WD 2005/ 071730 PCT/ US2005/ 000947 TRI - GATE TRANSI STORS AND METHODS TO
FABRI CATE SAME FI ELD [0001] Enbodi nents of the invention relate generally
to the field of integrated circuit 5 device fabrication and nore

speci fical | Waw0347Mm73gat e transi stor fabrication. BACKGReEUNDs1dS6Hd47The
trend toward increasing the nunber of functions of an integrated circuit
device (1C device) is continuing. As the size of transistors decreases,

cvi dont. For  SheATE EHANESTOR AR R DR SRR SIS ¢ are

fabricated by coating a substrate with an insulator (e.g., glass or silicon
oxi de) layer. A second silicon wafer is then bonded to the insulator |ayer
and thinn a desired thickness (i.e., as determ ned by the transistor

di mensions). This thinning process is very difficult to control with great
accur acy. [(000D3] Batpdireents ofthe inPentidnuelategenerallyptorthé fialdaf intbgrated bir¢uitat i on
process for creating a tri- 15 gate SO transistor in accordance with the
prior &rt devAce fabfivation andFigre pedifically to fri-gate transigtbefabii€itiont ypi cal ly a silicon
substrate, has an insulator layer 102, typically silicon dioxide, disposed
upon it. BACREROWNRD a silicon dioxide |ayer nmay be grown on a silicon
substrate.” [0004] As shown in Figure 1B, a transfer wafer 103 is then bonded
to the in or @fcfhh ¢The

bondi ng oiw"ﬁt ce;rrhfz"?rgb&wa ar&%reawﬁ%ﬁﬁl nsu I;t or tfeﬁ’?}%?fMt%%%‘?%ct ed t hough
a heat-in uced ydr.oge ndi ng cess transfer may be,
for exanplOEVIcE( df“élﬁg) 1P §’°" K eﬁl@e %fdﬁnﬁfte?s qa?greflﬁs’csl\%%ouﬁgﬁ% ?(Lh'n
transfer wafer is then thinned to desire ckness . based on t he

L ans! St o VEEARASIELAGHIPE BiocgRes rant Y it £8T Pemilsy BN - 100

nm The 25 thinning of the transfer wafer may be acconplished through one of
sever a0 t ygspletar (SOB transistors are fabricated by coating a substrate with an insulator (e.g.,

-

glass or silicon oxide) layer. A second silicon wafer is then bonded to the insulator layer
and thinned to a desired thickness (i.e., as determined by the transistor dimensions). This
thinning process is very difficult to control with great accuracy.
[0003] Figures 1A — 1D illustrate a portion of the fabrication process for creating a tri-

15 gate SOI transistor in accordance with the prior art. As shown in Figure 1A, a carrier
wafer 101, typically a silicon substrate, has an insulator layer 102, typically silicon
dioxide, disposed upon it. For example, a silicon dioxide layer may be grown on a silicon
substrate.
[0004] As shown in Figure 1B, a transfer wafer 103 is then bonded to the insulator

20  layer 102, which may facilitate the bonding. The bonding of the carrier wafer to the
insulator layer may be effected though a heat-induced hydrogen bonding process. The
transfer wafer, which may be, for example, silicon, is approximately 600 microns thick.
[0005] The transfer wafer is then thinned to a desired thickness based upon the
transistor dimensions. Typically, this thickness is approximately 50 — 100 nm. The

25  thinning of the transfer wafer may be accomplished through one of several typical

1



t WD 2005/071730 PCT/ US2005/ 000947 processes. For exanple, a wet etch and
polish process may be used to grind the transfer wafer to the desired

t hi ckness. An alternative nethod for thinning the transfer wafer includes
hydr ogen i mwendosn110sm of the transfer layer to create a ' of the
transfer wafer. The bonded pair is then heated to effect\ﬁge}é{sg@g@@%erature
cl eave of the 5 hydrogen-doped interface. Subsequently, the transfer wafer
surface is polished or treated in other ways to planarize the surface or
further r@wseses Horexmarpaswet eithand pabthseeess waY e ttedde gtind thedransfpe

thi ckness to within approxi mately several hundred angstrons. As shown in
Fi gure 1 ®afertethedasisddhickwess r An aiferivaive esghodifhr thinmihg the frankferiwafer di nensi on
for the silicon body of the transistor, resulting in filmlayer 104. The

