvvvvvvvvvvvvvvvvvvv
.......................




US 6,885,055 B2

Sheet 16 of 19

Apr. 26, 2005

U.S. Patent

Fig. 12a

Fig. 12b



U.S. Patent Apr. 26, 2005 Sheet 17 of 19 US 6,885,055 B2

—2b

2b




U.S. Patent Apr. 26, 2005 Sheet 18 of 19 US 6,885,055 B2

L T T T T T T T T LT

L—2b

~ S5 oo WY
) i \.\‘
~ |
NP S
) o LR
TNy .
o e ] R
g -
o ] L e
. ot
- ‘.‘: L b )
. v *
~SEEL 4 k|
e s
oy ' -
oy . L
ey - *

—2b




U.S. Patent Apr. 26, 2005 Sheet 19 of 19 US 6,885,055 B2

-----
ttttt

lllllllllllllllllllllll
-------------------------
lllllllllllllllllllllll
-------------------------

lllllllllllllllllllllll
------- B R
'''''''' C I TR B LT AT T O R DT R D R R
..........................
lllllllllllllllllllllll

!!!!!!!!!!!!!!!!!!!!!!

--------------------------

!!!!!!!!!

..............
| R A B AL M R
| B RN S R L I IR R L S T S -

||||||||||||||||||||||

lllllllllllllllllllllll




US 6,885,055 B2

1
DOUBLE-GATLE FINFET DEVICE AND
FABRICATING METHOD THEREOF

BACKGROUND OF THL INVENTION

The present invention relales 10 double-gaie ulilT
devices and labricaling methods thereol. More particularly,
the invention telales 10 an electrically stable double-gale
FinFET device and the method of fabrication in which the
Fin active region on a bulk silicon substrate where device
channel and the body are (o be [ormed has a nano-size widih
and is counecied lo the substrate and 1s formed wilh the
shape of a wall along the channel lenpth dircetion (the
current How dircetion).

Worldwide rescarches are actively being vndertaken in
the area ol nano-CMOS device lechnologies since the appli-
cations ol nano-CMOS lechnologies in logic circulls and
memaories have the capability of creating substantial valuc
added revenues,

The system based on the silicon semiconductor technol-
ogy is becoming smaller and requires low eleciric power
consumplion. The size ol its devices should be small accord-
ingly.

The most competitive deviee technolopy which can meet
those requirements is the CMOS deviee technology.

The gale sive of these devices is presenlly being scaled
down, however, some problems are occurriug with the
scaling-down.

The biggest problem is so called short channel effects.
The conventional CMOS deviees have mainly fabricated
using bulk silicon substrates. The MOS device fabricated on
a bulk silicon subsirate has device characleristics which are
sensilively allecled by the [abrication conditions as the
length of a pate is being scaled down to a size of less than

50 om. Also, the device performance of CMOS devices with -

the chamnel length around 30 nm s insullicienl 0 be
implemented i a real circuit.

A 30 om CMOS device which 1s developed by [ulel has
poor I-V characteristics by considering sealing-down trend
of the conventional devices.

There are only small margins for improving the integra-
tion densily by reducing the actual area occupied by a single
device since the spacer region lormed at the both sides ol a
gate has not been scaled down.

Due to the imitation of MOS deviee technology based on
bulk silicon substrates, active rescarches have been focused
on realiving a device with the channel lenglh below 30 om
using Silicon On [nsulator (SOI) substraies.

Many research resulls have been published on analysing
the characteristics of the conventional device structures on a
SOI substrate rather than on a bulk substrate, however, the
parasilic resislance ol the source/drain region due Lo thin
film thickness becomes 100 large and consequently requires
a scleetive prowth of an epitaxial laver in the souree/drain
repion.

Also, the SOI devices, in which the body of a device is not
conuecled 1o a subsirale, have resulled Noaling body ellects
and low heal transler rates, and consequenlly causing the
deterioration in the device performance.

As cxplained above, the scaling-down characteristic of
the conventional deviee structure implemented on a SOI
subslrate is nol much improved by comparing thal ol device
implanted on a bulk subsirale.

A double-gale device structure has emerged as the most
appropriate device strueture for redueing the channel length
of a CMOS deviee below 25 nm or less.

i

10

al

40

45

il

65

2

A dovble-pate device comprises gate cleetrodes at the
lopbottom or leltright ol a channel where the current [lows,
shows a significant improvement in gale control character-
istics ol the channel through gale electrodes.

In case where the channel is controlled well by pate bias,
the leakage current between a source and a drain can be
improved, which leads 1o the lower Drain Induced Barrier
Lowering (L) ellfect.

Also, due o the presence of gales al the both sides ol a
channel region, the threshold voltage of the device can be
dynamically changed, resulting in much improved on-off
channel characteristic in comparison 0 the conventional
single-gate struciures and successiully suppressing the shorl
chanuel ellects.

111G, 1 shows a briel representation ol ihe directions ol the
current How in the channel of & double-gate structure formed
on the surface of a wafer having a crystal orientation of
(100).

A gale 32 s lormed at the top/botiom or leltright of a
body (channel 34).

FIG. 1a shows a kind of threc-dimensional device in
which the source/drain region is formed at the top/bottom
and the corrent flows from top to bottom {or vice versa) and
a channel 34 is formed al right angles to a (100} waler.

I'1G5. 16 shows a slandard double-gate MOS device strue-
lure in which a channel 34 is lormed on the same surface ol
a (L00) water and gates 32 arc formed at the top and bottom
of the channcl 34 and the current flows on the surface
direction ol 100 erysiallographic orenlation.

