SYSTEM AND METHOD FOR FABRI CATI NG A FIN FI ELD EFFECT
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rel ates generally to electronic devices, and, nore
specifically, to fin field effect transistors ("FETs")
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The Related Art [0002] This section is intended to
i ntroduce the reader to variogs aspects of art that
may be related to various aspects of the present
i nvention, which are described and/or clainmed bel ow.
This discussion is believed to be hel pful in providing
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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 art.

[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 introduction 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
electrical 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



| east in part, to reaching physical limtations of

standard fabrication techni ques. Assuch, new and
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further reduce cost as well as size. [0004] Typically,

the integrated circuit manufacturing process includes

at least three main processes: 1) patterning; 2)

addi ng materials; and 3) renoving materials. The

patterning process is primari3y achi eved by enpl oyi ng

a photolithographic mask or other form of nmask.

Through the patterning process, various regions are

def i ned that eventual | y serve as, the conponents,
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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 CMOS
processes, and in mtegrated clrcult 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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reading the foll ow ng detail ed description and upon
reference to the drawings, in which: [0008] Fig. 1
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[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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ordinary skill having the benefit of this disclosure.

[ 00015] Sone of the subsequently di scussed enbodi nents

may facilitate the manufacture of fin field effect

transistors ("FETs"). As is described in detail bel ow,

i n accordance with one enbodénent, there is provided a

met hod of fabricating a transistor conprising a fin

and a gate, the nethod conprising performng a first
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typrcally 1 nc a power supply 14. For instance, if
t he

[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



system 10 is a portable system the power supply 14

may advant ageously include afuel cell, pernmanent
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batteries. The power supply 14 may al so i nclude an AC

adapter, so the system 10 may be plugged into a wal

outlet, for instance. The power supply 14 may al so

i nclude a DC adapter such that the system 10 may be

pl ugged into a vehicle cigaretste |ighter, for

i nstance. [00018] Various other devices may be coupl ed

to the processor 12 depending on the functions that

the system 10 perfornms. For instance, a user interface
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[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



be configured in accordance with enbodi nents of the
present invention. [00020] The processor 12 may al so
wheoosoz2bed to non-vol atile nenory 28. The nonP@DUSL007/€17571
menory 28 may include a read-only nenory ("ROM'), such
as anEPROM and/or flash nenory to be used in
conjunction with the volatile nenory 26. The size of
the ROMis typically selected to be just |arge enough
to store any necessary operaté ng system application
prograns, and fixed data. Additionally, the
non-vol atile nmenory 28 may i nclude a high capacity
menory such as a tape or disk drive nenory S
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as_ a "rank.
[00022] The memory sub-system may include a plurality of slots 32 - 46. Each slot

32 — 46 is configured to operably couple a memory module, such as a dual-inline
memory module (“DIMM?”), to the memory controller 30 via one or more memory
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 capable of supporting a module comprising eight individual



Accordingly, each exenplary slot 32-46 is configured
to receive a single DIMM having two ranks. For
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havi ng ranks 32A and 32B, the slot 34 is configured to
recei ve a DI MM havi ng ranks 34A and 34B, and so forth.
In the present exenplary enbodi nent, each of the eight
nmenory slots 32-46 is capable of supporting a nodul e
conpri sing eight individual nepory devi ces on each rank
32A/ B -46A/ B, as best illustrated with respect to Fig.
3, described further below [00023] Referring again to
Fig. 2, the nmenory buses may include a nenory data bus
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a corresponding request. Further, the command bus 50 may also be used to facilitate
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the exchange of configuration information at boot-up. As with the memory data bus
48, the command bus 50 may comprise a plurality of individual command buses. In
the present embodiment, the command bus 50 may include 20 individual buses. As
previously described with reference to the memory data bus 48, a variety of
embodiments may be implemented for the command bus 50 depending on the system

configuration.

