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effect transistors ("FETs") and processes for fabricating the sane.
Description O The Rel ated Art

SYSTEM AND METHOD FOR FABRICATING A FIN
FIELD EFFECT TRANSISTOR

BACKGROUND OF THE INVENTION

Field Of The Invention
[0001] Embodiments of the invention relate relates generally to electronic devices,
and, more specifically, to fin field effect transistors (“FETSs™) and processes for

fabricating the same.

Deseription Of The Related Art

[0002]  This section is intended to introduce the reader to various aspects of art that

may be related to various aspects of the present invention, which are described and/or
claimed below. This discussion is believed to be helpful in providing the reader with
background information to facilitate a better understanding of the various aspects of
the present invention. Accordingly, it should be understood that these statements are

to be read in this light, and not as admissions of prior ast.

[0003] Integrated circuits can be found in virtually any electronic device. For
example, integrated circuits, such as microprocessors and digital memory chips, are
present in products such as computers, cell phones, and microwave ovens. Since their
first infroduction over a half century ago, integrated circuits have progressively
become smaller and increasingly more densely populated. The increase in density
provides numerous advantages, including the ability for smaller chips to perform the
same functionality as larger chips. Additionally, the smaller size increases
performance while reducing power consumption. Specifically, with smaller size, the
elecirical paths are shorter, allowing lower power logic to be used at fast switching
speeds. However, achieving progressively smaller structure size on the chips, and,
thus, producing smaller chips, has become increasingly difficult and costly due, at

least in part, to reaching physical limitations of standard fabrication techniques. As
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Structures.Typically, a gate traverses the fin by conformally running up one side of the fin over

the top and down the other side of the fin. Generally, a source and a drain are located
on opposite sides of the gate in the fin. In operation, a current through the fin between

the source and drain is controlled by selectively energizing the gate.

[0006]  Advantageously, fin FETs may have significantly faster switching times
and higher current density than conventional complementary metal oxide
semiconductor (“CMOS”) transistors. In addition, those of ordinary skill in the art
will appreciate that fin FETs also typically offer greater control over-channel voltages
and resistance to short-channel effects. Disadvantageously, the number of iterative
steps employed to fabricate a fin FET may exceed those of conventional CMQS
processes, and in mtcgrated c:rcuxt manufacturing, the number of iterative steps in the
fabrication process typically correlates directly with the cost of production. As such,

reducing the number of steps employed in fabricating a fin FET would be desirable.
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fabricate a fin FET may exceed those of conventional CMOS processes,
and in integrated circuit manufacturing, the nunber of iterative
steps in thgﬂq@ﬁbrl Eig. it d Hugbragrs edddockydisgram| of agapqessontbaseddiyetemtin peggrdance
t he cost of t he nunber of steps

enpl oyed i n“?ﬁ]brl gﬁadtofarqngerﬁ%fflﬁ#ﬁﬁhmaﬁé&%é desirable. 3 BRI EF

DESCRI PTI ON OF THE DRAWNGS [0007] Advantages of the invention may

beconme appa upan reading the foll ow ng detail ed descri n. and
upon ref erei@tgl o FHe2d M#Fgé,m?mowrl@”ﬁyg‘framwr CaW#FlaE qeligynh
bl ock di agr apeipréseft aRS&R: - based systemin accordance

[00010] Fig. 3 illustrates a memory module in accordance with an embodiment of

the present technique;

[00011] Fig. 4 illustrates a flow chart depicting a manufacturing process in

accordance with an embodiment of the present technique.

[00012] Fig. 5 illustrates a flow chart depicting a technique for active area
preparation and spacer formation in accordance with an embodiment of the present

technique; and

[00013] Figs. 6-14 are views further illustrating the manufacturing process of Figs. 4

and 5 in accordance with the embodiment of the present technique.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[00014] One or more specific embodiments of the present invention will be

described below. In an effort to provide a concise description of these embodiments,
not all features of an actual implementation are described in the specification. It
should be appreciated that in the development of any such actual implementation, as
in any engineering or design project, numerous implementation-specific decisions

must be made to achieve the developers’ specific goals, such as compliance with
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[006015] Some of the subsequently discussed embodiments may facilitate the
manufacture of fin field effect transistors (“FETs™). As is described in detail below, in
accordance with one embodiment, there is provided a method of fabricating a
transistor comprising a fin and a gate, the method comprising performing a first etch
to create a first wall of the fin, wherein a location of the etch is not defined by a
photolithographic mask, performing a second etch to create a second wall of the fin,
and depositing a gate adjacent to the fin, wherein the gate is deposited after the second
eich. As such, the following discussion describes devices and process flows in
accordance with embodiments of the present processes. Prior to addressing these
embodiments from the device and process flow perspective, exemplary systems in

accordance with embodiments of the present technique are described.

