METHOD AND APPARATUS TO REDUCE THERMAL VARI ATI ONS W THI N AN
| NTEGRATED CIRCU T DI E USI NG THERVAL PROXI M TY CORRECTI ON TECHNI CAL
FI ELD [0001] The present disclosure relates generally to devices

and neth
parti cul %pﬂ t? FEERCE b AbrtR, FERrad RN bimgay,
t enper at ur BORET (R YREYG) WW 5 QEMIL SR dHERBECT
integrated circuit die. BACKGROUND (0002] In conventional

sem conductor integrated circuit processing, various front-side
anneal i ng techni ques, such as rEp¢ENIGRENBIEPPOCcessi ng (RTP), flash
lanp (FL) and | aser spi ke annealing (LSA), are comonly utilized to
activate dbpaots Zime peyove: difedicsufrer rellttasshahéosn i pned malherkeed and
junctions. During perfornmance of these annealing processes,

tenper atalfioyaridt | aH Ui f f eeanlcPRIVHSOF daklas sl t BhA thBre
integrated circuit die. Tenperature variations within are due

primariby,t ?Qiéifﬁ}ert“&s 3@ t hey, ). e@eﬂr PLEON L S$! o caysed byy

different filmstacks at different ocatlons ari‘ous publications

have s ffer terlaj on th ont-sid e.rise
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in tenperatur i nci dent i IS absorbed/reflected
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(0003] At larger device dinensions, these tenperature variations have
little or no effect. However, as device dinensions shrink, the inpact
of these tenperature variations has an increased effect on device
performance by affecting electrical response. Variations in device
performance within a die have been observed and are attributed to
tenperature non-uniformty when the wafer (andundergoes front-side
anneal i ng schenes. These tenper at uPBCHERCENPons not only result from
differences in filmstack materials, but also result fromthe pattern
density ach®@¥R} helndi esorveraddina bn. semhermmanneat | ngnidegadieon isircuit
reduced, diffusion lengths are simlarly reduced which |eads to

I ncr eagetbdeymiaigt uvernonsunif@itidyde ann@A04l Acsortiqgey, thete as
is a need for an inproved fabrication process (and resulting devices)

that redyces diRMIBIMFS-VaEiaL! PRSP t Al AsAN1 hRbegEAl edngi 188EE dhbeke
and/or mnimzes their inpact on device performance.

annealing (LSA), are commonly utilized to activate dopants and

remove defects for ultra-shallow ion-implanted junctions. During

performance of these annealing processes, temperature variations

occur at different points or areas within the integrated circuit

die. Temperature variations within a die are due primarily to

differences in thermal absorption and emission caused by

different film stacks at different locations. Various

publications have shown that different materials on the front-

side give rise to emissivity variations that can lead to

significant local variations in temperature (e.g., incident light

is absorbed/reflected differently depending on film composition).

[0003] At larger device dimensions, these temperature

variations have 1little or no effect. However, as device

dimensions shrink, the impact of these temperature variations has

an increased effect on device performance by affecting electrical

response. Variations in device performance within a die have

been observed and are attributed to temperature non-uniformity

when the wafer (and its dies) undergoes front-side annealing

schemes. These temperature variations not only result from



SUMVARY [ 0005] In accordance with one enbodi nent, there is

provi ded nethod of formng an integrated circuit die. The nethod

i ncludes determning a location of interest withi.n an integrated
circuit_ design and defining an effective thernal area for the

| ocat i Sh-oreisitEiest? AhLBf PéeEiv &atehpetaturfUt s2é8Pi mesed tatf e the
| ocation of interest based on a given anneal process to be perforned
and corgrdrierirnt odans ar e cromsertdiar éiassociat eddnitAnt he/hginy enzembang
process. Thermal proximty correction is perforned when the estinated
ef f ect iderdtenper asuredloesi, notli frttesidbhe ltearggets t enpersdtirlerly reduced
[ 0006] In accordance with another enbodinment, there is provided an

i nt egr aftectici TeAdd b e corpk s Sd NgedpdeNt GEe ShbHCHE EotRrARd at a
pre-determ ned | ocation on the die, and one or nore dumry structures
formed wi thidod presoedined, ef f egtive thernpl area sugroundi ng;ftbhesyved
transi stor structure and operable for purposely affecting tenperature

I
at the - 1 ne io ri rmal ) . p Ss
[0007] THEET S0t e rePE ot moats  AGPR e T ovi RN et HBEE of Feduces
esignina an integrated.cjrcuit to reduce .thernmal variations generated
wi thi n SHES TGt 8 Ko 67T EORE B 60dlr PRg 4T SSHSAY T deeble e and/or
met hod i ncl udes providing an integrated circuit design including a.
transi ST 3PS sHR€e/ HIRR A r @fi BREICe PATEPFBERFPe thermal area
about the transistor is defined and an effective tenperature at the
| ocation the transistor is estinmated based on a given anneal process
intended to be performed during fabrication of the integrated circuit
die based on the initial integrated circuit desion. The estinated
effective tenperature is conpared to a target tenperature associ ated
wi th the given anneal process and, if the estinmated effective
tenperature does not neet the target tenperature, the integrated
circuit design is nodified to incorporate thermal. proximty
correction. [ 0008] In another, enbodinent, there is provided a
nmet hod of fabricating an integrated circuit die. The nethod incl udes
c)roviciincan initial integrated circuit design, performng a th
proximty correction process on the initial integrated circuit design
to reduce thermal variations in a predeterm ned thernmal anneal
process durino fabrication of the integrated circuit die, nodifying
the initial integrated circuit design to generate a nodified
integrated circuit design, and fabricating the integrated circuit in
accordance with the nodified integrated circuit design.



[0009] In still another enbodinment, there is provided an integrated
circuit. die conprising a first transistor structure fornmed at a

first predetermned |ocation on the die the first transistor

structure having source/drain regions, a gate electrode and a

channel region, and a. second. transistor structure forned at a
second pre-determ ned | ocation on the die, the second transistor
structure having source/drain regi oPi&™M3RYate el ectrode and. a

channel region. At |east one dinmension of the second transistor
structure [@0@Gybstant¢aprgadief aicht oheommpoddorandsporiti g T$ nensv doded
of the first transistor structure and the performance of the first

t ransi sterhst rafctiieniang drhel iperdrorveanes refuitthelisecam@d eah®dstiatludes
structure is substantially uniformas a result of tenperature

Varlat|&éheﬁﬁlﬁfﬁgfér§&c§ﬂﬂo§e@@”@nﬁé@@§t3%QEh§hrHﬁtQh@éggﬁﬁbagc1rcult

anneal i ng. [0010] Ot her technical features nmay be readil
re h
descr E?%%f%ﬁf&‘%%?%s 9“a%&éﬁ%&%%%”&ﬁ?gé%é%”%éﬁﬁéfmm of
0011 nor e under st andi_.ng of. t he en i osure
Eand t]he adevan% agesp’C g%réoet re?ternéonce% “how r%sd"p gc ¥ o 25 388 ion

of interest based on a given anneal process to be performed and
compared to a target temperature associated with the given anneal
process. Thermal proximity correction is performed when the
estimated effective temperature does not meet the target
temperature.