t hi ckness imdudes hydrbgendmpladatidf of the dahsferiayee tb tryatt havedR sédtiedl ofthieght of t he
silicon body (Hsi). The filmlayer 104 is then selectively etched to create

silicon bedhds aFér. R Yohdddspasti®then héfeSldQ¥Bct ahiffh SiRrabiPe clea®d Gahd vel y
etching the filmlayer 104, using |ithography techniques, results in silicon

bodi s 5 109 i@udd)darRa 4iiced shadpuofl! B (Misrok vt shdde 8BbRRbA bt fiated [ 00061

For typica ansi'stor design architecture, gate length 1s proportiona
Hsi, 15 with Hs: eg 0 LI | ength.  For, typical
transi st ors’® rt%ay(j g? ﬁﬁhyéz%é?%%%gfe 6(} pr oéfir%dautg%fh%%%mesﬁggheﬁﬁ]meh?ggdesi red Hsi
is greater than approxi mately 20 .rim Using.the current fabrication method,
[ s pos B copteatbichigkntsn R Witk RpORPEIRY SR EIed SESHES AT @ | ength
and hence, the desired Hsi decreases, current fabricatjon_nethods exhibit
serious disbevaviadtigyedC, the trapsforryafonO3has been thianed tora desireddimspsipmbor ghgs
wafer in order to produce transistors wth uniformcharacteristics. For
exanpl e, tshigon badysifsheotranststozsiesiilithgiolfilmdayer Wod. chhe thickukss et filny layeniddr t i onal
to Hsi, should not vary by nore than approximately 10% Therefore, the film
| ayer 10hi gkdeesmiriedaly thkedesirad heighttdfthe silivon badyn@Hs;)v athy fibeyt layer £04 isalen1 0%

selectively etched to create silicon bodies for the transistors. As shown in Figure 1D,

selectively etching the film layer 104, using lithography techniques, results in silicon

bodies 105 having a desired body width (Ws;) and body height (Hs;).

[0006]  For typical transistor design architecture, gate length is proportional to Hs;,

15 withHs; equal to about one-third of gate length. For typical transistors with gate

lengths of approximately 20 — 100 nm, the desired Hg; is greater than approximately 20

nm. Using the current fabrication method, it is possible to create adequate film layers.

However, as the gate length, and hence, the desired Hg; decreases, current fabrication

methods exhibit serious disadvantages.

20 [0007) The Hg; value must be uniform across a wafer in order to produce transistors

with uniform characteristics. For example, the transistor threshold voltage, which is

directly proportional to Hg;, should not vary by more than approximately 10%. Therefore,

the film layer thickness that determines Hg;, should not vary by more than 10%.

[0008]  The methods of thinning the transfer layer to obtain the film layer are capable

25  of producing a film layer of approximately 20 nm thickness that does not vary by more
2



[ 0008] The nethods of thinning the transfer layer to obtain the filmlayer
are capable 25 of producing a filmlayer of approxinmately 20 nmthi ckness
that does not vary by nore 2 WO 2005/ 071730 PCT/ US2005/ 000947 than

appr oxi mat eMP 200807136 wever, t hese nethods fail to producRCT/hs2005meddr ed
uniformty for thinner filmlayers. Therefore, current nethods of
fabricating SO transistors are incapable of yielding transistors with gate

| engths sig),| ggro&mn ;aewmg%e B0 £ Blodld BR Y&l ARG SS O

bondi ng the cafrier er an er wa ocess o hi nni ng

t he transfer mafe e desk red thlc es e cost and dlfflcult to
control . @@ﬁm a\yﬁ Oﬁ‘ﬁg Ot elri‘@gs B%Bfaﬂﬂ% PG ?ray be best
understood by referring to the f tion anpd anyi ng

dr awi ngs t“PFéPab&‘F%fe %tt@nﬁlﬁ'io{f's Qha V%H%B ’Hé{?f 381"‘1’?1}%"?3532438 CIn