[00016] Turning to the figures, Fig. 1 depicts one embodiment of a processor-based
system, generally designated by a reference numeral 10. As is explained below, the
system 10 may include various electronic devices manufactured in accordance with
embodiments of the present technique. The system 10 may be any of a variety of
types such as a computer, pager, cellular phone, personal organizer, control circuit,
and so forth. In a typical processor-based system, one or more processors 12, such as
a microprocessor, control the processing of system functions and requests in the
system 10. The processor 12 and other subcomponents of the system 10 may include
structures manufactured in accordance with embodiments of the present technique, as

is subsequently explained.

[00017] The system 10 typically includes a power supply 14. For instance, if the

system 10 is a portable system, the power supply 14 may advantageously include a
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communication ports 22 may also be coupled to the processor 12, The

communication port 22 may be adapted to be coupled to one or more peripheral

devices 24 such as a modem, a printer, a computer, or to a network, such as a local

area network, remote area network, intranet, or the Internet, for instance.

[00019) The processor 12 generally controls the system 10 by implementing
software programs stored in the memory. The memory is operably coupled to the
processor 12 to store and facilitate execution of various programs. For instance, the
processor 12 may be coupled to the volatile memory 26 which may include Dynamic
Random Access Memory (“DRAM™) and/or Static Random Access Memory
(“SRAM™). The volatile memory 26 is typically large so that it can store dynamically
loaded applications and data. As described further below, the volatile memory 26 may

be configured in accordance with embodiments of the present invention.

[00020] The processor 12 may also be coupled to non-volatile memory 28. The

non-volatile memory 28 may include a read-only memory (“ROM™), such as an



fuel cell, permanent batteries, replaceable batteries, and/or
rechargeabl e batteries. The power supply 14 may al so include an AC
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i nstance. The power supply 14 may al so include a DC adapter such that
the system 10 may be plugged into a vehicle cigarette |ighter, for

i nstance. [00018) Various other devices may be coupled to the
processor 12 depending on the functions that the system 10 performns.
For instance, a user interface 16 may b& coupled to the processor 12.
The user interface 16 may include buttons, swi tches, a keyboard, a
light pen, a nouse, a digitizer and stylus, and/or a Voi ce
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buses. Each DIMM generally includes a plurality of memory devices such as DRAM
devices capable of storing data, as described further below with reference to Fig. 3.
As described further below, each DIMM has a number of memory devices on each
side of the module. Each side of the module may be referred to as a “rank.”
Accordingly, each exemplary slot 32 — 46 is configured to receive a single DIMM
having two ranks. For instance, the slot 32 is configured to receive a DIMM having
ranks 32A and 32B, the slot 34 is configured to receive a DIMM having ranks 34A
and 34B, and so forth. In the present exemplary embodiment, each of the eight

memory slots 32 — 46 is capabie of supporting a module comprising eight individual
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8 nmenory devi ces 56A-56H, such as dynami ¢ random aecess nenory (DRAM
devi ces, which may be used for storing information. As will be
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nodul e 52 may i nclude an edge connector 54 to facilitate nechani cal
coupling of the nmenory nodule 52 into one of the nenory slots 32-46.
Further, the edge connector 54 provides a nechanismfor electrical
coupling to facilitate the exchange of d&ata and control signals from
the nenory controller 30 to the nenory devices 56A-56H (and the
menory devi ces on the second ranks). The enbodi nent of Fig. 3 may be
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manuf act ur ecoatrbilér FES thémameey aAGe S6ALIPIERA dhd MBhendevidis oR HRSREINd
techni que. As il ust r%t d in FLg._4, the exenplary manufacturing
process 100@*@‘ E-BE)FW ﬁﬁ‘f‘}‘i’nhﬁ’ﬂ: ‘ge3 g}a@ge BRBIFL i1 FOHiRCc il warious _
formation, asdantdi Fof REtabye, BhB kS oAORoANE 53 Bty e chiloyet in ASing RSk AR
above, Fig. IS flowchart illustrating an overview of one

enbodi nent @?JPQ» ﬁ'&\ﬁﬁ’l"%&f@@ éé%&%’?’l atp ratp (RDR), apdydeybls data rate 2
illustrati e dykemalo. detai | relating to blocks 102 and 104 from

Fig. 4 which will be described initially below In addition, blocks
102 and 104 of Fig. 5 are also be described in conbination with Figs.