[0006] In accordance with another embodiment, there 1is
provided an integrated circuit die comprising a device structure
formed at a pre-determined location on the die, and one or more
dummy structures formed within a pre-defined effective thermal
area surrounding the transistor structure and operable for
purposely affecting temperature at the pre-determined location
during a thermal anneal process.

[0007] In yet another embodiment, there is provided a method
of designing an integrated circuit to reduce thermal variations
generated within the integrated circuit die during an anneal
process. The method includes providing an initial integrated

circuit design including a transistor with source/drain regions.



e follow ng descriptions taken in conjunction with the acconpanyi ng
drawi ngs, wherein |ike nunbers designate |ike objects, and in which:
[0012] FIGURE 1 is a diagram illustrating thermal variations across
differe t s .af erials _on_an integrated circuit . 01

I GRE. e e SESerBh° 3 Papreeth: Phig G abHaTon 48 AR T&R and an
integrayg? circuit die and an effective thermal radius r beyond which
t her malSTHFENE dEPe<ehheq £6 BEen%@‘F?B}‘Eﬂl ethe tramppsforFicuretamated
Illustrates a process 300 for_ determ ning whether thermal proximty
corr ectiaedhoul d Hevperdoraed Popcasgi Vehendedt fonbef penterase during
within an integrated circuit die; [0015] FIGURE 4A is a bl ock

di agr anmialbt usd rabmn ngf ahhentegegtededi rduictuidi @ik0yased ¢0016¢ FhGUREL
49 illustrates the integrated circuit die shown in FIGJRE 4A with
added dummaygrsteaicturesit des{§017] The GJREiSAtEHl WStreatese temperature

source/drain region and channel geonetries of two transistors shown

in FIGRE 4ddpadBd to a target temperature associated with the given
anneal process and, if the estimated effective temperature does
not meet the target temperature, the integrated circuit design is
modified to incorporate thermal proximity correction.

[0008] In another embodiment, there is provided a method of
fabricating an integrated circuit die. The method includes
providing an initial integrated circuit design, performing a
thermal proximity correction process on the initial integrated
circuit design to reduce thermal variations in a predetermined
thermal anneal process during fabrication of the integrated
circuit die, modifying the initial integrated circuit design to
generate a modified integrated circuit design, and fabricating
the integrated circuit in accordance with the modified integrated
circuit design.

[0009] In still another embodiment, there is provided an
integrated circuit die comprising a first transistor structure
formed at a first pre-determined location on the die, the first

transistor structure having source/drain regions, a gate



[0018] FIGURES 5B and 5C illustrate exanpl es of possible

nodi fications to the two transistor geonetries shown in FlI GURE 411.
DETAI LED DESCRI PTI ON (0019] The present disclosure introduces

vari ous_devi ces and, nethods to mnimze qr suppress |ocal tenperature
variati?é%??%ﬁé%tﬁﬂ?eﬁf%&ﬁﬂ?eéfr?ﬁ&ﬁnwaﬁp t?oﬁ§§°Q$t¢ﬁ§P%&FWQH(ﬁi%ﬁﬁ&ﬁre
circuit_die, These devices and nmethods may be inplenented throughout
the fabfPEERT G fr RS B¢ -RELREBS NEApLeARRt @@ Ph e Hesi gime second
process prior to actual fabrication in), and may be introduced or

per f or nfedeR$ 1 aaek | evebcdurieng heatiingl e sesiqaY.drlese deyices, and gate
met hods may he generally described, either individually or

col | ectévetyrods &hér aakhpnoxilmirteyyicor.r et okast of®020hedBeoBVEFakhe
nmet hod(s) of the present disclosure may be generally described as

det er m s dgn@r tdehkakng ranstefif@ctiyei §heupBk saea 1aR0Wtk @& HMeNFrom a
| ocation (wthin a given integrated circuit design) and identifying

the thersmle H5AREMd €8 nffn SLHUGLULES @ﬁ%sthtiaHs%@@?§f§é¥ﬁéEﬁ§étgﬂan@he
area that will 1 npact tenperature at the given boa
performance of the first transistor structure and the performance
of the second transistor structure is substantially uniform as a
result of temperature variation at the first and second
transistor structures during annealing.
[0010] Other technical features may be readily apparent to one

skilled in the art from the following figures, descriptions, and

claims.



during the annealing process), effective (estimted) tenperature

at the given location cal cul ated based on the identified thernmnal
char.. acoeristics exhibited within the defined effective therna

or o defined target terBSra (PRSCHFETaRo0R: (B BEAHRRE T one or

t her nal

nore

[0011] For a more complete understanding of the present
disclosure, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, wherein 1like numbers designate like
objects, and in which:

[0012] FIGURE 1 is a diagram illustrating thermal variations
across different types of materials on an integrated circuit die;

[0013] FIGURE 2 depicts a location X representing a location
within an integrated circuit die and an effective thermal radius
r beyond which thermal effects are assumed to be negligible;

[0014] FIGURE 3 illustrates a process 300 for determining
whether thermal proximity correction should be performed for a
given location of interest within an integrated circuit die;

[0015] FIGURE 4A is a block diagram illustrating an integrated
circuit die 100;

[0016] FIGURE 4B illustrates the integrated circuit die shown
in FIGURE 4A with added dummy structures;

[0017] FIGURE 5A illustrates source/drain region and channel
geometries of two transistors shown in FIGURE 4A; and

[0018] FIGURES 5B and 5C illustrate examples of possible

modifications to the two transistor geometries shown in FIGURE

4A.



proximty correction techniques are inplenented.ln one enbodi nent,
dummy structures are added to the integrated circuit structures are
nmodi fied to account for the |ocal tenperature variation. wll be

appreci ated, a conb on of bo i so be inpl enment ed.
[8821] Referring to Fl GURE 1&)%1% %%m di agram

iJ.lustrat] hermal vari.ations_across different types of materi on
an integraggﬁlélr%ﬁ?tpﬂ?%enFlﬁﬁ§F98§éé? diffreferest VemiratefeVaTRs and
typically present on an integradied circuit die reflect/absorb

i nci derftethesht i Mfieviantdey orAsuphewmsusPAglt heeee conventVaona t ifdnlsm (and
materials (silicon, oxide, and polysilico as an exanple, each

mat er i athabsiordyssa ofi verwhavaunttabnisncivdehinl aghtntemchtddissircuit die.
correspondingly reflects light. Absorption of nore lightsuits in a

hi gher Tiesper atwrieas thhd theHmierinal, BWsimgl sheHebdr &ehaidibut the

differenc materials
fabrication process (and methods implemented in the design
process prior to actual fabrication in), and may be introduced or
performed at mask level during reticle design. These devices and
methods may be generally described, either individually or
collectively, as thermal proximity correction.

