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. METHOD OF FABRICATING
SEMICONDUCTOR SIDE WALL FIN

DESCRIPTION
BACKGROUND OF THE INVENTION
Field of the Invention
" The present invention generally relates to providing a dual gate metal
. oxide semiconductor field effect transistor (MOSFET) transistor and, more
. particularly, to providing a dual gate MOSFET having relatfvely_ thin '

epitaxially grown channels.

Background Description
Field Effect Transistor -(FET) structures may include a single gate (a
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single channel) ora pair of gates, with double;gate versions prbvi_d_irig the

advantage of enabling shorter chanmels and thus a faster device to be

produced. As gate- lengths scale below 50 nm; FET scahng becomes limited

by the finite depth of the gate control. Research has shown that placing gates
on multiple sides of an FET channel results in improved FET performance in

' 'regard to short channel characferistics and off-current characteristics. Placing )
~ gateson multiple sides of an FET channel provided the silicon is thm enough
to be fully depleted, confines electric ﬁelds and charges much more Ughﬂy

than in the standard FET in which the fields are free to penetrate deeply into -
an effectively infinite silicon sobsr:rate.' The confinement possible with a fully
depleted dual gate structure allows improved short channel effects and
devices having gate lengths of 20 - 30 nim are possible.. The inversion
induced channels will be formed on both sides of the silicon and poss1b1y
across the entire channel which may mcrease saturation- current Other _
reported benefits include nearly ideal subthreshold slope, increased saturatron
current and reduced short-channel and floating body effects.. Reqmrements

: generally are for a thin diffusion regxon in the ranige of 5-50 nm, and gate -

lengths down to 20-100-nm, with the gate length preferably being two to four
times the diffusion length.
A number of honzontal double—gate FET structures and partlcularly

. SOI double-gate FET structures, have been proposed These structures

typically requlre a bottom gate formed beneath the thin s1hcon body in’
addition to a conventional top gaxe The fabrication of such structures is
dlfﬁcult because the top and bottom gates must be ahgned toa tolerance _
beyond the accuracy of state of the art hthographlcal equipment and methods
and because self-aligning techniques are frustrated by the layers between the -
top ahd bottom gates.

In “Self- Alzgned (Top and Bottom) Double-Gate MOSFE T thh a2s .
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nm Thzck Silicon Channel ”; by Hon Sum Phlllp et al.,, IEDM 97-427, IEEE
1997 a double-gated MOSFET is con51dered the most promising candidate
for a Complementary Metal Oxide Semwonductor (CMOS) scaled to'the,

. ultimate limit of 20-30 nm gate length. Rigorous Monte Carlo device

simulations and analytical calculations j)redieted continual im'provement in

device performance down to 20-30 nm gate length, previded the silicon

channel thickness can be reduced to 10-25 nm and the gate oxide thickness is

reduced to 2-3 nm. However, the alignment of the top and the bottom is

crucial to high performance because a mls-ahgnment will cause extra gate to

source/dram overlap capacitance as well as loss of current drive. ' .
The following patents pertam to FETs, and partlcularly to the o

- double-gated FETs.

U S. Patent 5,780,327, by Chu et al and entitled “Verttcal

_ Double—Gate Field Eﬁ”ect Transistor” describes a vertical double-gate field
eft'ect trans1stor whlch includes an epitaxial channel layer and a drain layer

an‘anged ina stack on a bulk or SOI substrate The gate ox1de is thermally
grown on the sides of the stack using dlﬁ‘erentnal oxidation rates t6 minimize

input eapac.itance"prol.)_lems. The gate wraps around one end of the stack,
‘while contacts are formed on a second end. An etch-stop layer embedded in

the second end of the stack enables contact to be made directly to the channel

~ layer.

u.s. Patent No. 5,773, 331 by Solomon et al. and entltled “Metkod for
Making Single and Double Gate Field Eﬁ”ect Transistors With Szdewall
Source-Drain Contacts” describes a method for makmg single-gate and
double-gate field effect tran51stors having a suiewall drain contact. The
channel of the FETs is ralsed with respect to the support structure underneath
and the source and drain regions form an integral part of the channel.