6A, 6B, an i depi.ct . pers td vi ew, of .a,sem conduct o
otructur o dofo"y Pk MERLS AR REF REA ettt Sl oo R RS TG e«

Fi gs. 4 andshdwn) thaf &R0 28jludcaoadisngl and aaapacidt 6doatt dierhhatbrykkonait.
Fig. 5 and dllystrated.in Figs. 6A and tive area preparation
may begin bll\ycﬁﬁ%lf}ie tbﬁg"?%s’gg%ﬁtrad’toglqﬁgigﬁg iy Q'B’ché@egf‘éd, t he
substrat e lfGondaycelvaithinerhbediment ddthedfteht RClERhed 0 FHEMip& lony oF Hogs
The subst ratﬁ 160.m?%4i nﬁl Fg% sgm’ conducii ve materials such as single
crystal | i née0F "B IoriRda A Pl fad s memery elemant. syeh ay SEAPEOT i ndi um
phosphi de, or other materials with sem conductor properties.
Alternately or additionally, the substrate 160 may include a

non- serm corf@0€3dr Agedrdinglye Migtiie h flawchirtBlusating aheeimbodinesnt bfa
constructe | ' . €

The subst r ot AesFRpri A 10 1At pE LA B ARELEE T (I BN |
di ced waf erwitlhembodimments of thef prasent teebinigugd. ots illustzatpdokBiged] thd ey c

device, for,] i for t ar
prepar at i onm%'ggéﬁrr%&%tq{ [égeggﬁ% fn-r% Z’eéﬁﬂﬁﬂ mg%g'\?\ne %% a geccflaf)#'%gtaﬁ‘g?’\)/ﬁcg’é _
creating a fpauatiox asinfingted by biRAROX02 a6P 1 @hoftlip. of Aadelcdbedatjoredit. 4 B

ki1 i il 68b G o of S il of AT ARhE iR o

thin, ther fig!yisgribwehen iltiestating additiewab Hetyid delatingsebiooks @02 dhd e from
PAbOX 165 v+ BRe A b8 Peftvify PATHETE Yo Raoth ry SRLROE T s ol

5 are also be described in combination with Figs. 6A, 6B, and 7, which depict

perspective view of a semiconductor structure during the manufacturing process

described in relation to Figs. 4 and 5.



[ 00030] Next, the technique for active area preparation 102 may

i ncl ude depositing a nitride |ayer 164 on top of and/or adjacent to
t he PADOX wO20084R430ndi cat ed by bl ock 134. I n one enbodi MEkUSz00 7571
nitride layer 164 may include a |layer of silicon nitride with a

t hi ckness between approxi mately 500 and 700 A. However, in other
enbodi ments, other suitable types of nitrides and/or other suitable
| ayer thicknesses nay be enployed in the technique 102. For exanpl e,
in one enbodiment, the nitride |ayer 164 may i nclude a 100A- 200A
thick section of additional nitride that is deposited to account for
the STI etch described bel ow. For the purposes of the present

appl i cat i orypppigywi Al:co%ngls),pa's%ﬁ%ﬂtﬁé vy BRtfck 330 @PP@SBEB&'JHJS?:X@H is PR 6h
be construed as "bein | aced above but not necessarily resting on an
under | yi ng angyE. aeiiweearea P‘ﬁE#fétimeVlabéeslnbéPwmlﬁ@thﬁéyb?@t%éﬁ%e‘éﬁwﬂhbe
deposited |

2008/ 024200%/%%2}%61%%%%&%‘?%% g;f‘%ar?‘y&‘gg%%“\g??%’g  Shaic g Bt

an under | ylﬁy%%lhmﬁtd lé%mbmtrdmdma@nde@tmn@tmal&m&hw emgteomymlhnmer

applyi g 3 Ty Earel REGAR e Bt B P AR ol Mo R ol b bRl iy

cmtop of asediiemdacdinpmpertien Aha'natetymrdﬁdit@ydly, 11&4s,ubstsate hen ma;r mthh;e a

bl ock 136. i hot gl i.t hogr aphi ¢ fine a
ol ural ity doanneSTRER TRy ob MR Ot R ey RGO G R s
bel ow. | n anglasivhodierspdit woak pldice) foi cagimahTie mbStkatmm ehexy ibaén tHeeform
walls 166 mﬁlh @Hmﬁd&h oftggﬁrfxina%el 200 or gi %nqia engt h of
appr oxi mat 7y YEYD VBT PYTONPT & FICPR & o?rcﬂli’%%‘b? DAL WSk "Has been
appl i ed, thackaghriagtienit@2vied)fof ineahsee et ching the nitride | ayer 164
and the PADOX 162 to formthe walls 166, as indicated by block 138.