[00025] Fig. 3 illustrates one embodiment of a memory module 52, such as a
DIMM, that may be inserted into one of the memory slots 32-46 (Fig. 2). Inthe
present exemplary view, one side of the memory module 52 is illustrated, and
generally designated as the rank 52A. As previously discussed, the memory module
52 may include two ranks 52A and 52B. The rank 52A includes a plurality of



enbodi nents may be inplenmented for the command bus 50
dependi ng on the system configuration. [00025] Fig. 3
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as a DMV that may be inserted into one of the nenory
slots 32-46 (Fig. 2). In the present exenplary view,
one side of the nenory nodule 52 is illustrated, and
general |y designated as the rank 52A. As previously
di scussed, the nenory nodul e 2 may include two ranks
52A and 52B. The rank 52A includes a plurality
of menory devi ces 56A-56H, such as dynam ¢ random
access, Neno devi_ces,. which may be used for
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cells may include a fin FET and a memory element, such as a capacitor.

[00027] Accordingly, Fig. 4 is a flowchart illustrating one embodiment of a
manufacturing process 100 that may be used to manufacture a fin FET in accordance
with embodiments of the present technique. As illustrated in Fig. 4, the exemplary
manufacturing process 100 may begin with active area preparation and spacer
formation, as indicated by blocks 102 and 104 of Fig. 4. As described above, Fig. 4 is
a flowchart illustrating an overview of one embodiment of a manufacturing process.
Fig. 5 is a flowchart illustrating additional detail 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 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.



wi th enbodi nents of the present technique. As

illustrated in Fig. 4, the exenplary manufacturing
wEe@sosR0@l00 nay begin with active area preparBtT/os20amnol7571

spacer formation,, as indicated by bl ocks 102 and 104

of Fig. 4. As described above, Fig. 4 is a flowhart

illustrating an overview of one enbodi nent of a

manuf acturing process. Fig. 5is a flowhart

illustrating additional detai? relating to bl ocks 102

and 104 fromFig. 4 which will be described initially

below. In addition, blocks 102 and 104 of Fig. 5 are

[@é@%}be dei L.@lgfggscpg ?egngggﬁt PQ}}M %(t,‘;-h 18¢ g gnd 1l?ustrate§ in Figs. 6A

afi@ BBC AR HCrod pephrdfibal by ki gy lsdaeldmgluafe%%s&ata ¥60. As will be
process described in relfation to Figs and 5.[00028]

appresiatada ieysubgtsate 4GP Mefanwh%foyeﬂatmfcﬁ seppigondgictgygtructure.
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preparation na yprOV|d|ngt e su strae
pAly cxivsthllime sdnpnegalhnmch,rsmm ndlingt iphibgphidf) onmyhek mzmliahsswith

f oundati on o cond ctor ur,e. The s
shRoRdb ST adadiel o OMAIE b badthativ e bRy 180 W' Botude o
nShRgecondustonbirife o@\rwﬂi@h ¥in @le¢baicl deRRe $hdy BdEbnstructed such as
gal | i um arseni de, indi um phosphide, or other materials

aglastic O wErREHE Ntk pusicep farerxamplen| Yf@rwéﬁt@aty 1§p may be in the form
o?g%ﬂdl@%l“ér}’a g&lﬁ%n%lfg%ée@t\?af@p Qr an ({)Iuad&ic@d wafer in a

non-sem conduct or surface on whi c ectronic
pdekageed eleatrohie dewviest fonénséahcsuch as a plastic or ceramic
wor k surface, for exanple. The substrate 160 may be in
the formof a whole wafer, a portion of a diced wafer,

[@csoz@] POrHd e hrbueifor Le@ek ¥es gfephﬁh@n naskanedes E&%ﬁ@%%
devi ce, for instance. [0002 The techni que for active

gm\mg@né@apatqrwme];mtm;a naﬁmlctmlnwrr( BANQX]”)Q 63whrigp of and/or
?_%gé:% o%é“&rb &;‘sbeﬁtl 82aRas %18@%9?2 | QY& % Fﬁ%&%shu in

of "ad acent € subs
tlnena:it odll aﬁpﬂ&yxatﬂ dmkPABIDX 262 typisadlydhclodehi enaniry, thdtilalllyigiown

appreci ate, .t he PADOX, 162 cal |
ok ks Sty 1o Sesrrie PRSI AT hBEsiran of a

s&RopYesof. Qn&ﬁﬁmxxﬂ&ht&%rﬁAb@})@[& R | b&dp rox1mately 50
fabrication of a sem conductor. In one errbodpmsnt

apponsi6A Mhirk.be approxi mately 50 angstroms ("A")

t hi ck.
{00030] Next, the technique for active area preparation 102 may include depositing
a nitride layer 164 on top of and/or adjacent to the PADOX 162, as indicated by block
134. In one embodiment, the nitride layer 164 may include a layer.of silicon nitride
with a thickness between approximately 500 and 700 A. However, in other
embodiments, other suitable types of nitrides and/or other suitable layer thicknesses
may be employed in the technique 102. For eﬁample, in one embodiment, the nitride
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



