FET W TH REPLACEMENT GATE STRUCTURE AND METHOD OF FABRI CATI NG THE SAME

FI ELD OF THE | NVENTI ON [ 0001] The invention relates to a replacenent gate
struct ur ewvbanioasidoel d effect transistor (FET) and net hogcofuso®mnwi@sd uri ng,
and nore particularly, to a nmulti-gate FET repl acenent gate structure and
met hod of fabricating the nulti-gate FET replacenent gate structure.
BACKGROUND [ 0002] A Multi-gate FET (MJUGFET) is a famly of MOSFETs in which

nore than one gaFETQ@ﬁﬁﬁﬁﬁPL@C@ﬁEﬁTQﬁAﬁ@QﬁR@bT@%EHHﬁDQMETﬁ@b(MNUGFETS are
known to have superior gate control of the channel conpare to single gate

MOSFETs. For exanple, in a mulfigRiE AR $8E shigs channel i's surrounded by
several gates on nultiple surfaces, allow ng nore effective suppression of
"of f-state" | eakage current. NUItlpIe gates al so al |l ow enhanced current in
the "on" state, known as drivepgppiiHe TROsRTAGNANt ages transl ate to | ower
power consunption and enhanced device perfornance. [0003] MJGFETs are one
of several strategies developed to create ever-smaller m croprocessors and

menory cel | wooﬁ\or TRX@UEHi8n rdidles| B kreplATBMYnt TRRUIBAGLM TGS RIELHFE trdnbRfor MUIGFET
t echnol ogi es wi be the cornerstone of sub-32 nmtechnol ogies. The prinmary

roadbl ock, %ﬁﬁ& melih%d\é‘fﬁlgﬁﬂé&lﬁ-gl '%‘MP& LI, ks MRBULAGIRAF abI 11Ty, as

bot h planar non- pl anar desi gns present procéssing chall enges. These

chal | enges %acbﬂa&{t Q@S&aaés}ggﬁmaxo@mam%@mb RRUREACPED S tacBiete! | as

resul tant hi parasitic D resi stance

gate structure.
BACKGROUND

[0002] A Multi-gate FET (MUGFET) is a family of MOSFETs in which more than one
gate contact is used to control output current. MUGFETSs are known to have superior
gate control of the channel compare to single gate MOSFETs. For example, in a
multigate device, the channel is surrounded by several gates on multiple surfaces,
allowing more effective suppression of "off-state" leakage current. Multiple gates also
allow enhanced current in the "on" state, known as drive current. These advantages

translate to lower power consumption and enhanced device performance.

[0003] MUGFETs are one of several strategies developed to create ever-smaller
microprocessors and memory cells, for example. In fact, many manufactures predict that
MUGFET technologies will be the cornerstone of sub-32 nm technologies. The primary
roadblock, however, to widespread implementation is manufacturability, as both planar
and non-planar designs present processing challenges. These challenges may include

lithography and patterning processes, as well as resultant high parasitic S/D resistance.

[0004] MUGFETSs come in a variety of different architectures. For example,

MUGFETs may be planar or non-planar devices. However, at sizes of, for example, 32



[ 0004] MUGFETs conme in a variety of different architectures. For exanple,
MJUGFETs may be pl anar or non-pl anar devices. However, at sizes of, for
exanpl e, 8Anmo/phanar transi stors are expected to sufferciiruseownsm®se r abl e
short channel effects, especially "off-state"” |eakage current. These off
state | eakage currents will increase the idle power required by the device.
Nonpl anar devi ces, on the other hand, are nore conpact than conventi onal

pl anar trangjs Bﬁﬁmmﬁﬁﬁgkb@%xﬂkghﬁémﬁﬁﬁﬁ%hﬁﬁﬁ&mgﬁg%k%MﬂMBb@Qﬂk&ans|ates to
smal l er overall mcroelectronics. But, a challenge to integrate non planar

MUGFETS i nt @00 enin ghal leéﬁg% &ﬁf&@ly thhgge JFPQ&{I? %ak&ge cGHerHJ @ﬁﬁﬁﬁ@%e kfac! ude,

for exanple, fabrication Insilicon ™ mat c gates on

nul tipl e i gaoodfortiitd By 1flsdee N HM%@%&“@A th%ﬁ;%n eyifgs, there is a

| ar ge capaC|ta I ns, |ch may’ resul't in decreased
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art to over CO I Cl encl es an escri rel nabove.

SUMVARY [ 0006] ;1 n an ect i .nventd on, d of manufacturing a
Qra slates t0 s a?l?e‘r) overal?mlcr%ereacrrg)/m%spa]écug,ra chg],[lenge a(bl etgrate nop gl[aél rI ty of

structure conprises formn
active regi posi t npor ary
Spacer gateSUARER ARRGTSbl GRS R B Rioe RS lpcézlff oﬁz The et hod
further includes etchin ortions of. the diel ric nat ose the
onporary s FHEATe ST Bl o L aUrorg et Erigad S aluar “513@ o BEy i ng a
space between the active re a remainin orti.on the dielectric
mterial . TH ANOHOFOR¥RIPT gwﬁﬁﬁﬁaﬁ ﬁgFe[rCﬁﬁél?“f PR l'gagcapﬁfétagi? &ysefhfeen the
active reglons and above the remajning portion of the dielectric materi al
with a gate figs pdighgpay result in decreased performance characteristics.

