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. · :METHOD OF -FABRICATING . 

SEMICONDUCTOR SIDEWALL FIN 

DESCRIPTION 

BACKGROUND OF THE INVENTION 

Field of the Invention · 

· The present invention generally relates to providing a dual gate metal 
. r . 

oxide semiconductor field effect tran~istor (MOSFET) transistor and, :more 

·particularly, to providing.a dual gate MOSFET having relatively ~n 

epitaxially grown channels. 

Background Description 

Field Effect Trartsist9r (FET) structures may include_.a single gate (a 
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single channel) ~r a ~r of gates, with doubl~~te versiops providing the 

advantage of enablµig shorter channels and thus a .fas~r device to be 

·_produced· As gate· ~engths scale below SO ntn; ·:PET scaling becomes limited 

by the finite depth of th~ gate control. Research has shown that placing-gates 

on multiple sides of~ FET channel results in improved FET perfom:iance in 

regard to short chani:J.el characteristics and off~current characteri_stics. Placing 

gates on multiple sides of an FET channel, provided the silicon is thin enough 
. . . 

to be fully depleted, confines electric fields and charges much more tightly ·. 

than in the standard FET in which the· fields are free ~o penetrate deeply into · 

an effectively infinite silicon sUbstrate. ~e confinement possible with a fully 

depleted dual gate stru~ allo~s-impl-Ov~-short clwmel effectS.arui· · 

devices having gate lengths of20-30 rim are possible .. The inversion· 

induced chanilels Will be formed on both sides of the silicon and possibly 
. . . 

across the entire c~el which may inc_rease· saturation current. Other ' 

repa~ed benefits incltide nearly ·i~ ~ubtbreshold sloPe,-increased saturation 
. . .. . 

current and reduced short-channel and {Joatirig body effects .. R~µirem.ents 
. ; . . . . 

·generally are_ foi" a thin diffusi0n region-ill the range of S-50 ~ and gate · 
. . . 

lengths dOwn to 20-100· nm, with· the gate length _preferably being two to four 

times the diffusion length. 
. . 

A number of horizontal double-gate FET structures,_ and particularly 
. . 

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

typically require a bottom gate formed beneath· the thin silic~n body in · 
. . 

addition to a conventional !Qp gate~ The fabrication of sueh structures is 
. . . . . 

di.ffi~t becalise the top 8.lld bottom gates must be aligned to a tolerance . 

beyond the accuracy of suite of the art lithographical equipment and methods, 

and_ because self-aligning teChniques are frustrated by the layers between the · 

top ahd bottom gates. 

In "Self-Aligned (J'op and Bottom) Double-Gate MOSFET With a _25 
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nm Thick Silicon Channel'-'; by Hon Sum Philip et al .• IEDM 97-427, lEEE 
. . . 

1997. a double-gated MO~FET is conside!ed the _most promising candidate 

for a Complementary Metal Oxi~ SemiconductOr (CMOS) scaled to·the. 

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

·sim~ations and analytical.calculations predi~ continual improvement in 

device performance down to 20-30 nm ~ate length, provided the sili~on 

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

reduced to 2-3 nm. However. the alignment of the top and the botton;i is 

crucial to high performance because a mis-alignment will cause extra gate tO. 

sourceJdrain overlap capacitance as well as loss of. clirrent drive. 
. . . . . 

The following patents pertain to FETs,. and particularly to t)le 

doubl~gated FETs. 

U.S. Patent 5,780,327, by ~hu et al .. and entitled ."Vertical 

Double-Gate Field Effect Transistor" deserlbes a vertical double-gate·field 
. . 

· · effect ~istor. which includes a,n epiwual channel layer and a drain. layer . 
. . . . . . 

arranged i~ a stack. on a bulk or SOI substrate: The gate oxide is ~enilally . · 

grown on the sides of the stack using di~ereirtial oxidation rateS tO m~ .. 

input capacitance :problems. The gate ~aps .aro~d one end ~f.th~ stack,. 

·whil~ contacts are formed on a second end An etch-stop layer embedded in 

the seco1'd end of the stack enables oontact to be made directly to the channel. 

layer. 