[ 00030] Next, the technique for active area
preparation 102 may include depositing a nitride |ayer
wasmsomoop of and/ or adjacent to the PADOX 160CT/EHS2007/017571
i ndi cated by block 134. In one enbodinent, the nitride
| ayer 164 may include a layer of silicon nitride with
a thickness between approximately 500 and 700 A
However, in other enbodi nents, other suitable types of
nitrides and/ or other suitablie | ayer thicknesses may
be enployed in the techni que 102. For exanple, in one
enbodi nent, the nitride |ayer 164 may include a
100A- 200A t hi ck section of addjtional njtride that i S
layep Sddposited diregtlyomtopfosT an wedegiytngshoyldis eonshugd B%T%Wg

dgrg(r;a); hl?mg)u(;@gg%ﬁ%&gylw&ag esent appl ication, it will

ppr e eposi ted" | ayer should be
construed as being placed above but not necessar|ly
resting on an underlying layer (i.e
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underfyl construed as resting
1dahbae4ﬂ by biockt k36. dh onh embndmnery; thg phespéithograhdomapk may define a

PAW@ i c?{l‘ﬁ‘bliﬂ % l%uﬁﬁré 04 czx}n]’a\a[/ ng,ﬁg \?Aﬁed ?%S%IB_BL&/ H}gl/i?b%lgw In one

ePbdAMmERDa phorMitddpiapil RasOinay defihethel wmlgmsa \ayh:a »mam of
as indicated by bllock 136. In one_ enb
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%@%lxtﬁ&?af)ﬂ% DRsk ¥ds Qgery‘gﬂp@i@d 3&1@ t&?ﬁ ehed nfui’}f f&lb@lfve etchmg the

I ow. e enbodi ment, hot ol |t raphi c _mask
rdefderlayerH64aati ithe RADOK 162 ao Wrm the orfallagéﬁoaé indicated bz/ ock

at.h, .of
Bl 8 S R TR SR B IR S A BRI T oyt
peefomi iHeu BRY, suvhals\setied iohi amgnng] er ofhtr mimblea@aen of
164 and the PADOX 162 tt?lpfor

ORI by AT S Ho S URLIecTB PR AL SRS ey be
ahbiby e A@&fﬁronﬁm}d utx Q@mg BRESdihihtdie icbBhide 1 OB rfagralSorigelude

an ihsitu etch as active ion etchij ng.or ot her
gohing bhreuglosq’mgpOEmnsthth%w%tré&ecWO inCORMAGHOR, Wity etching the

%1&% e la ed* tfu? i’@(%( 148! FaPexh eeﬁ)q}ie%ﬁ'@YmQ& the
t1ona i n some enbodi nents,
teeku’ﬁqueqm ﬁﬁg mxﬂydeaétshmg mpbrodénatety 300 frhmbg Hu%me 160 in the
O%s%t: gygarg }Cq@% ggowt g tV\;a ; Gi6(} 69‘1’&3 tlgeoe%llxjirnxg Ex'a? Qee\g' cotl]npleted the
technique 102 may include removing the photolithography mask, as indicated by
block 140. One embodiment of the semiconductor structure formed after block 140 is

illustrated in Fig. 6.