111G, 1e shows a chanunel 34 which is lormed al right
angles 1o the surface ol a {100) waler, and ihe source/drain
region is not formed at the top/bottom of the channel as
shown in FIG. 1a. The current Hows on both surfaces of the
channel {or [in) 34 [ormed at right angles lo the surface ol
a (100) waler.

111G, 2 shows the essential parts of a conventional inl'L'T
structure where the metal layver for wiring was omitted for
simplicity.

FI1G. 2a and FIG. 2b represent the same struetures where
PG, 2e i semi-ransparent and LG, 26 is shaded. [ere, the
structure and the current Now direction correspond 10 those
ol I'IG. 1e. The short channel ellects can significantly be
reduced by forming a gate clectrode 16 at both (top/bottom)
sides of the channel 34. A silicon substrate 2a of SOI wafcr,
oxide lavers 6, 10 and a gale oxide laver 12 are shown in
FIG. 2a.

[lereinalier, the methods of labricating a double-gate
device with the same characteristics as shown in FIG. 15 and
FIG. 1c will be described.

First, the key fearures shown in FIG. 15 will be explained.
In L1, 1A, the current [lows to ithe same horizonial direclion
as the surlace ol a {100) waler. [n this structure, the channel
34 is formed on the surface of a (L00) wafer like the
conventional MOSFETs. Hence, the surface characteristic of
S5i—S8i02 1% ol inferior o that ol the conventional MOS-
LTS,

In a double-gate device as shown in FIG. 16, gates 32 are
formed at the top/bottom of a channel 34.

This device structure cnables a thin and vniform control
of Si film thickness in a silicon body region.

In order o form gates 32 al the lop/bollom ol a channel
34, waler bonding process and elch-back process have Lo be
perlormed by uliliving Micro Llectro-Mechanical System
{MEMS) tecchnology which makes the fabricating process
very complicated.
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One of the most important requirements for the double-
gale MOS device 1s thal lwo gales 32 must be sell-aligned,
olherwise, (he device characleristics deleriorale signili-
cantly.

A considerable effort has been concentrated on forming a
sell-aligned gates 32 for the device as shown in U1G. 16
where gales are [ormed at the top/bollom of a channel 34.
Many complications have arisen from the material and
complexity of the fabrication process.

In order to improve the scale-down characteristics of the
device, the channel silicon [ilm thickness should be reduced
o 20 um or less.

[l the silicon [llm with a thickness o 20 om or less is used
for the channel and source/drain region, the short channel
cifeets could be improved, however, the deviee characteris-
tics would deleriorale due 1o a significant increase in sourcef
drain parasilic resislance.

[n order Lo realive both sell-alignment and reduction i the
source/drain resistance, the complexitics of fabrication pro-
cess should be accepted as a conscquence.

Second, the other method ol implementing a double-gale
MOS device includes [orming the gale 32 on boil sides of
the channel 34 ax shown in 16, 1o is described.

The MOS deviee in FIG. 1c¢ is called FinFET. In the
double-gate deviee as shown in FIG. e, the width of the
channel region 34 s pailerned Lo be in a nano-meler sive (50
um or less). The double-gate device uses the eiched vertical
surlaces on both sidewalls of the body as the main channel
repions.

In the above strueture, the channel 34 is formed at right
angles 1o the wafer surface.

The [abrication melhod as shown azbove has a more
simplified [abricalion process in comparison lo the structure
(FIG. 15y which has gates 32 at the topbotom.

10

al

Howcver, since the channel 34 is formed on the side of the -

film which is formed at right angle to the surface of a (100}
silicon waler, the crystallographic orientation of the channel
hecomes 110 and the surface characterislics ol the orenla-
tion 110 is inferior to that of the conventional 100 surface.

In order to resolve this problem, the body which includes
the channel region is formed at 45 degree to the primary fat
zome ol (100) waler o0 form a channel on (100) silicon
surlace ol the body.

The silicon region of the channel is defined by nano-
patterning  technology. Henee, the device characteristics
with the pattern size variation could be relatively large sinee
the variation in size control ol the body is larger than thal of
the double-gate device shown in FIG. 16 where a gale ix
formed al the op/botiom. Basically, FIG. 16 struclure has
sclf-aligned gates which arc formed at both sides of the
channel 34.

[lowever, the source/drain region [ormed in thin body
region has the same nano-sive body widil as the channel
region and il reduces the current drive capabilily due 1o an
increase in the source/drain parasitic resistance.

In order to resolve this problem, it was tried to deposit
polyeryslallineg silicon or SiGe layer on the source/drain
region as a non-sell-aligned manuer. [owever, their impact
was nol signilicanl since the parasilic resislance belween the
thin width channel and souree/drain region was not reduced
in spite of the new fabrication methods that were cither
helng added or allered.

Thus, a double-gate MOS device lormed on a conven-
tional SO1 silicon subsirate is more expensive han that oo
a bulk wafer. It also has a larger the souree/drain parasitic
resistance.

40
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Like a foating body SOI devices, the body 34 where a
chanuel is [ormed as shown in 110, 2 is not connected 1o the
501 silicon subsirale 2g, hence, the Moating body problem
may be arisen. Also, since an oxide {ilm 10 on a SO1 silicon
substrate 2 which is blocking the hear, which is gencrated
by the deviee, being transferred to the SOT silicon substrate
24, the device characierisiic deteriorales.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
double-gate FInFET device and the method of fabricating
thereol in which a bulk silicon waler is ulilized in order 1o
reduce the waler cosl, and source/drain parasilic resislance
by lorming an epitaxial laver which is sell-aligned 1o a gale
is reduced, the channel, source/drain, and the body are
formed in Fin active region, and by being the body con-
necled o a bulk silicon substrate the Moating body problem
is resolved and the device characteristics could be improved
by nereasing the heat transfer rate.

