METHOD OF FORM NGFREESTANDI NG SEM CONDUCTORLAYER
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freestandi ng sem conductor |ayers, for FinFETs have
generally centered around using sone formof a mask or
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some form of a mask or etch stop, either e-beam, conventional lithography, or
sidewall-image transfer, with which to etch thin silicon freestanding semiconductor
layers from a silicon-on-insulator (SOI) or bulk-substrate silicon crystal. The
traditional material used for forming a freestanding semiconductor layer and the
masking process thereof may be expensivé and may still not be accurate enough to
provide a uniformity of thickness of the freestanding semiconductor layer, which is
important in fabricating an FET with dependable and accurate performance.

Thus, a challenge of this technology is to provide a very thin silicon
freestanding semiconductor layer with a high degree of control of the thickness
thereof. Another challenge is to maintain uniformity of thickness from the top to the
bottom of the freestanding semiconductor layer. Furthermore, a challenge of this
technology is to provide for a precise and inexpensive method of forming a thin,
uniform freestanding semiconductor layer on conventional SOI or bulk-subsirate

silicon devices.
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formng a thin, uniformfreestandi ng sem conduct or
| ayer on conventional SO or bul k-substrate silicon
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the polycrystalline semiconductor layer to have a crystallinity substantially similar to
that of the base structure.

In addition, a second aspect of the present invention provides a semiconductor
device comprising a monocrystalline base structure; and a conformal monocrystalline
freestanding semiconductor layer contacting the monocrystalline base structure, the
freestanding semiconductor layer having a crystallinity substantially similar to that of
the base structure.

The present invention also provides a method of forming a field-effect
transistor having at least one freestanding semiconductor layer comprising the steps
of: forming a non-monocrystalline mandrel on a monocrystalline base structure;
forming a conformal polycrystalline semiconductor layer on at least one sidewall of
the mandrel, the polycrystalline layer contacting the monocrystalline base structure;
recrystallizing the polycrystalline semiconductor layer to have a crystallinity
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method of formng a field-effect transistor having at
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s effts@nding teaticdndyeor layer scaoomlante avithiat fhsteenfbodisnent of the
embodi ment of the present invention;, FIG 6 is a plan
vi pesegf m@n@ons5; FIGS. 7, 8, 9, and 10 are

cross-sectional vi.ews _silicon-on-insulator (SA)
seni corﬁ@c?&amﬂwf’r?{%a ating a second set of steps

that rTBlyIGgfs?,%:c‘S,danﬁ(fO LRI sectional views of a silicon-on-insulator (SOI)
semiconductor wafer illustrating a second set of steps that may be used to form a
freestanding semiconductor layer in accordance with a second embodiment of the

present invention;

FIGS. 11, 12, 13, 14, and 15 are cross-sectional views of an SOI
semiconductor wafer illustrating a third set of steps that may be used to form a
freestanding semiconductor layer in accordance with a third embodiment of the
present invention; and

FIG. 16 is a plan view of a freestanding semiconductor layer formed as
illustrated

in FIGS. 11, 12, 13, 14 and 15.

BEST MODE FOR CARRYING OUT THE INVENTION
Figs. 1-6 illustrate the steps for forming a freestanding semiconductor layer 26

on a conventional silicon-based bulk-substrate semiconductor wafer (i.e., base
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sem conductor wafer illustrating a third set of steps
that may be used to forma freestandi ng sem conduct or
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recrystallization process for sections of semiconductor layer 24, and thus formation of

a freestanding semiconductor layer 26 (Fig. 4) once mandrel 22 is removed. If
deposited, semiconductor layer 24 will initially be made up of a polycrystalline
material, such as polysilicon. Semiconductor layer 24 will then take on the crystal
orientation of base structure 20 when recrystallized through heat by annealing (around
600°C), or through other known recrystallization methods in the art. Recrystallization
will, in most cases, occur after step 10c¢ in reference to Fig. 3, but may also occur after
step 10d in reference to Fig. 4.

As seen in Fig. 3, the next step 10c in forming a freestanding semiconductor
layer is selective removal of predetermined sections of semiconductor layer 24. In
this specific embodiment, the sections of semiconductor layer 24 that were not
deposited or grown on the sidewall of mandrel 22 are removed, though the present

invention is not limited to such. Semiconductor layer 24 may be selectively
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(not shown), which process is well known in the art.