-U.S. Patent No. 5,757,038 by Tiwari et al. and entitled “Self-Aligned
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Dual Gate MOSFET with an UZtranarrow Channel ” is directed to a

‘self-aligned dual gate FET with an ultra thin channel of substantxally umfonn '

width formed by a self-aligned process. Selective etchmg or controlled
oxidation is utilized between different materials to form a vertical channel
extending between source and drain regmns havmg a tlnckness in'the range

- from 2.5 nm to 100 nm.

"U.S. Patent No. 5,580,802 to Mayer et. al. and entitled
“Silicon-on-]nsizlator theéAll-Arowzd MOSFET Fabribatt‘on Methods”
describes an SOI ge,te-allre,round' (GAA) MOSFET which includes a source,-
channel and drain surrounded bv a top gate, the latter of which also has
application for other bul‘ie'd structures and is formed on a bottom gate

dielectric which is formed on source, channel and drain selnieonductor_layers
- of an'SOI wafer. | '

U.S. Patent No 5,308 999 to Gotou and entltled “MOSFET Havmg a

o Thm F11m SOI Structure” describes a MOS FET having a thin film SO1
' structure in which the breakdown voltage of an MIS (Metal Insulator. .

Sem:conductor) FET havmg an SOI structure is improved by formmg the gate- g
electrode on the top: surface and two side surfaces of a channel region of the

‘SOl layer and by partlally extendmg the gate electrode toward the 1n31de

under the bottom of the channel region such that the gate electrode is not
completely conneoted
U.S. Patent No. 5,689, 127 to Chu et al. and entitled “Vertical

DoubIe-Gate Field Eﬁ"ect Transistor” describes a vertical double-gate FET

that includes a source layer, an epitaxial channel layer and a drain layer

| arranged in a stack on a bulk or SOI substrate. The gate oxide' is thermally

grown on the sides of the stack using differential oxidation rates to minimize
input capacitance problems. The gate wraps around one end of the stack,
while contacts are formed on a second end. An etch-stop lajrer embedded in
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the secdnd end of the sta'ck. enables contact to be made directly to the channel
layer. o S ' .
The 'lithdg'raphically defined gate is by far the simplest, but suffers
from a number of disadvantages. First, definition of the gate may leave poly -

spacers on theside of the diffusions or may drive a required slope on the side

' df the diffusion, thereby resulting in a poorer quality and/or more poorly

controlled device. Second, the slope of the poly inherently leads to difficulty
in forming silicided gates, leadmg to slower device performance Finally, the
poly step helght posesa difficult problen_1 for lithographic deﬁ_mtlon, as we
expect steps on the order of 100 nm - 200 im in a 50 nm design rule

 technology.

The key dlﬂicultles in fabricating double-gated FETs are ach1ev1ng :
silicidation of thin diffusions or polysilicon with acceptable contact
resistance, enabling fabrication of the'wralﬁﬁ'round gate without misaligninent

_of the two gates, and fabncauon of the narrow dxffustons (1deally, 2-4 times
. smaller than the gate length) |

Addltlonal techmques for generating the dual-gated trans1stors mclude :
qeﬁmng the gate llthographlcally with high step heights (see U.S. Patent No. :

4,996,574 to Shirasaki, entitled “MIS Transistor Structure for Increasing’
" Conductance Between Source and Drain Regions”), forming a selective

epitaxial growth which provides an “air-bridge” silicon structure (see
Hon-Sum Philip Wong, International Electron Devices Meeting (IEDM) 1997,

pg 427), and forming wrap-around gates with vertical carrier transport (see H.

Takato IBDM, 1988, pg. 222).
In summary, previous fabrication schemes have relied upon
litographically defined silicon channels and long, confined lateral epitaxial

' growth. However, a lithographically defined channel cannot be formed with .

sufficiently close tolerances and even avalable tolerances '_éannot be
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maintained adequately to support near-optimal dual gate transistor
performance in the above approaches. Further, techniques using lateral -

 current flow with FET widths defired laterally suffer from difficulty in

aligning the top and bottom gates even though thlckness of s1hcon can be
tlghtly controlled.