U.S. Patent No. 5,773,331 by Solomon et al. and entitled "Method for 

Making Single andDouble Gate Field Effect Transistors With Sidewall 

Source-Drain Contacts" describes a method for mak:ing single-gate and 

double-gate field effect trans.istors ha~g a sjd~wa.11 drajn contact. The 

channel ~f the FETs is raised 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 MOSFETwith an mtranarrow Channel" is directed to a 

·self-aligned dual gate FET with .an ultra thin channel of subs~ti.ally uniform 

width formed by a· St?lf-aligned process. Selective etc~g or controlled 

oxidation is utilized between different ·materials to _form a. vertical channel 

extending between source and drain regions,_ having a thicktless in "the range 

-from 2.5 run to 100 nm. 

·U.S. Pateni No. 5,580,802 to ~yer·et. al. and ~ntitled 

.. Silicon-on-Insulator Gate.;.A/l-Around }yfOSFET Fabrfoation Methods" 
. .. 

describes an SOI ~te-all:-around· (GAA) MOSFET which· includes a source,· 

channel and drain surroµnded bv a ton pte, the latter of which also has 

a,pplicatiori for other burl~ s~es *1nd is formed on a bottom gate 
. . 

·dielectric which is formed on sourc~ chaiinel and drain semiconductor layers 

·of an-SOI wafer. 

U.S. Patent No. 5,308,999 to_ Gotou 1µ1d entitled "MOS FET Having a 

. Thin Film SOI Structure" describes a MOS FET having a thin fihn SOI 
• • o # • • • • I • 

stnicture in which the b~akc;loWll voltage of an MIS· (Metal J,tsulator. _ 

SemiconduCtor) FBT having an SOI structure is improve4 by fonitlng the gate 

electrode on-the top_ surface and two side surfaces.of a channel region of the 
. . . 

SOI layer and by partially extending the gate electrode toward the inside 
. . 

under the bottom of the chiµmel region such that the gate electrod~ is not 

completely connected. 

U.S. Patent No. 5,689,127 to Chu et al.- and entitled "Vertical 

Dou~le-Gate Field Effect Transistor" describes a vertical double-gate FET 
. . 

$at includes a source layer. an epi~al channel layer and a drain layer_ 
. . 

arranged in a stack on a bulk or SOI sub_strate. the gate oxide is thermally 

grown on the sides of the stack using differential oxidation rates t~_minimize 
. . . 

input capacitance problems. The gate wraps -around one end o~the stack, 
. ·. . 

while contacts are formed on a second end. _An etcb .. stop layer embedded in 



··~ 

5 

the second ·end of the st8£k enables contact to be made directly to the channel 

layer. 

The lithographically defined gate is by far_ the simplest; but suffers 

from a num~r of disadvantages. Fi~ definition of the gate may leave poly · 

spacer8 oti the·side of the diffusions or may drive a required slope on the side 
. . 

. . 

· of the diffusion, thet;eby resulting in a poorer quality and( or more poorly 

controlled devic~. Second, the slope ofthe~~ly inherently leads to difficulty 

in fomii~g silicided gate~ leading to _slower device performance. Finally, the 

poly .step height poses a diffiCult probi~ ·for lithographic definition, as we 

expect ~ on the order of 100 nm - 200 nm iti a SO nm design rule 

teelmotogy. 
The key difficulties in fabricating double-gated FETs are' achieving 

silicidation of thin diffusions or polysilico~ with accq;table. contact 

~istance, enabling fabricatjon of the wraparound gate without misalignment 
. . . . . 

of the two gates, and fabrication ofthe narrow diffusions (ideally, 2-4 times 
. . 

smaller than the gate length). · 
. . 

Additional tec'1ni.ques for generating the dual-gated transistors include · 

~the ga~ 'lithographically-with high ~tep .heights (see U.S. P~t-No. · 

·4~996,574 to Shirasaki, entitled "MIS Transistor Stru"clurefor Increasing· 

Co.,Jductance Between Source and Drain Regions'}, fomiing a selectiv~ 

epitaxiaI 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 ~tes with vertical carrier transport (see H 

Takato IEDM, 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 

sUfficie~tly close tolerances and ~en avalable tolerances Camiot be 

I 
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maintained adequately to ~upport near-optimal dual gate transisto.~ 

performance in the above approach~. Further, techniques using lateral 

. current flow with.PET widths defuied laterally suffer from· difficulty in 

aligning the top aiid bottom gates even though thickness of silicon can be 
tightly controlled. 