[0005] Accordingly, there exists a need in the art to overcome the deficiencies and

limitations described hereinabove.
SUMMARY

[0006] In an aspect of the invention, a method of manufacturing a structure comprises
forming temporary spacer gates about a plurality of active regions and depositing a
dielectric material over the temporary spacer gates, including between the plurality of
active regions. The method further includes etching portions of the dielectric material to
expose the temporary spacer gates and removing the temporary spacer gates, leaving a
space between the active regions and a remaining portion of the dielectric material. The
method additionally includes filling the space between the active regions and above the

remaining portion of the dielectric material with a gate material.

[0007] In an aspect of the invention, a method of manufacturing a MUGFET,
comprises: forming a plurality of active regions on a substrate; forming a sacrificial
spacer gate about each of the active regions; depositing a dielectric material over the

sacrificial spacer gate; over etching the dielectric material to form an opening in the



[0007] In an aspect of the invention, a nethod of manufacturing a MJGET,
conprises: formng a plurality of active regions on a substrate; formng a
sacri fi civab 20pasesogat e about each of the active regi onPLTABP@SIBIIBY a
dielectric material over the sacrificial spacer gate; over etching the
dielectric material to forman opening in thedielectric material and to
expose the sacrificial spacer gate; etching the sacrificial spacer gate to

form spaces dQ‘f‘eTc%Qﬁht&ﬁ%hd% okfiRe Mk lgmlhuaysp@zer %%,i é{&n{getﬁé anaﬁﬁam LQe
dielectric material which remai ns between eac the plurality of active

regions aft %&e%‘ﬁrrﬂ‘é@% fﬁéeﬁbéeﬂ%achadﬂhed(ﬂ@?ﬁtktok NGiv AefonTBh Ehl flotckftict he spaces

and t he opefii ng I'n an aspect e I nventli on, ET structure
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portion and an upper portion porti on gate ness of

about 30960rm£ﬁ§%m8%q$h9h %g@ggﬁgﬁfgqﬁﬂgg%ggﬁggé &%' ve devi ces and t he

upper port|on straps acent activ | n anot her aspect
of the invention, a design structure enbodied in a nachlne readabl e nmedi um

for designi i‘(ﬂ)osfmﬂl%aaﬁ df 4B m%%lfoﬁsatMﬂ%F%'T s'tr{}érﬁg /cgfrn&qseghﬁg&si'dﬁ?ﬁs% R ovi ded.

The design ucture conprises the structures an he pr esent

nventi on.  BRLEE, DESCRUPTLON (F, ] ;Ew%%%ga@ﬂaﬁwg CETHE DRANNGS [0010]

The present i'nven nois describe escription “Whi ch

foll ows, in r1%for? 'tflae%nag%eatet tﬁw}qu]eess (I;] atbglgt 3BWOr ess 0 1fstadcre erwe%? %(li) écn Q’ctlve

non- Ilnltlnﬁoexa I"Ments o I'nvention.
[0011] FIGS. iate struct nd respectlve processi ng

Steps in ac88?%?588@8’\%“%“88‘6%8?%31’8%}16 HETOaRE oo

[0009] In another aspect of the invention, a design structure embodied in a machine
readable medium for designing, manufacturing, or testing an integrated circuit is
provided. The design structure comprises the structures and/or methods of the present

invention.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0010] The present invention is described in the detailed description which follows, in
reference to the noted plurality of drawings by way of non-limiting examples of

exemplary embodiments of the present invention.

[0011] FIGS. 1-6 show intermediate structures and respective processing steps in

accordance with aspects of the invention;

[0012] FIG. 7 shows a final structure and respective processing steps in accordance

with aspects of the invention; and

[0013] FIG. 8 is a flow diagram of a design process used in semiconductor design,

manufacture, and/or test.



[0012] FIG 7 shows a final structure and respective processing steps in
accordance with aspects of the invention; and [0013] FIG 8 is a flow

di agr am obvoaotesign process used in sem conductor desi gRCTESBR2MDAGIE0 €,
and/ or test.DETAI LED DESCRI PTI ON [0014] The invention relates to a

repl acenent gate structure for a field effect transistor (FET) and net hod
of manufacturing, and nore particularly, to a nulti-gate FET ( MUGFET)

repl acenent gate structure and nethod of fabricating the MIGFET repl acenent
gate structure. In inplenentation, the nmethod of manufacture includes a
dual damascene MJUGFET repl acenent gate. Advantageously, the nethod of
form ng the structures all ows Ppgagate CECRIPEON r appi ng of adjacent fins
of a MUGFET, while reducing gate to source/drain (S/ D) capacitance. Al so,
the structure of the present invention has a | ower capacitance with the

sour ce/ drai moo18pi PRe inhiditiof RMEND b @A celBM g8 R Struching fRTER@NfdcNyRRikIoPN al so
results in a structure that is non-planar and which straddles the fins of

the MUGFET. (90384 nflned oﬂmﬁlmg&urﬁlgbﬁﬂlrﬁmg tiSd1EHC tH Bultila@CGgor dance with
aspects of the invention. In particular |G 1°shows a plurality of active

regions 12 {QURBETO RphcBRht sME Br@sure bRS m@cﬁ@d@f@onc@trh R MaygiT 10. The
active regions 12 can be, for exanple, fins a ET. The active

regions 12 f@h cgﬁeﬁt%pt@@e#uanﬁ amq%m{éuae&@khe%&mrofmgmc&l& lmg&gaof skill
in the art. For exa e fins (activeé regions 12) can b ornmed by a
convent i onal by t hose
conert onl e 00T RIS T ot o, o

I’'s not required herein.

the structures allows the gate to gate strapping of adjacent fins of a MUGFET, while
reducing gate to source/drain (S/D) capacitance. Also, the structure of the present
invention has a lower capacitance with the source/drain region than conventional
devices. The present invention also results in a structure that is non-planar and which

straddles the fins of the MUGFET.