U.S. Patent application 09/526,857, by James W. Adkisson, John A.

" Bracchitta, John J. Ellis-Monaghan, Jerome B. Lasky, Kirk D. Petreson and Jed H

Rankin, filed on 16 March, 2000, and incorporated by cross-reference entitled “Double
Planar Gated SOI MOSFET Structure” describes a method to create the double gate

transistor, assuming the channel width can be made small enough.

SUMMARY OF -TI-IE INVENTION

Iti is therefore an ob]ect of the present mventlon to provide a dual gate
transistor havmg relatlvely thin epxtax:ally grown channels

Accordmg to the invention, there is prowded a method of formmg a.
field effect transistor (FET) transistor, comprising the steps of forming sﬂwon .
layers on a substrate. Next, epitaxial channels are formed ona side surface of .

- the silicon layers, Wlth one side wall of the channels therefore being exposed. -
o .The s1hcon layers are then removed, thereby exposing a second sidewall of

the epitaxial channels. Source and drain regions are then formed, coupled to

ends of the epitaxial channels. Finally, a gate is formed over the epitaxial .

channels. ' | | ' '. '
The invention thus seeks to provide a very thin diffusion region using

" aknown -tecl;nique for growing epitaxial regions to form the very thin channel
‘and has the advantages of providing much tlghter tolerances on channel

thickness than a hthographlcally defined channel which can be maintained by
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selective etching and that epitaxial growth is not complicated by thee
presence of thm confining layers. '

BRIEF DESCRIPTION OF THE DRAWINGS

The foregomg and other objects aspects and advantages will be better
understood from the followmg detailed descnptlon ofa preferred embodiment
of. the invention with reference to the drawings, in whrch

Figure 1A is top view of the device showmg a srhcon line;

. Figure 1B is a cross sectrenal_ view of cut 1-1 shown in Figure _1A;
Figure 1C is a cross sectional view of cut 2-2 slrown in Figuie 1A; |
Figure 2A shows the substrate of Flgure 1A after epﬂmual growth of
etch stop and channel layers, _
Flgure 2B is a cross sectional view of cut 1-1 shown in Figure 24;
_ Flgure 2C is a cross sectlonal view of cut 2-2 shown in Figure 2A
_ Figure 3A shows Flgure 2A wrth a mask openmg for srhcon lme
removal;’ _
Frgure 3B shows a cross sectional view of cut' 2-2 shown in Figure 3A;
. Figure 4A shows Figure 3A after the removal of any remammg portron

- of the silicon llne and the etch’ stop layer _

Flgure 4B shows a cross sectronal view of the 2-2 cut shown in Flgure

4A;
Figure 5 shows the device of Figure 4A after the formation of a second
channel; ' _
Figure 6 is a representational cross section of cut 2-2 shown in Figure
5 . .

Figure 7 shows the substrate of Figure 6 after shallow frerxclr isolation



' (STI) fill and polish;
Figure 8A is a representational cross section of cut 2-2 shown ih
. lFlgure 11B, aﬁer a polysﬂlcon conductor (PC) resist mask is applxed and
.etchmg, - ' .
_ Flgure 8B is a representational cross sectlon of cut 2-2 shown in
Figure 11B, after a PC resist mask is apphed,
Figure 9A shows the substiate of Fi gure 8A after gate dlelectnc
. growth or deposition, and gate conductor deposition; _ :
Flgure 9B shows the substrate of Figure 8B afte:. removal of the PC'
resist mask; -
Flgure 10A shows removal of STI and 1solatnon 1mplants in the
substrate of Flgure 9A; _
' Figure 10B shows extens:on implants in the substrate of Fxgure 9B;
| Flgure IIA shows the completed dev1ce of Flgure IOA before -
. contacts; | ,
Flgure 11B shows atop v:ew of the completed dewce and .
Figure 12 ﬂlusu'ates a techmque of removing defectlve matenal dueto -

excessive faceting..



DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

'Refm'riﬁg now to Figure 1A, tﬁefé is shown a top 'view of a starting
silicon-on-insulator (SOI) substrate 100. As shown in Figures 1B and 1c,
which correspond to sections 11 and 2-2 shown in Figure 1A, respectively,
the substrate 100 is comprised of a bulk substrate 106, a buried oxide (BOX)
108 layer and an active layer 110. Fxgunes 1B and 1C also show an oxide pad
film 102 and a nitride pad film 104 on active layer 110. Those skilled in the

 art will realize that it may be preferable to have the oxide pad film 102 placed X
~-ontop of the nitride pad film 104. The pad oxide 102 is grown using standard |
oxidation techniques ond would typically be in'the range of 310 14 nm, with 8
nm being preferred. Pad films 104 are placed upon pad oxide 102, It is
preferred that nitride films be utilized as pad films 104, although other
materials may also be used. The nitride (upper) pad films 104 are typlca,lly in
- 'the range of 30 to 120 nm, with 80 nm bemg preferred, and define the etch-

areas for shallow trench isolation (STI) formation. S

. The active device layer 110 is pathemed to form edges 112 where the
- silicon channel will be formed. The width 113 of active layer 110, whxch is
used to form what will become the channel reglon, is not critical, other than it
must be wide enough for maskmg and narrow enough to confine overetchmg,
thereby provxdmg an adequate, practical manufacturing tolerance. It is |
preferred that the silicon regions that will become the source 114 and drain
116 areas and contact areas 118, 120 be formed during this stage in
accordance with oonventlonal processmg techniques known to those skllled in
. the art. -

Figures 2A 2B and 2C correspond to Figures 1A, 1B and 1C,
' respectlvely, after ep1tax1al growth of etch stop 202 and subsequcnt epltamal
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growth of the channel 204. It is preferred that the etch stop be compnsed of
$i(0.3)Ge (0. 7) and that the ep1tax1ally grown channel be compnsed of
silicon or alloys of silicon with germanium and/or carbon. Alloys of silicon
with other Group IV elements (particularly germanium and carbon) can be
- used to optimize the FET performance by addmg strain to the channel and/or )
- modifying the conduction and valence bands across the channel to alter the
" ‘device threshold or improve carrier transport. It will be evident to those
" skilled in the art that, prior to formation of etch stop 202 and channel 204, a
suitable cleaning process is used to remove a portion of the silicon 110 under
the oxide pad film 104, The width of the removed silicon should be
approximately equal to the combined width of the etch stop 202 and channel
204.._:..' .
Non-selective epitaxiai depositioxt of etch stop 202 and channel 204
may. be required if faceting is excessive, although selective deposition is -
| preferred Itis p’referred that the thickness of layer 202 be approximately 5
. nm. Faoetmg will be h1ghly dependent on details of epitaxial growth.
Particularly w1th selectlve epitaxial growth, faceting may alter the thlckness
- of the epitaxial regions as the edge of the openmg is approached Since the
channel is projected to be very thin relative to the hexght of the growth, the
area where the channel will be unpacted is hkely to be small. The allowed -
thickness before dislocations are-created is sensitive to the Ge fraction and
decreases quickly with increase in the Ge ﬁacti’on-(see A Fischerand H.
Kuhne, “Critical Dose for Strained Layer Configurations”, Phys. Stat. Sol. (a),
155, 141, 1996).. Then, channel 204 is epitaxially grown, preferably in the
range-5-50 nm. - ' ' |
The bottom and top of channel 204 may be defectlve Particularly if
the epitaxial layer is thin, the region is likely to be extremely small and may
not be significant to the formation of the device. However, if itis necessary
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" to reove these regions, two p'rocesses-are available to do so at' small but