I n one enbodi nent, etching the nitride |ayer and the PADOX 162 nmay

i ncl ude per[g@m NOTRY ek B c o dive é&%eﬁ%ﬁﬁtﬂoﬁ% e:%&l?iﬁﬁgw%

other suit orm of anisotropic etch ternative

sui tabl e f @rawingangdéar otheewige greetivgiz ned euigie tﬁafcle(:%ﬁﬂ@@é”)lﬁaqn tapariantlipr
i n sone empdl ARNLShe &@?uﬁ £G50! 0 ¥aid e GRMIOAL $92. 'Rglh%geeoﬁérﬁmﬁﬂgskuhm

t hrough sone” portion o e substrate 160 I'n conjunction wt

t he nitri deh¢ agperill kprregiate, thed® APMDRN 626 ZpicHbyr ineleden &in, itrenoaly grown
enbodi nent ately 200A°
fromthe su% {Fbet %PS%@J@ ﬁ%epgfﬁgea%dﬁ%}ﬁfﬁgﬁé &I}n agﬁgan Phgawal | s 166.
After the ekeoldaonguirtas lnema eobopinetng,dhe Ph@Q)édﬁImnﬂube dfiRoximatdln 0 ude
removi ng the _phot ol aphy mask, as indicated by block 140. One
enbodi nent 5¥aFﬁngLéh$@g uctor structure forned after block 140 is
illustrated in Fig. 6. [00032] Turning next to the spacer fornmation
techni que 104, this technique may begin by depositing a_spacer |ayer

on top and/(BPO3IRj Rt the eehpigue fanactie agybrepamion AP Maw inalusieidepesiing
160, as indj ﬁﬁid’e‘hﬁ% 184 @6 Kopldandl o 20/ éerﬁ@@ﬁfé‘mﬁﬂbﬁ aeFstthicQﬁdtbp%lock

spacer |ayer may include depositing a layer of Te
Ort hosi | i cak3é- @Pé@ﬁ@b(’dlmﬁesﬂ)e ritridg lever dRhewy Imu@mdpmquﬁﬂ@pynm@%

This TECS | aveh tﬁf@i&e@@b%@ﬁﬁ%ﬁpg%ﬁ%%{eWSMtw.ﬁ LaVeler Gasih&al

Deposi ti on. However, 1n ot iments, alternate processes may be
enpl oyed t crefmsiments. diker FREICDI¢ trpes of iides Rudfpt asher snitalhlp dayer thicknesses

:‘LTP?SL Ing Nt §p a)abéa érﬁﬁl@eﬁﬁhﬁ@&@ﬂn% mﬁ aﬂ-‘or\@@nﬁf:lep%%%%'e}db%ﬁlrgént,otﬁg' fiftride
layer 164 may include a 100A-200A thick section of additional nitride that is
deposited to account for the STI etch described below. For the purposes of the present
application, it will be appreciated that a “deposited” layer should be construed as
being placed above but not necessarily resting on an underlying layer (i.e., there may

be intervening layers between the deposited layer and the underlying layer); whereas a



Il Chem cal Vapor Deposition process nay be enpl oyed. Mreover, in
still other enbodi ments, other suitable spacer materials and/or |ayer
t hi cknessewOrpas/B&0enpl oyed in the techni que 104. Aft er PCREPEROIUITRGL

t he spacer layer, the technique 104 may involve etching the spacer

| ayer to form spacer 170, as indicated by block 144 and illustrated
in Fig. 7. In various enbodi nents, etching the spacer |ayer may

i nclude performng a stop on S|I|con etch, performng an insitu TECS
silicon etch, or performng another sui 1%bl e type of etch. [00033]
Returning to Fig. 4 in conjunction with Fig. 8, after the spacers 170
have been forned, the technique 100 rmay proceed vvith a shallow trench
isolation (' STL. LC nt

t he STI etc 9‘):‘?05%;?@811@%9'0%(1 g%%%r‘%éf‘r%\%%héﬂgés %ro% mgimflto
t he subst r afiecllgOntap of thanedalyinglaysyrore trenches 171. However in
alternate enbodi ments the STl etch may include etching to anot her
suitable depth into the substrate 160. As will be appreciated, during
the ST1 et CR}OOf} Qe Ritd, hﬂ%&kﬁ%ﬁfe 1@@%@0&1&&&@3&&@5 pﬂc?t@hﬂﬁiﬁﬁraf)hlﬂ(ﬁidslan

as the hard ro ect ose aréas of t substrate 8 &[
by the ni tr(ﬂ@éShoarvsrlem P_zam 64 6By preT) opder Pl wrfaﬁmﬂtﬂ%tmﬁgﬁ weaé

Fig. 8 illu 14_6;[?30 RflinedePAphid thbdld s detireqr
t he conpl et ?ﬁtgkg%?%tyh e?%%ﬁé%ﬁbmlm?ﬁsg{r?}ﬁgl t houifg;t the ST1 }:t ch

(bl ock 106) plaredity dwellmtas:; thedfpmpationof v(lmfbark desezipedyfusther balews 3t &RF i n
Fi 4 d t
I gs. an %lgb%dz?q%}gg néggﬁﬁlﬁ{o?h%hRQF%&g d’{}i@] e SR M RIR with A 656N bpo

et ches may Next, the technique 100 nmay
i ncl ude per aprosingtedn 26T or Jesd dndarlength eftmradximatsha K Q0 RIE] ;éﬁte(ﬂ’@NP )