Figs. 7-10 illustrate the steps for forming freestanding semiconductor layer 51
(Fig. 10) on a conventional silicon-on-insulator (SOI) semiconductor wafer (including
bottom layer 40 and insulating layer 46) shown in cross-section, in accordance with a
second embodiment of the present invention.

As seen in Fig. 7, the first step 30a is forming a base structure 44 and mandrel
material 42 on insulating layer 46, wherein mandrel material 42 is also formed on a
sidewall of base structure 44. Base structure 44 is formed on insulating layer 46
through a patterned etch of the active silicon of a SOI wafer, and then patterning and
etching the silicon into a predetermined shape. Thus, the remaining base structure 44

5



sem conductor |layer 26 is determ ned by the epitaxial
grow h, or deposition of polysilicon, while the hei ght

w0 200d000411 ned by the thickness of mandrel 22.Pamnus2004/020552

10

15

20

25

freestandi ng sem conductor layer 26 is uniformy thin
and tall and takes on the crystal orientation of base
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recrystallization methods in the art.

As seen in Fig. 9, the next step 30c in forming a freestanding semiconductor
layer 51 (Fig. 10) is through selective removal of semiconductor layer 48 (Fig. 8).
Semiconductor layer 48 may be selectively etched by an anisotropic etch, or
planarized and then etched, allowing the formation of tall, thin semiconductor layers
52 and 49. As aforementioned, if semiconductor layer 48 is epitaxially grown,
semiconductor layer 52, which is in contact with base structure 44, will take on the
crystal orientation of base structure 44; and semiconductor layer 49, which is not in
contact with base structure 44, will continue to be of a polycrystalline material, at

least until recrystallized. If semiconductor layer 48 is deposited, both semiconductor
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reestandi ng sem conductor |ayer 51 (Fig.

Sem conductor | ayer 4

, Sem conduct or ayer cni1s i1n

structure of freestanding semiconductor layer 51. Furthermore, an etch stop is not
needed to define the boundaries to be removed. As with the first embodiment of the
present invention, the thickness of freestanding semiconductor layer 51 is determined
by the epitaxial growth, or deposition of polysilicon, while the height is determined
by the thickness of mandrel material 42. Freestanding semiconductor layer 51 takes
on the crystal orientation of base structure 44.

Figs. 11-16 illustrate the steps for a forming freestanding semiconductor layer
74 (Fig. 16) on a conventional SOI semiconductor wafer (with base structure 70 and
insulator layer 64) shown in cross-section (Figs. 11-15) and plan view (Fig. 16) in
accordance with a third embodiment of the present invention. As seen in Fig. 11, the
first step 60a is etching aperture 66 through insulator layer 64 to base structure 70.
Base structure 70 in this embodiment is an SOI semiconductor wafer that is of a
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51 ér@x%t%%he microstructure of semiconductor layer 72, which contacts base structure 70
20 on either side of mandrel 68 through aperture 66, will take on the crystal orientation
of base structure 70. Thus, the contact between semiconductor layer 72 and base
structure 70 allows for an inexpensive and efficient recrystallization process for
sections of semiconductor layer 72. In both cases, whether deposited or epitaxially
grown, semiconductor layer 72 substantially takes on the crystal orientation of base
25  structure 70 when recrystallized through heat by annealing (around 600°C), or
through other known recrystallization methods in the art. Recrystallization will, in
most cases, occur after step 60d in reference to Fig. 14, but may also occur after step

60e in reference to Fig. 15.
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Fi glayet 74 (Ripel 6) isrtbrough sybectareinoval of seinrigprdpeiot layee 7861n this

through insul ator |layer 64 to base structure 70. Base .

ot rREGHs EMbRIPFIL e S PSRARNNSOBAY S that were no deposited

i d waf h [ f | . .
S SRAHSH  SUBLLo it P PSR o menin's

APk Hifte OB dudh, ST BoridBcdS fyor 1 mal BE sd LY %niisﬁ?ﬁmry Qfthed,

|
is not limted to such. C§: er apertures nmay be forne
t hr @ypinatizeduhdtien etchyt all@#ng te formatiopdin talhrthiadiesstaiding
base structure 70 with either mandrel 68 (FIG 13) or
senteadsvadeterdayenyeFigASEFI G 13). Fig. 12 shows the

next st bh.of fornmng a ndyel. 68 gn, insul ati

oyer 64T a Sl aetksie S00 R AanrehEn R unod From the

co 46t e .