· .. 
. .· 

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

Btacchitta, 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 THE INVENTION 

It is therefore.an ~bjeCt of the present invention to provide a dual gate 
. . . .. . . 

transistor having relatively thin epitaxially grown channels. 

According to the inventio~ there is pioyjded a method of forming a . 
. . 

field effect transistor (FET) transistor, comprising the steps of forming silicon . · . 

layers Qn a substrate. Ne~ epitµial channels are formed ~n_a side surface o_f . 

· the silicon layers, with one side wall of:the _channels therefore :being exposed.·. 

·· The silicon layers are then removed, thereby exposing a second sidewall .of 
. . 

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

ends of the epitaxial channels. Finally. a gate is form~d over the epitaxial 

channels. 

The invention thus seeks to provide a very thin diffusion region using 
. < . 

a known technique for growing epitaxial regions to fonn the very thin channel 

and has the advantages of pro~ding much tighter tolerances on channel · 

thiclo;l.ess ~ a lithographically defined channel which can be maintaiiled by . 
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selective etching and that epitaxial growth is not complicated by thee 

presence of thin confining layers. 

BRJEF DESCRIPTION OF THE DR.A WINGS 

The.foregoing and· other objects, aspects and advantages will be better 

understood from the foll~wing detailed. descripti9n of a preferred em~dim.ent 

of the invention with reference to the drawin~. in which: 
. . . 

Figure ~A is top.view of the device showing a Sili~n line; 

Fi~ lB is a cross sectioruil_ View of cut_ 1-1 sh.own in Figure IA; 

Figure IC is a COO$S sectional view of cut 2-2 shown in Figure IA; 

Figure 2A shows the substrate of Figure lA after epitaxial growth of . 

etch stop ·and channel layer~; 

Figure 2B is a cross sectional.vie"W of cut 1-1 shown in Fi~ 2A; 

. Fi~~ 2C ~ a· cros~ ~~orutl view of_ cut 2-2 shoWll in Figure 2~ .. 
Figure 3A shows Figure 2A with a ~~ opening·for silicon line 

removal;·. '. 

Figure 3B shows. a cross sectional view of cut_" 2-2 shown in Figure 3A; 

~igure 4A shows Figure 3A after the removal of any remaining portion .. 
. . 

. · · of the silicon line and the etch· stop layer; 

Figure 4B shows a cross S€?ctional view of the 2-2 cut shown in Figµre· 

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 Figur~ 

5· • 
Figure 7 she>~ the s~bstrate of Figure 6 after shallow trench isolation 
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(STI) fill and polish; 

Figure 8A is a representational cross section of cut 2-2 shown in 

. Figure 1 lB, aft~ra J?OlySilicon conductor (PC) resist ~k is applied ~d 

_etching; . ·. . 

··Figure 8B is a representational cross section of cut 2-2. shown in 

Figure 1 lB; after a PC resist mask is applied; 

Figme 9A shows the ·substrate ofFigure 8A after gate dielectric 

· growth or deposition, and gate conductor depc>sition; 

Figure 9B shows the substrate of Figure 8B after.removal of the PC· 

resist mask; . 
. . 

Figure 1 OA_ shows removal of STI and isolation implants· in the 

sUbstrate of Figure 9A; 
·. 

F~gure lOB sho~ extension i:Jnplants·in the substrate_ of Figure 9B; 

Fi~ 1 lA show8 the completed ~vice ofFigure_ lOA before ·. 

. contacts; · 

-Figure 1 lB sho~ a top vi_ew of the completed deviee, ~d 

Figm~ i2 illustra~s a technique ofremoving defeCtive material <jue··to 

.excessive faceting.. 
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DETAaED DESCRIPTION OF A PREFERRED 

EMBODWE~T OF THE INVENTION 

·Referring now to Figure IA, ~ere is shown a top view of a starting 

siHcon-on-insulator"(SOI) substrate 100. As shown in Figures lB and IC, 

which correspond to sections 1-1 a~d 2-2 shown in Figure lA, respectively, 

the substrate 100 is comprised of a bulk substrate 106, a· buried ~xide (BOX) 
. . 