[0015] FIG. 1 shows a beginning structure in accordance with aspects of the invention.
In particular, FIG. 1 shows a plurality of active regions 12 formed on a BOX such as, for
example, an SOI layer 10. The active regions 12 can be, for example, fins for a
MUGFET. The active regions 12 can be formed in a conventional manner known to
those of skill in the art. For example, the fins (active regions 12) can be formed by a
conventional masking and etching process, as should be understood by those of skill in

the art such that further explanation is not required herein.

[0016] The active regions 12 have an aspect ratio, in embodiments, of about 1.5; that
is, the height of the active region is about 1.5 times the width of the active region. It
should be understood, though, that other aspect ratios are also contemplated by the
present invention, and that an aspect ratio of 1.5 should not be considered a limiting

feature of the present invention. The spacing between adjacent active regions 12 can be



[ 0016] The active regions 12 have an aspect ratio, in enbodinents, of about
1.5; that is, the height of the active region is about 1.5 tinmes the width
of the acwvoweiwsgioon. It shoul d be understood, though, trhatusedlo®seaspect
ratios are al so contenplated by the present invention, and that an aspect
ratio of 1.5 should not be considered a limting feature of the present

i nvention. The spaci ng between adjacent active regions 12 can beabout 2 to

3 tines theyhdbh SfimbHde 3Gdth YEME 8V Reeld 128 For EXAPR, Eor aP8MnPnedl, thin node,
t he space between the adjacent active regions can be about 40nmto 60 nm

Again, it Stoul e BEAdRGRLRORT kiR BRhe dbak AR @i Bh2An GORLAAP! at ed

by the pres I nvention, and that "the present 1 nvention should not be
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shows an optional processing step i n accordance W th aspects of the

i nvention. rti.cul . Fl - r I i el ric and
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can be, for exanple, any suitable dielectric material such as SiCh, SiON,
Haf ni um Zi F&0htum etc. The netal can be any suitable metal such as, for
exanple, TaN or TiN, to nane a few netals. In enbodinents, the dielectric
and netal regy I US| 0t | Lt d etchin
process. Fo?ﬁgzgnéﬁgg%P%%&gﬁgpg%gpgfgg%gQ%é?%%gggépgﬁm%}h%gﬁ%gggforned bg a
conventional._ At.om ¢ Lave i.tioQ LD). an bseguent. et.chi of
excoss. mt ofah G By FET RS iRl Ph RS ERLRN SUSTITT Do
gate 16 (sacrificial, gate) i.s forned .t urround the active region 12. The
Penpor ary oputwpdighis i erin, Rt TS oo BobPA R be RF BRI P bsequent Ly

be renoved ta ovi de.a space bet n.t tive .region 12 and dielectric
sultagfe dielecftric matgrlaﬁ suc as\gle 2, Squ\E }ﬁl(f:nlum, Zircoilium, etc. The metal can

be any suitable metal such as, for example, TaN or TiN, to name a few metals. In

embodiments, the dielectric and metal region 14 is formed using a conventional
deposition and etching process. For example, the dielectric and metal region 14 can be
formed by a conventional Atomic Layer Deposition (ALD) and a subsequent etching of

excess material on the SOI layer 10.

[0018] In FIG. 3, a temporary spacer gate 16 (sacrificial gate) is formed to surround the
active region 12. The temporary spacer gate 16 will act as a spacer gate, which will
subsequently be removed to provide a space between the active region 12 and a dielectric
material. This will eftectively lower the capacitance of the final structure. In
embodiments, the temporary gate 16 is a polysilicon material that is deposited directly
over and in contact with either the active regions 12 or the dielectric and metal regions
14, depending on the implementation of the processes discussed in FIG. 2. The spacer

gate 16 is etched to remove material from the source/drain region.

[0019] In embodiments, the sidewall thickness of the spacer gate 16 is about 10 nm to

about 20 nm for a spacing of about 60 nm between adjacent active regions 12. In further



material. This wll effectively |ower the capacitance of the final
structure. In enbodinents, the tenporary gate 16 is a polysilicon materi al
that is depasicedodi rectly over and in contact wth eitirer/ush@oasdosye
regions 12 or the dielectric and nmetal regions 14, depending on the

i npl enentation of the processes discussed in FIG 2. The spacer gate 16 is
etched to renove material fromthe source/drain region. [0019] In

enmbodi ment s .biEmshideMBlphed: ?!n@ kB esSoeQthd: Bﬁne%&@ffsesruclgést for Larhyic, 280l 10 nmto
about 20 nmfor a spacing of about 60 nm between adjacent actiive regions
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particul ar, u5|n% a con entlopa deposj tion process such as, for exanple,
CVD, a di el &PE eWﬁ?%?¥§FnT§ YS™#8Posit ed on the structures shown in FIG
3. The dielectric material 18 may be any appropriate dielectric materi al
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material 18 may be any appropriate dielectric material such as, for example, SiO,.