A double-gate FinFET device according to the present
lnvention comprises a bulk silicon substrate, a Fin active
region which s lormed as a wall-shape single crystalline
silicon on Ihe surface of ihe bulk silicon subsirale and
commnecied o the bulk silicon subsirale, a second oxide layer
which is formed vp to a certain height of the Fin active
region from the surface of bulk silicon substrate, a pate
oxide layer which 1s lormed at both side-walls of the Mo
active region protruded rom the second oxide layer, a [lirsl
oxide layer which is formed on the wpper surface of the Fin
active region with a thickness greater or equal 1o that of the
aate oxide, a pate which is formed on the first and second
oxide layer, source/drain regions which are lormed on both
sides ol the I'in aclive region excepl where the gale overlaps
with the Fin active region, and contact regions and a metal
layer which are formed at the souree/drain and gate contact
TeZions.

A double-gale inliLlT device [abrication method accord-
ing 1o the present invention comprises the steps ol [orming
a wall-shape Fin active region which consists of single
crystalline silicon on a bulk silicon substrate, forming a
sceond oxide layer up to a certain height of the Fin active
region [rom the surlace of bulk silicon substrate, lorming a
wale oxide laver al both side-walls of the lin aclive region
protruded from the sceond oxide layer, forming a first oxide
layer on the vpper surface of the Fin active region with a
thickness grealer or equal 1o thal ol the gatle oxide, lorming
a gale on the [irst and second oxide layer, lorming source!
drain regions on both sides ol the lin aclive region excepl
where the gate overlaps with the Fin active region, and
forming contact regions and a metal layer at the source/drain
and gale contact regions.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1g through FIG. 1c is a perspective view which
shows brief representations of the directions of the current
llow in the channel ol a double-gate siructure [ormed on the
surlace of a waler having a crysial orientation ol (1(0).

LG, 2a and IPIG. 26 are perspeclive views which show
the conventional structure of a Fin FET deviee which are
represented by semi-transparent and shaded, respectively.

FI1G. 3¢ and FIG. 3b arc perspective views which show
the structure of a Iin FET device according 1o the present
invention which are represented by semi-lransparent and
shaded, respectively.

FIG. 4a is perspective view of FIG. 37 and FIG. 45 is plan
view which shows the layout parterns of FIG. 3a.
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FIG. 5¢ and FIG. 3b arc perspective and plane views
which show (he struciure ol a Min LT device according Lo
one embodiment ol the present invention.

LLCh. 6 through FIG. 6d are plan views which show each
masking step [n order to implement the device shown In
FIG. 4.

FIG. 7 shows cross sections in the horizontal and perpen-
dicular directions ol the struclure according lo the present
invenlion as shown o FIG. 4.

L'LC5. 8 shows cross sections in the horizontal and perpen-
dicular dircetions of the structure aceording to the present
invention as shown in FIG. 5.

FIG. 94 through FIG. 94 show key steps to implement the
hody struciure of the FinlLl device according 1o the lirst
embodiment ol the present invenlion.

LLG. 10 through LIG. 104 show key steps 10 implement
the body structure of the FinFET device according, to the
sceond embodiment of the present invention.

FIG. 11# through FIG. 114 show key steps to implement
the body struclure ol the Finl'L'T device according (o the
third embodiment ol the present invention.

LLG. 124 through LIG. 124 show key steps 10 implement
the body structure of the FinFET device according, to the
fourth embodiment of the present invention.

FIG. 13a through FIG. 134 show key steps to implement
the body struclure ol the Finl'L'T device according (o the
filih embodiment ol the present invention.

DLETAILLD DESCRIPTION OFF 111k
LMBODIMUENTS

[lereinalter, preferred embodiments ol the present inven-
tion will be described in detail with relerence Lo the accom-
panying drawings.

First of all, the present invention compriscs a bullk silicon
substrate 2b and a Fin active region 4 which consists of
single crystallive silicon with the shape ol a wall on the
surlace of the bulk silicon substrate 26 and 1s connectled Lo
the bulk silicon substrate 26, a second oxide laver 10 which
is formed to a certain height above the Fin active region 4
from the surface of the bulk silicon substrate 25, a gate oxide
layer 12 which is [ormed al both side-walls of the L'in aclive
region 4 protruded [rom the second oxide laver 10, a first
oxide layer 6 which is formed on the vpper surface of the Fin
active repion 4 with a thickness that is greater or equal to the
thickness of the gate oxide 12, a gate 16 which is formed on
the first oxide laver 6 and second oxide layver 10, a source/
drain region which is lformed on both sides ol the Fin aclive
region 4 except where the gate 16 overlaps with the Fin
active region 4 and contact regions 46 and a metal layer 48
which are lormed at the source/drain and gate 16 contact
regions.

l'rom the above construction, the thickness ol the second

oxide layer 10 is selected in a range from 20 om to 800 nm .

in order to reduec the parasitic capacitance between the gate
16 and bulk silicon substrate 2b.

lrom the above construclion, the inlegration ol a device
can be improved and the contacl resistance can be reduced
by constructing the sive ol the conlacl region 46, which is in
contact with said metal layer 48, wider than the width of the
Fin active region and longer than the length of the gate 16,

l'rom the above consiruction, ihe resistance ol Liin active
region can be reduced by not [ixing the width of the Lin
active region 4 but gradually increase the widlh within the
sceond oxide layer 10 as it approached to the bulk silicon
substrate 2b.
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From the above construction, the shape of the Fin active
region 4 can be a trapezoid where the widlh ol the upper
section 18 narrow and the lower seclion is wide.