[00032] Turning next to the spacer formation technique 104, this technique may
begin by depositing a spacer layer on top and/or adjacent to the nitride layer 164 and
the substrate 160, as indicated by block 142. In one embodiment, depositing the
spacer layer may include depositing a layer of Tetraethyl Orthosilicate Silcone
(“TEOS”) at a thickness of approximately 300A. This TEOS layer may be deposited
using an Atomic Layer Chemical Deposition. However, in other embodiments,
alternate processes may be employed to deposit the TEOS layer. For example, in

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



nitride layer 164 and the PADOX 162. For exanple, in

one enbodi nent, the technique 102 may include etching
wappsoxizomt el y 200A from the substrate 160 i n POEUS200AB17571

that are not below the walls 166. After the etching

has been conpleted, the technique 102 may i ncl ude

renovi ng the photolithography nmask, as indicated by

bl ock 140. One enbodi nent of the sem conduct or

structure forned after block 1440 is illustrated in

Fig. 6. [00032] Turning next to the spacer formation

techni que 104, this technique may begin by depositing

a spacer layer on top and/or adjacent to the nitride
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proces Feover, in still other
enbodi ments, other suitable spacer materials and/ or

éer thlcknesses may be enployed in the technique
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Fig. 4. in con{unctlon with Fig , after the spacer
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syhstrate 160 to reaf e
oTLHbRoE Fid ¥ IRhh G o St R e 8 iRy rysgre ater e
&ohhpletie o ST ke Gn&ﬂdhidﬁgammu’gﬂohdﬂ BTI etch (block 106) and the
spacer layer etch (block 144) are illustrated in Figs. 4 and 5 as two separate blocks, in

one embodiment, these two etches may be performed together.

[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



suitable depth into the substrate 160. As will be
appreci ated, during the STI etch, the nitride |ayer
wdagehsantod he spacer 170 nmay function as the hapdr/mamk7/017571
to protect those areas of the substrate 160 covered by
the nitride |ayer 164 and the spacer 170 fromthe STI
etching. Fig. 8 illustrates one enbodi nents of a
sem conductor structure after the conpletion of the
STl etch. In addition, although the STI etch (bl ock
106) and the spacer |ayer etch (block 144) are
illustrated in Figs. 4 and 5 as two separate bl ocks,
in_one enbadi nent, these two etches may be perforned

wosdetitciop of GersemicapduetonsHUCER FAY &6 @olispdryil thapalisber in the
d(@\@pfdem;& Q&Cﬂ& 8¢ lnidride &@p%& help 98] dRedaiHeGalhdBht At bf a

on the sem conductor structure, as indicated
s¢piciohdedion 9Bictiire FolowingahelSTT fillond 4IMB. i n t he
structure of Fig. 9. In one enbodi nent, the STI fil
may include filling the areas etched out by the STI
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172 is roug e top of the nitride

| a
otfwx suitable types wtiweénmtuipesmg Enagbe eyepl §¥¢ﬁ inghe trobique T00. Fig. 10
%ﬂé %G‘ex séifl éoﬁ@@!goyﬁlhi Llfr{a @alm%gﬁﬁhg_étch fevelifig and

evi ce a es the nitri
nittiqu strrpe(tbétzckolri@)emgokllummd tie eac}s mhnmmdmmnde strlp removed the
? gylé% 26% gr&ck enacb dee 2 Ion og greus&gceerf 0 £ Q é‘YaSﬁ ugoh% adjacent
t@thel ﬁlfridiﬂaﬁdr rieg. Im‘lounﬂbd?@dtedi Hoyvev kg elfat 1He0bottdin @B of the
enbodj nent., etch_ | eveli i ncl ude a_buffer oxide

SBACERS |1) HHjacenhio e FALNP X HONEOOtP G FBY thefitride strip.

hydrofluoric acid. In alternate enbodi ments, however,
ot her suitable types of ‘etch |l eveling my be enpl oyed.
{@B0Bi6] arAfter the ewhdewlingdntdmittide strip (bildoki ®),sthe itgwhnique 100 may

A R P O S 2 et O
d@ﬂnﬁﬁfeﬂ@bﬁ)c@%qy Mo 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 etch (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 SOD 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 (i.e., the depth of the silicon etch)
may be adjusted to vary the height of the fins 176. In various embodiments, the height



other suitable types of wet nitride strip may be

enpl oyed in the technique 100. Fig. 10 illustrates an
we@z@spteny sem conductor structure foll ow ng tPer/Eswh7/017571

| eveling and nitride strip (block 110). As

illustrated, the etch leveling and nitride strip

renoved the nitride |ayer 164 and renobved the section

of the spacers 170 that was roughly adjacent to the

nitride layer 164. It should e noted, however, that

the bottom part of the spacers 170 adjacent to the

PADOX 162 was not renoved by the nitride strip.