[0021] FIG. 5 shows an etching process in accordance with the present invention.
More specifically, the dielectric material 18 is etched to form an opening 20 which
exposes the temporary spacer gates 16. That is, in embodiments, the dielectric material
18 is etched to expose at least the top of the temporary spacer gates16. In embodiments,
the dielectric material 18 can also be over etched to expose the sidewalls of the
temporary spacer gates 16. The etching process can be accomplished using any
conventional etchant and etching process appropriate for the dielectric material 18. For
example, in one conventional process, a mask (not shown) is applied on the dielectric
material 18, which is opened using a conventional lithographic process. The dielectric

material 18 is then etched through the opening, to the temporary spacer gates 16.

[0022] In FIG. 6, the temporary spacer gates 16 are removed using a conventional
etching process. More specifically, the temporary spacer gates 16 are removed to form a
space 22 between the remaining dielectric material 18a and the adjacent active regions

12 (or dielectric and metal region 14). The temporary spacer gates 16 can be removed



tenporary spacer gates 16. The etching process can be acconplished using
any conventional etchant and etching process appropriate for the dielectric
mat eri al w8.20f01s14manpl e, in one conventional process, &CTASR010/08¢986HowWN)
is applied on the dielectric material 18, which is opened using a
conventional |ithographic process. The dielectric material 18 is then

et ched through the opening, to the tenporary spacer gates 16. [0022] In

FIG 6, the,LighROLiea BRAC &R RhdBalif of HRRAGrHP sfedakOBYENt i Onal
etching process. Mre specifically, the tenporary spacer gates 16 are

removed to QLM RARRIHR Rﬁ&%@gval(i DPnE RNt hRC L LrliBh LA 182

and the adjacent active regions or dielectric a netal region 14). The
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mat eri al 18§E§E%§F%gﬁgg#ﬁggﬁkg%ﬁgg%ﬁ%ggg?#%5§f%gﬁgﬁ%%fgﬁfgghﬁ%ﬁgéﬂ ric and
nmet al regioqzl4) with the space 22 provided between the dielectric materi al
18a and each™of the active regions 12. [0023] In enbodi nents, the etching

results in the formation of the space 22 (cavity), which can range from

about 10 nm bou . for : i n i . active
regi ons 12.[¢%3€ngﬁ%?ﬁﬁﬁgéf’@ﬁ%ﬁ%ﬁgrgﬁ%agﬁﬁég B%§ﬁﬁﬁéﬁgbg?§2gr ht
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respective processing ste in accordance w th e i nvention. eci ficall
af t gr the t E%‘ﬁ&? arslg;lc beg@@%%a%egg ﬁjﬁlagtwlﬁéﬁ%%d? aa(ti Hw dielectric material E lgor y
example, in one contemplated embodiment, the space 22 can be about one third (1/3) or

less than the spacing between adjacent active regions 12.

[0024] FIG. 7 shows a final structure and respective processing steps in accordance
with the invention. Specifically, after the temporary spacer gates are removed, a
replacement gate 24 is deposited in the etched area, e.g., in the space 22 and space 20.
The replacement gate 24 can be deposited using a dual damascene deposition process.
The replacement gate 24 can be planarized to form a polished flat surface 24a. In
embodiments, the replacement gate 24 can be, for example, any appropriate metal

depending on the desired work function.

[0025] In the structure thus described, the replacement gate 24 straddles (straps) the
active regions (fins) 12, with the dielectric material 18a there between. Advantageously,
the dielectric material 18a, i.e., non-gate material, located between the active regions 12
will lower the capacitance of the device. Also, as the device is tunable, e.g., the spacing
can vary (e.g., sidewall thickness of the temporary spacer gate can be adjusted), such that

the device can have a capacitance depending on the desired characteristics of the device.



repl acenent gate 24 is deposited in the etched area, e.g., in the space 22
and space 20. The repl acenent gate 24 can be deposited using a dual
damascenewdepowisi40on process. The replacenent gate 24 caoThs@lomas@se zed to
forma polished flat surface 24a. In enbodi nents, the replacenent gate 24
can be, for exanple, any appropriate netal depending on the desired work
function. [0025] In the structure thus described, the replacenent gate 24
straddl es (straps) the active regr@as $frRSGTURE: W th the dielectric
material 18a there between. Advantageously, the dielectric material 18a,
i.e., non-gate material, |ocated between the active regions 12 will | ower
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spacing can vary (e.g., sidewall thickness of the tenporary spacer gate can

be adj ust ed}yr,SHED2G Malis blE ARV poEs&AD Qfﬁ‘é%%@ ©8R2%10. aRGRndgRaRdiong on the
desired characteristics of the deV|ce.5ESI %TRUCTURE [0026] FIG 8
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structure 920 that 1 s prefera proces esi gn process 910. Design

Struct ur e 930 (Ao g. A1dA01 ¢ Bl SHAVLALLAN SIS HHGHHErggRgLA ed and

processed by desi gn process to produce ogi cal l'y equi val ent

functi onal 'b%Brgfaﬁﬂfﬂé SRl a1® ga{tg%fvg}ygc‘r%}ﬁgﬁ& daPeaadp pideld ChithR iﬁl?so ey

al so or alternative y conpri se a an rogramins Ctl ons at when

processed b esign process 910 engrate a functional represe tion of
Phe. physi cal™C PUBTEFERRr SoNE ot e (e eae YR PR As

functional apd/or structural, design features, desi structyre 920 may be
gener at ed uSIH BT BERICH R A e a Qe ELre AR B oL | mpl emrent ed
by a core devel o ner, \Wien enc machi ne-r eadabl e data

transm ssi oﬁtmcggﬁgfeéigl}e | ISy degi[ggﬁgl&éurﬁggqe ]glﬁ)? De generate using electronic

computer-aided design (ECAD) such as implemented by a core developer/designer.
When encoded on a machine-readable data transmission, gate array, or storage medium,
design structure 920 may be accessed and processed by one or more hardware and/or
software modules within design process 910 to simulate or otherwise functionally
represent an electronic component, circuit, electronic or logic module, apparatus, device,
or system such as those shown in FIGS. 1-7. As such, design structure 920 may
comprise files or other data structures including human and/or machine-readable source
code, compiled structures, and computer-executable code structures that when processed
by a design or simulation data processing system, functionally simulate or otherwise
represent circuits or other levels of hardware logic design. Such data structures may
include hardware-description language (HDL) design entities or other data structures
conforming to and/or compatible with lower-level HDL design languages such as