From the above construction, the rwo top corners of the
Fin active repion 4 can be chamfered through an oxidation
above 90° (7. and elching, and {or) annealing process in a
hydrogen almosphere in order 1o improve the durability ol
the deviee.

From the above construction, the pate material 16 can be
one of poly-silicon, poly-SiGe, and metal.

1'1G5. 3 shows the device structure according Lo (he presenl
invention. 11 shows the essential parts ol a convenlional
FinFET structure where a metal layer for wiring is omitted.
FIG. 3a and FIG. 3b arc the same structure and show

. semi-lransparent and shaded views, respectively.

Unlike I'IG. 2, the Lin active region 4 is not Moating and
is connceted to the bulk silicon substrate, as a result, the
device characteristics can be much improved.

More specifically, the Hoating body problem which exists
[or ihe device lormed ou ihe conventional SOOI silicon
subsirale 2 can be removed by connecting the body Lo the
silicon substrate. Also, the heat gencrated by the channel
region of a device can transfer to the bullk silicon substrate
265 more elliciently than the conventional SO structure.

Also, 1l has a cost advanlage since Lhe device is Tabricaled
on a bulk wafcr rather than a SOI wafer.

FIG. 4g is the device structure according 1o one preferred
embodiment of the present inveulion. 1 is identical o UIG.
3z and is added lor companson. [n U1G. 5a, a seleclive
cpitaxial laver 18 s added to the structure in FIG. 4a in order
to reduce the source/drain parasitic resistance.

L1G. 4 and 146G, 5S¢ show Lhe essential parts excepl the
melal layer lor wiring and UIG. 46 and I'IG. 5k are the (op
views ol U1G. 4¢ and IIG. Sa, respectively.

In FIG. 4b, a sourceidrain region is formed on the region
where the gate 16 docs not overlap with the Fin active region
4.

A conlact 1% lformed at the area where the source/drain is
construcled v the Iin aclive region 4. Since a metal wire is
connected o a Fin structure which is exposed by contact
open process and the Fin width is identical to that of the thin
chanuel, il can signilicantly increase the source/drain para-
sitic tesislance. [lence, the parasilic resislance can be
reduced through the method as shown 1u G, 5h

Hereatter, the process of growing a sclective cpitaxial
layer 18 in the souree drain region of Fin FET device will be
described.

[1 is assumed thal the device has been [abricated up (o the
wale structure 16.

[ the sample with the polysilicon gate doping ol above
10°? ¢m™ and the channel doping of around 10M® cm™ is
oxidized in wet ambicnt with the thickness berween 5 nm
and 20 nm, then a 3 o 5 imes thicker oxide can grow oo the
wale due 1o the doping.

[ the above grown oxidation laver 1s elched again with
respect to the thickness of the oxide grown on the exposcd
Fin channel region, the oxide layer formed on the side-walls
ol the Llin active region is removed and the silicon in the Mo
aclive region 4 is exposed.

Al this time, the gate 16 1s stll covered with a relatively
thick oxide layer. Taking the silicon, which is cxposcd at the
side-walls of the Fin active region 4 of the source/drain, as
a seed, a selective epitaxial layer 18 is grown.

[n some cases, the silicon al lhe side-walls as well as the
upper seclion ol the I'in aclive region 4 s exposed and (his
is taken as a sced in order to grow a sclective epitaxial layver
18.
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The selective epitaxial layer 18 that can be grown in this
inslance is one ol single crystalline silicon, single crystalline
SiGe, single crysialline Ge, polysilicon, and poly SiGe.

The dash dot line o (he Iin active region 4 as shown in
FIG. 44 and FIG. 5a represcats the depth of the sourceddrain
Junction.

In FIG. 44 and FIG. 5a, for example, the junction depth
is localed slightly above the surlace of the second oxidation
layer 10. [t is possible Lo conirol the short channel ellects by
controlling the junction depth.

When the upper surface of the second oxidation layer 10
is taken as a referenee line, the junetion depth should be lic
in a range which 1s grealer than (0 um and less than 50 om
above the relerence liue in order lo suppress the short
channel ctfects.

On the contrary, it the range is less than 0 nm and greater
than —50 nm then the current driving capability is improved
rathier than suppressing the short channel ellects.

L'l(5. 5a shows the seleclive epilaxial layer 18 according
1o another preferred embodiment of the present invenlion.

According to the fabrication process, after a gate 16 is
formed, a diclectric layer with thickness between 5 nm and
100 nm is deposited, and an anisotropic ctehing is carricd
oul lor a thickness corresponding Lo the deposition thickness
and the height of the lin active region 4 protruding above
the second oxidation layer 10, the diclectric layer is formed
only [n the vicinity where the gate 16 comes into contact
willh source/drain lin active region 4.

laking the silicon region ol the exposed i aclive region
and poly-silicon region as seeds, a selective epilaxial layer
18 is grown by a thickness between 5 nm and 100 nm.

Henee, the selective epitaxial layer 18 is grown on the
source/drain region as well as on the poly-silicon or SiGe
gale 16 resulling in a reduction in the resislance.

The gale 16 and source/drain are elecirically insulaled.

L'I(5. 6 shows a masking sequence 10 order 1o implement
the structure as shown in FIG. 4a.

FIG. 6a is for implementing a Fin active region 4 and FIG.
6b is for implementing a pate 16,

LI(. 6¢ shows contacl regions 46 [or the source/drain
contact and L1G. 6« shows the connection ol a metal layer
48 for wiring.

FIG. 7 shows cross sections in the horizontal and perpen-
dicular dircetions of the structure aceording to the present
invenlion as shown o FIG. 4.

The resistance ol the sourcesdrain region is large since 1is
width is nearly same as thal of the narrow i aclive region
4.