[00036] After the etch |eveli n% and nitride strip
qfitheérs 11@may var batvien §0RA 20d ZHPA with highea fia nulubiting better

%ﬂ9ﬁ§§§ﬂ“%§nhﬁﬂhﬁ?%8ﬂ by bl ock 112. In one enbodi nent,
e danmascene pro

ess may include applying a
phot ol i t hographi ¢ mask 174 to cover the parts of the

sem conductor structure that will not ylginate;étbe a
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part of the spacer 170 and renmove the SOD fill 172 to

a depth, as indicated by block 114. Typically, the

depth of the STI oxide etch will be roughly

(0083 iﬂXi ﬁ@{t,etlk%htoﬁﬁitggﬁtaghigfma{an 7&% femoved, 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.



178. For example, Fig. 12 illustrates an exenplary
sem conductor structure after the STl oxide etch

wOo e0wetod he spacers 170 and the SCD fill 172 pOT/UB®07/017571
same approxi mate depth as the channels 178. As
illustrated in Fig. 12, in one exenplary enbodi nent,
the STI oxide etch creates one or nore double fins 176
(i.e., two fins) extending up fromthe substrate 160.
As shown in Fig. 12, each of i@he fins 176 in the
doubl e fin extends upward from an outcropping 182 of
substrate that extends upward fromthe substrate 160

Gﬁﬁa? |aIIy separated by the SOD 172 from ot her
[ 5§ eligyeRtQsInen Be suseptible & xwussnmhﬁamps and
gesih 438, o 58054180 .00 1P B
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Ruflerthy lulb\&nltlemi)slgchovaﬁall ﬁﬂ)ﬂif&!aﬁdn@l)éqbiv@!ﬂﬁtsl Afd Qlfterﬁbtgves falling
illustrated i astly, a gate may
“f‘B“I"i‘rgt? P a0 seqpe %‘5 I%YESI:‘F?“ £ getingsl %ﬁ‘neéff”é%% aPP@%ded

clkdisand 14B. I n one enbodi nent, form ng the gate may
i ncl ude depositing silicon and/or pol ysilicon 180

bet ween and/ or around the fins 176. Because the fins
176 are recessed bel ow the original surface of the
substrate 160, slight m salignnents between the gate
180 and the fins 176 will not substantially affect
operation of the fin FET. As described above, in one
enbodi nent, the gate 180 is deposited after the fins
176 have been fully forned. Lastly, as also
illustrated in Figs. 14A and 14B, a |ayer of tungsten
suicide 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

Mor eover, additional contacts 184 for a source and/or
drain for the FINFET may al so be forned during bl ock
118 of Fig. 4.[00039] Wiile the invention may be
susceptible to various nodifications and alternative
forns, specific enbodi nents have been shown by way of
exanple in the drawi ngs and have been described in
detail herein. However, it should be understood that
the invention is not intended to be [imted to the
particul ar fornms discl osed.



Rat her, the invention is to cover all nodifications,

equi valents, and alternatives falling within the
wa@piogioz42emd scope of the invention as defined PYT/UR®07/017571

foll owi ng appended cl ai ns. CLAIMS 1. A net hod

conprising: depositing a |layer of nitride on a

substrate; disposing a photolithographic mask on the

| ayer of nitride, to define a location of a wall;

etching the layer of nitride t50 create the wall;

renmovi ng the photolithographi c mask; depositing a

spacer | ayer adjacent to the wall; etching the spacer

| ayer to create a spacer adjacent to the wall, wherein

the spacer and the wall co¢dsABMSirst portion of the

substrate; and etching a second portion of the

substrate not covered by the spacer to create a

f.r encp.méhod BEmPRLIARD. as set forth in claiml,

wherei n depositing The spacer |ayer conprises

deposfierosijing 4 layerrof piitrifle onactubgtratey t hosi | i cat e

Si | CoH&Fo@in 'I P,\Rot%ﬁtl% gphlacsmaﬁg org ﬂ')retl rrﬁf%t 'ng ti')'deﬁne a location

conprising T1FI'hg rench w a dielectric

ofid erilal . 4. The nmethod, as set forth in claim3,

wherein filjng the trench conprises filing the trench

with atcélﬂgﬁﬁ%%yaﬁ%ﬁ%m ite.cr%‘@*ﬁé"' thod, as set forth

in cl AiniBving GRPNotItheErahIEP @kt he | ayer of nitride to

expose a part of the first portion of the substrate.