108 layer; and an aetive layer 110. Figures lB and lC also show an oxide pad 
. . 

fi~ 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 ·mci4e pad film 1°02 placed · · , 

·on top of the nitride pad film 104. The pad oxide 102 is groWn lising stan~d · 
oxidation techniques and would fypically be mthe range of 3 to 14 nm, with 8 

11:tn. being .pre~erred. J;>ad films 1 ~ are· placed upon pad oxide 102. It is 

preferred that nitride films be .utilized. as pad films 104, altho~gh other 

materials tnay also be us~. The nitride (upper) pad films 104 ·are typi<'.811Y in 

the range of 30 to 12p nm, with.so· nm being preferred, and def'.me the etch· 

areas for shallow trench isolation (STI) formation. · 
. . . . 

· The active device layer 110 is patterned to fonn edges 1~2 where.the 
, 

· silicon channel will be fo~. The Width 113 of active layer 110, which is 

used to fo~ what will become the channel region, is nQt critical~ other than it . . : . . 

must.~ wide enough for masking and narrow enough to confine overetching, 

thereby ~Viding an adequate, practical .manufacturing tolerance . .It is 

preferred that the silicon regions that will become the source 114 and drain 

116 areas and ~ontact areas 118, 120 be formed during this stage in 

accordanee with conventional processing techniques known tO. those skilled in 

· the art. . 

Figures 2A, 2B and 2C correspond to Figur~. lA,. lB and 1~, 

· respectiv~ly, after epitaxial growth· of etch stop 202 and subsequent epitaxial 
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growth of the channel 204·. It is preferred that the etch stop be comprised of 

Si(0.3)Ge (0.7), and that the _epitaxially grown channel be comprised of 

silicon or alloys of ~ilicon with germanium ~d/or carbon. Alloys of silicon 

with other Group IV elements (particularly germanium and carbon) can be 

· used to optimize the FET perforinance by adding strain to the channel and/or 

modifying the conduction and valence bands ~ross 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 eteh stop 202 and channel 204, a 

suitabl~ 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 epitaxial deposition of etch stop 202· an~ c~el 204 

·may·be required if faceting is excessive, althotigh selective deposjtion is . 

preferred. I~ is preferred that ~e thickness of layer 202 be approximately 5 
. . 

mn: Faceting will be ~ghly d~ on details of epitaxial growth. 
. . 

Particularly with selective epitaxial gro~ faceting may alter the thickn~s 

of the epitaxial regions as. the edge of the opeiling is aJ>.Proache<J. Since the 
. . . . 

channel is projected to be very thin relative to the_ height of the gro~ the 

area wh~ the chaDnel will be impaCted is iikely t~ be small ... The allowed . 

thickness before dislocations are·created is ~risitive to the Ge fraction anc,l 

decreases quickly with increase in the Ge :fraction. (see A Fischer and H 

Kuhne, "Critical Dose for Strained Layer Configllrations", Phys. S~t. Sol. (a), 

155, 141, ~996).~ Then, channel 204 is epitaXially grown, preferably i~ the 

range-5-50 nm. 

The bottom and top of channel 204 may b~ defectiv~. Particularly if 

the epita.Xial layer is thin, the regio~ is likely to be extremely small and may 

.not be significant to_ the formation of the de~ce. However, if it.is nec~sary 
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to reove these regions, two processes are available to do so at small but 
. . . . . 

' tolerable, dew~. of device width control.. Specifically, a spacer could be 

depo~ited 
. . . . 

. similar to that of spacer 302 of Figure 3B, but etched lower to.uncover the top 
. . . . . . . . 

. of the epitaxial region. After this spaC.er is fomied, the buried oxide is etched 

underneath the spacer as shown ~n the left side of Figure 12. Alternatively, a 

thin composite spacer may be used. In this case, the bottom of the spacer are 

isotr~pically etched to uncover the top and bottom regions. The height of the 

spacer ( overetch) _is determined by the undercut necessary to ~each the 

epitaxial region at the bottom of the ~pacer, as shown on the right side of 

Figure ·12. After the defective regions m: etChe~ the sp~rs 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 above after the _spacer showp in 
. . . . 

Figure 4B is· removed )Vith the spacers of the a~ove described procedure befog 

~moved ·before further processing. · 
. . . . 