Verilog and VHDL, and/or higher level design languages such as C or C++,

[0027] Design process 910 preferably employs and incorporates hardware and/or

software modules for synthesizing, translating, or otherwise processing a



design structure 920 may be accessed and processed by one or nore hardware
and/ or software nodul es within design process 910 to sinulate or otherw se
functi onavbyoreepiesent an el ectroni c component, circuit PCENSCE1008G980 Or

| ogi ¢ nodul e, apparatus, device, or system such as those shown in FIGS.
1-7. As such, design structure 920 nmay conprise files or other data
structures including human and/ or machi ne-readabl e source code, conpiled
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entities or ﬁ%@ﬁ%ﬁ Sq‘%%?eeglﬁ%%@f@%&rﬂ%?lﬁ% &gg{égﬁlﬁ‘g}ﬁgg ble with

| ower -1 evel esign guages such a nd/ or hi gher

I evel desig @o&lﬁloﬁgs%?gﬁlgmﬁ% C;%oc%?seﬁ: a5 t&: es[r %‘%Jehg%f 11% gf ?[rgcﬁi%ae 10

preferably enp rporates an re nodul es for

synt hesi zin translatln er w roceSS| d SI | ati on
functi onal g RVARETS ?glgggf’sh ntro} Clrcﬁ“etsfi?/sb &VI Fediy "'19 (c?i‘cew C escrsbelgu] “ogi ¢
structures sho rate netllst contain
design str ue?wggonwc%l%isleagg gl @Wﬁ%Wén 954 kg S G R ompr | oe.
for exanple, or ot herw se processed dat uctur presenting a
ist of wi rggay%g?weékza womrSe PRogs o ke i S ParifRutsibecst o

devi ces, nodel s, that descri bes the connections to other el epents and
Chrouits i nTaR VRGP i ag fpea@g?t@ﬁsa ar%%e&er@%éﬂm&?“s% Ay Htthesi zed
using an iterative process in which netlist 980 is resynthesized one or
more times QESEHIICA§IHIESPRYTFsSRed hpiematstin SShray b%lfea%%de%a paghiten e
device. As wth other design structure types described herein, netlist 980
may be r ec oF P o frtastor ehmadie 28 giggemmed into a programmable gate array. The

medium may be a non-volatile storage medium such as a magnetic or optical disk drive,
a programmable gate array, a compact flash, or other flash memory. Additionally, or in
the alternative, the medium may be a system or cache memory, buffer space, or
electrically or optically conductive devices and materials on which data packets may be
transmitted and intermediately stored via the Internet, or other networking suitable

means.

[0028] Design process 910 may include hardware and software modules for processing
a variety of input data structure types including netlist 980. Such data structure types
may reside, for example, within library elements 930 and include a set of commonly
used elements, circuits, and devices, including models, layouts, and symbolic
representations, for a given manufacturing technology (e.g., different technology nodes,
32nm, 45 nm, 90 nm, etc.). The data structure types may further include design
specifications 940, characterization data 950, verification data 960, design rules 970, and
test data files 985 which may include input test patterns, output test results, and other

testing information. Design process 910 may further include, for example, standard



data storage nediumor progranmmed into a progranmabl e gate array. The
medi um may be a non-vol atil e storage nmedium such as a nagnetic or optical

di sk dri wep 2a10prsognanmaebl e gate array, a conpact fl ash, par/ustéien3doB@ash
menory. Additionally, or in the alternative, the nediumnmy be a system or
cache nenory, buffer space, or electrically or optically conductive devices
and materials on which data packets may be transmtted and internedi ately

stored via hﬁ@hénﬁ%ﬁ&e@%ﬁ proQEss&tslﬂ@l{ as%%é’é‘%hlﬂyﬂg tl%ﬂh&l%ﬁ&l?s@%%@ﬁam&@&%ﬁﬂ Desi gn
process 910 may include hardware and software nodul es for processing a

variety of 'sﬁRﬂgnoga;r@ce%t srn’ﬂﬁltaﬁ'(gnefol; X&?ﬁlohgﬁllch' Q%}&Qmﬂgehﬂol Bile, 2R0aic puGh data

structure types nmay reside, brar el enent's 930 and

ol ude a_salufly SOTHRN Y a‘f'gslﬁflﬁﬁﬁ@&ﬁofﬁb&%ﬁﬁb%ﬁemgp dieS nd no! udi ng

nodel s, Iayou and synbolic representatlons manuf act uri ng

t EChnC)l ogy %Qter?uol”f ggs{s{bieerhgcﬂgmgaﬁ ur t t891¥ nr?f%)@ﬁc %gsnl[&ed 41%69%#1 Plgog R etc.).