6. Theenestting® spaserdayerfadiacentita thg Wty 5, conpri si ng

et chi ] j :

Subst - oy DETEYEER ARG or e b Bihckh RhoBPES LR vhdfeim e

spatérood the walltcolar first potioaiafiths substrpte; andig et chi ng

the d{at%ili%cétarslegor@ }goerEilog Io:f the substrate not covered by the spacer to create a

trench.

2. The method, as set forth in claim 1, wherein depositing the spacer layer

comprises depositing a layer of Tetraethyl Orthosilicate Silcone.

3. The method, as set forth in claim 1, comprising filing the trench with a

dielectric material.

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

the trench with a spin-on dielectric.

5. The method, as set forth in claim 3, comprising etching the layer of nitride to

expose a part of the first portion of the substrate.

6. The method, as set forth in claim 5, comprising etching the exposed part of the

first portion of the substrate to a depth to create a channel.

7. The method, as set forth in claim 6, comprising etching the dielectric material

to approximately the same depth as the substrate.



to approximately the same depth as the substrate. 8.
The nethod, as set forth in claim?7, wherein etching
w0 bh@steebectric material to approxi mately the B&mBS2007/017571
depth as the substrate conprises creating a fin. 9.
The nmethod, as set forth in claim@8, wherein creating
the fin conprises creating a fin that is recessed
bel ow an upper surface of the substrate. 10. The
met hod, as set forth in claime, wherein etching the
dielectric material to approximtely the sane depth as
the substrate conprises creating a first fin and a
second fin. 11. The nethod, as set forth in claim?7
wherei n etching the exposed part of the first portion

f th r ris
Dhe. f TPEMRRIGE RE o SR 26iSigd 7 Ohbefh Getin e dfleserimaterial to
afipeoxintabedyl theasanrealepfiods the istbstlasd compriee Bvatiag Adin.
formng a gate deposited on the substrate. 13. The
met hod, as set forth in claim7, conprising formng a
gat e PR thethdd, Bs sel‘fertlﬁr{‘aﬁi?@d @flexfeﬁp&b%gn g fﬁi com rises

transi stor conprisin in-and a gate
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12. The method, as set forth in claim 7, comprising forming a gate deposited on

the substrate.

13. The method, as set forth in claim 7, comprising forming a gate onto a fin.
14. 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.

15. The method, as set forth in claim 14, wherein performing the first etch
comprises creating the first wall of the fin that is recessed below the upper surface of a

substrate.



18. A structure conprising: a trench within a
substrate; an outcropping fromthe substrate partially
waledoseoby the trench, wherein the outcroppi NBCT/US2007/017571

conprises a channel forned by an etching process; a
first spacer arrayed on an upper surface of the
outcropping on a first side of the trench; and a
second spacer arrayed on the upper surface of the

out croppi ng on a second side 1agf the trench, wherein
the first spacer and the second spacer are configured
to mask the outcropping during the etching process.
19. The structure, as set forth in claim18, wherein
the channel defines a wall of a fin. 20. The
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t he upper surface of the outcropping is recessed bel ow
t he upper surface of the substrate.

17. The method, as set forth in claim 14, wherein performing the first etch creates

a first wall of another fin.

18. A structure comprising:

a trench within a substrate;

an outcropbing from the substrate partially defined by the trench, wherein the
outcropping comprises a channel formed by an etching process;

a first spacer arrayed on an upper surface of the outcropping on a first side of
the trench; and

a second spacer arrayed on the upper surface of the outcropping on a second
side of the trench, wherein the first spacer and the second spacer are configured to

mask the outcropping during the etching process.

19, The structure, as set forth in claim 18, wherein the channel defines a wall of a

fin.

20. The structure, as set forth in claim 18, wherein the first spacer comprises

Tetraethyl Orthosilicate Silcone.

21. The structure, as set forth in claim 18, wherein the upper surface of the

outcropping is recessed below the upper surface of the substrate.