. Figures 3A and ·3B eorrespond _to Figure$ 2A and 2C, respectively, . 

after additio~ pr~essing steps, as described below .. As shoWn. in Figure 3B, · 

spacers 302 are fo~ed, using ~-suitable technique and material widely known_ 
. . 

to those skilled in the art, to protect the chminel 204 against attack. 
. . 

Then, a mask is applied and positio~ed such that the mask opening. 

304, shown in Figure 3~ provides for removal of the exposed portion of 

silicon layer 11.0 and etch stop 202 within the mask opening 304. It is 

preferred that the mask 304 be aligned as closely as possible to the channel · 
. . 

. 204. The expo~d ~ilicon 110 within mask opening 304 i_s then etched using 

an anisotropic etch. 

The ex~sed silicon 110 within mask opening 304 is then etched. 
. . 

Since not all of the silicon 110 will be removed during this etch, the sili~n 

layer 110 is also etched late~ly, stopping o:n etch stop 202 (see K.D. Hobart, 
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F.J. Kub; M.E. Twigg, G.G. Jernigan, P.E. Thompson, "Ultra-cut: A Simple 
. . 

T~hnique for-the Fabricatfon of SOI Substrates wi~ ~tra~thin (<5nm} . 

Silicon Films", Proc .. IEEE Intematioruil Stlico~ on ~ulator (SOI) .. 

Conference, p 14~-.146,. Oct 1988.) KOH can be utilized as an etchant, which 

.. has a· selectivity of approximately 20: 1 for Si:Si(0.3)GC{O'. 7), whereas . · 

~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 e>f Si vs. Si(l 

-x)G(x) U$ing_NH40H solution, J. Electrqchem. Soc., Vol. 144(3), ~ 1991, 

L37j. 

· Thus~ with an overlay of approximately 70 nm, and an edge tolerance 

. of approximately 20 run, the expected tbick:n,ess ~uired is .apP~ximately 85 . 

mn .. Assuµring a 20% overet~h,. a.100 nm etch will be required. The worst 

. case SiGe attack would then be' approximately 5 nm when KOH is utilized as 
. . . . . ~ . 

the _etchant, and approximately 1 nm with ~9H is utilized as the· etchant . 

N~x.t, etch stop·202 is selectively.etched_to the ~~el 204. The 

selectivity for HF:H20 2:CH3._cooi:r is approximately 1ooo:1 for a 70% Ge · · 

film. Assuming a 10 nm etch, Si ·attack is· .therefore ne~gible. The s~lectivity 
f • • • • 

· for HN03:~0:HF. { 40:20:5) is approximately 25: 1 selectivity for a SO% Ge 

film. The.eff~ctive HF dilution is approximately 12:1. Oxide atta:~k will be 
• • I . 

significant, but Can be controlled in accordance with conventional i;>rocessing. 
. , . . . 

steps widely known to those skilled fu the art. Etch rates for HN03:HzO:HF are 
. . . . 

approximately 40 nin(min; suggesting very. sh~ exposures,. and probably 
. . 

allowing ~er dilution for control. (see b.J. Go~ et al., "Selective 

Removal ofSi(l-x)Ge(x) from <100> Si ~ingHN03 and HF, J. Electtochem.­

SQc., 139(10),. 2943, 1992). Spacers 302 can be _removed, if necessary, in · 

accordance with conventional processing steps widely known to those skilled 

in the art. 

, Figures 4A and 4B correspond to FiguresJA and 3B, respectively, 

after the etching of aetive layer 10 and etch stop 202. If necessary, a trim 



. ·~ ....... 

13 

mask can be ·applied to remove undesired fins 402 in accordance with 

conve~tional processing techniques widely lmoWn to those skilled in th~ .art. 

Figure 5 shows the device of Figure 4A after the formation of a second : · . 

chann~l 502 which, ·as will be readily ~ognized by those skilled in the art, . 

can be formed by using ~e same processill:8" step$ as previously described to 

for the first channel ·204. 

Having formed the first 204 and second 502 chm:mel regions, a first 

sequence of .final processing steps required to compl~e the dual-gated 

transistor is desCribed below. 