[0020] The overall method(s) of the present disclosure may be
generally described as determining or defining an effective
thermal area around a given location (within a given integrated
circuit design) and identifying the thermal properties of
structures within the effective thermal area that will impact
temperature at the given location (during the annealing process).
An effective (estimated) temperature at the given location is
calculated based on the identified thermal characteristics
exhibited within the defined effective thermal area. If the
estimated temperature is less than or greater than a pre-defined
target temperature (or range of temperature), one or more thermal

proximity correction techniques are implemented. In one

embodiment, dummy structures are added to the integrated circuit



subject to the applied light results in non-uniformtenperature
variations within the die at different points or |ocations,

[ 0022] The ..dagram positioned bel ow the exanple die cross-section
illustr S e _eff AV e rature T_of the different materials i.n
respons%igoégpgf Sﬁsgﬁﬁﬁﬁti8$9§ﬁ8Paent HightPOTHET t sHpet e T Pgvice
the tenperature at a given,point in the silicon substrate (or other
type f EﬁFEgHaﬁét@I§uE@?? t8y hE RFINSsufPace st Laghl mkedrieaature
Tenperature variation is due mainly to different thermal absorption
and eni $3FbAtERAr act &S stilés ofet RePhfatiartiatd s. aAscdebérpbedn of both
previousli, various annealing techniques (e.g., RTP, Flash, are
utilizedmbodidepant magt evabi br amgldefedted.enoval in shal | ow

junction, or for sonme other desired function related to diffusion and
di ffusion jooetjoRrsfeirreng 'tHINELGOREENGI NEesidg) s Thesie-tachhi quesram
utilize light in order to raise the tenperature of the die to provide

t he desilEQS@BBQQhHPch@%HﬁH; Gadiatdepant saclis\wat IQnkr QW (di Tl psion,, ¢
defect renmoval in diffusion junctions, and the |ike. [ 0023] Now
referrigeboEh GUREN2, ab here Io- LLLYsteated; ogatd on. X J ennesentingq
a location within an integrated circui e . For exanple, the !
| ocation, X.ma ep ent any .type of sem conductor device structure
structu@ég ?réa h %ﬁﬁTr 3Féﬁéﬁ%nFﬁ%fﬁggiyh?ﬁﬁﬁ§%ﬁb88iﬁ@ﬁt}Q%?grated
effective thermal area_ 200 surrounding |ocation X is defined by the
circle 205CHAVI AgSr AAF UECE/absorh oppatdqmpubhdt hed ef foEeR VoY t heksrathown
area 200 is shown as a circle with radius r, the area about |ocation

X may t@rRenet HeYrsshapesvandipsahottilimyi netetrdadsci rsculiarorar eaxifla, and
general, the effective thermal. area 200 about |ocation X is defined
as an apeaywilhbhconwhashatherambpley opechiestéeigl , aleadsiss vatyiven amount
absorption coefficient, reflectivity) will substantially affect or

i mpact dhe itrenpRiat uLeght, | eeat | BMuX | BG ke RPRVerfiesCrEBedcts 1ight.
anneal i ng process(es). Thus, beyond the radius r thermal effects

Absorption of more light results in a higher temperature within
the material. Thus, a structure having different materials
subject to the applied light results in non-uniform temperature
variations within the die at different points or locations.
[0022] The diagram positioned below the example die cross-
section illustrates the effective temperature T of the different
materials in response to a given amount of incident light. The
temperature T is the temperature at a given point in the silicon
substrate (or other type of semiconductor substrate) below the
surface of each material. Temperature variation is due mainly to

different thermal absorption and emission characteristics of the



are assuned to he negligible. In addition, the shape and extent of

the effective- thermal area 200 may al so depend on ot her structural
factors e.g., proximty to the edge of a die, or conposition of other
types ofacen. structures, e i1l be appreciated, the shape :

() o RS Ml ot dift B ERE et PEEULICO Her o L 8t U0t M veapniaues
[ 0025] hbM/referrin% to FIGURE 3, there is shown a process 300 for

det er ni A% ng- whBT Rer FEREPMaILSPHY 0 TA tWt orFstt i on SPoul Bet pBrtéPRednd
for a given location of interest location X) within an integrated

ci rcui tdefectl00emThe 1| deatitonl bfvw i htecesoni s odetferm stk (stepr302pired
and the effective thernmal area 200 about the |ocation of Interest is
def i nedfonctdever mened edstep 304)fuslihe edfiectieushenm]unarean20Qii.e. ,
an area within whir:1-. thermal properties 9., em ssi absorption

coef fi cigntiibef éﬁﬁ&hébkﬂlg@f. t hecstack omtifical UMillli substeant iial lrder
affect or inpact the tenperature of the |location of interest (during
the ahoys- desdid bedeannepld i (OCBES {195) AR AN, examblige Al Uadhilta
a function of properties of thermal conduction, annealing tenperature
and duration,of annealing. The es, and. conposition of. stack

ot - or tarerhEbe VARSI LN 1y bASRSE R B AT SR L T SbH Ty y defect
fabrication of integrated circuith, as is known to those skilled in

t he artFe@ﬁVEEléPigngFsﬂHE PHEFTEC Sandié¢t ioiF ‘material is a
function of-tenperature andmaterial - dependent properties, as

readi |y und@P38dolovw refoo26)9 Weeh Rﬁ@%ﬁ%dé@ ofh bt h ishel t bpat bayeaf a
the structures and stack materials within the effective thermal area
200 (tolbeafoonmed reptheenniegrat edceficuni twidileidO0®) amdegheied circuit
various thermal characteristics, the effective (or estinated)

tenper atiuee .of tde keeapien ahd Nt&EL£Sion SXCalagu @tk sdap: 300y . tTbks of
may be i nplenenter using 20/30 sinulation of thermal absorption and

t her mal se@ndyahieRoW tAEpithe areac200e AscoW | Lcbe-appesci ateden as a
different materials exhibit different absorption and thernma

