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WD 2004/ 082002 PCT/ US2003/ 039944 A METHOD OF FORM NG
AN ELEMENT OF A M CRCELECTRONI C CI RCUI' T BACKGROUND
WOR00TBR20DNVENTI ON 1) . Field of the Invention 5p¢D0SA)P3/039944
This invention relates to a nethod of form ng an
element of a mcroelectronic circuit and to a device
that i ngl i tﬁiﬁiﬂﬁﬁl l,at ed
Art [ooéﬂﬂﬁ&@@ﬂﬁ?@ggﬁ%@ rﬂ; | o‘ﬁ‘ of
extrenely smal MEGRELECIRONIE (HRECEAsi ons on t he
order of nanometers in nultiple directions. [0003]
Certain devices, for exanple, silicon on insulator
(SO) devices, require that a nonocrystalline silicon
or other nonocrystalline sem conductor material be
fornmed on an insulating dielectric |ayer. Various
BAQ@@W‘&N&O&T% Lh\ﬁ}aEN%gHNoe used for creating a
nonocrystal |l i ne sem conductor |ayer on an insulating
1). |Eykrof thedhvditidgrechni ques usual Iy invol ve the
i npl antation of ions to a specific depth into a
ngegl: J ' 1. al | a
1000 PCEY B Entipf 3 REP EALMMEA of i lan BLARRELES
. sem conductor material, subsequently shearing the
mickpelgcirsidecir et ana te pidavice that ichides hewlsmeant he i ons
are inplanted, whereafter a thin [ ayer of
sem conductor material remains behind on the
dielectric layer. A very thin and 20 uniform
2) s[Sm csgsrildu rlal ayer, can so be fornmed on a dielectric
T - nduct or fabrication environnents,
however, rarely nake provision |

[0002] Nanotechnology involves the formation of extremely small structures
with dimensions on the order of nanometers in multiple directions.

[0003] Certain devices, for example, silicon on insulator (SOI) devices, require
that a monocrystalline silicon or other monocrystalline semiconductor material be
formed on an insulating dielectric layer. Various techniques exist that can be used
for creating a monocrystalline semiconductor layer on an insulating layer. Such
techniques usually involve the implantation of ions to a specific depth into a
monocrystalline semiconductor material, attaching a dielectric layer of another
wafer to the semiconductor material, subsequently shearing the semiconductor
material at a depth to which the ions are implanted, whereafter a thin layer of
semiconductor material remains behind on the dielectric layer. A very thin and
uniform semiconductor layer can so be formed on a dielectric layer.

[0004] Semiconductor fabrication environments, however, rarely make provision
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WD 2004/ 082002 PCT/ US2003/ 039944 for attachnment of

waf ers to one anot her and subsequent shearing of the
wod08/08200f r om one anot her, and are thus ill-eqedPpsm03/039944

for the manufacture of SO devices. [0005] BRIEF

DESCRI PTI ON OF THE DRAW NGS 5 [0006] The invention is

scri bed .by way of exanpl e refer ceto
for )RR Pf B SR h Sy dsB ot piegeir 4 g vgaters
perspective viewillustrating a portion out of a wafer
from Aok adbthersamb avcihystibequigpelifstthameqnufadivet of Bl clevices.
| ayer, and a thin and uniform sacrificial |ayer; 10

[0008] Figure 2 is a viewsimlar to Figure 1 after a
| eft portion of the sacrificial layer is etched away;

0 Fi ' ' Lm | Figure 2 after a
[OOOhﬁi %Egé?ﬁ%&ﬁé“'ﬁmp\ﬁ ﬁﬁﬁng%%)lo] Figure 4 is a
view simlar to Figure 3 after a left front portion of
the 15 height-defining |ayer and the dielectric |ayer
[000&} e Téteahedn’amys describew dyavay of beanpbrwitht refarpes othen
the nonocrystalline substrate; [0011] Figure 5is a
acco%ﬁ%ﬁhg]drawlﬁgs’%&féﬁr4 after the sacrificial |ayer
IS et’ched to eave a gap between the dielectric Iayer
portion, of .the. hejght-definin | ayer ;
100070 £ e gt pectiveriey PR aps ecpaehignnts A o
initial portion of a nonocrystalline sen conductor
includitngrd aloniosrgrtalline snbsthatena didedtiiodaydrt end a[thd18hd uniform
Figure 7 is a viewsimlar to Figure 6 after the

sacrR3Qqhyst al I ne

[0008] Figure 2 is a view similar to Figure 1 after a left portion of the sacrificial
layer is etched away;