The data struc es nmy eS|gn spec ¥V ons 940,

characterlzat ata 9 tlon at.a 9 eS| n ru 970 and
test data fil es é‘ﬁ%‘at\/\l}%f?%mthe SCOpﬁé‘P ¢ mﬁ"f%l m‘{ P%‘D’%?mce“ P test

Its, d, oth 1 t t f th
o e fodis @i, bSALOR g‘ﬁé‘@%m@%{ficﬁ%%ﬁl P@&%E%Ségag%?ﬁma%”st?ress

anal ysis, thermal a a vent .simul ati.on, process sinulation
for operat i B Gursl &gg{%iﬁ B e PG Bl SRl Br e e ere ne. of

ordinary skill in the art of nechanlcal design can appreci ate the extent of
00511 £ Y] TSRS ST AR b PER TR BRPERSeSs
Blr‘ ggg: : eglgﬁlgcﬁ%é?q O(ﬁ{rxﬁac ler%%gd g?ncljl altlgg mf0861 bBl% Io%fsrtrcl) Bl%cess Qs?ganrsgrugtlurre%gbt desi gn
together with some or all of the depicted supporting data structures along with any
additional mechanical design or data (if applicable), to generate a second design structure
990. Design structure 990 resides on a storage medium or programmable gate array in a
data format used for the exchange of data of mechanical devices and structures (e.g.
information stored in a IGES, DXF, Parasolid XT, JT, DRG, or any other suitable format
for storing or rendering such mechanical design structures). Similar to design structure
920, design structure 990 preferably comprises one or more files, data structures, or other
computer-encoded data or instructions that reside on transmission or data storage media
and that when processed by an ECAD system generate a logically or otherwise
functionally equivalent form of one or more of the embodiments of the invention shown
in FIGS. 1-7. In one embodiment, design structure 990 may comprise a compiled,

executable HDL simulation model that functionally simulates the devices shown in

FIGS. 1-7.

[0030] Design structure 990 may also employ a data format used for the exchange of

layout data of integrated circuits and/or symbolic data format (e.g. information stored in

10



anal ysis, verification, design rule checking, place and route operations,
etc. [0029] Design process 910 enploys and incorporates |ogic and physi cal
desi gn t owb0eusiMoas HDL conpil ers and sinul ati on nodel powiusdoosdso t o
process design structure 920 together with sone or all of the depicted
supporting data structures along with any additional mechani cal design or
data (if applicable), to generate a second design structure 990. Design

structure 9%@3ﬂ§§#€ﬁ§§2)%ﬁ(ﬁ4&9§% ﬂ@@byéﬁy%he%ﬁ%ﬁmk%r%hﬁ‘g alchay in a
data format used for the exchange of data of mechanical devices and

structures (1@31,%' da'targtr(aE j %Srﬁ%g{rggul’e B9@mbhFommpr ggllznfoﬁ?aﬁ&% ﬁlch ds ¥ JT, DRG

or any ot her tabl e rnat storing or rendering such nechani cal

desi t t 990
esign s r”g%%ﬁﬁﬁé)s m@l@daﬁrm%;gﬁfég% ?H'ate?h %'Qiteéigl?c&;c’e% ﬁfé?%a%fagﬂ;h}fg ure

preferably ri’'ses one of tructures, or

conput er - e”‘&&’tgquﬁf‘@]a%%&% ’W&Js“l%%élé’&zmib%la\éasf %@h% dff otrrr&{h%g‘é raL%g%Qhor data

storage nedia a rocesse sys em ge

| ogically or .ot w se fu ctlo al e UIV | ent f of one or nore of the
enbod ment o "SreRu e Gant Y SBtarts R hep Bl eS80 mont st

structure 9 0 na rise iled execut si nmuj tlon nDdeI t hat
functional | i Tjeate E;Eer R Br(’gg?ﬁ ke § 18 RBRCIOR % rlel_‘Pel’-?bOV‘f B gn

structure 9 y. SO e data format used f he chan e of |ayout
data of int Eﬁqéﬁ-@w@a cglfé%ﬂmy @Waﬁe@ qiht 825 e BT G or | o
stored ina Sluwé 0 fﬁ'k g or .a other suj t abl e
format for ctg{? d%-,fg‘fe@iiﬁ taé%pa gl peleped & mapyd %wgswﬂ%aé 82990 nay
conprise information such as, for exanple, synbolic data, nap files, test
data fil es, "H&sheyse. ibipEAEnether desicnhatst. é%:%eatrl?aﬁlgt%a% sl stk par anmet er s,

W res, Ievels of netal, vias, shapes, data for routing through the

[0031] The methods as described above is used in the fabrication of integrated circuit
chips. The resulting integrated circuit chips can be distributed by the fabricator in raw
wafer form (that is, as a single wafer that has multiple unpackaged chips), as a bare die,
or in a packaged form. In the latter case the chip is mounted in a single chip package
(such as a plastic carrier, with leads that are affixed to a motherboard or other higher
level carrier) or in a multichip package (such as a ceramic carrier that has either or both
surface interconnections or buried interconnections). In any case the chip is then
integrated with other chips, discrete circuit elements, and/or other signal processing
devices as part of either (a) an intermediate product, such as a motherboard, or (b) an end

product. The end product can be any product that includes integrated circuit chips.