The contact regions 46 are utilized for clectrically con-
necling a metal layver 48 with the source/drain lormed in the
liin actlive region 4.

L'LC5. 8 shows cross sections in the horizontal and perpen-
dicular dircctions of a structure where a sclective epitaxial
layer 18 is grown on the sovreeddrain Fin active region 4
according to the present invention as shown in FIG. 5.

As can be seen [tom the added cross section (3-13 cross
section) al the Tower lell section, a seleclive epilaxial layer
18 is formed on both side-walls cxposed in the Fin active
repion 4.

The selective epitaxial laver 18 can be grown on the both
side-walls as well as the upper section in the Lin aclive
region 4.

The source/drain region has a small parasilic resistance
value since it has a wider width from the growth of the
cpitaxial layver 18,
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The contact regions 46 arc utilized for clectrically con-
necling a melal layer 48 with the source/drain [ormed in the
I'in aclive region 4.

[lereinalier, in order Lo show the body ol the proposed
structure [n the present invention, a two dimensional cross
scetion 1s used for showing the essential contact berween the
chanuel and the gale 16 instead of a three dimensional cross
seclion.

I1G. 9 s an example lor implementing the Finl LT device
according to the present invention. A two dimensional cross
scetion for fabricating the structure using Chemical
Mechanical Polishing (CMI").

111G, 9a shows the process which [orms a [irst oxide layer
6 on a bulk silicon substrale 264, carries oul a nano-pallerning
process and he lirst oxide layer 6 and the silicon of the bulk
silicon substrate 2b arc ctehed.

Later, the Fin active region 4 that is connected to the bulk
silicon substrate 2b is formed.

Al this inslance, the thickness of the lrst oxide layer 6 is
in 4 range between (.5 nm and 200 nm, the height ol Mo
active region 4 is in a range between 10 nm and 1000 nm and
the width is in a range between 4 nm and 100 om.

FI1G. 9 shows an ctched cross section by CMP afrer
lorming a second oxide layer 10 on the structure in I1G. 9g
with a thickness between 20 nm and 1000 om, or prelerably
between 20 nm and 800 nm.

FIG. 9¢ shows a cross scetion atter removing a sceond
oxide layer 10 on the structuce in FIG. 9b by a thickoess
between 10 nm and 300 nm rom the surlace.

Lventually, the height ol the i aclive region 4 protrud-
ing above the second oxide layer 101s belween 5 nm and 300
nm,

FIG. 94 shows a cross section after growing a pate oxide
layer 12 with a thickoess between 0.5 nm and 10 nm in the
lormed I'in aclive region 4.

[ is more prelerable lo clean the side-walls ol the pro-
truding I active region 4 belore growing the gale oxide
layer 12 and to carry out an anncaling process in a Nitrogen
or Argon atmosphere after removing a sacrificial oxide layer,
which is grown Lo remove the damage generaled during the
previous process.

As a post process, a gale electrode is lormed using one ol
gate materials such as poly-silicon (P+ or N+ doping), SiGe
{P+ or N+ doping), and metals, and the gate 16 is defined by
using phoiolithography.

An oxide laver is lormed, and an appropriate heal treat-
meni process is carried oul, and il necessary, a layer ol oxide
is deposired.

Afterwards, a photolithography process is carried out for
lorming a conlact region 46.

A melal layer 48 1s deposiled 10 be elecirically connecled
with the source/drain and a metal wiring is lormed through
a photolithography process.

FIG. 10 is an cxample for implementing the body where
the channel of the FInFET device is formed according to the
present invenlion. 1L shows the essenlial processing steps lor
[abricating the siructure using Chemical Mechanical Polish-
ng {CMP).

FI1G. 10a shows the process of forming a first oxide layer
6 and a nitride layer 14 on a bulk silicon substrate 25 and
carrying oul a nano-pallerning, and elching the hirst oxide
layer 6, nilride layer 14, and the silicon ol the bulk silicon
substrate 2b.

The above nitride layer 14 is used as an cteh stopper for
CMP and the thickness is between 10 nm and 200 nm.
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Later, a Fin active region 4 which is connected to the bulk
silicon subsirate 26 is [ormed.

Al this instance, the thickness value ol the [irst oxide layer
6 is between 0.5 nm and 200 nm and the height of Fin active
renion 4 is between 10 nm and 1000 om.

FIG. 10b shows a cross scction ctched by CMP atter
forming a second oxide layer 10 on the structure in L1G. 10q
willl a thickness between 20 om and 1000 nm, or preferably
between 20 nm and 800 nm.

FIG. 10¢ shows a cross section after removing a second
oxide layer 10 on the struciure in U1G. 106 by a thickness
helween 10 nm and 300 um [rom the surface.

Eventually, the height of the Fin active region 4 protrod-
ing above the second oxide layer 10 is between 5 nm and 300
nm.

LLG. 10d shows a cross section ol a gale oxide layer 12
grown with a thickuess belween (0.5 um and 10 nm o the
formed Fin active region 4.

Here, the gate oxide layer 12 can be formed after remov-
ing the nitride layer 14.

[l is more preflerable o clean the side-walls of the pro-
truding lin aclive region 4 belore growing the gale oxide
layer 12 and to carry out an anncaling process in a Nitrogen
or Argon atmosphere after removing a sacrificial oxide layer
which is grown (o remove the damage generaled during the
previous process.

As 4 posl process, a gale elecirode is lormed using one of
gatc matcrials such as poly-silicon (P+ or N+ doping), SiGe
(P+ or N+ doping), and metals, and the gate 16 is defined
using photolithography.

An oxide layer is lormed and an appropriale heal treal-
menl process carries oul, and i necessary, an oxidation layer
is deposited.