[0009] Figure 3 is a view similar to Figure 2 after a height-defining layer is
formed;

[0010] Figure 4 is a view similar to Figure 3 after a left front portion of the
height-defining layer and the dielectric layer are etched away to leave a
nucleation site exposed on the monocrystalline substrate;

[0011] Figure 5 is a view similar to Figure 4 after the sacrificial layer is etched to
leave a gap between the dielectric layer and a right portion of the height-defining
layer;

[0012] Figure 6 is a view similar to Figure 5 after an initial portion of a
monocrystalline semiconductor material is grown on the nucleation site;

[0013] Figure 7 is a view similar to Figure 6 after the monocrystalline
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2 WO 2004/ 082002 PCT/ US2003/ 039944 sem conduct or
material has grown to forma nonocrystalline |ayer in
W0 b4/gsao92 [ 0014] Figure 8 is a view simlar tRPCHUS0E039944
7 after a mask block is forned on the right portion
of the height-defining |ayer; [0015] Figure 9 is a

view sjmlar to. Figure fter the height-definin
semjcggiicted mafezial han TR to FohaRORpa TR RyREHT fhe gop

di mensi ons of a spacer block of the height-defining
[0014hy EFiguded isrmenavrEmilar thEigure Fafiestaanbbk blddkyie formed on the

[0016] Figure 10 is a viewsimlar to Figure 9 after

iochf B8 i : adj acent opposi ng sides
ue o? ftgden égg%e%g*%%%ﬁﬁgg%&?gﬁ gure 11 is a view

jm_lar to Figure. 10 after the spacer. block is etched,

001" Ejgkre Toarap rigHiE ta Bigure § affedihe hiahirdefiing s i
11 after the nonocrystalline layer is etched with the
etchegaciéh thse teshdlock definihg ghadiraensioks ofa sphair block of the
nmonocrystalline wire elenents of the nonocrystalline

i ; | ' ' e . Figure 13
helg:hg-l’igﬁ\r} Flg{/%é/l@ Fn allcfrrgit%gﬂ I%ﬁ%&%@n&%&awﬁg? pacer side
lls are 15 etched_away; and [0020] Figure 14 is a
mm%feﬁﬁ%’rrﬁ‘i]{od? apgeveisinilar 1aligrre Spfier shacarisiderwinlls age foraned
of a tri-gate transistor device that includes the

adjaventeopglirensisles BDEIA ddalbeHSEK! PTI ON OF THE | NVENTI ON
20 [0021] In the follow ng description, terns such as

oo E S A OB B0 e

and
away;

[0018] Figure 12 is a view similar to Figure 11 after the monocrystalline layer is
etched with the spacer side walls serving as a mask, so that monocrystalline wire
elements of the monocrystalline layer remain on the dielectric layer;

[0019] Figure 13 is a view similar to Figure 12 after the spacer side walls are
etched away; and

[0020] Figure 14 is a view similar to Figure 13 illustrating the manufacture of a

tri-gate transistor device that includes the wire elements.