[0032] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the

" on

singular forms "a", "an" and "the" are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further understood that the terms

"comprises" and/or "comprising," when used in this specification, specify the presence of
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manuf acturing line, and any other data required by a manufacturer or other
desi gner/ devel oper to produce a device or structure as descri bed above and
shown i n WOGB10/151400 Desi gn structure 990 nmay then proceedTius2@o9s@ge 995
where, for exanple, design structure 990: proceeds to tape-out, is released
to manufacturing, is released to a mask house, is sent to another design
house, is sent back to the custoner, etc. [0031] The nethods as descri bed

above i s usedichiuahfig Tﬁéé@ﬂs%éﬂs%e&imﬂsn&l@ﬁ&ﬂ& R85 doipoherlbRitio nBhe T esul ti ng

integrated circuit chips can be distributed by the fabricator in raw wafer
form (that ?)ise’cluaéth@ %ésél&le%r é&ﬁﬁt%‘h otfbﬁ’é rf}ﬁ&e Bk fetliRs Lfﬁk@ge%(@tg chips), as a
bare die, of Iin a pgc kaged form % | atter cas€ th ’i's nmounted in

a single Chl&ﬂaﬂh %%%1 §”&ﬁmﬁﬁ |gﬁ%§mﬁ@%ﬁ%ﬁr mnth Ieads that are

affixed to a or ot h evel carrier) or ina multichip
package (such as a ceramc carrler that has either or both surface

Inter ConneCt[d(BE]s &Wehﬁthggt%cﬁﬂ&nﬁl%{eh&)@sq):ts d {i‘i¥al&ﬂ§§f l*lﬁea‘ﬁbblﬁe' s then

integrated w discrefe circuit e e nts, /or r signal

pr ocessi ng %%Pﬁ?%n@ﬁo@&é en?sf Oﬁucpﬂh?(c?a)lmé%léw&% et E’l‘[;&’éjéh?/t such as a

not her board an end pr he end product can Be any “product that

I ncludes i mst?&tnﬁg%q é:ria'i %&J tf&%e%%qlggﬁgﬂncggx?gl ngﬁ%n \PXh gtﬁg dclégl%t[:c? inis

for the purpose of esdrl i ng par s on I'S not

intended to miin e used er el S|ngular
forms "a", ,epements Ad Py ﬁCﬁfcyacﬁaém?dnIt:f \én esﬁ“?nﬂonA% ﬂﬁe@de he B 161? rhéilf E? orns as well,

uness the gonk LR ord g R Bt E%td%‘%t'l@‘r‘lﬁiég B Gl o
Steps. oper At OIS o dRDREHER IR PSR SRb RN MATE PGS BB Ot V<GP GO Db 1 he
presence or bg géijaEeln?tr(]) t}?(])cse (())P grd%';lryrrle{llem (t)ﬁeha?trwftheo%% e'i)gr%mg Ifrg;[net ee gc%)pe a?ntdeps

spirit of the invention. The embodiments were chosen and described in order to best

explain the principles of the invention and the practical application, and to enable others

of ordinary skill in the art to understand the invention for various embodiments with

various modifications as are suited to the particular use contemplated.
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operations, elenents, conponents, and/or groups thereof. [0033] The
correspondi ng structures, materials, acts, and equivalents of all neans or
step pl uswbunoiisowwoel enents, if any, in the clains bel orcanms2omssded t o

i nclude any structure, material, or act for performng the function in
conmbi nation wth other clained elenents as specifically clainmed. The
description of the present invention has been presented for purposes of
illustration and description, but isdjoipnigntended to be exhaustive or
limted to the invention in the formdisclosed. Many nodifications and
variations will be apparent to those of ordinary skill in the art w thout
departing f o ishensepRe and spirit of the invention. The enbodi nents were
chosen and described in order to best explain the principles of the
invention and the practical application, and to enable others of ordinary
skill in the art to understand the invention for various enbodinents with
various nodifi cahi Qs d3F ndherasiiit 0ttt t.cul ar use

cont enpl at ed. CLAI M5 Whatnﬁs gﬁ%?ﬁ%dsﬁg: i.m%@%%t'od of manufacturing a
structure, conpriging: e £ L Al Gak bout a plurality of
active regions; é%po i?%ﬁbﬂgggféﬁ%ggr?%X%E?%rﬁg? SV§$B ﬁéytenporary spacer
gates, including Jween ;. : | J ti i ;s >hi ng portions
of the dieIectri%Qﬁéﬁg%?%%ﬁggpg%%%§%£%%@£F%ﬁ§g¥g%%g% g@%#”%%ﬁ@%; renovi ng
t he tenpora%&mgga&g%g%%bﬁs {eaVLngya space between the active regi ons and

a remai ni ng por 1 oh %ﬁﬁHEIE%PrrC material; and filling the space

between the actiye,! SoA0R F0L ARME: hdlGid FBLBLEe RALbLS pRler gates:

removing the temporary spacer gates, leaving a space between the active regions
and a remaining portion of the dielectric material; and
filling the space between the active regions and above the remaining portion of

the dielectric material with a gate material.
2. The method of claim 1, wherein the temporary spacer gates are formed by
depositing polysilicon around the plurality of active regions and removing excess

material on an underlying substrate.

3. The method of claim 1, wherein the removing of the temporary spacer gates is

performed by a selective etching to the temporary spacer gates.

4. The method of claim 1, wherein the filling of the space is a dual damascene

deposition process.