© i G teuch®e o Mok e o gl B RURTLCRP B 2 Bl el 68
1078 NgHee hot@B8mpAld a¥kdiek HaBlAeS frétahdnesentitdhalictbelayd 79he

either side of nmandrel 68 forned on base structure 70.

Vandmelal @8 maadreb&s thougeeictang omssuilatieatigds dymmotaffatitie

base structure 70 through patterning and etchin

a
de pBicuepidieegansding sepicondugior dayes Ts Jughermgra. ay éﬁcg 62D gt
base structure. 70. ndrel 68 i ncl ude an r phous
o TP Jelnd Rramlis by oot Asdespaaioned. T higkcs of
si g P . . d L.p:. Fi he
o1 B B 5 AR B e b e,

155 €NAepOREICS fPolys M6, while BR heldfitik abtbiBind dAhe BoknEB B fmBAdrel
68, and base structure 70 (through aperture 66).
Sené& drialsi dteostaddinpesemicdniigtaeildyheT4 i phif@milathiny/angrtalivndaskes on
deposi ted upon insul ating | a%/er 64, base structure 70
andhaeryplalsienighien of taeslturtust 7Orandrel 68 in a conf or nal
Imra]:’]? ie‘;i |Pl)1,éc Bg%ﬁgﬁétteggﬂ Bl%ne Qev%,o s?gpuéi)tf ?\rzvhérg eargat7ezstr\{lmctlule 76 of doped
polysilicon is formed on insulating layer 64 and across freestanding semiconductor

20 layer 74. Gate structure 76 is formed through the patterning and etching of a
deposited polysilicon (not shown). A transistor then may be fabricated through the
formation of extensions, halos, and source and drain regions (not shown), which
process is well known in the art.

Thus, this invention provides a method of forming a freestanding

25  semiconductor layer on a conventional SOI or bulk-substrate silicon wafer that will
provide a high degree of control of the thickness and height thereof and maintain
uniformity of thickness of the freestanding semiconductor layer.

While the invention has been particularly shown and described with reference
to specific embodiments thereof, it will be understood by those skilled in the art that

9



polycrystalline material, such as polysilicon. If
sem conductor |layer 72 is epitaxially grown, the
wor@sosr4ct ure of sem conductor |ayer 72, whiBEI/US2004/020552
contacts base structure 70 on either side of mandre
68 through aperture 66, wll take on the crystal
or itk foadgbing addl othasehaddes ircotth end/drtailf Imay be bvele derdi@@ithout
bet ween sem conductor |ayer 72 and base structure 70
al | dspastingfromrihe spisitpodh sjopeofthelinserttioni ent
recrystallization process for sections of
sem conduct or |ayer 72. In both cases, whether
deposited or epitaxially grown, sem conductor |ayer 72
substantially takes on the crystal orientation of base
structure 70 when recrystallized through heat by
anneal i ng (around 6000C), or through other known
recrystallization nethods in the art.
Recrystallization will, in nost cases, occur after
step 6QGdin reference to Fig. 14, but may al so occur
after step 6Cein reference to Fig. 15.As seen in Fig.
14, the next step 6Qdin form ng a freestandi ng
sem conductor layer 74 (Fig. 16) is through selective
renmoval of sem conductor layer 72. In this specific
enbodi nent, the sections of sem conductor |ayer 72
that were not deposited or grown on the sidewall of
mandrel 68 are renoved, though the present invention
is not limted to such. Sem conductor |ayer 72 may be
sel ectively anistropically etched, or planarized and
then etched, allowing the formation of a tall, thin
freestandi ng sem conductor |ayer 74 (Fig. 15). Fig. 15
illustrates the next step 6Cewherein mandrel 68 is
renmoved fromthe base structure 70, |eaving
freestandi ng sem conductor |ayer 74. Since mandrel 68
does not conprise the same material as freestanding
sem conductor |ayer 74, the renoval of mandrel 68
t hrough etching or simlar nethods does not affect the
structure of freestandi ng sem conductor |ayer 74.
Furthernore, an etch stop is not needed to define the
boundaries to be renoved. As aforenentioned, the
t hi ckness of