Referring now to Figt1re 6, channels 2~ and 502 of Figure 5 ·are 

sho~ as well as an additional channel 602 that may be used to form another 
. . . . 

gate struciure. It sho~d thus be understood _by those ski~le~ in the art that 

substrate 100 may comprise many channels in ~ditfon to S~<:>wn chaim_els 
204, 502 and 602. Here, the su~strate 100 thus comprises bulk substrate 102, 

BOX layer 104, and charitiels 204, 502 arid 602. 

'.Th~ in Figure 7, a,sf:andard $TI fill 702 is pr~vided, wllich is 
. . . ~ . . . 

preferably a silicon dioxide layer of approximat~ly 300 tO 500 nm thick. · 

However, other suitable materials known to those ~lled in the art ~ay also 

. be used as a sacrificial ~hn. It is preferred that the STI surface be' planarized. 
by polishing. 

Fi~ SA is a representational cro.ss-sectional cut of seCtion 1-1 of . 
· ;Figure 1 lB. Figure 8A .is r~tional ·because polysilicon conductor (PC) . 

resist 802 and STI fill 702 are Present <luring fabrication in Figure 8;\ but are 
not present in corresponding region 141 ofF:lgure 1 lB. After placing the PC 

. . 

resist mask 802 ~n a select~ regions of STI· fi.11 702, STI fill 702 is .. 

selectively etched relative tO pad films 104 and down to the BOX layer 108. It 
. . 

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

BOX layer 108. Pad films 104 ~e then: removed sel~ctiv~ly to the STI fill 

layer 702 and BOX layer 104. Figures 9A and 1 OA show that the pad layers 
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104 could ·be left, if desired, to allow a thin. gate diele$c 904 only on the 

sidewalls of channels 20( 502 and 602. It is J)referred that there be 

approximately a 10: 1 ~lectivity in ea.ch etch, which can be accomplished 
. . 

·with. known state of the art etches: If d~sired, well implants may optionally be 
. . 

-introduced at this point. These implants would be done using highly angled 

implants, prefer~ly in the range of 10 to 45 degrees, with each implant 

rotated at awroximately 90 degrees relative to each other in order to fully 

dope the sidewalls of the diffusion. In order to avoid dopjng the surface layer 
. . . . ·. 

·of the diffusions more heaVily than the sides,_ the implantation could be done 

before removing the pad films 104 in the exposed areas of PC resist 802. · 

Figure 8B is a repre8en~tional cross-sectional _cut of section 2-2 
. . 

shown in Figure _l lB. Figrire 8B is representational because PC ~ist mas!c . 

802 and STI fill 702_ are ptesent dUring fabri~on in Figure 8B, but are not 

shown in the regiori betWeen tiie·source 114~ drain 116, and gate 902 in~igure 

· 11B. Fi~ 8B thus shows th¢ selective placement of PC mask 802 during . 

fabrieatiori. This can be accomplished using standard pattern lithography : 

techniques usirig a PC m.ask .. prefe.-ably comP<>sC<i of either phoioresist or a 

. ·. hardmask. 

. . FtgUre 9A shows the substrate of Figure SA atter gate dielectric . . . . . . . . 

growth 904 (e.g., Si()J, .and gate conductor 902 deposition· It should. be 

understood that ;nitri~ oxides, nitride/o'.1ride composites~ metal oxides (e.g., . •' . . . . . . 

A120 3, ZrSi04, Tt02, T~05, Zr02~ etc.), perovskites (e.g., (Ba, Sr)Ti03, Lai~) 
. . 

· and combinations of the above can also be used as the dielectri~. Gate 

dielectric growth on each channel 204, 5Q2 and 602 colild be standard ~e 

or single-wafer chainber o~dations in accordance with conventioruil._methods. 
.. . . . 

If desired, mtriding species (e.g.; N20, NO or N2 implantation) can be 

introduced prior to, during, or subsequent to oxidation Gate dielectric 

"deposition on each channel 204, 502 and 60~ can be can be accomplished, for 

. ·example, through chemical -vapor deposition (CVD) or other techniques 
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known tO those skilled in the art 
. . 

. · After etching, the gate 902 is deposited. Qate conductor deposition 
. . 

coUld be acci>niplished using conventional ·CVD ~r directional sputtering 

. techniques.- It should be understood that gate conductors other than 

polysilicon can also be ~sed. Fot example, an SiGe mixture, refractory metals 
. . . 