“tolerable, degrode_of device width control.. Specifically, a spacer could be
| deposrted '
) similar to that of spacer 302 of Figure 3B, but etched lower to uncover the top |

of the epltaxml region. After this spacer is formed, the buried oxide is etched
underneath the spacer as shown on the left side of Figure 12. Altematively, a
thin composite spacer may be used. In this case, the bottom of the spacer are
isotropically etched to uncover the top and bottom regions. The height of the
spacer (over_et_ch) is détermined by the undercut necessary to reaeh the i
epitaxial region at the bottom of the spacer, as shown on the right side of
* Figure12. After the defective regions are etohed, the spacers are removed -
selectively to the epitaxial regions and the buried oxide layer before
- proceeding to following processing steps. It should be noted that it is also
possible to perform the procedure described abové afterj the spacer shownin -
Figure 4B is removed with the spacers of the above described procedure being |
_ removed before further processmg.
| - Figures 3A and 3B correspond to Flgures 2A and 2C respectrvely,
~ after additional processing steps, as descnbed below. As shown in Figure 3B,
-  spacers 302 are formed, using a suitable techmque and material w1de1y known_ o

. to those skilled in the art, to protect the channel 204 agarnst attack.
Then, a mask is applied and posmoned such that the mask opemng
304, shown i in Figure 3A, provzdes for removal of the exposed portion of
silicon layer 110 and etch stop 202 within the mask opening 304. It is
preferred that the mask 304 be aligned as closely as possrble to the ohannel
- .204. The exposedd sﬂrcon 110 within mask opening 304 is then etched using
an anisotropic etch. |
The exposed silicon 110 within mask opening 304 is then etched.

Since not all of the silicon 110 will be removed dunrrg this etch, the silicon
| layer 110 is also etched laterally, stopping on etch etop 202 (see K.D. Hobart, -'



12.

F.J. Kub, ME. Twigg, G.G. Jernigan, P.E. Thompson, “Ultra-Cit: A Simple
 Technique for the Fabrication of SOI Substrates with Ultrasthin (<5nm)
Silicon Films™, Prpc.'IEEE Interpatiomtl Silicon on Insulator (SOI)
Conference, p 145-146, Oct. 1988.) KOH cart be utilized as an etchant, whiqh
_ ‘hasa selecuv:ty of apprommately 20:1 for Sx Sl(O 3)Ge(0 7), whereas
NH,OH is reported to have a selectivity of better than 100:1 for a 25% Ge
film (see G. Wang et: al., “Highly Selective Chemical Etching of Si vs. Si(l
-x)G(:t) using NH40H solution, J.'Eléch'qchem. Soc., Vol. 144(3), Mar 1997,
137) | o L
' * Thus, with an overlay of approximately 70 nm, and an edge tolerance
- of approx'imateljr 20 nm, the expected thickness required is approximately 85

nm. Assuming a 20% overetch, a 100 nm etch will be required. The worst
' case SiGe attack would then be appro:iimately 5 nm when KOH is utilized as
the etchant, and approxnmately 1 nm with NI-LOH is utilized as the etchant.
| Next, etch stop 202 i is selectively etched to the channel 204. The-
- selectivity for HF;H,OZ.CH;COOH is approxtmately 1000.1 for a 70% Ge - .

_ film Assuming a IO nm etch, Si -attack is therefore negﬁgible. The selectivity )

 for HINO,:H,0:HF.(40:20:5) i approximately 25:1 selectivity for a 50% Ge
film. The effecnve HF dilution i is apprommately 12: 1 Oxide attack wﬂl be
significant, but can be contro]led in accordance thh conventional processmg '

- _steps W1dely known to those skilled in the art. Etch rates for HNO;H,0:HF are

apprommately 40 nm/mm, suggestmg very. short exposures, and probably
allowing further dilution for control. (see D.J . Godbey et. al., “Selective
Removal of Si(l -x)Ge(x) from <100> i using HINO, and HF, J. Electrochem."
Soc., 139(10), 2943, 1992) Spacers 302 can be removed, if nébessaty, ir
accordance with oonventlonal processing steps widely known to those skﬂled
in the art.