Afterwards, a photolithography process is cacried out for
forming a contact region 46.

Ametal layer 48 is deposited 10 be elecirically connecled
will the sourcesdrain and a metal wiring s lormed through
a photolithography process.

FIG. 11 is an cxample for implementing the body where
the channel of a FinFET device is formed according to the
present invention. [ shows the essential processing sleps [or
labricating a liin chanuel using the selective epilaxial growil
method.

FIG. 11& shows the process of forming a sceond oxide
layer 10 with a thickness value berween 20 nm and 100 nm
on a bulk silicon subsirale 26 and carrying oul a nano-
pallerning and elching the second oxide laver 10 Lo the
deposited thickness.

Here, the width of ctehed second oxidation layer 10 is
between 4 nm and 100 om and the depth is between 10 nm
and 1000 om.

laking the silicon region of the exposed bulk silicon
subslrate, 26 al the bollom ol eiched oxide layer irench, a
selective epitaxial layer of a suitable height is prown in order
to form a Fin active region 4 utilizing the selective epitaxial
growth method.

A st oxide layer 6 is lormed with a thickness belween
0.5 nm Lo 200 nm above the o active region 4, and a nitride
layer 14 is formed 10 nm o 200 nm above the first oxide
layer 6.

FIG. 115 shows & cross section when the first oxide layer
6 and niinide layer 14 are elched as much as the deposiled
thickness through CMP or dry elching.

LG, Tle shows a cross seclion when the second oxide
layer 10 is etched by a thickness between 10 nm and 300 om
trom the surface.

i
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Eventually, the height of the Fin active region 4 protrud-
ing above the second oxide layer 101s belween 5 nm and 300
.

LG, Tl shows a cross section ol a gale oxide layer 12
which is grown in the formed Fin active region 4.

It is more preferable to clean the side-walls of the pro-
truding Fin active region 4 before growing the gate oxide
layer 12 and 10 carry oul an annealing process in a Nilrogen
or Argon almosphere aller removing a sacrificial oxide layer
which is grown Lo remove the damage generaled during the
PLOVIOUS Process.

The subscquent post-processing steps arce identical to
those of FIG. 94 and FIG. 104.

FIG. 12 is an example for fabricating a body where the
chanuel of the MinlLT device is o be lormed according 1o
the preseul invention. 1l shows the essential processing sleps
for fabricating the strueture by growing a ficld oxidation
layer 28 instead of utilizing Chemical Mechanical Polishing

s (CMP),

[lere, the essential labrication processes are implemented
by applying a spacer oxide laver 26 and the field oxide layer
28 prowth technology.

In FIG. 124, a first oxide layer & is formed with a
thickness between 0.5 nm and 200 om after a Fin active
region 4 s lormed through a photolithography process, a
nitride layer 14 ix [ormed above the [irst oxide laver 6 with
a thickness belween 10 nm and 200 nm, and a third oxidalion
layer 20 is formed above the nitride layer 14 with a thickness
between 5 nm and 500 nm.

FIG. 12¢ shows a cross scetion when the third oxidation
layver 20, niinde layer 14, first oxidation laver 6 and the
silicon of the bulk silicon subsirate 26 are elched.

The height ol the lormed I'in aclive region should be
between 10 nm and 1000 nm.

In this condition, a thin buffer oxide layer 22 is formed
with a thickness between 1 nm and 50 nm and a nitride layer
24 1s lormed on the buller oxide layer 22 wilh a thickness
between 5 nm and 100 nm.

Also, when anisotropic elching is carried oul aller a layer
of oxide is formed on the nitride layer 24 with a thickness
between 5 om and 100 nm, spacer oxide laver 26 Is formed.

The top and both side surtaces of the Fin active region 4
are covered with oxide layers (6, 20, 22, 26) and nitnide
lavers (14, 24), and the silicon of the bulk subsirale 26 is
cxposed in other arcas.

FIG. 12b shows a cross scction when the silicon of the
bulk substrate 2b is sotropically ctehed with a thickoess
between 30 nm and 300 nm.

111G, 12¢ shows a cross section when the oxide lavers 20,
22, 26 are seleclively elched.

111G, 126 shows a cross section when the nitnide layers 14,
24 arc removed after field oxide laver 28 is grown with a
thickness between 30 nm and 500 nm.

Eventually, the height of the Fin active region 4 protrud-
ing [rom the fleld oxide laver 28 1s belween 5 nm and 300
nm.

FIG. 124 shows a cross section of a gate oxide layer 12
arown in the Fin active region 4.

It is more preferable to clean the side-walls of the pro-
truding I active region 4 belore growing the gale oxide
layer 12 and 10 carry oul an annealing process in a Nilrogen
or Argon almosphere aller removing a sacrificial oxide layer
which is grown to remove the damage penerated during the
PLOVIOUS Process.
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The subscquent post processing steps are dentical to
those ol FIG. 94, 116G, 104 and UIG. 11d

L'IC. 13 is an example lor [abricating a body where the
channel ol the Mol device 1% o be formed according Lo
the present invention. It shows the cssential processing steps
for fabricating the structure by forming a spacer 3 and
growing a ficld oxidation layer 28,

[n comparison lo 116G, 12, only the material making up the
spacer 30 is dillerent.

[n FIG. 134, a [irst oxide layer 6 is lormed with a
thickness belween (0.5 nm and 200 om aller the lin aclive
repion 4 is formed through a photolithography process, a
nitride laver 14 is formed above the first oxide laver 6 with
a thickness between 10 nm and 200 nm, and a third oxidation
layer 20 1s lormed ou the nitride layer 14 with a thickness
between 5 nm and 500 nm.