t he draw ngs: [0011] Figures 1A - 1D.illustrate a process for creating a
tri-gate $8909 r arldpicouer, the prosewsci bandies thecarienwafse per trapsfer wabmagnd the gure 2
illustrates a process for providing increased uniformty in silicon body
hei ght 5 Hyprocessrofditioning drecteansfer wafsnto theresitedthicknoss, afeeostiwandidiffionlt tnd 15
[0013] Figures 3A - 3G illustrate the fabrication of a tri-gate transistor
in accordapseol. W th one enbodi nent of the invention. DETAI LED DESCRI PTI ON
[0014] In the foll ow ng description, numerous specific details are set

forth. HomFDESCquTmpt@pmpkmwmwl ments of the invention may be
practiced W €Seé specl etarls. In other instances, well-known

circuits, 661r ECt ufl?e%n%oﬁ?ﬁ?%‘e%&'ﬁ?n&ﬁé’t@od&@é refé p tétﬂ&’%lo%éjé‘ésé’ﬁﬂuoh” or der

not to ob cure the underst ing o 'S

and accompanying drawings that are used to illustrate embodiments of the invention. In
10  the drawings:
[0011]  Figures 1A — 1D illustrate a process for creating a tri-gate SOI transistor in
accordance with the prior art;
[0012] Figure 2 illustrates a process for providing increased uniformity in silicon body
height, Hs;, in accordance with one embodiment of the invention; and
15 [0013] Figures 3A — 3G illustrate the fabrication of a tri-gate transistor in accordance
with one embodiment of the invention.

DETAILED DESCRIPTION

[0014] In the following description, numerous specific details are set forth. However,

it is understood that embodiments of the invention may be practiced without these specific
20  details. In other instances, well-known circuit.s, structures and techniques have not been

shown in detail in order not to obscure the understanding of this description.

[0015] Reference throughout the specification to “one embodiment” or “an

embodiment” means that a particular feature, structure, or characteristic described in

connection with the embodiment is included in at least one embodiment of the present

25 invention. Thus, the appearance of the phrases “in one embodiment” or “in an
3



[ 0015] Reference throughout the specification to "one enbodi nent” or "an

enbodi nent" neans that a particular feature, structure, or characteristic

described in connection with the enbodinent is included in at |east one

enbodi ment §0206@7pBesent 25 i nvention. Thus, the appearRGRES2065/00¢8d7 phr ases

"in one enbodiment” or "in an 3 WD 20051071730 PCT/ US2005/ 000947

enbodi ment” in various places throughout the specification are not

necessari 'e)fntfb'dimerﬁ’einesfaﬁ'oﬂglglﬁ&sftﬂ}ﬁugi%ﬂﬁh@Bﬁé@ﬂ‘lcﬂﬁ‘&{ are RUf dddessamyan the

particul ar features, structures, or characteristics nmay be Cconbined in any

sui tabl e j 0 Fe. ' 0 Lnhyentive
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aspects lie 1niess a eatures o odi nent .

Thus, the ¢l ai fol |l owi n he .Det ai | Description are herehy expressly

i ncor por at ralcﬁ?lﬁnctsﬂ?aé'v%e‘gg}tblube %Qlcsﬂlﬁﬁ IF gianingriin Ae.or IpoTe Ieg}bﬁ?l}sﬁfegﬁdi ng on its
own as a se&arate enbodi nent, of this inve tigﬂ.g%OOl? Fi gure i]lustrates
a process 816lpr oMaueqygn iinyentivaasnectilia 5less thaniall fegtpres gha gpgly disg t, Hsi,
in accordance with one enbodi nent of the invention. Process 200, shown in

10 Fi gur e embadisnenis Thig, thepaima followingibe Detajled Desaiptipe atetherehy expiesslyi sposed
upon a substrate |layer. For one enbodi nent, the trench |ayer may be di sposed
upon t he sinbsporated intaykis Detadied Destriptieniva thl eavlagleim stegbing on oWt process.
For one enbodi ment, the substrate layer is silicon. For alternative

enbodi ment &parbfeentbolifhenabethisdyesntiomy be another sem conductor material such
as germanium (Ge) or galliumarsenide (GaAs). For one 15 enbodi nent, the

trench laygp1tjhi crpass? [IRseRELs probeas! fR PRRAUILP Horda S umRShity SAilicoR bafy t he
transistor’'s gate l'ength. That 1s, the trench layer thickness is selected to