_Figures 4A and 4B correspond to Figures.3A and 3B, respectlvely,
after the etching of active layer 10 and etch stop 202. Ifnecessary, a trim
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mask can be epplied to remove undesired fins 402 in accordance with
' conventlonal processing techniques w1dely known to those skilled in the art
Figure 5 shows the devxce of Figure 4A after the formation of a second |
channel 502 which, as will be readily recogmzed by those skilled in the art,
can be formed by using the same processing steps as prevrously described to
for the first channel 204. |

Having formed the first 204 and second 502 channel regions, a ﬁrst
sequence of final processing steps reqmred to complete the dual-gated
transistor is described below.

Referring now to Figire 6 channels 204 and 502 of Frgure 3-are
shown, as well as an additional channel 602 that may be used to form another
gate structure. It should thus be understood by those skilled in the art that
substrate 100 may compnse many channels in addmon to shown channels
204 502 and 602. Here the substrate 100 thus comprises bulk substrate 102 :

| BOX layer 104, and chaiinels 204, 502 and 602. |

Then, in Figure 7, a standard STIfill 702 is provrded, wlnch is

preferebly a silicon drox_rde layer of apprommate_ly 300 to 500 nm thick. -

. However, other suitable materials known to those slriHed in the art may also
be used as a sacrificial film. It i is preferred that the STI surface be’ plananzed

" by polishing. :

Flgure 8Aisa representatlonal cross-sectlonal cut of section 1-1 of

* Figure 11B. Figure 8A is representational because polysrhcon conductor (PC) .

resist 802 and STI fill 702 are present during fabrication i in Figure 8A, but are

~ not present in corresponding region 141 of Figure 11B. After placmg the PC |

resist mask 302 on a selected regions of STI fill 702, STI fill 702 is

selectlvely etched relative to pad films 104 and down to the BOX lay_er 108. It |

is preferred, but not required, that the etch also be selective relative to t_he

BOX layer 108. Pad films 104 are then removed selectively to the STI fill

layer 702 and BOX layer 104. Figures 9A and 10A show that the pad layers
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164 could be left, if desired, to allow a thin gate dielectric 904 only on the
- sidewalls of channels 204, 502 and 602. It is preferred that there be
approximatel& 8 10:1 selectivity in each etch, which can be accomplished
‘with known state of the art etches.' If desi_red, well impla_nts_ may optio'nally be
. ~intreduced at this point' These implants would be done using highly angled o
implants, preferably in the range of 10 to 45 degrees, with each implant
rotated at approximately 90 degrees relative to each other in order to fully
dope the sidewalls of the diffusion. In order to avoid doping the surface layer
.of the diffusions more heavily than the sides, the implantation could be dore
before removing the pad films 104 in the exposed areas of PC resist 802 .
| Flgure 8Bisa representauonal cross-sectlonal cut of section 2-2 |

. shown in Figure 11B. Fxgure 8B is representational because PC resist mask o
802 and STI fill 702 are present during fabrication in Figure 8B, but are not
. shown in the region between thie source 114, drain 116, and gate 902 in F igui'e
- 11B. Figure 8B thus shows the selective placement of PC mask 802 during

fabrication. This can be accomphshed usmg standard pattem lithography .
| techmques using aPC mask preferably composed of elther photores:st ora
* hardmask.

. Flgure 9A shows the substraﬁe of Fxgure 3A aﬂer gate dlelectnc
growth 904 (e.g., Si0,), and gate conductor 902 deposition. It shouldbe
 understood that nitrided oxides, nitride/oxide composites, metal oxides (e.g,
ALO,, Z18i0,, T102, Ta,0s, ZrO,, etc.), perovskites (eg, (Ba, Sr)T103, La,0;)
. and combinations of the above can also be used as the dlelectrw Gate '
dielectric growth on each channel 204 502 and 602 could be standard furnace

or smgle—wafer chamber oxidations in accordance with conventional methods o

If desued, nitriding species (e:g., N,O, NO or N, 1mpla.ntat10n) can be
introduced prior to, during, or subsequent to oxidation. Gate dielectric
‘deposition on each channel 204, 502 and 602 can be can be accomplished, for _
a example through chemical vapor deposition (CVD) or other techmques
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known to those skilled in the art.
. After etchmg, the gate 902 is depos:ted Gate conductor deposmon
could be accomphshed using conventlonal CVD or directional sputtering
. technigues. It should be understood that gate conductors other than
polysilicon can also be used. For example, an SiGe mixture, refractory metals
(e.g., W), metals (e.g., Ir, Al, Ru, Pt), and T1N can be used In general, any
material that can be polished and that has a hlgh conductivity and reasonable
workfunctlon can be used in place of polys1hcon After deposition, the gate
- 902is pohshed in accordance thh conventional techniques.