5. The method of claim 1, wherein the gate material is metal.
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the dielectric material with a gate material. 2. The nethod of claim1,
wherein the tenporary spacer gates are forned by depositing polysilicon
around t hwopburish40oy of active regions and renovi ng excess/usadiens@Bo on an
underlying substrate. 3. The nethod of claim1, wherein the renoving of the
tenporary spacer gates is perforned by a selective etching to the tenporary
spacer gates. 4. The nethod of claim1l, wherein the filling of the space is

a dual damagcenergleRafibd bAmiR1OGESSin tRe ctdHif PRENR DS B dRI@H P rater¥gy €1 N the
gate material is netal.6. The nethod of claim1, wherein the etching

portions of .fhe. f @GRt gpa:ga’tgt%{e:k &rmb On E‘-;I%%glﬂr%‘%n Eﬂé%lietlﬁ%%ﬁé%l IRAC R gat es

forms an opening in the dielectric nate above the plurality of active

regions t habyfsf b ek Wbk BS, BRLATPRELak et LAl PAIRSERDRRLOCESS . 7.

The net hod alm ereint enpordry spacer gates are fornmed by
depositing polysilicon to a thickness of about 10 nmto about 20 nm on
sidewal I s of the active regions. 8. The nmethod of claim1l, further

conpri si ng epos%tin on sidewalls of.the @Iurality of

hd mgpcgd %‘

?Leqtrhc J% el H P 1
active regions prior ﬁngorWiﬁﬁmo‘3FW8m?%ﬁ%%?5%@ﬁﬁ%ﬁéﬂ%%a ers. 9. The
thod of claim.l, furth i Si I i, Zi t ur f f th t
matorial. 10Poriae R B dp ¢ Btk T R PR € R R RS AR St ap i he

active regions and is provided on remaining portions of the dielectric
mat eri al . active regions.

8. The method of claim 1, further comprising depositing a dielectric layer on
sidewalls of the plurality of active regions prior to the forming of the temporary gate

Spacers.

9. The method of claim 1, further comprising planarizing a top surface of the gate

material.

10. The method of claim 1, wherein the gate material straps the active regions and is

provided on remaining portions of the dielectric material.

11. A method of manufacturing a MUGFET, comprising:
forming a plurality of active regions on a substrate;
forming a sacrificial spacer gate about each of the active regions;
depositing a dielectric material over the sacrificial spacer gate;
over etching the dielectric material to form an opening in the dielectric material

and to expose the sacrificial spacer gate;

14



11. A method of manufacturing a MJUGFET, conprising: formng a plurality of
active regions on a substrate; formng a sacrificial spacer gate about each
of the acwowelwsgioons; depositing a dielectric naterial Povars2a10®36980
sacrificial spacer gate; over etching the dielectric material to form an
opening in the dielectric material and to expose the sacrificial spacer
gate;etching the sacrificial spacer gate to form spaces between each of the

plurality of actiwvgng ﬁg%%%cﬁ%aéé?gatg't@foﬁﬁrsﬁdcgs BERL&hicAlh Witk ens
bet ween each of the plurality of active regions after the over efching; and

depositing 9ahe iRk ahd he'dﬂaletcﬁﬁ RRAEERhRAGh LS B%R%éh R&th oFthe pliigigBENOd Of

claim 11, further conprising depositing a materi al between the sacrificial

spacer gate,gnd, @g@‘&ﬂaﬁrtﬁ@@veﬁ’l@ﬂdﬁﬁ% 1y of the active regions. 13. The nethod

of claim 11, wherein the deposition of the gate material is a dual

damascene deposi &éé)géltl&{f%?eeﬁ%reﬁ&lg% th-m?atcggéaf ﬁ?ﬁ'e eem‘ﬁ%.a' m1l, wherein a

t hi ckness of the tteria pos space i s about less than
30% of a di stance between adjacent active reglons. 15. The method of claim
14, wherein the gate material straps the adjacent active regions. 16. The

th d of I ET. 17.
The et hod o ¢l TR esd Grbyaily @Hﬁéflcﬁal?ﬁ i gPSlé%acwea%{%swesn S ysilicon
and the etchin a se ect ve eég @9 tIE %@ SI licon. 18. A MUGFET
structure c& 1F‘§Fsr1?§ceég?f83’il ! all@io?a{ SHEnt gRl'e structure

13. The method of claim 11, wherein the deposition of the gate material is a dual

damascene deposition process.

14. The method of claim 11, wherein a thickness of the gate material deposited in the

space is about less than 30% of a distance between adjacent active regions.

15. The method of claim 14, wherein the gate material straps the adjacent active

regions.

16. The method of claim 11, wherein the active regions are tins for a MUGFET.

17. The method of claim 11, wherein the sacrificial spacer gate is polysilicon and the
etching is a selective etching to the polysilicon.

18. A MUGFET structure comprising a dual damascene replacement gate structure

having a lower portion and an upper portion, the lower portion having a gate thickness of
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having a | ower portion and an upper portion, the |lower portion having a
gate thickness of about 30% or | ess of a distance between adjacent active
devi ces aw0 fweisipper portion straps the adjacent activecdasceesn3cod®. The
structure of claim 18, further conprising a dielectric material between the
adj acent active devices and the | ower portion of the dual damascene

repl acenent gate structure. 20. The structure of claim 18, wherein the

| ower porti gfn@Bod;lhe1dUsHa HGIRS 6aREed a%?ic@rﬁ%@f%tde%és%naTtﬂe%bé&rp%rtﬁw roundi ng
each of the active region is a dielectric materi

straps the adjacent active devices.

19. The structure of claim 18, further comprising a dielectric material between the
adjacent active devices and the lower portion of the dual damascene replacement gate

structure.

20. The structure of claim 18, wherein the lower portion of the dual damascene

replacement gate structure surrounding each of the active region is a dielectric material.
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