COHdUCt%QQngQQEggthgﬁgt %e.Th95$.8$eoéﬂ%885¥e§?2;%ni%f%%% %&%an ermal

readi |y ascertarn these characteristics for typ materi a

devi ce structures that uld be fornmed within the area 200. The

i menai BRES . ehEn e Tt T RER fafl OCORAGE: Pon Br GBI es Tf thE Fafsieal202
filmstacks on the underlying sem conductor substrate within the

ef fecti V8ViREr F@A14Fe& -arc factors that affect the cal cul ati on of the

effective tenperature of the location of interest. [0027] For
exanpl e, the8ORAledhavel dircudifelesiga toerhd direa 200 1s shown as a

circle with radius r, the area about location X may take other
shapes and is not limited to a circular area. In general, the
effective thermal area 200 about location X is defined as an area
within which thermal properties (e.g., emissivity, absorption
coefficient, reflectivity) will substantially affect or impact
the temperature of location X (during the above-described

annealing process(es). Thus, beyond the radius r thermal effects

-10-



100 is known prior to actual fabrication.Fromthis, the overlying

t opol ogy of material sand di nensions) that wll be fornmed and exi st on
the die 100 (and within. area 200) at the tine of performng the
anneal in rocess (es). is also known. This information be

ext ract%gef‘?‘ﬁﬁﬁ”ﬁlﬁ‘é E?ldké?l?/‘?‘?lgl‘? Egr at By 2T, deddd g?r}?%lf?ﬁ GRS SERt
(e.g., design files) and utilized for the calculations. Wile these
cal cul aPford cofifcpeiper fioraeth hualishk basedmen these opsbegy on other
information on individual iccations of interest, a software

appl i casfonconrplodrarhqus. e(¢ . &i nubabkon) tyaybetlievetgped bya adie, or
person of skill in the art to extract the necessary information and

per f or ntdhposaktuvhatiforsther t{0028pfTheljcalcutl afted effeesj vetc.). As
(estimated) tenperature of the |ocation of interest is conpared to a

pre-defined targatptesPerad ur ener Jrange ofiihakgebntenper al i es: (skeR he
308), If the estimated tenperature falls outside the pre-defined

t ar get %g?‘gggzﬂ,gr enkange (oL bely Wm%yt Q]I’(?S:?;Ol d and/ or above a

t hresho an action is perfornmed tore the inmpact of this
variation i rature from fthe t,t erature (step 310).

Such an act[lagggg? B‘r”oégggr]ﬁﬁr;}%btéor%#@%d% gcr@sret Hér ﬁﬁ%wBr x?fﬁ"%?/ss S0
correction (TPC). In response to TPC, the actual tenperature of

| ocat of FPht EFESETSRGMI WEAIR Tt He %t } - et gty correction should be

performed for a given location of interest (e.g., location X)
within an integrated circuit die 100. The location of interest
is determined (step 302) and the effective thermal area 200 about
the location of interest is defined or determined (step 304).
The effective thermal area 200 is an area within which thermal
properties {(e.g., emissivity, absorption coefficient,
reflectivity) of the stack material will substantially affect or
impact the temperature of the location of interest (during the
above-described annealing process(es). As an example, radius r
is a function of properties of thermal conduction, annealing
temperature and duration of annealing. The types and composition
of stack materials may vary, and may be any materials utilized in
the fabrication of integrated circuits, as is known to those
skilled in the art. Calculation of the thermal conduction of

such materials is a function of temperature and material-

-11-



tenperature (or range) during annealing. This effectively elininates
or reduces the potential inpact of the tenperature variation on the
device at the location of interest, If the estimted tenperature

falls mﬁggggdggg bgggggtggggeago%ﬁg%ggit%@ e%%%ﬁﬁkithr63h0|d)’ no

further action 1Is necessary’'for cu ocdtion of interest.

0029] As w i , th roce 300 provides for a nmethod
gf degigniﬁgbgﬁP$W?g§:§gég ggg@u?&.%ﬁgﬁoiiﬁo%§p@;f@@béﬁf CoritgirAMres
integrateﬁ circuit design is provided or. generated. Fromthis
desi gn, 2EReSFochtMohe oo+ fit ek estn wikhi o £ oret vessi tgre a2} doird fA4d @ed be

the noted steps are performed. Performance of the TPC process (step
310) inépuded nodi t§engntiegretiegi nal rént egrddteed100) and their various

thermal characteristics, the effective (or estimated) temperature
of the location of interest is calculated (step 306). This may
be implemented using 2D/3D simulation of thermal absorption and
thermal conduction within the area 200. As will be appreciated,
different materials exhibit different absorption and thermal
conduction characteristics. Those of ordinary skill in the art
may readily ascertain these characteristics for typical materials
and device structures that would be formed within the area 200.
The dimensions, shapes and thermal conduction properties of the
material film stacks on the underlying semiconductor substrate
within the effective thermal area are factors that affect the
calculation of the effective temperature of the location of
interest.

[0027] For example, the integrated circuit design for the die
100 is known prior to actual fabrication. From this, the
overlying topology of materials (type and dimensions) that will
be formed and exist on the die 100 (and within area 200) at the
time of performing the annealing process(es) is also known. This

information may be extracted from the underlying integrated

-12-



i ncluding, or in accordance with, the nodified design having therm
proximty correction. Understandably, this process nay be perforned
across the entire die or within one or nore sel ected arﬁasdo;fthe
integrated circyit.design. Thus, there may exi st Itiple differen
Ioca?io%%rg?lfna%?%%? éﬁgofﬂﬁgﬁ%?h6%'%r’ﬁ%ﬁ%ﬁ%@ %ggaﬁhyaTﬁaiﬁﬁ#%ﬁﬁéxfor
for each location of interest. 0030]. The target tenperature is

t he tenpBFfafd Eu&é§FP€§°duWhﬁ}qtﬁ?%ﬁﬁuﬁﬂ1?ﬁﬂ%ﬁb@%§sCPHﬂénéédP@éformed
acconplish the annealing result. The defined tenperature range (or

si ngl e TARB3ASYd) PAEER ustal khebetdepéndent iodorhetéloact cincalindividual
response sensitivity for a particular product.This sensitivity varies
from prddoetibosppdductefresd.,, aa sténparat wee Iriangs of degneesyrGel siius. ,
variation mght have m ninmal device inpact Lor one product, but this
may | eadiholatfew) 9mavabeatic@R liohcdeviCe RRIFIMBIcestinanet hefe art to

product thus the range may be tighter for the other

extract the necessary information and perform the calculations.

[0028] The calculated effective (estimated) temperature of the
location of interest is compared to a pre-defined target
temperature or range of target temperatures (step 308). If the
estimated temperature falls outside the pre-defined target
temperature range (or below a threshold and/or above a
threshold), an action is performed to reduce the impact of this
variation in temperature from the target temperature (step 310).
Such an action or process may be referred to as thermal proximity
correction (TPC). In response to TPC, the actual temperature of
the location of interest should reach the desired target
temperature (or range) during annealing. This effectively
eliminates or reduces the potential impact of the temperature
variation on the device at the location of interest. If the
estimated temperature falls within the target range (or meets the
proper threshold), no further action is necessary for the

particular location of interest.

[0029] As will be appreciated, the process 300 provides for a
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product).. As will be appreciated, the threshold for initiating TPC
may be a single threshold that is slightly bel ow (or above) a
specified target tenperature. Target tenperature(s) depend on the

I ! d A dily k h i
arneal gLpgessed LATRNLSO (o0 g e antl Ly Kpob o L O2c.ig B, on

art). As Sh argét
tenperature(s).or. sone percentage, thereof. | 0031]. The | ocati on of
interes?rh%§n%% &nzﬁ@E?F@@’ﬁ6+ﬁ$ubF ﬁﬁ?lﬁﬁla?%oEﬁPV§9ﬁﬁhh%§egﬁp?ﬁ?ﬁeg'

smal | area corresponding to a_given. structure ) be eventually Forned
on the FhtBgFatedierienr t tlpelorat lexanpl éntenesitodttingm dhej neeriest is
may be within the area enconpassi ng source/drain and/ or channel

regi onsidéniaified cdhref fldet notacsisseps @EETperformg@032fe W ireararey of the
nmet hods or neans that result in TPC for an integrated circuit die may
be per fDrOedrdédesccortdanca o tihdlheetseachi Agsngf thBeopt @l integrated
di scl osure, two specific exanple enbodi nents of TPC are descri bed

bel ow. circlhi0033¢sidh onges endbodh e , i 4 heo IPCGid 821 TRbermnt ed, Ryerpdding o

one or nore dunmy structures within the effective thermal area 200.