oe S00e e 5SS o e o AL i e 00 g o Lo
the tr Fg'e hFllgl%%%r, biegslnsa wﬂﬁtc)&errgt%n % whieh aqgench layer is disposed upon a substrate
layer. For one embodiment, the trench layer may be disposed upon the substrate layer
using a chemical vapor deposition (CVD) process. For one embodiment, the substrate
layer is silicon. For alternative embodiments, the substrate layer may be another
semiconductor material such as germanium (Ge) or galliim arsenide (GaAs). For one
15  embodiment, the trench layer thickness is determined based upon the specification of the
transistor’s gate length. That is, the trench layer thickness is selected to be equal to a
desired Hg; value.
[0018] At operation 210, selected portions of the trench layer are removed, thus
forming trenches. For one embodiment, the trench layer is a material that can be
20  selectively etched using conventional etching processes. For various alternative
embodiments, the trench layer may be multiple layers of different materials with each
material. In one such embodiment, the multiple layers of the trench layer are susceptible
to different etching processes.

[0019] At operation 215, the trenches formed by operation 210, are filled with a

25  semiconductor material (e.g., silicon). For one embodiment, the trenches are filled with
4



20 sel ectively etched using conventional etching processes. For various
alternative enbodi nents, the trench |ayer may be nultiple | ayers of

di fferent erials wth each material. In one such enbodi nent, the

mul tiple Ig$% g”%?”?ﬂe trench layer are susceptible to BFT&@%@%@W%VChing
processes. [0019] At operation 215, the trenches fornmed by operation 210,
are filled with a 25 sem conductor material (e.g., silicon). For one

embodi nMentepithi6l SiliRATEAE adélectivelepRakialipkdtessd \eh 209RAHE AMIIRGH WF2005/ 000947
epi t axi al S|I|con using a selective epitaxial process. In an alternative

embodi mentye bha aréﬁm(@.emaaﬁefmhmg Fét XRPBleOhE BEndRE RRY be Flled @Dl €, the
trenches may be led with polysilicon ustng a blanket deposition process.

[ 0020] At %ﬁn%glﬂg%eﬁw}ég%ggéconductor material is renoved. That

is, 5 sem teri al trench that extends above the

surface of i nder he trench | noved. Fo,

enbodi rrent[(’bgﬁc he 8% rat}ﬂ?@%&h&‘ﬁSﬁiceﬁsoﬁepgﬁ?ng%‘&?ﬁ?ast%ﬁ 5‘5 a?bﬁ anari ze the
surface of the sem conduct ter [0021] At ope 225,

r emai nder S@mlftf’ﬁéu‘tt‘i’féﬂﬁtﬁf@léﬁ]éﬂgnfg% trpReRd i GXEREdP Ryt he surts 6*&?6?6‘?““9%3 (i
the sem conductor material filling the trenches). For one 10 enbodi nent,
the hei ghtofdite trenshdasier isgpriovado For preserihodiment, grobemisalmenbaniqabpeliskhan 5%
[0022] Figures 3A - 30 illustrate the fabrication of a tri-gate transistor
i N accor daiP) isemnployedtogibmdrzertha surddce o theisemizohdumtor rhdteiale 3A shows a
silicon substrate 301. A nulti- layer trench |ayer is disposed on the
silicon suipgrrjat e ABOZeratidhe2255] B edindifee bf the trefsilayci esirenivededposidg oxi de
(e.g., SiA2) layer 302, a nitride (e.g., Si3N4) layer 303, and a second

oxi de 15 (&mibondwtOiZing d(@é’ Sthe §&ﬂ1¢o§iﬁ‘é‘ﬂﬁr HiateriMl flliGg tel tr@hed).bPshonk hi ckness,

Hsi, will be determ ne t he thickness of the second oxide |ayer, whi ch

5 a VY GONLALLARL iy o(flﬁﬂses%ﬁ?( hAH sF AR WibitFlelAbaR K

applicati phot or 8si st nas
[0022] Figures 3A — 3G illustrate the fabrication of a tri-gate transistor in accordance

with one embodiment of the invention. Figure 3A shows a silicon substrate 301. A multi-
layer trench layer is disposed on the silicon substrate 301. The trench layer is comprised
of a first oxide (e.g., SiO,) layer 302, a nitride (e.g., SizN4) layer 303, and a second oxide

15 (e.g., SiOy) layer 304. Eventually the tri-gate body thickness, Hs;, will be determined by
the thickness of the second oxide layer, which is a very controllable thickness.