10



freestandi ng sem conductor |ayer 74 is determ ned by

the epitaxial growth, or deposition of polysilicon,
waokioseodhe hei ght is determ ned by the thi ckneRBGI/U82004/020552

mandrel 68. Thus, freestandi ng sem conductor |ayer 74

is uniformy thin and tall and takes on the crystal

orientation of base structulAiMS Fig. 16 illustrates,

in plan view, step 67, wherein a gate structure 76 of

dop¥hatpotlgigietlicon is formed on insulating | ayer 64 and

across freestandi ng sem conductor |ayer 74. Gate

structure 76 is formed through the patterning and

et ¢hi f it i)k . .
Er e BeBioa B RRRRE ARk SRRkt Bt Ofifing/te seps of
sformatign f&{niﬁ‘%& £SO rysiABing Snan@@LoOMbER rARMird Al
regions (not shown), which process is well known in

t he asttuctufdjus, this invention provides a nethod of

form ng a freestandi ng sem conductor |ayer on a

convent ibdrigimisgn ceromal pelyuysllingrsemicongicts layar @iy atdqqgfone

anct nBPOHLT i Bl Fy g e oo e moncSafine

t hi ck he f reest andi ng sem conductor | ayer.
V%ileﬂﬁﬁgﬂgﬁvéﬁﬁﬁon has been particularly shown and

1descri besl r¥dridallifheihe peiferyRaliRekinfiddddeidiasher B taSe crystallinity
thereof, it will be understood by those skilled in the
art t hdstatwinlfycinsiipo kodjatand thedibeestructomnges i n f or m and
details may be made therein w thout departing fromthe
spirit and scope of the invention. CLAIMS What is
claimed is: 1. A nmethod of form ng a freestanding
sem conductor |ayer, conprising the steps of: a)
Form-AQ AR GATRARG Widréh kt’eﬁﬁ) ﬂﬂgf’rrcﬁlnpﬁgbs %he steps of:
nonocrystal i ne base structure,; ormng a confornal

1500l ycr y%ﬁﬁldbﬁdsﬁingﬂmg%m@%me séray&{dubldr Rerl AL badd\Qructure
sidewal | of the mandrel, the polycrystalline |ayer
cordnd¢hid mgndrdimandonocr yst al | i ne

b2) selectively removing a portion of the polycrystalline semiconductor layer,
wherein a remaining portion of the polycrystalline layer contacts at least one sidewall
of the mandrel and the base structure.

20
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base structure; and c) recrystallizing the
pol ycrystal li ne sem conductor |ayer to have

w@eopsoadobd nity substantially simlar to that OPCT/H82004/020552
base structure. 2. The nmethod of claim1l, wherein step
b) further conprises the steps of: bl) depositing the
pol gcTisinathbil BEcISigM, GOBRUCKPD) fider cadiprisBEhO RS of:
structure and the mandrel; and b2) selectively
removi ngbla grewingde piycrystalingissraicoudugtor jajer on the base structure and
seni condyctor | ayer, wherein a remaining portion of
theﬂﬁéwng&§Pglline | ayer contacts at |east one
si dewal |, Qf ndr el g structure..3. The
et nod oD el it RS B PR P e g6 ever
the steps of: bl) growi ng the polycrystalline
sem conduct or | ayer on the base structure and the
mandr €he mathdd bPYlaisel, editieinesdtep o) Gurther cognpRisgthé btggs oFf  t he
pol ycrystal | i ne sem conductor |ayer. 4. The nethod of
cl ai m 1 Wp&vepvingthepaedrelf andt her conpri ses the steps
of : cl) renoving.the mandrel ; .and c2) recrystallizing .
the pol ye Vit iAeE e RAIAE IR St (35t fpueh anmealing.
annealing. 5. The nethod of claim1l, wherein step c)
further conprises the steps of: cl) recrystallizing
10 hes pohymetisd of diinet, S@Bﬂeﬁ%tbz fiRthet @YristNHOUGR of:
anneal i ng; and c2) renoving the mandrel. 6. The nethod
of cl ai nel) reckystailiving thopglydrgstaliinet samicohdypton layepthmoighl bmgaling;
an insulating layer. 7. The nmethod of claim®6, wherein
steﬁ“%) further conprises the steps of: al) formng

t he base02 trgngjocvtmugrtﬁeggn rgg i nsulating | ayer;