The addggegngyp§5§gﬁgggeCg§&é§%§&“iﬁﬂk herdml ?ﬁ{PtEQQigﬁd(' a

conduction such that the resulting tenpetrature at e | ocatron of =’
i nt erest

rreaches the .target tenperature during annealjng. These . :
structu?%glg%%gadggglﬁﬁpposé?yg?ofﬁﬁfégﬁgﬁgﬁpefﬁiur%nt?gfﬂgegocgﬁfgﬁlt
of interest during anneal, and these structures are the underlying
el ect ri LAFLEFHE t Mitn theFRPEGRRCS i leui EReTRE G ped shapedangaving

di mensi ons of the duy
thermal proximity correction. Understandably, this process may

be performed across the entire die or within one or more selected
areas of the integrated circuit design. Thus, there may exist
multiple different locations of interest and the method or
process 300 may be performed for each location of interest.
[0030] The target temperature is the temperature desired
during the annealing process intended to accomplish the annealing
result. The defined temperature range (or single threshold) will
usually be dependent on the electrical response sensitivity for a
particular product. This sensitivity varies from product to
product (e.g., a temperature range of +/- 3 degrees Celsius
variation might have minimal device impact for one product, but
this may lead to a few % variation in device performance in

another product thus the range may be tighter for the other
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structure (s) are determ ned based on known thermal properties of

t hese characteristics, and nay be determ ned by sinulation.

(00341 Now turning to FIGURE 4A, there is illustrated the integrated
circuit_die 1 (origin esign _for. fabrication). The die 100, . ..
PRGN kT SR e SRS ) SR T s SPEE SSEE
second transi stor structures Y (reference nunmeral 410). Additional,

st ruct uF8s 2290 tRy2 alldy ise Prerrded. thRéséssEluehbitestabey p ahpr) 2
represent structures that would be fabricated within the die 100 in
accor dapeecif i Adanairgeti dlempergitivgional Tateyr atedrerature (desidgaend on
[0035] Transistor X and transistor Y (if fabricated) are

subst anthal aynedentroad s 4 riansicstcorted hahdhave vaayihg pestortandesuen
co differences in the pattern density within each transistor's
respectitme thennmal genductl viee abga resaet dd, GURR: 2tapdsaegcanpayi B8 the
description) Transistor X exhibits a different transistor performance
as COW&&@QaEOtBEgB% sbRbeYadue (@)t ke teppRerAl WS Qfgd he,dFansi stor
structure (e.g., diffusion regions) not achi éving a target

t enper at ur kN h (o]} Thi result. .tr

vari ous st 8@?%? eg}a}%d?%ggg??}él és)fvmlr?tzig%e?g:éﬁa i stor %ﬂgEéﬁggﬁQ@t or may

thermal _area preventin att ai nment_ of e desired target . tenperature
dur | ng. BaneaPSLE it (AT e s SCOGACOREE SRS S 1 Be <A pren
X is described as having degraded perfornmance as conpared to . ,
transi sBBFUYLUCEhECt Pansvebera Yl ey oeRAf bPE the HebratREc et o ancele.
as conpared to transistor X (or both transistor X and transistor Y

may exhFbikt edegrdded peef dprandenas ftconpae edst omeon® et hethinansiestarea
structure) . However, for illustrative purposes and the exanple

descri bedchepekssinghesdumansistoin Xahas oca degiraded pepfiohmance As fwdld-
be appreciated, the pro ss 300 of FIGURE 3 has been perforned and the

esti mat gdrtepperaturetof- tremocati on of incerest (transistor X)
woul d not nmeet the target tenperature for the given anneal process.

As a resul foo3B% itwgéﬁ%r fa‘?{y%gthods [993:@511‘1\9‘3%%3%8%@9&9 fhGdite 4B an

there is illustra the I'ntegrated circuit di as set forth in
G 4Bl B, IIC1A) O, P BUITY CSLEMS! B0 AR E RLUE o
teachings of the present disclosure, two specific example
embodiments of TPC are described below.
[0033] In one embodiment, the TPC is implemented by adding one
or more dummy structures within the effective thermal area 200.
The added dummy structure(s) assist in thermal absorption and
conduction such that the resulting temperature at the location of
interest reaches the target temperature during annealing. These
structures are added purposely to affect temperature at the

location of interest during anneal, and these structures are
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di mensi ons (which may vary), each dummy structureA )fl will have a
“thermal signature” or predetermnined thermal properties that can be
advanageousiy used to fabricate an integrated circuit with dummy

structur ce the inpact of tenperature variations on device
perfornﬁgéglfb?aéiyl 8a§FFUEFEFe§)'T R& V&u iy We {09 cpsard e of
as sinple as an area of oxide or other material, or may be dummy

transi sEBF sPRAEEGYESTsi Mileat Hi¢alhe Cistuiktur e4i 8 pouhbFng integrated
transistor Y (or may resenbl e the underlying structure (s) of
structu?éﬁcgmt?oundlﬁgetrémge$tosh¥pehaaHQX|Qumansubes%)oﬁe aghe dummy
annealing, e,g., not a conplete transistor).in any enbodi nents, the
dumy sstucttme¢s$y) fabe i catetnimddina $de @ﬁfmcbxbrvetkténﬁﬁa[mlpﬁ;@ctm‘es of
transi stor provide a desired structure that assists in achieving a

t enper atHegeathbkanskst Ok i ¥st hahdmegls bteh%le%%lnﬁ%d aygelighermerat ure
of an applied anneal ptocess, Thus, an ori gi nal

[0034] Now turning to FIGURE 4A, there is illustrated the
integrated circuit die 100 (original design for fabrication).
The die 100 includes a first transistor structure X (reference
numeral 400) and a second transistor structures Y (reference
numeral 410). Additional structures 420 may also be provided.
These structures 400, 410, 420 represent structures that would be
fabricated within the die 100 in accordance with an initial or
original integrated circuit design.