[0023]  Figure 3B illustrates the application of a photoresist mask layer 305 to define
the transistor bodies. The patterning of the photoresist mask layer 305 determines the
width of the silicon body, Wi;.

20 [0024] Figure 3C illustrates the etching of the trench layer to define trenches 306a and
306b. For one embodiment, a series of three distinct dry etch processes are employed. In
such an embodiment, the second oxide layer 304 is etched using a selective dry etch
process in which the nitride layer 303 acts as an etch stop. Then the nitride layer 303 is

etched using a different selective dry etch process in which the first oxide layer 302 acts as



the transistor bodies. The patterning of the photoresist mask |ayer 305
determnes the wdth of the silicon body, Wi. 20 [0024] Figure 3C
illustrates ing of the trench |ayer to define trenches 306a and
306b. For oﬁ%nﬁw@%gphent, a series of three distinct dryPelVERpWULses are
enpl oyed. In such an enbodi nent, the second oxide |ayer 304 is etched using
a selective dry etch process in which the nitride |layer 303 acts as an etch
stop. Themntefsh stopt rHifktly| thy €irst 3Ride l/er 302Cib edhethisivg fdiictdheprecuss tatiect i ve dry
etch process in which the first oxide |ayer 302 acts as 5 WD 2005/ 071730

PCT/ US2005%4,8R0841¥ scle@tive!t6 o bR Ehe shitfac df\the dili®nfsubditated0ide | ayer 302 is
etched using a dry etch process that is sufficiently selective to stop on

the surfaggg o hggggljg@ni%gg‘%%vg@%e%@ﬁésadsg%giodﬁm §lidh 307 MRt iRt es

filling trenc I con after the photoresist |ayer

has b ' L ndi d. . h
my o 11 TR ROG RN ool R n ek 25 R0R Bord M eRBRLGT ng
) et ot B Hlsayigbesy e aioss alrmat e BB negieind SR BLAIN | do

| ayer 304. For one enbodi nent, the planarization is effected using a CW
process. Fablankefcdepegitinn efpalysilicke pol i shing process is used to renove the
second oxide |layer 304 and 10 the nitride layer 303 is used as a polish
stop. For [8024] anFigntsG® iftustratesttheosilicsin 39R plaaarized to thgHewd bbtheisedony okide ween
oxide and nitride. For an alternative enbodi nent, the second oxide |ayer
304 i s selleydri304l Foraine kabodiment) ¢herplanaridstion dy effecBdhsingalGMB peodeky , For he
nitride layer 303 is etched using a wet etch process using, for exanple,

phosphor i Gom&hfbodifteat, thd llishiR Fﬂﬂeds 3y @ed BDrnRGE the@beohd okidehayek 904 & such a
process. 15 [0027] Figure 3F rllustrates the silicon bodies for the tri-gate

t r ansi ]]sbtao e gﬁ&;ﬁ%ﬂtﬁhﬁ B uskdSs § Q’Jop.gfggﬁ Jﬁ@%ﬁﬂ ERGSUi@N S the [FB1i6h nasS€CONd

oxi de yer e nitride layer
high selectivity between oxide and nitride. For an alternative embodiment, the second

oxide layer 304 is selectively etched to the nitride layer 303. Subsequently, the nitride
layer 303 is etched using a wet etch process using, for example, phosphoric acid. The first
oxide layer 302 acts as an etch stop for such a process.

15 [0027]  Figure 3F illustrates the silicon bodies for the tri-gate transistors exposed with
the removal of the trench layer (e.g., second oxide layer 304 and the nitride layer 303). As
shown in Figure 3F, a portion of the trench layer (e.g., first oxide layer 302) may be

| retained to effect beneficial properties of the transistor as explained below. The silicon
307 forming the gate bodies has a uniform height to within a specified tolerance. For one

20  embodiment, the height, H;, of silicon 307 is approximately 10 nm and is uniform within
5%.