DETAILED DESCRIPTION OF THE INVENTION

[0021] In the following description, terms such as horizontal, vertical, width,
length, height, and thickness are used. These terms are used to describe and

define orientations of structures and surfaces relative to one another, and should
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define orientations of'structures and surfaces

relative to one another, and should 3 WO 2004/ 082002
weEOnANSA0D3/ 039944 not be interpreted as pertBCHUSIPOL/EB9944

an absolute frame of reference. [0022] Figure 1 of the

acconpanying drawings illustrates a portion 20 out of

atlal fabrlcated fer ving .a dth 22 and a
not B siEFprsied dnnlnfife o wbabscliie HEeDt Seireiet ona
silicon nonocrystalline subst rate 26, a supporting
[0028] | FigureSl df ibveiateorhBadpineri@ivdogs iilhtsltmjesapartﬁ@n Redudnf a
t he nonocrystalline substrate 26, and a silicon

partgﬂ%ir fa@ﬁc&@% lg%ﬁftgfa' Width 03RS a fé}n}[g{t/l? Q?g qh@ otrBSH 20

| ectric substrate r e

. b%? silicon (Si 1 er mani um ( %he) i con_ger rranr

mche g(@%tverg%gqa %%ﬁ%ﬁt sulqsﬁfgga 2 umgnggthcon
carbon. The sacrificial |ayer 30 has a thickness 34A

dioxidhe (3105 d=l¢atdaidyer 2B iformed phahe hyorastr stallrederbstohita?6, and
10 few nanoneters. A process for formng 15 nmthin

. i [ f
g T e L
power of 1kW a hfreq cy of 13.5 \WHz, or a | ow
Subsrtraéa GeNEfODEXHBB » Ba siligpa (S S9rmey D 5ot $ibAgn Germanium

between 2 and 3 Torr, with tenperature of 350-450C,

(SixGéyh healiliangrsbhioly (r:htée) ,AhSBAGABOGask ar carb@l. Thevadrifidal
of 10-15 sIm and an N2 flow 15 rate of 20 slm

laye[f g@%%]fq a'%flll%lélﬁegééi&%@{icﬂl i &tgéi{tglgﬁtm fc%llg %étotfhitdtaer of a

sacrificla
remai ni ng portion of the sacri f| ci al I ayer 30 now has

few pangmetersas\ prrress Bdormingd pm this agddinifarm silicapaitride
I s exposed. The portion 36 has a wdth 38 and extends

layedsispfis dxaenplenglbbmd4nhén&ddieh&tichdepdild@oditién (CVD) with
sacrificial |ayer

power of 1kW, a high frequency of 13.5 MHz, or a low frequency of about 10 kHz

with CVD conditions of between 2 and 3 Torr, with temperature of 350-450°C,

with silane flow rate of 75-150 sccm, a N2O flow rate of 10-15 slm, and an N2 flow

rate of 20 slm.

[0023] Asillustrated in Figure 2, a portion of the sacrificial layer 30 is

subsequently removed. A remaining portion of the sacrificial layer 30 now has a

width 35 and a portion 36 of the dielectric layer is exposed. The portion 36 has a

width 38 and extends across the length 24. A side surface 42 of the sacrificial layer

30 is exposed.

[0024] As illustrated in Figure 3, a height-defining layer 44 is subsequently

formed. The height-defining layer 44 is typically made of the same material as the

dielectric layer 28. The height-defining layer 44 has a left portion 46 on and
4
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20 30 is exposed. [0024] As illustrated in Figure 3, a

hei ght-defining | ayer 44 is subsequently forned. The
whedoghsg200ef i ni ng | ayer 44 is typically made of PETES®ANE39944

material as the dielectric layer 28. The

hei ght -defining | ayer 44 has a left portion 46 on and

4 2004/ 082 P 003/039944 str tural .
strug U FRANTOR F 6 WRBERT BYPEger ba- iy having a
portion 48 having a |ower surface on an upper surface

lowerf surfaresacan ippensutfagecof the sagrificist yee3bevdistanae between a
hori zontal upper surface of the dielectric |ayer 28

hori%ﬁﬁta‘l ﬁg)g@f’ 5&1?9&4 & theUBecBid 152&928 Qxfu% ttlﬁﬁh&h%tapfﬁv%losrhrface

fine by t he thicknes e sacrificial

SR M IR NITED IR A

renoved. The entire structure of Figure 3 is masked
[0026hi [Fegureadilimgtrates thpstrunigiralod Féguded dftard froht ohithe lefttportion
portion 46, and then exposing the front of the [left