[0035] Transistor X and transistor Y (if fabricated) are
substantially identical transistors, but have varying performance
due to differences 1in the pattern density within each
transistor’s respective thermal conductive area (see, FIGURE 2
and accompanying description). Transistor X exhibits a different
transistor performance as compared to transistor Y due to the
temperature of the transistor structure (e.g., diffusion regions)
not achieving a target temperature during the anneal process.
This may result from the various structure(s) and materials

within transistor X’s effective thermal area preventing
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integrated circuit design undergoes the process 3Q@3, and if TPCis
necessary, the design is nodified to include one or nore dummy
structures 340 within the thernmal area of transistor X, and the
integrated circuit is fabricated with the added dumy structure(s),
[0038] Fhea HunPyt sef ukhar @e(sa)fesie,éaéasﬁgéemﬁ@rﬁamr@r AUdéRsi Byn&edund
transistor X to nore c:Losely resenble the pattern density arc nd
transi st or [¥03Ghi tr esiult sben enderetonif drhatperhodmanteangisher X is
transistors X, Y. The introduction of the dumy structures 430

assi st sdescpiioviidi ag f apvanmor elewyiafdedn paddteymadensi tys whombared to
results in a nore uniformdevice performance of active structures. In

ot her worgssitherdunyy sheuctubgbsyt430 arembber arhigonduehieOndegraded
nodi fying structures that nodify the thermal properties of a given

area (2]]9 ) £ AU AL the ding 1Y tt%attra%&@%é? {heo I egper at ure. Achi eveding

at the Tocation of Interest I ocation X) during the anneal process
(t hat d$ therw se.h ttaina le with the current I te
CIrCUIrP e@?%%% f){]ﬁﬁ%xﬁiﬁfﬁi% g% 9 egn |£8r%a Gdi Aen o%élﬁég;%o -

or nore di nensions, of transi stor X and/ or transisto
modi f i e O ackTumtSFRF ¥ HEMFOLET) t et e R N murposes

enbodi nent, the no du structures are introduced, and the design of
the graded e rarristordenduidag dereimpdihredrandl FabFi $atay widgpraded
nodi fi ed di mension (s) Thus, an original integrated circuit design
under goesr f remgrores AB00,1 lane ifopFeCibsenecebsapypcehe 8esigh FIGURE 3
di nensi ons of the transistor (i.e., at the location of interest) is
nodi f i edapribeen tigefabried. aMar tiodSe sl Temst @ niserihat a thiye bef cttendescation
i nclude transistor gate | ength and/ or w dth.
of interest (transistor X) would not meet the target temperature
for the given anneal process. As a result, TPC is performed.
[0037] Now turning to FIGURE 4B, there is illustrated the
integrated circuit die 100 as set forth in FIGURE 4A but with the
inclusion of dummy structures 430 within the effective thermal
area of transistor X. Depending on its type, shape and
dimensions (which may vary), each dummy structure 430 will have a
“thermal signature” or predetermined thermal properties that can
be advantageously used to fabricate an integrated circuit with
dummy structure(s) to reduce the impact of temperature variations
on device performance (of active structures). The dummy

structure(s) could be as simple as an area of oxide or other

material, or may be dummy transistor structures similar to the
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[ 0040] To conpensate for device variations due to tenperature

vari ations during anneal (providing nore uniformdevice operation) ,
transistor X or transistor Y nay be nodified, or both may be

nodi fied, Now turning to FIGURE 5A, there is_illustrated the original
geonetrP3§u8$bfﬁinsﬁgf5pgn§l§ﬁd greﬁééft@fO)YhaJPﬁg &G0 cEFSFEIHE  the
regions 500 and a gate electrode 502 with a gate 503. Now turning to

FI GURE BEISFRELBT) §tiruchstredised Unes tesariphes of SeheCge8hyr yrepsistor v
transi stor 400a havi ng source regions 500a and a gate el ectrode 502a
with a §aeé 598bst and whiheh timye befutdnneebinte, i moreasendevia, complete
operation. Now turning to FIGURE 5C, there is illustrated one exanple
of the geemstisyoaf .t ranshst any 46fbohawiengssourte/ ddaimmyr egitans th@y s)
and a gate el ectrode 502b with a gate 503b, and which nay be utilized
to decreabeideviee Wipefial i oRe efrelRQ4H tsrmbll sBeappreeiahgdstor x
assum ng transistor X has degraded perfornmance (sl ower) as conpared

to trangi Y, ;to - sa IS i ati.Qn,..the .cj rcupt. ign
may be %%2??P§d gs 9%??%%2; %ﬁfhgﬁgkgisgégtx %ﬁ%&ﬁeshléﬁbt%&#ﬁf bzmp .
reduced i stor Y channel |ena may_be_ increased, or (3)

bot h (1§e§§§réégg%e %grf%ﬁﬁﬁﬁfﬁ%P%aﬁghEggFfoWﬁﬁﬁée.{he %j élttarget
w il be unders%ood t hat process 300 could be perforned on a single or
mul ti pl EST'BELEFERE &FF i e?@?ilﬁgr%ﬂqe%ﬁrHEPG?§§°of Thiter edp) oniginal
anot her enbodi nent only those |ocations of interest critical to

over al | 1NREEGRAEEd CérFRttt FPgACH omalengpatayive matateBGobr artd sif TPC
pr ocess. [0043] Further, the TPC nethod perfornmed may al so

i ncl udelsoneceopdinatiton afsiajd ior medidriticoncofinthedewonenbodhoeat Summy
descri bed above, The order of steps or processing can be changed or
rari ed sorncthatsdegor whediabeve. thiertidl dedinderstood dthad weldnd the
known processes have not been described in detail and have been

om ttedjheegbrexut y.c Al dhough; specedidr 1 G & 8PSy i $hr UGN €5,8889  dummy
mat eri al s may have been descri bed, the present disclosure may not
limtedsto, thgse gpecifics, and others may substituted as is

[0038] The dummy structure(s) 430 change the pattern density
around transistor X to more closely resemble the pattern density
around transistor Y. This results in a more uniform performance
of the transistors X, Y. The introduction of the dummy
structures 430 assists in providing for a more uniform pattern
density, which results in a more uniform device performance of
active structures. In other words, the dummy structure(s) 430
are thermal conduction modifying structures that modify the
thermal properties of a given area (200) within the die 100 that

increase the temperature achieved at the location of interest
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understood by those skilled in the art. [0044] It may be
advant ageous to set forth definitions of certain wor ds and phrases
used throughout this patent docunent. The ternms 'include" and
"conpri " as derivatives thereof, nean |ncIu3|on wi t hout

linitat ?bﬁcatrh%nt%} UBENY | SN F R Y T et ng irtd MU LATR o Rssy i se
"associated with" and "associated therewith," as well as derivatives

t her eof e nehhaibabhel udeh hbei Aerugad whtkiomatiest erneemidcde sdiar, -
contain, be contained within, connect to or with, couple to or with,

be communi €@BB8] with,arcoeperane twivich, emhbéiieatve,of ufttaposenebeor more
proxi mate to, be bound to or with, have, have a property of, or the

like. dim¢R&4a)s Wi lterdristdirsel esdyerhasafdesstbbed By tigd Modified to
enbodi ments and general ly associ ated net hods, alterations and

per nut ak LoBsnOf rdhase ernodi rf%mp%r%r&qr@ebae@gt%hl be, appad eé}ﬁbécﬁment
those skilled in the art Accordlngly, t he above description of

exanpl eﬁﬁgbagl it Q- HETLPE PhrENRLEA! N LY Sl SELOBRCoE the

Qt her changes titutions, erations ar SO poSS

u thout gopprlane [ramite mttur%rief%%%& SRLeLihE ALBEL ST 8 cne

met hod of forming an integrated circuit die, the
modified dimension(s). Thus, an orlglnal integrated circuit

design undergoes the process 300, and if TPC is necessary, the
design dimensions of the transistor (i.e., at the location of
interest) is modified prior to fabrication. Various dimensions
that may be changes include transistor gate length and/or width.