(e.g., W), metals (e.g.; Ir~ Al, RU, Pt}, and; TiN can be used. In general, any 

material that can ht'. polished and that .has a high conductivity ·and re~nable 

workfunction can be us~ in place of polysilicon. After deposition, the gate 

· 902 is polished in ·accordance with conventional techniques. 
. . . 

_Figure 9B show8 Figure 8B after removal of the PC resist ma8k 802. 

The" sn surface 904 is cleaned in accordance with 9011;ventional .techniques. . 
. . . . . 

. :Figfiles 1 OA and lOB show ~xtension implants to form the MOSFET 

d~vice of Figure 9A after removal ·of _STI :fill 702. Implantations are done ·at a 
. . 

large angle~ preferably in the "range of 7 tO 45 degrees, relative to a vector 

petpendicular to the wafer surface: Four implants~ e_ach roUrted at 

approxi~tely 90 degr~es relative to each <>f:her about the ~er ~urface 

. riormal vector in-order .to fully dol>e the' sidewalls of the diffusio~ wiiformly. 

The p8d oxide layer 102 on ~P of the diffusions may be utilized to avo~d · 
. . . 

doping the surface of the diffusions too strori.gly .. In this case, the ~ films 
. . 

104 would be removed_ after the implantation, but before the final 

implantations are done, which wo~4 follow the spacer 146 deposition. 
- . . 

Figure 1 lA shows the device of Figure lOA 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 are ann~ed, and ·a layer of_ highly conformal dielectric fill 

1106 is deposited, and then polished to the top of the gate conduc~r. It is 
. . 

~referred that dielectric fill 1106 is a nitride layer followed by a doped glass. 

Because of the _high aspect ratio~~ fill properties suggest a"rapid-thermal CVD 

·or a self-sputtering deposition using a high-density plasma-enhanced ~VD 



' . 

16 

technique. TypiCally, the diel~tric glass includes phosphorus ~d/or boron,· 

but it can also be undoped. 
. . . 

Figure 1 lB shows a top view of the completed device. The source 114 
~ . . . . 

and drain 116 region _are fonned by_imp1antation. Cont.acts 1106, 1108, 1110 

are added and back end of li~e (BEOL) processi~g is done in accordance with. 

conventional steps. 

Referring again to Figure 8A, the second sequence comprises the steps 
. . 

·of removing the pad oxide 102 and pad nitri~e 104 fi.htis. lf necessary, 

disposable spacers can be formed and the top of the cbam're.ls 204, 502 and 

602, if defective, c.an be ~bed. ~ shown in· Figure 9A, gate oxide is then · 

. · growD, and the gate 902 is deposited, preferably froin among the same 
. . . 

materials described ~bove,_ and etched to form ~s. 

While the invention· has been described in terms of its preferred 
. . 

embodiments, those skilled iil the art will recognize that ~ invention can be 

. practiced ~th modificatiO~ within.the Spirit and SCOPe of the api>ended 

claims. 
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CLAIMS 

Having thus described our inventio~ what We claim as new S?d desire . 

tO secure by ~tters Patent is as follows: 

1. A method of forming a fiel~ effect transistor (FET) transistor, comprising: 

providing a substrate; 

.forming a layer on the substrat.e. the layer having a side surface; .. 

forming an epitaxial channel on the side surface, the channel having a ·. 

first sidewall; 
. . . 

removing the layer for exposing a second sidewall of the channel; 
. . 

-forming source an4 drain regions coupled to ends of the :firSt channel; . _ 

and 

forµiing a gate adjacent to at least one oflhe sidewails of the .. channel. 

. . 

2~ A field effeCt trans~stor (FET) eomprising:. _ 

a s\il?smite; 

a source region mid a dr.µri r:egion in the. substrate,. each of said "source 
.' . . . . . . . . 

region and said diain region- ha\'ing a top, bottom and at least two side . 

diffuSion ~aces,, the ~ource and drain regions separated by an epitaxially . . . 

grown channel ~gion having° a top1 bottom and side channel surfaces 

. substantially coplanar with corresponding ones 9f the diffusion surfaces; 

a gate adjacent the top and the side channel surfaces and electrically 
. . 

insulated.from the top and side channel surfaces; and 

the gate comprising a planar top surface, the pJ~ top sUrface having 

a cQntact for receiving a gate control voltage for controlling the PET." 