15 6. The method of claim 1, further comprising the step of:

providing an insulating layer.

7. The method of claim 6, wherein step a) further comprises the steps of:
al) forming the base structure on the insulating layer;
20 a2) depositing the mandrel on the insulating layer and the base structure;
a3) planarizing the mandrel to the base structure; and

ad) selectively removing a portion of the mandrel and the base structure from

the insulating layer.

12



a2) depositing the mandrel on the insulating |ayer and

the base structure; a3) planarizing the mandrel to the
whame/ostonuct ure; and a4) sel ectively renovi ng BCPUS10040020552

of the mandrel and the base structure fromthe

insulating |ayer.8. The nethod of claim®6, wherein

st ey ‘Hhe thethdd@lcladn6pwheses step @) Sitthaombiiseakhe sfeps of: ng
the insulator material on the nonocrystalline base
struct urad) fading the mﬁgtoamaue@dw tmonaq@efrstaUme basg strigdure;
i nsul at or terial; a3) formn

e

non- mondél yueg 3t ﬁe@Str?&ﬁ BPEI YR ﬂ?%@g‘l]%@l}?aﬂr&l' Mt eri al
and on talgf f(k))ras t%lg lEl o%rysygﬁlﬁ{e e?ﬁe E or erial and on

contacts l'UC ure eas

5apech& Yis8 strt?ctury‘@hei’@ﬁ e %aaarepé@wtsahe W@@é’tﬁicﬁrét‘hﬁﬁg@ )he at least
further conprises the step of: bl) formng the

senea@pelacé.or | ayer on the base structure through the
at | east one aperture. 10. The nethod of claim6,
vvherei n the insulator Iayer and the base structure

dovi-c BT T Se B HBAp oL B PFHETpESS Ity o
an dac gﬂz ?c{nq;ﬂ'{g H@J&%%oﬁiﬂggt%rllwgg?%{hg %Qste%{}gétﬁlrg tlrrf)u%l the at least

sem con ayer con nonocrysta
1Pasghepbragtur e, the freestanding senmi conductor | ayer
having a crystallinity substantially simlar to that
of the base structure. 12. The device ofclai nll,
further conprising: an insulator |ayer on the base

st r lPetTheénethQﬁie)f claay p.avhsrein thedpsulgier 1ayseanddhebase ptustuge form a

a .sil |tcon +Qn- i nsul ator wafer; and an aperture
i n st‘]ﬁ |%S‘Bf"é*l%rrwq Hyer, the freestanding sem conduct or
| ayer

15 11. A semiconductor device comprising:
a monocrystalline base structure; and
a conformal monocrystalline freestanding semiconductor layer contacting the
monocrystalline base structure, the freestanding semiconductor layer having a
crystallinity substantially similar to that of the base structure.
20
12. The device of claim1 i, further comprising:
an insulator layer on the base structure, the insulator layer and the base
structure forming a silicon-on-insulator wafer; and
an aperture in the insulator layer, the freestanding semiconductor layer

25  contacting the base structure through the aperture.

13. The device of claim 11, further comprising:
a silicon-on-insulator wafer having an insulator layer, the base structure and

the freestanding semiconductor layer formed on top of the insulator layer.