[0040] To compensate for device variations due to temperature
variations during anneal (providing more uniform device
operation), transistor X or transistor Y may be modified, or both
may be modified. Now turning to FIGURE 5A, there is illustrated
the original geometries of transistors X and Y (400, 410) having
source/drain regions 500 and a gate electrode 502 with a gate
503. Now turning to FIGURE 5B, there is illustrated one example
of the geometry of transistor 400a having source/drain regions
500a and a gate electrode 502a with a gate 503a, and which may be
utilized to increase device operation. Now turning to FIGURE 5C,

there is illustrated one example of the geometry of transistor
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met hod conpri si ng: determining a |l ocation of interest within an
integrated circuit design; defining an effective thermal area
for the location of interest; estimating an effective tenperature at

the | j f.int t d .qi I
por f or e8P B CBABAF PG thEoCat Fitht S8 CAPPEcrPIE Fehdh SATo o3 fPaPgar2s
tenperature associated wth the given anneal process; and perforning

t her mal WHFBxRPEYecS0Eet 28 WHET Hen st nak oHl effebPi ¢8CLERPEr SETHES

does not neet the target tenperature.
operation.

[0041] As will be appreciated, assuming transistor X has
degraded performance (slower) as compared to transistor Y, to
compensate for this variation, the circuit design may be modified
as follows: (1) transistor X channel length may be reduced, (2)
transistor Y channel length may be increased, or (3) both (1) and
(2) may be performed to match performance.

[0042] It will Dbe wunderstood that process 300 could be
performed on a single or multiple locations of interest (or all
structures of interest). In another embodiment, only those
locations of interest critical to overall integrated circuit
functionality may be selected for this process.

[0043] Further, the TPC method performed may also include some
combination of all or a portion of the two embodiments described
above. The order of steps or processing can be changed or varied
form that described above. It will be understood that well known
processes have not been described in detail and have been omitted
for brevity. Although specific steps, structures and materials
may have been described, the present disclosure may not limited
to these specifics, and others may substituted as is well

understood by those skilled in the art.
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2. The nethod in accordance with Claim|1 further conprising:

formng one or nore layers of material on a sem conductor substrate

to formthe integrated circuit die; and anneal i ng t he

integrated circuit die in accordance with the given anneal process.

3. The net hBA4#h AEcardanee APVRNCRdERUS vier 8fh teetdi véaf Lakbaps of
process includes thermally annealing the integrated circuit die using

| ight, certain words and phrases used throughout this patent document.

The terms “include” and “comprise,” as well as derivatives
thereof, mean inclusion without limitation. The term “or” is
inclusive, meaning and/or. The phrases “associated with” and
“associated therewith,” as well as derivatives thereof, mean to
include, be included within, interconnect with, contain, be
contained within, connect to or with, couple to or with, be
communicable with, cooperate with, interleave, juxtapose, be
proximate to, be bound to or with, have, have a property of, or
the like.

[0045] While this disclosure has described certain embodiments
and generally associated methods, alterations and permutations of
these embodiments and methods will be apparent to those skilled
in the art. Accordingly, the above description of example
embodiments does not define or constrain this disclosure. Other
changes, substitutions, and alterations are also possible without
departing from the spirit and scope of this disclosure, as

defined by the following claims.

=5 =



4 The nethod in accordance with Claiml wherein performthernma
proximty correction conprises: form ng one or nore dummy
structures within the effective thermal area, the one or nore dummy
struct uges,_oper &g@uce thermal variations during annealing of
t he int §£g+g§—§£b§&%§———; 5. The method in accordance with Claim4
wherein the one or nore dummy structures affect. thernmal
characteristics within the effective thermal area and cause the

| ocation of interest to achieve the target tenperature during the

gi ven anneal 1.progegsthod of formifibe aret hodegnatedordance twi tthe, the
Claim5 wherein the location of interest represents a |location or a
transi shethstir getptresiand t he one or nore dummy structures are
substantially identical to the transistor structure. 7. The

met hod in acgerdanegiwgt C'l@!:&?:loi’ih%rﬁ' MhPerEormMNgG Hiher aRl integrated
proximty correction conprises: nodifying one or nore di nensions of

a. devige shiUChUEeSho be

defining an effective thermal area for the location of
interest;

estimating an effective temperature at the location of
interest based on a given anneal process to be performed;

comparing the estimated effective temperature to a target
temperature associated with the given anneal process; and

performing thermal proximity correction when the estimated

effective temperature does not meet the target temperature.

2 The method in accordance with Claim 1 further
comprising:

forming one or more layers of material on a semiconductor
substrate to form the integrated circuit die; and

annealing the integrated circuit die in accordance with the

given anneal process.

3. The method in accordance with Claim 2 wherein the given
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formed at the location of interest on the integrated circuit die;
fabricating the nodified structure; and anneal i ng the

integrated circuit die in accordance with the given anneal process.

8. The nethoc, in accordance with CaimZ7 wherein the device

struct uPBPfdla PYRFYSef fEttl id¢amsi Stomaahi ngreealderdr ahe r égireasated
gate el ectrode, andchannel region, and wherein a dinmension of the
channel ciegion fsenvdifhpedight. 9. The nethod in accordance with
Claim 8 wherein a |l ength of the channel region is nodified.

The met hod in accordance with Claiml wherein estimating the

effective tenperature conprises: estimating the effective

tenperature baseth®méhesdedn CHIALBIdStWieH Of ashr UCHHERST h &Rt ng
to be formed within the effective thermal area.
thermal proximity correction comprises:

forming one or more dummy structures within the effective

thermal area, the one or more dummy structures operable to reduce

thermal variations during annealing of the integrated circuit

die.

5. The method in accordance with Claim 4 wherein the one or
more dummy structures affect thermal characteristics within the
effective thermal area and cause the location of interest to

achieve the target temperature during the given anneal process.