t.he
46 IPRELPE, 5Py SR HEpa of MBLRETLORBLNA KIARTBNARe oI
I dth ht - defi ni ng | ayer 44 over
Ope%ﬁgghogﬁ the thﬁ@%ﬂd& : 'eﬂd AR theb sxpesins e }PPHEOf the
hei ght-defining |ayer 44 is st|II structurally

left portivecdeth ahehght that selectipely iremoves tie tlageriad bf the dielectric
portion 46 to the dielectric |ayer 28 and the

t
layef PEAFRXSLALiL N By 2} 08 e et %%%%%ﬂ%@ﬁ&f A Gy Hin8 material
portion that has been et ched out . nucl eati on SI te
of ﬂv;znpgoesr)yﬁt?éléae sabstrade Abn Ebﬁ&@@trql@f@u@g baster fdds sEll 15
[0026] As illustrated in Figure 5, the sacrificial
struttayglly 3onherted Baeagant der pbeiads0 antie lefip@atiohasltoi the

used t hat sel ectively renbves sone materi'al of the
diel&RHE H}}e%'z% and the monocrystalline substrate 26. The side surface 42 of the
sacrificial layer 30 is exposed within the portion that has been etched out. A
nucleation site 52 is exposed on the monocrystalline substrate 26.
[0026] As illustrated in Figure 5, the sacrificial layer 30 is subsequently etched
away. An etchant is used that selectively removes some material of the sacrificial
layer 30 over the materials of the other components illustrated in Figure 4. The
rear portion 50 suspends the right portion 48 above the dielectric layer 28. A gap
34B is defined between the upper surface of the dielectric layer 28 and the lower
surface of the right portion 48. The gap 54 has a vertical height 34B that equals the
initial thickness 34 A of the sacrificial layer 30.

[0027] The nucleation site 52 is cleaned in a hydrogen bake step at 200°C for

three minutes with an H» flow rate of 20 slm at 20 Torr.

5
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| ayer 30 over the materials of the other conponents
illustrated in Figure 4. The rear portion 50 suspends

W0 @408t portion 48 above the dielectric | ayPCT/BS2003039944
gap 34B is defined between the upper surface of the
dielectric |ayer 28 and the | ower 20 surface of the

i ght portion, 48.. The, ga 4 has a vertjcal hejght 34B
[o028}, gp*selﬁlb’af@?%%’%ﬁﬁ 6 B of apartoct ety sedicOnaucior
sacrificial l|ayer 30. [0027] The nucleation site 52 is
matetialitbid then mitiggdogrethebakdeatiapsist 52006nTemtiond precesses that
mnutes with an H2 flowrate of 20 simat 20 Torr. 5

are WRRPHHAE200 2+ REIH SISA063M Wuo?écpﬂﬁ%le%ﬁvellyl growing the

illustrated 1h Figure 6, g nonocrysta ne
initia on the,

sem duct or, terial 60 .i hen .
morE Y GG, s GHie s Rt %@3&%@%@% Rtocegs fs inan
used for epitaxial growh of silicon may be used for
ASM EB600 epighyiahreaviongt b iempevatace y£828°Cj 240 sem ob BildeTlos, 140
material 60, for exanple, a CVD process is in an 5 ASM

0 [ ' .
en B0 B RS0 plr LG SEHER, iy e fuine
pressure of 20 Torr. The mpnocrystalline

t , . .
Semgaceﬂaelsmd&f“@ﬂa Q 8revss fromn Hheypacleatden site SA vertisallygrpward

site 52 vertically upward past a left side surface of
pasttahleftdiiéé entfadecof thy eliel2BricThper2& CTleaptdtieapiing BEthe nucleation
nucl eation site 52 together with the processing