3. The FET as recited in claim 2, wherein the source ·and drain have a contact 

for receiving a contr~l voltage for controlling the FET. 

11111111111111 11111 1111111 1111 
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4 .. The FET a8 recited in claim 2, wherein the gate is substantially centered 

between and substantially parallel to said source region and said drain region. 

5; The FET as recited in claim 2, further comprising a sili~ide layer that 

contacts a top surface of said gate. 

6. The FET as recited in C?laim 2, further ~ompnsing a dieleCtric layer that 

·contacts a first side end and a second side end of said gate. 

. . 

7. The FET as recited in claim 2, further comprising a dielectric that contal;fs 

. side surfaces of the channels . 

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

9. The FE'f as recited in claim 2, wherein the c~el is approxU11ately one 
. . . . 

fourth of a length of the FEt · 

. . 
10. The FET as recited in claim 2, further comprising a dielectric material in 

. . 

the gate for electrically sepanitinJ the gate into two ~lectrically is~lated 
. .. 

portions, each having a substantially coplanar top ·surface and a contact pad 
. ' . . on each resi)ective sUbstantially coplanar top surface . 

. 11. ·The FET as recited in claim 2~· wherein said epitaxial channel is fonned of 

a combination of Group IV elements. 

12. The FBT as recited in claim 2, wherein said epitaxial channel is f9rmed of 

aii alloy of silicon. and a Group IV element. 

111111111111111111111111111111 
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. 13. The FET as re:cited in claim 2, wherein said epitaxial channel is formed of. 

ari alloy of silicon and at least one of germanium and carbon. 

14." A method for forming a doub~e gated field effe~t transistor (FET), 

comprising the steps of: 

forming on a substrate a first and a second epitaxially grown channels; 

etching. areas within a s~licon layer to form a source and a drain, 

.wherein a.side surf~ee of the source· and ·the drain contact opposing en~ 

surfaces of the first and second epitaxially grown channels; and 

fonnjng a gate that contacts a top ·surface and two si~ sUrfaces of the· . 

first and second epitaxially grown channels and a top surface of the substrate. 

. . 
15. The me~od as ~ited in claim 14, wher~in 1:)ie forming step comprise.s 

the steps of: 

forming first and second silicon lines, each end of the silicon line~ 
. . . ·. . 

contact an end of the source and the drain; · 

, forming an etch stop layer on an exposed side s~e of each of the . . . . .. 

etching away the first and second silicon lines and etch stop layers; 

filling areas surrounding the first and second epitaxially grown silicon 

layers an~ between the source and the drain with an oxide fill; 

etching a portion of the oxide fill to form an area thai defines a gate, 

wherein the area that defines the gate is substantially centered between and 

substantially parallel to the source and the drain; and . 

depositing a material to fonn· a gate. 



16. The method as recited in claim 15, further comprising the steps of: 

etching the oxide fill between the ·gate the source to "expose the first. 

and-second epitaxi~ly grown .silicon layers; and 
. . 

· etching the oxide fill between :the gate ~d the drain to exi)Ose the first 
. . 

and second epitaxially grown silicon •ayers. 

. . 
17. The method as recited in claim 16, further compfising the step of fonning 

. an oxide on the first aJ.ld second: epit8.xially grown silicon layers. 

18. The method as recited in claim 17, wherein the oxi<ie is silicon dioxide. .. . .... 

19. The m~od ~ ~ited in claim 16, further·comprjsing the steps ·of: . · 

implanting a "Portion of the epi~ially grown ·silicon layers between 
. "~. 

· the gate and the source; and 

#nplanting a portion of the epitaxially ~wn .silioon layers between 

· the gate and the ~n. 

20. The method as recited in claim 18, wherein the implanting step.is in the 

range of 10 to 45 degrees relative to a vector perpendicUlar to a top surfac~ of 

the epitaxially grown silicon layers. · 

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

at approximately 90 de~ relative to ·ea.ch othe~~ 

22. The method as recited in claim 14, further comprising the step of forming 

a contact on each ofthe gate, the· source and the drain. 

23. The method as recited in claim 14, wherein the gate material is·· 
: . . 

I lllllll llllll lllll lliil II 1111 
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polysilicon 
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