Ot SO SRR S Bk Sk e pbil 6ROk HRIGE iy e

and illustrB ruc ure o di ment
STI fill rrammum:llamdmdnﬂnln'egPAD@}ht@ats fmﬁw:dl;tlﬁﬁyaﬁméwm bﬁblﬂqk

B L ey B

enbodi nent s ric nmay be use
to fill thepatfaatng eninsird etols, sk as'a'dnveumhetmﬁg oAethat smtabhd‘omaﬂéd by

bl ock 108, after the een. | ed, .t t
al s0 i ncl ud@USFIRi ?ffﬁqﬁte@?fg eg?[f ottﬁé Sglé%? g et (‘SJr‘;1 F% d(ra&g'? {l,(l;?lgl% r%%pbémy
embodi ment , cinb%y@\/PAﬂﬂiﬁohﬂC)l ifleonse Ghiagiimentsthe tedBniGlSTY haChlRo irvhtde

will polish the SOD fill 172 unti.l t t he. SCD fi]

roughloy fl u§WnW3ttW°Pﬁ%S?’B‘bp%'F‘°P HE‘W‘?FP%‘%?%D}%EF%%%‘%%MJE ﬁéﬁi%gf%e

V\ﬁr ds, I t hﬁ haRdefa ﬁ&muc.;ﬁ;gltﬁeomlml%ﬁtﬁaﬁk%ﬁlenﬁga&&n@ﬂtmhﬁdhﬁ ntil
tep0|ser|nte evi ce reaches the : ,

i 11 ust r at es [SHRIEFHGHMAM ARclyfe eiching ARpIOKiFAL, ?Pﬁ@q‘} ﬁff?ﬁ%%s b&? 8&693“%‘1%e
STI fill angydedMpat 51@%35&10%‘&5& waﬂﬁ%ﬂ. exhdtithgieching hwveehmhlptbeed?“ﬁh

| eveling and a nitride strip, as indicate

erpodi mont " espaius BURTGriade TR Ha P o BT At el by

m xture of gERNUE, OhkY¥Ribodfnent BB YehRbh&wtbGtaciuet formedhft@rbbaiket 40 is
enbodi ments, however,  other suitable types of etch leveling nay be

enpl oyed. siibustraieryn Fim6one embodi ment, the nitride strip illustrated
in block 110 may include a wet nitride strip enploying boiling
phosphoric acid, but in alternate enbodi ments, other suitable types
of wet nitri[0E032) r Morniag nixc te el pyen fommating tecboigne §ord this Cechmiage mey

illustrates an exenpl ary sem ¢ nduct ) f.ol

| evel i ng and°HPYi Osg{“%/?r HRAFo’ &erffg?P a'}f{s/ dﬁ%g?trtgfdl'ed iﬁelg%t? éﬁ& G
| evel i ng andhmsdbﬁmelsm Jaspndieaysblobie 144, tIlnImhe ehﬂrpénnebﬁlﬂemﬂiﬁrl&tthed
the section of the s acer 170 t hat

nitride | ay&PAEBEYCPALHG da dBBOSHb‘{ ay%@&é@&?‘%hﬁq%ﬁh ﬂ}eca{)c%%cggne part
of the spacgrpEddd aadjtmekitss bPagpheximARPAWRY Tiis TEOS lapsrowaychelriepbdited
nitride strip, [OOOBW}Iﬁ fter the e ch l.evel i ng and n|tr|d§ SLEIR

(bl ock 110) usipganidp %f@é@mﬁ’& Fﬁlﬂﬁttﬁi‘e% ﬁﬁé%B'i‘P&"f)‘F‘ (o

alternate processes may be employed to deposit the TEOS layer. For example, in

other embodiments, a Plasma Enhanced Chemical Vapor Deposition or other suitable



13 of the fins 176 may vary between 500A and 2, 000A with higher fins
exhibiting better isolation between nenory cells. [00037] Next, with

t he phot ol woreoggriaed c mask 174 still in place, the techrimusoddd7sray
i nclude perform ng an STl oxide etch to renove the rerhaining part of
t he spacer 170 and renove the SOD fill 172 to a depth, as indicated

by bl ock 114. Typically, the depth of the STI oxide etch will be
roughly approxinmate to the depth of the channels 178. For exanpl e,

Fig. 12 illustrates an exenplary sem comductor structure after the
STl oxide etch renoved the spacers 170 and the SCD fill 172 to the
sarre approxi mate depth as the channels 178. As illustrated in Fig.