13



contacting the base structure through the aperture.
13. The device of claim 11, further conprising: a
wa@RdosoereoHn- i nsul at or waf er havi ng an i nsul at oPCT/Hy®04/020552
the base structure. and the freestandi ng sem conduct or
| ayer forned on top of the insulator |ayer.14. The
device of claim 11, wherein the base structure is a
bul k- substrate silicon wafer. 15. The device of claim
11,14f Tih¢ deyiceobolpim i, myerein the hasesmantury staciulli-sistnate sifiedn,
wherein the freestandi ng sem conductor |ayer is forned
f r SfHarhe non-nonocrystalline mandrel. 16. A nethod of
formng a field-effect transistor having at | east one
freestandi ng sem conductor |ayer conprising the steps

sof :15?‘)Fh$Qév'i'@e%@clﬁinppﬂﬁfm{ép%dpﬂsﬂlgti ne mandrel on a

nonocrystalline base structure; b) form ng a confornal

pol ycr y s had-monergeiifineomnchid e ,ovhek ey the fieestatlingsasiconduetor layer
sidewal | of the mandrel, the polycrystalline |ayer

cons femnedforn e neprosegsttalling mendselse structure; c)
recrystallizing the polycrystalline sem conductor

| ayer to have a crystallinity substantially simlar to

that of flg.hg.npe"i’fﬁﬁ of drtGio fe1d-Biredt %Y&&%a@iﬁ?gﬁg%%@ :

and e) formng a gate ructure on the se uct or

10! aYREstankilng sEMRoARICRP thyef comlpRisii 1 stapbief: ei n step b)

further conprises the steps of: bl) depositing the
pol ycr ya} &rhinge mamaonystetiine naagrer oncrmeorveryls@bime base
structure and the mandrel; and b2) selectively

r efBV¢Wg; a portion of the polycrystalline

sem con g)u (f\‘otn(%lringI aac}g%%drmal polycrystalline semiconductor layer on at least one

sidewall of the mandrel, the polycrystalline layer contacting the monocrystalline base
15  structure;
c) recrystallizing the polycrystalline semiconductor layer to have a
crystallinity substantially similar to that of the base structure;
d) removing the mandrel; and ‘
e¢) forming a gate structure on the semiconductor layer.
20
17. The method of claim 16, wherein step b) further comprises the steps of:
b1l) depositing the polycrystalline semiconductor layer on the base structure
and the mandrel; and
b2) selectively removing a portion of the polycrystalline semiconductor layer,
25  wherein a remaining portion of the polycrystalline layer contact at least one sidewall

of the mandrel and the base structure.
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wherein a remai ning portion of the polycrystalline

| ayer contact at |east one sidewall of the mandrel and
wWa b@shberved st ruct ure. 18. The net hod of cl ai m 16PCTHAIS2084/620552

step b) further conprises the steps of: bl) grow ng

t he polycrystalline sem conductor |ayer on the base

structure and the mandrel; and b2) selectively

renmoving a portion of the polycrystalline

sem conductor layer. 19. The method of claim 16,

wherein step.a) furfher conprises the steps . of: a

P RS ok e R LA Y e
structu . ' j : ) RN

randr ol 25h SRR e B Pk R s B Sty dE BB bhddth i and
5StridChdhdel; #4) planarizing the mandrel to the base
structure; and a5) selectively renoving a portion of

t he mandgekelentigely hemddigea gdrtiorcéfithepdycoystdlite semsiohdiciondayer.

| ayer. 20. The method of claim 16, wherein step a)
further conprises the steps of: al) providing an

[ I terial ;. a2) f ' t ' | at terial
on EndRager pEeart |6 heEBtet s UG SR RORRRT ot
| east OQ&@%@[&M&% ihﬁlatt&q%;%eﬂsm ator material; and a4)

form ng non-nonocr yst i ne mandrel on the _
10 nsul at ap) f&mald (A baABGrRRurb BE tHRI&Rlakhd MGdrlr €, wherein

the mandrel contacts the base structure through the at
| east ond) dgwsiting the mandrel on the insulating layer and the base structure;
ad) planarizing the mandrel to the base structure; and
a5) selectively removing a portion of the mandre] and the base structure from

the insulating layer.

15
20. The method of claim 16, wherein step a) further comprises the steps of:
al) providing an insulator material;
a2) forming the insulator material on the monocrystalline base structure;
a3) forming at least one aperture in the insulator material; and
20 a4) forming the non-monocrystalline mandrel on the insulator material and on

the base structure, wherein the mandrel contacts the base structure through the at least

one aperture.
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