Figure 9B shows Figure 8B after removal of the PC resist mask 802
The STI surface 904 is cleaned in accordance with conventional techniques.
" Figures 10A and 10B show extension implants to form the MOSFET
device of Figure 9A after removal of STI fill 702. Implantations are doncata
large angle, preferably in the.'ran.ge of 7 to 45 degrees, relative to a vector
petpendicular to the wafer surface. Four implants, each rotated at
.approx:mately 90 degrees relative to each other about the wafer surface _
normal vector morder to fully dope the s1dewa11s of the d1ffus10ns umformly _
The pad oxide layer 102 6n top of the dlﬁ‘usmns may he utilized to avoid
dopmg the surface of the diffusions too strongly In this case, the pad films
104 would be removed aftcr the implantation, but before the final

implantations are done, which would follow the spacer 146 deposition.

| Figure 11A shows the device of Figure 10A after formation of silicide
layer 1102 in accordance with conventional steps. Also in accordance with
conventional steps, after the gate 902 is formed, spacers 1104 are formed and
the diffusions afe annealed, and a layer of highly conformal dielectric fill
1106 is deposited, and then polished to the top of the gate conductor. It is
p_teferred that dielectric fill 1106 is a nitride layer followed by a doped glass.
Because of the high aspect ratios, fill properties suggest a'rapid—thermal CVvDh
ora self-sputtering deposition using a high-density plasma-enhanced CVD
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techmque 'Iypmally, the dielectric glass mcludes phosphorus and/or boron,
but it can also be undoped. _ o
Figure 11B shows a top view of the completed device. T_he soufce 114
and drain 116 region are formed by implantation. Contacts 1106, 1108, 1110
are added and back end of line (BEOL) processmg is done in accordance with.
conventlonal steps.
| ' Refernng agam to Flgure 8A, the second sequence compnses the steps
" of removing the pad oxide 102 and pad nitride 104 films. If necessary,
| disposable spacers can be formed and the top of the channels 204, 502 and
602, if defective, can be étched As shown in Figure 9A, gate oxide is then |
_'grown, and the gate 902 is deposited, preferably from among the same
materials descnbed above, and etched to form gates.
. While the invention has been described in terms of its preferred _
' embodlments those skilled in the art will recogmze that the invention can be

" practiced with modification within the spirit and scope of the appended
. clmms ; ' '
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CLAIMS

Having thus descnbed our invention, - what we clalm as new and desue

‘to secure by Letters Patent is as follows:

1. A method of forming a field effect transistor (FET) transistbr, comprising:
| providing a substrate; . : |
forming a layer on the substrate, the layer having a side surface;, _
forming an epitaxial channel on the side surface, the channel having a -
first sidewall; o | |

removing the layer for exposiixg a second sidewall of the chahnel;
-fonﬂing source and drain regions coupléd to ends of thé first channel; _
a forming a gate ad_]acent to at least (;pe of the sidéwa’lls of the channel.

2. A field effect transistor (FET) comprising:
" asubstrate;

a source reglon and a dram reglon in the substrate, each of sa1d source .

e region and said. drain region havmg a top, bottom and at least two s:de

dlﬂ‘usmn surfaces, the source and dram regions separated by an ep1tax1ally
grown channel reg;on having a top, bottom and side channel surfaces
. substantially coplanar with corresponding ones of the diffusion surfaces,
‘a géte adjacent the top and the sidé channel surfaces and electrically
insulated from the top and side channel wrﬁces; énd |
the gate comprising a planar top surface, thé planar top surface having
a contact for receiving a gate control volfage for conﬁolling the FET.