[0028]  Figure 3G illustrates the tri-gate transistor fabricated by forming a gate 308
surrounding the silicon 307. The gate 308 may be, for example, metal or another suitable
material as known in the art.

25  GENERAL MATTERS



shown in Figure 3F, a portion of the trench layer (e.g., first oxide |ayer
302) may be retained to effect beneficial properties of the transistor as
expl ai ned bel ow. The silicon 307 form ng the gate bodies has a uniform

hei ght to wWWORPH#E1$hecified tol erance. For one 20 enbod?¢EH20YME4hei ght ,
Hs;, of silicon 307 is approximately 10 nmand is uniformw thin 5% [0028]
Figure 3Gillustrates the tri-gate transistor fabricated by formng a gate

308 surropdong ERMoSinkdn&YT tdifhiventios mbhide vaﬁ&lsf%)éraﬂens fManesaap! e, nmetal or
another suitable nmaterial as known in the art 5 GENERAL 'MATTERS 6 WD
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are described in t eir nost basic
form but era e of ..t he, met hods
wi t hout de% P %09&?%5’?%%?%2 “b%g}lcﬂg%‘gf} ﬁ8¥netb?1éas’gcns\?é%? ‘;;?otﬁgyrlu—’ tlon Frpl e, the
trench | ayer, cr.i be n 205 o re e di ed on the
5 substrat %"afw?%iﬁ E}Jﬁyfrea B ﬁ@?ﬁaﬁ?%ﬂoa{@%u eéemf%ﬁ‘bgﬁsgﬁﬂig? re than
one layer as illustrated in Figure 3A. Furthernore, a portlon of the trench
| ayer nhy Bbside H yReigus éte"@ftlf"éétaﬁﬁ'éﬁéﬁ mey be gempmisef merethgn eaglayer aind 3G a
portion of the first oxide layer is retained to reduce fringe capacitance
in the traillstsatedtin igogdA. oers, bedrtbof the treneh layermoieke fetaimaddoi n t he
trench layer may be filled with 10 silicon in a nunber of ways including,

for exanpl effecbbarkiat Atehown in Bigurek 3pahd 3G| a pation &hthe fiest oridb daieniznt i n whi ch
a bl anket deposition of polysilicon is used, an annealing process is

enpl oyed afettaexﬁedelsmbéfrﬁigewpa@nﬂ@ahnﬂab@faﬁsldtmcon into a single crystal.
10031] Wile the invention has been described in terns of several

enbodi ment g) 036]h0S Qs d%%dog:eﬁgbn(%\%, thB GreflHes rinkd GROFRIARTafed MayHRGille B WAL | ON 1S

not limted to the e

10  silicon in a number of ways including, for example, blanket deposition of polysilicon. For
an embodiment in which a blanket deposition of polysilicon is used, an annealing process
is employed after deposition to anneal the silicon into a single crystal.

[0031] While the invention has been described in terms of several embodiments, those
skilled in the art will recognize that the invention is not limited to the embodiments

15  described, but can be practiced with modification and alteration within the spirit and scope
of the appended claims. The description is thus to be regarded as illustrative instead of

limiting.



15 described, but can be practiced with nodification and alteration within
the spirit and scope of the appended clains. The description is thus to be
regarded as illustrative instead of I|imting. 7 ains Wat is clainmed is:
1. A nethod conprising: disposing a trench | ayer upon a sem conduct or
substrate, wherein the trench layer is conprised of a first and second

|l ayer with a third |layer there between, the third | ayer being of a different
mat eri al conposition than the first and second | ayers; selectively renoving
a portiep;pk the trench Iayer such that a remainder of the trench [|ayer
forms ome or nore trenches, the renoval of a portion of the trench |ayer

exposingqthe !%enucqnductor substrate; filling the one or nore trenches with
a semc Brial contacting the seniconductor substrate; renoving

any excess sem conductor material fromthe one or nore trenches; and

removing at least the first |layer to expose the sem conductor material as
one or re AJBIHMQIAMMEHE: fi ns ext endi ng above at | east the second |ayer