_ b . ¢ . '
St e S TR PEoco g SO SR ind eyl 0
noted is that the gap 54 is open_on a side of the _
monpesEaline and;free aledhtbehd Whasshai & Pe aotebis thet the gap 54 is
alternative, SiXGey or another material may be used
oper o5 besidie of i hbAorysaldZdserifonbubeirmaReial B).FAGWe 7,

t he nonocrystalline sem conductor material 60
alternative, SixGey or another material may be used instead of silicon.
[0029] As illustrated in Figure 7, the monocrystalline semiconductor material 60
subsequently grows from left to right horizontally through the gap 54. A thin
monocrystalline layer 62 is so formed in the gap 54. The monocrystalline layer 62
has a thickness 34C that equals the height 34B of the gap 54 and the initial
thickness 34A of the sacrificial layer 30. Because the sacrificial layer 30 is
extremely thin and has a very uniform thickness, the monocrystalline layer 62 is
also extremely thin and has an extremely uniform thickness.
[0030] Referring to Figures 8 and 9, a mask block 64 is subsequently patterned
on the right portion 48 (Figure 8). The mask block 64 is then used to pattern a

spacer block 66 out of the height-defining layer 44, whereafter the mask block 64

is removed (Figure 9). The spacer block 66 has the same width and length as the
6
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subsequently grows fromleft to right horizontally

through the gap 54. A thin 15 nonocrystalline |ayer 62
w0 200808%002 med in the gap 54. The nonocryst al | | PET/US2003/039944

62 has a thickness 34C that equals the height 34B of

the gap 54 and the initial thickness 34A of the

ri.-ficial layer 30. Because the sacrificial |ayer 30

masﬁgﬁocel&%ﬁgenel y thin and has a very uni formthickness,

t he nonocrystalline layer 62 is also extrenely thin
[0033hd Ascidluatrated: indfigine Lhistlimomtihidksessr skie Wwallg6$ are

Referring to Figures 8 and 9, a mask block 64 is

t i ' i
S oy PR R R <1 R iRt PREk (ORron ths wpper

a spacer block 66 out of._t hei ght - def i pi | ayer
surtoe SEREThaRe Sl lin 6 bk Banck sidicals B e Wamed by
9). The spacer block 66 has the sane width and | ength
depegitingea sliaiD RidGde 0820 08nRCHHAIS2AS/tHS 99ddbcrystalins lagkr 62

64. [0031] As illustrated in Figure 10, silicon

gl g LAy SN

... upper, . surface of the nonocrystalline |layer 62. The

silicqR RisideJnne natihedgmckie the lequa thy SBacks Sig W.aﬁg 6§ An
silicon nitride layer conformally over the

etchannisarsgdtthal sehertivaljerent@vesasiliccaaveitridp post pgrehttmoangktalline
upper surfaces of the spacer block 66, whereafter the

I S e S

selectively renoves silicon nitride qQver pure i
wallg 68 sap herypde geremely thim andgmiforng Bhthiclgxasge In e given
advant age of such a process is that the spacer side 10

embodihen® $hereforbethedglaxdefativplaydii 42 nvedihef Ridhgdipose of

t hi ckness. In the given
defining the vertical height 34B of the gap 54 out of which the spacer block 66 is
formed for purposes of defining the positions of the spacer side walls 68.
[0032] Asillustrated in Figure 11, the spacer block 66 is subsequently removed.
An entire upper surface of the monocrystalline layer 62 is then exposed, except
directly below the spacer side walls 68. An etchant is used and selectively
removes silicon dioxide over silicon nitride and pure monocrystalline silicon.
[0033] Referring to Figure 12, exposed portions of the monocrystalline layer 62
are removed by anisotropically etching the monocrystalline layer 62, with the
spacer side walls 68 serving as a mask. What remains of the monocrystalline layer
62 are monocrystalline wire elements 72 directly below the spacer side walls 68.