FIG. 134 shows a cross section when the third oxide layer
20, nitride layer 14, first oxide layver 6 and the silicon of the
bulk silicon substrale 2b are elched.

The height of the lormed lin active region should be
belween 10 nm and 1000 nm.

[n this condition, a thin bullfer oxide laver 22 is lormed
with a thickness between 1 nm and 20 nm and a nirride layer
24 is formed on the buffer oxide layer 22 with a thickness
helween 5 nm and 100 wm.

Also, when amisotropic etching is carried oul afller a
poly-silicon or amorphous silicon as a spacer 30 malerial ix
formed ou the nilride layer 24 with a thickness belween 5 nm
and 100 nm, a spacer 30 is formed.

This structure is shown [n FIG. 135, and the spacer 30 In
FIG. 13b and the spacer oxide layer 26 in FIG. 126 arc

dilTerent malerials.

[0 111G, 135, poly-silicon or amorphous silicon is used lor

spacer malerials. This is due Lo the [act that when the spacer
oxide layer 26 is ctehed, a buffer oxide laver below the
nitride layer 24 is ctched together and might negatively
allect the growth ol the held oxide layer 28 later.

Also, the poly-=silicon or amorphous silicon can be doped
willh a high concentration value.

LG, 126 shows a cross section when the silicon of the
bulkk substrate 2b s isotropically ciched with a thickness
between 30 nm and 300 nm.

Eventually, the height of the Fin active region 4 protrod-
ing above the secoud oxide layer 10 1s between 5 nm and 300
um.

LIG. 12d shows a cross section ol a gale oxide layer 12
grown in the formed Fin active region 4.

It is more preferable 1o clean the side-walls of the pro-
truding Fin active region 4 before growing the pate oxide
layer 12 and 1o carry out an annealing process in 4 nilrogen
or Argon atmosphere aller removing a sacrificial oxide layer
which is grown to remove the damage generated during the
PIEVIOUS proccss.

The subscquent post processing steps are dentical to
those ol FIG. 94, U1G. 104, 116G, Tl and VG, 124

As explained so [ar, the presenl inveolion provides a
double-gate Fiolill' device and the method of manulaciur-
ing thercof in which a bulk water is utilized in order to
reduce the cost, the source/drain parasitic resistance is
reduced by lorming a epitaxial layer which is sell-aligned Lo
gales, Liin active region which is a crysialline silicon siruc-
lure acl as a body on which chanuels are [ormed, and the
floating body problem is resolved by being the body con-
nected to the bulk silicon substrate.
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What is claimed is:

1. A double-gate IMnlLT device, comprising:

a bulk silicon subsirale;

a I'ln active region which is a wall-shape single crystalline
silicon on a surlace ol the bulk silicon subsirale and
connected to said bulk silicon substrate;

a sccond oxide layer which is formed up to a certain
height of the Fin active region from the surface of bulk
silicon subsirate;

a gale oxide layer which is [ormed on both side-walls ol
the IYin active region protruded from said second oxide
layer;

a first oxide layer which is formed on the vpper surface of
said Fin active region with a thickaess greater or cqual
1o thal ol the gaie oxide;

a gate which 1s formed on said first and second oxide
layer;

a source/drain region which is formed on both sides ol the
Fin active region except where said gate overlaps with
the Fin active region; and

a contact region and a metal layer which are formed at
sald sourcesdrain and gale conlacl region,

wherein the (hickness of said gale oxide layer is belween
0.5 am and 10 um, and the thickness of said [irsl
oxidation layer is between 0.5 nm and 200 nm.

2. The device as claimed in claim 1, wherein the width of
said Fin active region lics in a range between 4 nm and 100
.

3. 'The device as claimed 1o claim 1, wherein the heightl ol
said Fin active region from the surface of said bulk silicon
substrate lics in a range between 10 om and 1000 om.

4. 'The device as claimed 1n claim 3, wherein the heighl ol
said 1Min active region [rom the surlace of said second oxide
laver is belween 5 um and 300 nim.

5. The device as claimed in claim 1, whercin the parasitic
capacitance between said gate and bulk silicon substrate is
reduced by selecting the ihickuness of said second oxidalion
layer 10 be belween 20 nm and 800 om.

6. The device as claimed in claim 1, wherein the contact
resistance is redueed by sclecting the size of & contact region
which is in contact with said metal layer to be greater than
the widlh ol said Fin active region and/or the length of said
gale.

7. A double-gate FinFET device, comprising:

a bulk silicon substrate:;

a Fin active region which is a all-shape single crystalline
sililcon on a surtace of the bulk silicon substrate and
comuecied 1o said bulk silicon substraie;

a second oxide layer which i1s [ormed up Lo a cerlain
height of the lin aclive region [tom the surlace ol bulk
silicon substrate;

a gate oxide layer which is formed on both side-walls of
the IYin active region protruded from said second oxide
layer;

a first oxide layer which is formed on the upper surlace or
said Fin active region with a thickaess greater or cqual
to that of the gate oxide;

a pate which is formed on said first and sccond oxide
layer;

a source/drain region wheth is formed on both sides ol the
liin aclive region excepl where said gale overlaps wilh
the Fin active region; and

a contact region and a metal layer which are formed at
sald sovurcc/drain and gate contact repion,
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wherein the contact resistance is redueed by scleeting the
sive ol a conlact region which is in coulact with said
melal layer 1o be grealer than the width of said Lin
active region, andior the lenglh ol said gate, and
sclective epitaxial laver s grown on both sides (source!
drain region) of the Fin active region except where said
IMin active region overlaps with the gale 1o a sell-
aligned manuer (o the gale, in order 10 reduce parasilic
source/drain resistance.