in one I Odl ment, the STl oxide etch creates.one or
m)r e doubl e%f"'ﬁg ﬁgl’ép‘(r °S‘t‘f’mr‘¥°f’?§s‘5‘aye'9&eémf’ﬁ%f d%mfef’ﬁ?ﬁ PRI r at e
160. As shoémbbdinfens, othés supiable spicef HRteriaRend/66 ldyer fhivkneedigy bé N
extends upward from an 182 of, ,substrate that, extends

outcr O?gl ng
upwar d f r onFPIREPYEQ BEIE ScBnigEe 18haAfer drppsifing Fip sDaIFaIayeR dbigchmaneddsd

172 from ot hay iied &E}Bhﬁﬁﬁ: sia&?eriéyemotfhﬁn spHest [ AL, s ﬁﬁﬂ:ateﬁw’dl@dw e
each of the fins 176 wt doubl'e fin pair, while forned fromthe

substrate 180 illygiyates indig. Z:pINa\faaow W%@CB% qtﬁa%thecsperﬁﬁilawggmahd be
partially seRa(R fﬁo%ﬂ@ats% ﬁﬁﬁ onl didh, %Z@ox’nﬁnﬁ BRI e d élﬁc&yet&}h%r
channel 178. [00038] Next, the photolithographic mask 174

renoved, asPeiienming arpther shitahdktypeefefhFi g. 4 and il | ustrat ed i n F| g.
13. Lastly, a gate may be fornmed as indicated by block 118 and
depicted in Figs. 14A and 14B. In one enbodi nent, formng the gate
may i ncl ude[@®EBEI Retgniag ko Eign4 amnctinjuinckioh yaih Fig.os) aﬂt&&hbepa&eﬁnmnﬁ{z@r
around the fins, 176 use t fins 176 are recessed W the, ..,
or ot nal | suPFaETBS. S eRiG IDeraod B HALEM sk retob
the gate 18@tcaﬂ£‘s ihthieatkd B blbél 106, In Mirtenthdfhan] halTY erf hestindpss atiian
of the fin FET. As ove, iLh one e di ment, the atelO

Lb
i's deposi teap%fP¥‘é‘?at‘£t1ﬁécqrbbﬁ‘gg’f$EAh’&\fb*ﬁé’é‘??“ﬂﬁ 1P GFetePe 08 STqTS tre

al so il ustnat.eHowdvdr] GiltedAft cusbdifidals ti %G iy IndES ERRAInEIth bedtHE:
182 or other suitable materi al gﬁbe deposited on top.of and/or
Sa

adj acent t oSpifabIggapth indpthe subsizate k0, 4%1% brPRBERPAteh dBBPE theS I sichy the

fin FET. MhaANE ayer énHQﬁ@ipaEé}rlt'?@(iﬁeﬁf ﬁﬁ&lcfnoars the 1SR4 El§a‘§k wﬁvo%t aka@é n
for the FINFETma al so be formed during block 118 of

[00039] Whi Reeas akthe sykstrateckOrrayersd by els‘-‘créﬁtdem@rﬂé‘* %ﬁﬁh@@gacer 170 from the

modi fi cati oRgy ét'&ﬂm@' tr-fgf @qnh&ﬁtefs %mbamfeht l&a%@m%nﬂﬁasﬁstm HEe Qﬁ&nhe
shown by way of exanE ein raw ngs an have been describ
\%

det ai | her eFpmplabap9bihe STL e@ho@mx adclateoru aibeugbgbel STheteh {Hack mﬁéﬁﬂﬁl Bw is
not i ntendedntar RGed il BHRIEK194] 8 iPRtLlef th Rigs! £55F5 ?é & %%‘Ate tlediiehn

the invention is to cover all hodifications, equlvalents,
al t er nat i vesn¢ ainbodimen, ﬂtwwtwm@tclsqsumastbwos@%togeﬂwr he i nvent ion as

defined by the foll owi ng appended cl ai ns.

[00034] Next, the technique 100 may include performing an STI fill and chemical
mechanical polish (“CMP”) on the semiconductor structure, as indicated by block 108
of Fig. 4 and illustrated in the structure of Fig. 9. In one embodiment, the STI fill may
include filling the areas etched out by the STI etch with a spin on dielectric (“SOD™)
172 (See Fig. 9). In other embodiments, however, other suitable types of dielectric
may be used to fill the areas removed by the STI etch 106. As also indicated by block
108, after the SOD fill has been applied, the technique 100 may also include
performing a CMP on the semiconductor structure. In one embodiment, the CMP
may include a stop on nitride (“SON”’) CMP that will polish the SOD fill 172 until the
top of the SOD fill 172 is roughly flush with the top of the nitride layer 164. In other



15 CLAI M5
substrate;

1. A nethod conprising: depositing a layer of nitride on a
di sposi ng a photolithographic mask on the | ayer of

nitride, twodeés/aaeoa | ocation of a wall; etching the | aper/usdomiirazi de
to create the wall; renoving the photolithographic mask; depositing a
spacer |ayer adjacent to the wall;

words, the top of the semiconductor structure may be polished until the polisher in the
CMP device reaches the nitride layer 164. Fig. 9 illustrates one embodiment of a
semiconductor structure following the STI £ill and CMP.