[0034] Referring to Figure 13, the spacer side walls are subsequently removed

with an etchant that selectively removes silicon nitride over pure monocrystalline

7
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enbodi nent, therefore, the height-defining |ayer 44

serves the dual purpose of defining the vertical
wheioghs20821B of the gap 54 out of which the spaP€r/Ukioo®#39944

66 is formed for purposes of defining the positions

of the spacer side walls 68. [0032] As illustrated in

e A S0 e U S e RSSO e thn

nnnocrystalllne | ayer 62 is t hen exposed, except
expeliede diléightzedfolve tvhize slearsnts F2 dee thed daané8s thanthatlatean bf tlse
used and selectively renpves silicon dioxide over

1mt1§1 édc?ﬁ&eﬂ 4y @0, Ahd tHEBif ?vﬂ%%@%‘fﬁkhﬁﬁh%“ﬁcﬁﬁg of the spacer

Ref rr|ng to Figure 12, expose rtions o
d n]i @/st alline layer 62 are renoved by
51 eé’ﬁ? H¥-opi cal |y etching the nonocrystalline | ayer 62,
with the 20 spacer side walls 68 serving as a nask.
[0039h atA s iHmeiratedah ngarmbfh ¢he pdteadleirentd ZY atay o2mapat of a tri-
monocrystalline wire elements 72 directly beI ow t he

gate; dtor Hgﬁclé\@’hl ﬁa semﬁ&%ﬁtﬁ%ﬁ% € ({/lﬂeﬁﬁf fsgﬂrsg 1x€i§lanted

e spacer sid s are sequent renove
}gﬁ c nt that | ectiv y renmpves silicon nitride
with et Nod PR B Pykear FoREactivap A Galey diglesiac layer 76 s then

PCT/ US2003/ 039944 silicon and silicon dioxide. Upper

fornsad dmoeposihgtsive and anelppee Busfaée ofefcH Wok elexpasEal. A
Hei ghts of the wire elenents 72 are the sane as the

condtﬁﬁtﬁ)@rﬁ gtrg)pg 7§ e?ﬂ%éggtlngﬁﬁfe[]c'tufeﬁ dc?%]erlu(aﬁi) ﬁgx SF@% gllgrfaces of

si de vvaIIs 68. 5 %0035] As illustrated in Figure 14,
bothy gaie ghiflectaicdniaie 4671 heayire glements 72 are thary annepdect to activate

transi stor device 74. Each sem conductor wire el enent

the d@paris.f AnadltdgenhaBettbplitdd by dr-theivibk SRRAMLS 72 OWRLa Wbltage
conducti ve. gate di eI ectric layer 76 is then

is switched on the gate electrode 78, current flows through the wire elements 72.

[0036] While certain exemplary embodiments have been described and shown in

the accompanying drawings, it is to be understood that such embodiments are

merely illustrative and not restrictive of the current invention, and that this

invention is not restricted to the specific constructions and arrangements shown

and described since modifications may occur to those ordinarily skilled in the art.
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formed on opposing side and an upper surface of each
wre elenent 72. A conductive gate electrode 78 is
wo b@a/osanuf act ured over upper and side surfaceBCDUSI03/039944

both gate dielectric layers 76. The wire el enents 72

are then annealed to activate the dopants. A voltage
CLAﬁgﬂibe applied over the wire elenents 72. Wen a

age is switched on the gate el ectrode 78, current

flows through the wire elenents 72. [0036] Wile

certain exenplary enbodi nents have been descri bed and

SWhaRid dainkd® acconpanying drawings, it is to be

under stood t hat such enbodi nents are 15 nerely

i hlLustrative and n restri.ctive of the current .
LR (AR AR bk devbito Sher st r B bomerisipe
to the specific constructions and arrangenents shown

detmiles 8 shdrificial layer hevdingiacdlavasssringg cocsunpper surbae of a
ordinarily skilled in the art. 8 W) 2004/082002

sup;ﬁgﬂa@%%o%/ 039944 CLAIM5S What is clained: 1. A nethod
of formng an elenent of a mcroelectronic circuit,

SR iy G DR SR LGV B oL o e prece
form ng a height-defining |ayer having a | ower surface

of thersaanficipplayesur f ace of the sacrificial |ayer;
renmoving the sacrificial layer so that a gap is

debidiafle BRl WRe{ticd1 SaphngS thallf o3Hhid A6fnad bk 0%
| ayer a%d the | %)vverasurf acg)l oiggtjl}]e hei ght -@Z?I%EI ng [Bper
surfallc%yo%rthe s&Bgort layer and the lower surface of the height-defining layer;
and

growing a monocrystalline semiconductor material from a nucleation site at

least partially through the gap with a height of the semiconductor material being

defined by a height of the gap.
2. The method of claim 1, further comprising:
removing the height-defining layer; and

patterning the semiconductor material.