2. The nethod of claiml wherein the first layer is a first oxide |ayer

di sposedispgping & trenchdeydr spno acemicosdipson swbsirate, ivéherdin tht frengbrlayes isscampristdie

| ayer di sposed upon the first oxide |layer, and the second layer is a second
oxi de | ayefirdiangeswdd Upen withea thiddrlayte thery 8etwesn, thd ehirelahertbetrig eff adiffent
wherein renmoving at |least the first |layer conprises renoving the second

oxi de | gygkial doRiPRYitios tHaR8h&ikst iftesebdii@hyerand retaining at |east sonme portion
of the first oxide |layer. 4. The nethod of claim1l wherein the one or nore

trenches havgele%tiga9trgm8€/in§papﬁ&ﬁi)mrf%eytrench layer such that a remainder of the trench

layer forms one or more trenches, the removal of a portion of the trench layer exposing the
semiconductor substrate;
filling the one or more trenches with a semiconductor material contacting the
semiconductor substrate;
removing any excess semiconductor material from the one or more trenches; and
removing at least the first layer to expose the semiconductor material as one or more
semiconductor fins extending above at least the second layer.
2. The method of claim 1 wherein the first layer is a first oxide layer disposed upon the
semiconductor substrate, the third layer is a nitride layer disposed upon the first oxide layer, and
the second layer is a second oxide layer disposed upon the nitride layer.
3. The method of claim 2 wherein removing at least the first layer comprises removing the
second oxide layer, removing the nitride layer, and retaining at least some portion of the first
oxide layer.
4. The method of claim 1 wherein the one or more trenches have a depth of approximately

10 nm.



10 rim 8 5. The nethod of claim4 wherein the one or nore sem conduct or
fins have a height of approximately 10 nmthat is uniformto within 5% 6.
The nethod of claim| wherein renpving any excess semn conductor materi al
fromthe one or nore trenches includes planarizing the sem conductor
material to a surface of the trench layer. 7. The nethod of claim6 wherein
the planarizing is effected through a chem cal - nechanical polishing
process. 8. The nethod of claiml| wherein filling the one or nore trenches

with a sem condpethel ofrmﬁlﬁlrwhetm khedie EPbAXéedlibohddE@WERY k€ a height of
sem conductor material within the one or nore trenches. 9. The nmethod of

claiml HMP&{‘?‘%“EJSW I aniﬂﬁj %ﬂﬁ t(%v HRr8, trenches with a sem conduct or

mat eri alFH he ep05| I on of sem conductor nmaterial. 10. An
integrated circui g e c ris . .a Substrate E‘
trana sbors T eofabsne. Sapstt B Bay crancra Shdyforneledh bip
further conprising: a sem conductor body, each sem conduct or body haV| ng a
hei ght ®t€ prgarertieRfhesaniides plapariaingitks %e&l?qr@%ﬁr PREsrial Yeweirfage gt therjgench
sem conduct or body, the height of the sidewalls (H,,) being less than the
t hi cknekgerof the sem conductor body and uniformwithin 5 % across said
plurality of transistors; a gate electrode on the gate dielectric; and a
sour ce Tegi ofheamsketidhdaiofi ¢laigi @n whereirh ehes eanacmiep cisoeffdatddly tloougipmoshdneicai des
of the gate el ectrode.
mechanical polishing process.
8. The method of claim 1 wherein filling the one or more trenches with a semiconductor
material includes epitaxially growing the semiconductor material within the one or more
trenches.
9. The method of claim 1 wherein filling the one or more trenches with a semiconductor
material includes a blanket deposition of semiconductor material.
10.  An integrated circuit device comprising:
a substrate; and
a plurality of transistors formed upon the substrate, each transistor of the plurality further
comprising:
a semiconductor body, each semiconductor body having a height of less than 20 nm a
gate dielectric on the sidewalls of the semiconductor body, the height of the sidewalls (Hy;) being
less than the thickness of the semiconductor body and uniform within 5 % across said plurality of
transistors;
a gate electrode on the gate dielectric; and

a source region and drain region in the semiconductor body on opposite sides of the gate

electrode.