3. The FET as recited in claim 2, wherein the source and drain have a contact
~ for receiving a control voltage for controlling the FET.

L LT
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4. The FET as recited in claim 2, wherein the gate is substantially centered
_between and substantially parallel to said soutce region and said drain region.
5. The FET as reclted in clalm 2, further compnsmg a sxhcrde layer that
contacts a top surface of said gate.

6. The FET as recited in clalm 2, further compnsmg a d1electnc layer that
contacts a first side end and a second s1de end of said gate. -

7. The FET as recxted in claim 2, further compnsmg a dielectric that contacts
: s1de surfaces of the channels o

8. The FET as recited in .claims 2, where the gate is coniprised-of polysilicon. -

9. The FET as recited in claim 2, wherem the channel is approxxmately one
fourth of a length of the FET.

10. The FET as recited in clalm 2, further compnsmg a dielectric materlal in

the gate for electrically separaung the gate into two electncal!y 1solated

portlons each havmg a subsmntlally ooplanar top surface and a oontact pad
on each respecuve substantlally coplanar top surface.

11.-The FET as reclted in claim 2, wherem sa1d epitaxial channel is formed of

a combination of Group IV elements.

12. The FET as recited in claim 2, wherein said epitaxial channel is formed of
ani alloy of silicon and a Group IV element.
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. 13. The FET as remted in claim 2, whereln said epitaxial channel is fonned of '

an alloy of silicon and at least one of germamum and carbon.

14. A method for fornnng a double gated ﬁeld effect transistor (FET)
| comprising the steps off
formingona substrate a first and a second epitaxially grown channels;
etching areas within a silicon layer to form a source and a drain,
wherein a side surface of the source and the drain contact opposing end
surfaces of the first and second epitaxially grown channels; and
. forming a gate that contacts a top surface and two side surfaces of tlxe- _
first and second epitaxially grown channels and a top surface of the substrate.

15. The method as reeited in claim 14, wherein the forming step comprises
- the steps of: ‘ | | _ | , |
' forming first and second silicon lines, each end of the s1hcon lines
" contact an end of the source and the drain; - :
| formlng an etch stop layer on an exposed side surface of each of the
first and second silicon lmes
ep1tax1ally growmg first and. seeond s1hcon layers on each etch stop
layer; ' . .
etching away the first aﬁd second silicon lines and etch stop layers;
filling. areas surroimding the first and secend epitaxially grown silicon
layers and between the source and the drain with an oxide fill;
~etching a portion of the oxide fill to form an area that defines a gate,
" wherein the area that defines the gate is substantially centered between and
substantlally parallel to the source and the dxam and -
deposmng a matenal to form'a gate.
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16. The method as recited in claim 15, further eoinprising the steps of:
etching the ox1de fill between the gate the source to expose the ﬁrst

- and-second epitaxially grown silicon layers and

etchmg the oxide ﬁll between the gate and the drain to expose the first
and second epitaxially grown  silicon layers

. 17.The method as recited in claim 16, further comprising the step of forming
- an oxide on the first and second epitaxially grown siticon layers. .

18. The methodas recited in claim 17, wherein the oxide is silicon dioxide.

19. The metilod as recited in claim 16, further'eOmprising the steps of:

implanting a portlon of the epztax1ally grown silicon layers between

'thegateandthesource and

1mp1antmg a portlon of the epltax1ally grown sﬂlcon layers between '

: thegateandthedram

20. The method as recited in claim 18, wherein the imiplanting step is in the
range of 10 to 45 degrees relauve to a vector perpendlcular toa top surface of
the eplwxmlly grown s1hcon layers '

21, The method as recited in step 14, wheréin the implants are done in a series

at approximately 90 deg‘rees relative to éach other.

22, The method as recited in clalm 14 further comprising the step of formmg
a contact on each of the gate, the source and the drain.

23. The method as recited in claim 14, wherein the gate matetial is
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