3. The method of claim 2, wherein the support layer is an insulator and the

semiconductor material is patterned into an elongate wire element.

4.  Themethod of claim 3, further comprising:



growi ng a nonocrystalline sem conductor material from
a nucleation site at |east partially through the gap
waowadoh/oseobei ght of the sem conductor material bEBCTYS2003/039944

defined by a height of the gap. 15 2. The net hod of
cI ai m 1, further conpri sing: renoving the

flnln and patterning the

WHF ﬁpd 20 3. The nethod of claim 2,
vvherel n the support layer is an insulator and the

s éoininiguadratuativegaitabv exsarphaloagrerp dsinigsiaes ef drgwie
wire elenment. 4. The nmethod of claim3, further

elerﬁ&%’” sing: 9 WD 2004/082002 PCT/ US2003/ 039944
oping the wire elenent; and formng a conductive gate
over and al ong opposing sides of the wwire elenent. 5
5. The nmethod of claim1, wherein the sem conduct or
material is at |east one of silicon (Si), germani um

5 5. (Ghp msthbdadrlgar emhenreif SieGaymicogdlittion matesiahistg least one of

(GAs), InSbh, GaP, GaSb and carbon. 6. The nethod of

sﬂlﬁ%g(Bp‘ %%rélfrléﬁlhﬁ*? ggﬂ?{)?ﬁ ﬁ%&#@gﬁg@ﬁ?@% Lo BPRide
nonQ substrate an open portion of the

cr%&al I
(Gadepilpg %]?rcﬁ;a%%@ﬁ?ﬁft% line substrate having the

nucl eati on site.

6. The method of claim 1, further comprising:
10 forming the support layer over a portion of a semiconductor monocrystalline
substrate, an open portion of the semiconductor monocrystalline substrate having

the nucleation site.

7. A method of forming an element of a microelectronic circuit, comprising:
15 forming a dielectric layer on a semiconductor monocrystalline substrate;
forming a structure on the semiconductor monocrystalline substrate, having
a height-defining layer, a gap being defined between an upper surface of the
support layer and a lower surface of the height-defining layer; and
growing a monocrystalline semiconductor material from a nucleation site on
20  the semiconductor monocrystalline substrate, the semiconductor material
growing at least partially through the gap with a height of the semiconductor

material being defined by a height of the gap.

10
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7. A nmethod of form ng an el enent of a microelectronic

circuit, conprising: 15 formng a dielectric |ayer on
wa@:2@enswoenduct or nonocrystalline substrate; fRCHUSZPOFH039944

structure on the sem conductor nonocrystalline

substrate, having a height-defining | ayer, a gap being

| upper surface of the support |ayer
8. dﬁ}ae dl&@\if’\f\e@?m?]éuﬁge]i HEMREPYRE - def i ning | ayer; and
growi ng a nonocrystalline sem conductor material from
aremuevingtthe heightelefiming baytelvearskni conduct or
nmonocrystal line substrate, the sem conductor nateri al

é’&érﬁ%o%a{hé fAglcoR@htioRhhtediflr ough the gap with a
hei ght the sem conductor naterial being defined by

a height of the gap. 10 WD 2004/ 082002
PCT/ US2003/ 039944 8. The nethod of claim7, further
conprising: renoving the hei ght-defining |ayer; and

9. pHb¢ srethod of hleimdhivdwrdincthersuppoer lagibr isarfinstitseona d dk
of claim@8, wherein the support |layer is an insul ator

rj | ar to an
ser e P Fhe g B eI ch B ety
further conprising: doping the wire elenent; and 10
form ng a conductive gate over and al ong opposi ng
sides of the wire elenent. 11. A nethod of form ng an

10. eTkearthed ofckimrd élehér erhprisingeui t, conpri sing:
formng an dielectric |ayer hori zontal ly over a

hQEpiA8Hha Wit e e aRiH Gl PT

forming a conductive gate over and along opposing sides of the wire

element.