8. The device as claimed in claim 7, whercin said sclective
cpitaxial layer [s prown by oxidizing said pgate doped with
the doping conceniration value above 10°7 em™ in wel
ambient, aud elching some parls ol the grown oxide layer
using the fact that the gate oxidation rate is greater than the
Fin active region, and taking the silicon which is cxposed on
hoth side-walls of the Min aclive region as a seed.

9. The device as claimed in claim 7, wherein said selective
epitaxial laver is grown by depositing a dielectric layer, and
anisotropically ctehing as much as the thickness of the
diclectric layer and the heipht of the Fin active region
protruding above the second oxide layer, and laking the
silicon which is exposed al side-walls of the IMin aclive
repion exeept the viecinity where the Fin active region and
gate meets and a poly-silicon gate, as sceds.

10, The device as in any onc of claims 7, whercin the
malerial [or said selective epilaxial layer is selected lrom the
group consisling ol a single crystalline silicon, single crys-
talline SiGe, single erystalline Ge, poly-siicon, and poly
SiGe,

11. The device as claimed in claim 1, wherein said doping
Junction depth lor the source/drain lormed in said Lin aclive
region, when the upper surlace ol said second oxide layer ix
taken as a reference level (0 nm), is around 0 nm to 50 nm
above the reference level

12. The device as claimed 1o claim 1, wherein said doping
Junction depth lor the source/drain lormed in said Lin aclive
region, when the upper surlace ol said second oxide layer ix
taken as a reference level {0 nm), is around 0 nm to 50 nm
below the reference level.

13. A double-gate MinlL'T device, comprising:

a bulk silicon subsirate;

a IMin active region which is a all-shape single crystalline

sililcon on a surlace of ihe bulk silicon subsirale and
conneccted to said bulk silicon substrate;

a
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a sccond oxide layer which is formed up to a certain
height of the lin aclive region [tom the surlace ol bulk
silicon subsirate;

a gale oxide layer which is [ormed on both side-walls ol
the IYin active region protruded from said second oxide
layer;

a first oxide layer which is formed on the vpper surface or
said Fin active region with a thickaess greater or cqual
1o thal ol the gaie oxide;

a gate which 1s formed on said first and second oxide
layer;

a source/drain region wheth is formed on both sides ol the
Fin active region except where said gate overlaps with
the Fin active region; and

a contact region and a metal layer which are formed at
sald sourcesdrain and gale conlacl region,

wherein Lhe resistance ol said 'in active region 1s reduced
by enlarging the width ol said lin aclive region within
the oxidation layver as it approaches the bulk silicon
substrate.

14. The device as claimed in claim 1, wherein the shape
ol said lin aclive region is a trapezoid where the width ol the
upper seclion is narrow and the lower seclion s wide.

15. The device as claimed in claim 1, wherein the two top
corners of said Fin active region are chamfered throvgh an
oxidation and eiching, or (and) annealing process in a
hydrogen almosphere.

16. The device as claimed in claim 2, wherein the height
ot said Fin active region from the surface of said bulk silicon
substrate lics in a range between 10 om and 1000 om.

17. The device as claimed in claim 16, wherein the height
of said lin aclive region [rom the surlace of sald second
oxide layer is between 5 nm and 300 nm.

18. The device as claimed in claim 8, wherein the material
for said sclective cpitaxial layver is selected from the group
consisting ol a single cryslalline silicon, single crystalling
SiGe, single crystalline Ge, poly-silicon, aud poly S5iGe.

19. The device as claimed in claim %, wherein the material
for said sclective cpitaxial layver is selected from the group
consisting ol a single cryslalline silicon, single crystalling
SiGe, single crystalline Ge, poly-silicon, aud poly S5iGe.
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7. A double-gate FinFET device, comprising:

a bulk silicon substrate;

a Fin active region which is a wall-shape single crystalline
silicon on a surface of the bulk silicon substrate and
connected to said bulk silicon substrate;

a second oxide layer which is formed up to a certain
height of the Fin active region from the surface of bulk
silicon substrate;

a gate oxide layer which is formed on both side-walls of
the Fin active region protruded from said second oxide
layer;

a first oxide layer which is formed on the upper surface of
said Fin active region with a thickness preater or equal
to that of the gate oxide;

a gate which is formed on said first and second oxide
layer;

a source/drain region which is formed on both sides of the
Fin active region except where said gate overlaps with the
Fin active region; and

a contact region and a metal layer which are formed at
said source/drain and gate contact region,

wherein the contact resistance is reduced by selecting the
size of a contact region which is in contact with said
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selective epitaxial layer is grown on both sides (source/
drain region) of the Fin active region except where said
Fin active region overlaps with the gate in a self-
aligned manner to the gate, in order to reduce parasitic
source/drain resistance.

Column 13, lines 40-44, Column 14, lines 1-21 should read:

13. A double-gate FinFET device, comprising:

a bulk silicon substrate;

a Fin active region which is a wall-shape single crystalline
silicon on a surface of the bulk silicon substrate and
connected to said bulk silicon substrate;

a second oxide layer which is formed up to a certain
height of the Fin active region from the surface of bulk
silicon substrate;

a gate oxide layer which is formed on both side-walls of
the Fin active region protruded from said second oxide
layer;

a first oxide layer which is formed on the upper surface of
said Fin active region with a thickness greater or equal
to that of the gate oxide;

a gate which is formed on said first and second oxide
layer;

a source/drain region which is formed on both sides of the
Fin active region except where said gate overlaps with
the Fin active region; and

a contact region and a metal layer which are formed at
said source/drain and gate contact region,

wherein the resistance of said Fin active region is reduced
by enlarging the width of said Fin active region within
the oxidation laver as it approaches the bulk silicon
substrate.
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