[000357 Next, the technique 100 may include etch leveling and a nitride strip, as
indicated by block 110, In one embodiment, etch leveling may include a buffer oxide
etch using a mixture of ammonia, fluoride, and hydrofluoric acid. In alternate
embodiments, however, other suitable types of etch leveling may be employed,
Similarly, in one embodiment, the nitride strip illustrated in block 110 may include a
wet nitride strip employing boiling phosphoric acid, but in alternate embodiments,
other suitable types of wet nitride strip may be employed in the technique 100. Fig, 10
illustrates an exemplary semiconductor structure following the etch leveling and
nitride strip (block 110). As illustrated, the etch leveling and nitride strip removed the
nitride layer 164 and removed the section of the spacers 170 that was roughly adjacent
to the nitride layer 164. It should be noted, however, that the bottom part of the
spacers 170 adjacent to the PADOX 162 was not removed by the nitride strip.

[00036] Afier the etch leveling and nitride strip (block 110), the technique 100 may
include a damascene process, as indicated by block 112. In one embodiment, the
damascene process may include applying a photolithographic mask 174 to cover the
parts of the semiconductor structure that will not ultimately be a part of the fin (see
Figs. 11A, 11B, and 12), such as the area of the semiconductor structure that will
become contact pads for either the source and/or drain of the semiconductor. The
damascene process may also include performing an oxide eich (e.g., an oxide punch)
to remove the PADOX 162 (where it is not protected by the mask 174), and then
performing a silicon etch to create one side of fins 176. For example, as illustrated by
Figs. 11A and 11B, the spacers 170 and the SQD fill 172, each of which is
substantially unaffected by the silicon etch, will function as a mask during the silicon
etch part of the damascene process, This results in channels 178 that form one wall of
each of the fins 176. The depth of the channels 178 (j.e., the depth of the silicon etch)
may be adjusted to vary the height of the fins 176. In various embodiments, the height



etching the spacer layer to create a spacer adjacent to the wall, -
wherein the spacer and the wall cover a first portion of the

subst r at e; Wet2oéd/a2deea second portion of the substrate nokCRUS20¢7HTY
the spacer to create a trench; filing the trench with a dielectric
material; etching the |layer of nitride to expose a part of the first
portion of the substrate; and etching the exposed part of the
first portion of the substrate to a depth to create a channel. 2.
The nethod, as set forth in claim1l, whdéein depositing the spacer

| ayer conprises depositing a | ayer of Tetraethyl Othosilicate. 3.
The met hod, as set forth in claim1, wherein filing the trench

compri ses TiLEpRgLhgehLEEN YWel DePsotl Lidobt £ hSE N S fins exhibiting better

isolation between memory cells.

[00037] Next, with the photolithographic mask 174 still in place, the technique 100
may include performing an STI oxide etch to remove the reraining part of the spacer
170 and remove the SOD fill 172 to a depth, as indicated by block 114, Typically, the
depth of the STI oxide etch will be roughly approximate to the depth of the channels
178. For example, Fig. 12 illustrates an exemplary semiconductor structure after the
STI oxide etch removed the spacers 170 and the SOD fill 172 to the same approximate
depth as the channels 178. As illustrated in Fig. 12, in one exemplary embodiment,
the STI oxide etch creates one or more double fins 176 (j.e., two fins) extending up
from the substrate 160. As shown in Fig. 12, each of the fins 176 in the double fin
extends upward from an outcropping 182 of substrate that extends upward from the
substrate 160 and is partially separated by the SOD 172 from other outcroppings 182
from the substrate 160. Similarly, each of the fins 176 within a double fin pair, while
formed from the substrate 160, may extend upward from one of the outcroppings and
be partially separated from the other fin 176 in the double fin by the channel 178.

[00038] Next, the phofolithographic mask 174 may be removed, as indic-ated by
block 116 of Fig. 4 and illustrated in Fig. 13. Lastly, a gate may be formed as
indicated by block 118 and depicted in Figs. 14A and 14B. In one embodiment,
forming the gate may include depositing silicon and/or polysilicon 180 between and/or
around the fins 176. Because the fins 176 are recessed below the original surface of
the substrate 160, slight misalignments between the gate 180 and the fins 176 will not
substantially affect operation of the fin FET. As described above, in one embodiment,
the gate 180 is deposited after the fins 176 have been fully formed. Lastly, as also
illustrated in Figs. 14A and 14B, a layer of tungsten silicide 182 or other suitable
material may be deposited on top of and/or adjacent to the gate 180 to act as a landing
pad for context for the fin FET. Moreover, additional contacts 184 for a source and/or
drain for the FINFET may also be formed during block 118 of Fig. 4.