11. A method of forming an element of a microelectronic circuit, comprising:

forming an dielectric layer horizontally over a horizontal semiconductor
monocrystalline substrate;

forming a sacrificial layer having a horizontal lower surface on a horizontal
upper surface of the dielectric layer, the sacrificial layer being of a different
material than the dielectric layer;

forming a height-defining layer having a lower surface on a horizontal upper
surface of the sacrificial layer, the height-defining layer being of a different
material than the sacrificial layer;

removing the sacrificial layer with an etchant that selectively removes the

material of the sacrificial layer over the materials of the dielectric layer and the

11
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15 nmonocrystal line substrate; form ng a sacrificial
| ayer having a horizontal |ower surface on a
whooosmgodnl  upper surface of the dielectric |BYEUS2005€39944
sacrificial |ayer being of a different material than
the dielectric layer; form ng a height-defining |ayer

. havij .a lower, surface o horj,zontal upper 2 . .
heigl i 13 RetoJHRYE s Be DeBregh e then i bare.afdhe islgetric
| ayer being of a different material than the
layes aodithe dowker banface ofr therdweigly-ddfming dayefrj thedheiphirdefiminighayer
an etchant that selectively renoves the material of

beirglgaﬁéﬁﬂeﬁi iﬁiaaxlferlti%éﬂ?os@{&{ iéllmv%ér?og{zlé/ %gge&ggc 138 by a support

lectric layer and the
. PCT/ US2003/ 039944 hei ght-ajﬁfi nig | ayer, to | eave a
PIECH O 1 CRBEFP I HE O PEMOs )sfartBe 8¥OTHRtedi el ectric | ayer
and the lower surface of the height-defining |ayer,
t growisigghinodetiysitaltine agmiconbleictuy mmieniadifivad ai mudeation site on
vertical position relative to the dielectric |ayer by

the #n¥iHORNEtor Eﬁ@ﬁ’&r. Rafiffe sﬁ%gfrﬁ{%g tﬁg{{‘r&?{lg Glihat @%rli%&rheductor

substrate; grow ng a nonocry em condu
t he sem conduct or

material, froma nycleation site on
materid] rPyEng| Off%%@“@fys&wa%b thevat lspstarary of Hiq gaweto form a
sem conductor material growi ng horizontally through
semichadattordapdr withta wdrtitlehedglpt therdod i lifREICIHNE wekidal
| ayer with a vertical height thereof being limted by
height ¥€fild £3). hei ght of the gap. 10 12. The nethod of
claimI1,” further conprising:

12. The method of claim 11, further comprising:
removing the height-defining layer to expose the semiconductor layer; and

patterning the semiconductor material to have a select horizontal length.

13.  The method of claim 12, wherein the semiconductor layer is patterned into a

wire element having a select horizontal length and having an elongate width.

14.  The method of claim 13, further comprising:
doping the wire element; and
forming a conductive gate over and along opposing sides of the wire

element.

15.  The method of claim 11, wherein the semiconductor material grows

12



renmovi ng the height-defining | ayer to expose the
sem conduct or |ayer; and patterning the sem conductor
woredoenszab2 t o have a sel ect horizontal | ength. BGI/1S2003/039944
The met hod of claim 12, wherein the sem conduct or
- layer is patterned into a wre elenment having a

sel.ect ri zontal ]engih and havi an el gngate_ w dt h.
verdh G5 iosP e FEHFBic P hriodt Brainefongamial Tt the gap.

doping the wire elenent; and 20 form ng a conductive

gate over and al ong opposing sides of the wire

el ement. 15. The nmethod of claim 11, wherein the

sem conductor material grows 12 WO 2004/ 082002

PCT/ US2003/ 039944 vertically past the dielectric

| ayer before growi ng horizontally into the gap. 5 13
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