9 11. The integrated circuit device of claim10 wherein the plurality of
transistors are tri-gate transistors. 12. The integrated circuit device of
claim11l wherein each sem conductor body has a sidewall height (H51) of
approximately 10 rim 13. A nethod conprising: disposing a first oxide |ayer
on a sem conductor substrate disposing a nitride |ayer upon the first oxide
| ayer; disposing a second oxide |ayer upon the nitride |ayer; selectively
etching a portion of the second oxide |ayer the nitride |ayer and the first

oxide §p defidige gﬁecﬁéirﬁ‘i’crd%vwé%@%ﬁ% I%Wl%?éiﬂflhé PRiratRyTbf ARG SO areSioghd at e;

epitaxially grow t he sem conductor material on the sem conduct or
substrate wwthin the one or nore trenches; renoving the excess

. &%II‘IS{S OrIS. . . .
sem conductor ‘'material fromthe one or nore trenches; and etching a

remai nd of _.the second.oxjde | aye nd etching the nitride | ayer

sl ect | Vol y T MPEAR] o ,aise] Sly GRS o MR G TSRl it or
bodi es are fornmed with an exposed sidewall height (H51) that is |ess than
t he t hi gikereadkhedght (o) of@pprosiferiely dP "nBody over the semiconductor substrate.
14. The method of claim 13 wherein the one or nore trenches have a depth of
appr oxi it el & mellfbdrdomprisbig: The met hod of claim 13 wherein the one or nore
sem conduct or bodi es have a height of Iless than 20 nmthat is uniformto
Wi thin 5% 1@spoking anfirsiwddeohydtloniasehfcontieviar sabdtfaes one or nore semi conduct or

bodi es have a height of approximately 10 nm 10

disposing a nitride layer upon the first oxide layer;

disposing a second oxide layer upon the nitride layer;

selectively etching a portion of the second oxide layer the nitride layer and the first oxide
to define one or more trenches exposing the semiconductor substrate;

epitaxially growing the semiconductor material on the semiconductor substrate within the
one or more trenches;

removing the excess semiconductor material from the one or more trenches; and

etching a remainder of the second oxide layer and etching the nitride layer selectively to
the first oxide layer such that one or more semiconductor bodies are formed with an exposed
sidewall height (Hg) that is less than the thickness of the semiconductor body over the
semiconductor substrate.
14.  The method of claim 13 wherein the one or more trenches have a depth of approximately
10 nm.
15.  The method of claim 13 wherein the one or more semiconductor bodies have a height of
less than 20 nm that is uniform to within 5%.

16.  The method of claim 15 wherein the one or more semiconductor bodies have a height of

approximately 10 nm.

10



17. The method of claim 13 wherein renoving any excess sem conduct or

material fromthe one or nore trenches includes planarizing the

sem conductor nmaterial to a surface of the second oxide |ayer. 18. The

met hod of claim 17 wherein the planarizing is effected through a chem cal -
mechani cal polishing process. 19. The nethod of claim 13 wherein filling the
one or nore trenches with a sem conductor material includes epitaxially
growi ng the sem conductor material within the one or nore trenches. 20. The

met hod of clBienhdiBodvbetigin 13 iwheteg rdnd ifgNgh yodxcE8RIsemidoBBGIIGSmUdeiidl fPom the
sem conductor material includes a bl anket deposition of sem conductor

mat eri alne o hnord B€ndRRt HREIdRS pah &g Be WORIEAdUCIN G 3&E T GPR MG R FERESRE e 1S
conprised of a sem conductor material selected fromthe group consisting of

silicoqji%ﬁgqgniunl and gallium arsenide. 22. The nethod of claim13
wher ei n°t he e conduct or substrate is conprised of silicon, the first

oo LR S SOTRLE B P B el T RIS .1
mechanical polishing process.
19. The method of claim 13 wherein filling the one or more trenches with a semiconductor
material includes epitaxially growing the semiconductor material within the one or more
trenches.
20.  The method of claim 13 wherein filling the one or more trenches with a semiconductor
material includes a blanket deposition of semiconductor material.
21.  The method of claim 13 wherein the semiconductor substrate is comprised of a
semiconductor material selected from the group consisting of silicon, germanium, and gallium
arsenide.
22.  The method of claim 13 wherein the semiconductor substrate is comprised of silicon, the
first oxide layer is comprised of Si0,, the nitride layer is comprised of SisNy4, and the second

oxide layer is comprised of Si0s,.
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