4. The method, as set forth in claim1l1, conprising etching the .
dielectric material to approximately the sane depth as the substrate.
5. The metwWoR00sB4%et forth in claimd4, wherein etchi ngeatgs2007/017571

dielectric material to approximately the sane depth as the substrate
conprises creating a fin. 16 6. The nethod, as set forth in claim

5, wherein creating the fin conprises creating a fin that is recessed
bel ow an upper surface of the substrate. 7. The nethod, as set forth
inclaim4, wherein etching the dielecttc material to approximtely
the sane depth as the substrate conprises creating a first fin and a
second fin. 8. The nethod, as set forth in claim4, wherein etching
t he exposed trate rise
creating a Opr@.’g%] Owﬁt‘lla%?écﬁ’]%%h rst %%HQ% dgﬁtﬁﬁgé?us\/%?qlﬁgﬁqu h&"Second
fin. 9. Thatemative dormss speetficfeprtiokimentehaierbedn slovnpby whngl émmﬂenxg the

g?;?mdéelpoz 'O&rggn né@ﬁ%\?e'ﬁ)e%}érdgécnb dljr‘lodrﬁtaéphcr?mt tﬂﬂ)\a}eve it sgould%e understood

that the invention is not intended to be limited to the particular forms disclosed.

Rather, the invention is to cover all modifications, equivalents, and alternatives falling

within the spirit and scope of the invention as defined by the following appended

claims.



11. A method of fabricating a transistor conprising a fin and a gate,
t he met hod conpri si ng: performng a first etch to create a
first wall of the fin, wthout using a photolithographic mask;
perform ng a second etch to create a second wall of the fin; and
depositing a gate on the fin, whereinjgdhe gate is deposited after the
second etch. 12. The nethod, as set forth in claim1l, wherein
performng the first etch conprisesceagsfg ng the first wall of the
fin that is recessed bel ow the upper surface of a substrate. 13. The

met hod, ap set 4 {06t dofpeiki@bm 11, wherein the nethod conprises
fabrlcatlng a trané@sfo? %pr|5|ng a single gate. 14. The nethod,

as set forth |mmoham@akﬁmuwmanécnnp&MBUmn;ng the first etch creates a

first wall of ﬁg&%&gaﬁ%

ot%hthographlc mask on the layer of nitride, to define a location of
a wall;

etching the layer of nitride to create the wall,

removing the photolithographic mask;

depositing a spacer layer adjacent to the wall;

etching the spacer layer to create a spacer adjacent to the wall, wherein the spacer
and the wall cover a first portion of the substrate;

etching a second portion of the substrate not covered by the spacer to create a
trench;

filing the trench with a dielectric material;

etching the layer of nitride to expose a part of the first portion of the substrate;

and

etching the exposed part of the first portion of the substrate to a depth to create a
channel.
2. The method, as set forth in claim 1, wherein depositing the spacer layer comprises

depositing a layer of Tetraethyl Orthosilicate.

3. The method, as set forth in claim 1, wherein filing the trench comprises filing the

trench with a spin-on dielectric.

4. The method, as set forth in claim 1, comprising etching the dielectric material to

approximately the same depth as the substrate.

5. The method, as set forth in claim 4, wherein etching the dielectric material to

approximately the same depth as the substrate comprises creating a fin.



15. The nethod of claim 11, wherein performng a first etch to create
a first wall of the fin conprises etching an exposed part of a
substrate to a depth to create a channel in the substrate.
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6. The method, as set forth in claim 5, wherein creating the fin comprises creating a

fin that is recessed below an upper surface of the substrate.

7. The method, as set forth in claim 4, wherein etching the dielectric material to
approximately the same depth as the substrate comprises creating a first fin and a second
fin.

8. The method, as set forth in claim 4, wherein etching the exposed part of the first
portion of the substrate comprises creating a first wall of the first fin and a first wall of

the second fin.

9. The method, as set forth in claim 4, comprising forming a gate deposited on the

substrate.

10.  The method, as set forth in claim 4, comprising forming a gate onto a fin.

1I. A method of fabricating a transistor comprising a fin and a gate, the method
comprising:

performing a first etch to create a first wall of the fin, without using a
photolithographic mask;

performing a second etch to create a second wall of the fin; and

depositing a gate on the fin, wherein the gate is deposited after the second etch.

12.  The method, as set forth in claim 11, wherein performing the first etch comprises

creating the first wall of the fin that is recessed below the upper surface of a substrate.

13.  The method, as set forth in claim 11, wherein the method comprises fabricating a
transistor comprising a single gate.
14.  The method, as set forth in claim 11, wherein performing the first etch creates a

first wall of another fin.
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15.  The method of claim 11, wherein performing a first etch to create a first wall of
the fin comprises etching an exposed part of a substrate to a depth to create a channel in

the substrate.