6. The method in accordance with Claim 5 wherein the
location of interest represents a location of a transistor
structure, and the one or more dummy structures are substantially

identical to the transistor structure.
7. The method in accordance with Claim 1 wherein performing

thermal proximity correction comprises:

modifying one or more dimensions of a device structure to be
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11, An integrated circuit die conprising; devi ce structure
formed at a. predeterrained |ocation on the die; and one or
nmore dunmy structures fornmed within a pre-defined effective thernal
area su%r oun%i ng the transistor structure and operable for , ogel

t enper at GFEUetlerihePIodatt Of ditiengsa Phefhal 1ahfeadtef dgepsuit die;
The integrated circurt die in accordance with Caimli wherein tthe
devi ce strucfabelesrprbsébeampransiest 6 riuntlgdi-ngnsour ce/ drain a gate
el ectrode and a. channel region. 13. The integrated circuit.
di e in accordanealunghtiGealnterahed ecirtinet ofhies orn noreo dianees twitds the
has a structure that

given anneal process.

8. The method in accordance with Claim 7 wherein the device
structure is a field effect transistor having source/drain
regions, a gate electrode, and a channel region, and wherein a

dimension of the channel region is modified.

9. The method in accordance with Claim 8 wherein a length

of the channel region is modified.

10. The method in accordance with Claim 1 wherein
estimating the effective temperature comprises:
estimating the effective temperature based on thermal

characteristics of structures intended to be formed within the

effective thermal area.
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resenbl es nether strucuure proximte a seconct tr 131 -r at the tine
of performance of the thernmal anneal. process. 14. The
integrated circuit die in accordance - 1. C aimwherein the one or
nore dummy structures has a structure that assists in %hleving a
tenperature at-th80t LBREPEREFC Ak Caét 118 dESIrdd iéiper at ure duri ng
t he thermal anneal process. 15. The integrated. c.ircuit die

i n accordance et ceCsgimctunsheiained het onepoe-gererdinay spractonesn
provi des a device pattern density around the device structure nore
sim |l arthe didevieed pattern densityaround a second device structure.
16. The integrated circuit die in accordance with Caimi wherein the

devi ce strucbdee orCoiHd S@smdy f EEshickiarsl tdmd N M in SQURGR-Aedihed
regions a gate el ectrode and a channel and the second

devi ce SEEUCLYLE €ARRRLSCS r84SeCNudiaRs O AN WG structure and

source/drain regions, a gate electrode and a channel region an

wherein _j hre transistor and th cond transi stor. have
substan?Fg?F%hgan%oai.8H§ 8ﬁ§;y a%f%c%lng %emperature at the pre-

determined location during a thermal anneal process.

12. The integrated circuit die in accordance with Claim 11
wherein the device structure comprises a transistor including

source/drain regions, a gate electrode and a channel region.

13. The integrated circuit die in accordance with Claim 12
wherein the one or more dummy structures has a structure that
resembles another structure proximate a second transistor at the

time of performance of the thermal anneal process.

14. The integrated circuit die in accordance with Claim 12
wherein the one or more dummy structures has a structure that
assists in achieving a temperature at the transistor that meets a

desired temperature during the thermal anneal process.
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17, A method of designing an integrated circuit to reduce thernal
veri atione generated within the integrated circuit die durinc an
anneal process, the method conprising:: providing an initial

integrated c CUI deS| n_Lncl dln a,trapsistor with source/dr

g one: def L ngThR SPEBEERCEt: Foralt s SORCPH T B gt grdin 11
estinai-ing an effective tenperature at the |ocation the tranS|stor
based oWP&I§iRenthinCare pPBcESTS ndeHlEd It WeE ParT oPred 1desi ng device
fabrication of the integrated circuit die based on the initial,

i nt egr aPedterncyiensdasi gound th@odpadbagaﬂnyqauﬁanqube$imtlaveto a
tenperature to a target tenperature associated with the given anneal
processdeamnde patterrh teesdsti mabecthdefsf ecldorel tdenperatdgtecoese not

neet the target tenperature, nodifying the integrated circuit design
to inccrporate thermal proximty correction, 18. The nethod in
accordance wth Claim 17 wherein

16. The integrated circuit die in accordance with Claim 15
wherein the device structure comprises a first transistor
including source/drain regions, a gate electrode and a channel
region, and the second device structure comprises a second
transistor including source/drain regions, a gate electrode and a
channel region, and wherein the first transistor and the second

transistor have substantially same dimensions.
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nodi fying the integrated circuit design to incorporate thermnal
proximty correction conprises: addi ng one or nore dummy
structures within tha effective thermal area, the one or nore dummy
structures operable to reduce thermal variations during the
anneal i ng. Bces%,me¢ﬁﬁﬁf9fn@eﬁh@niﬂgegﬁaﬁéﬁe@Fﬁéﬁﬂt?166§F5nt?oreduce
i ncorporate thenme conprises: g one or noreions or. f he trans,the
nodi f i ethermea brvapi et donengeoasadper abltéino treduceadertnd ¢iorisit die
during the anncess. 20,nethod in accordance with Claim 17 wherein
during an anneal process, the method comprising:
providing an initial integrated circuit design including a
transistor with source/drain regions;
defining an effective thermal area about the transistor;
estimating an effective temperature at the location the
transistor based on a given anneal process intended to be
performed during fabrication of the integrated circuit die based
on the initial integrated circuit design;
comparing the estimated effective temperature to a target
temperature associated with the given anneal process; and
if the estimated effective temperature does not meet the

target temperature, modifying the integrated circuit design to

incorporate thermal proximity correction.

18. The method in accordance with Claim 17 wherein
modifying the integrated circuit design to incorporate thermal
proximity correction comprises:

adding one or more dummy structures within the effective
thermal area, the one or more dummy structures operable to reduce

thermal variations during the annealing process.
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nmodi fying: the integrated circuit design to incorporate therm

proximty correction conpri nodi fyi ng one or nore dinmensions of
the transistor, the nDdified one or nore di nensions operable to

reduce ther variations au the annealin rocess, 21.. A nethoa of
fabricating !ﬁ'i nt egrat 8§t OtdchP d?%cofﬂgn cd’hlp'?}i‘ S|911g31“br Vi di'AGLEAD

initial itegratea circuit desi. perform ngthermal proximty
correctm%ﬁng66@s§h§nlpﬁ@gnﬂUﬁdmchﬁﬁwﬂ? el @ rlewi indespghateothermal
reduce thermal a iations in Lk -Tined thernmal anneal. process during
fabri capronimtityheorntegiahedomprdsiet : di e;

modifying one or more dimensions of the transistor, the
modified one or more dimensions operable to reduce thermal

variations during the annealing process.

20. The method in accordance with Claim 17 wherein
modifying the integrated circuit design to incorporate thermal
proximity correction comprises:

modifying one or more dimensions of the transistor, the
modified one or more dimensions operable to reduce thermal

variations during the annealing process.
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nodi fying the initial '",...1 " :'.'" circuit design to generate a
nothtied int c.,it design; and fabricatingintegrated circuit. in
accordance wi 7h the nodified integrated circuit design. 22, An
inteqrated circuit die c i si.ng: , first trapsistor, ,
Structure fofhed AUMECRYT st prRPHLTEH RGP | RERITH Oh G dite difle the
first transistor structure having source/drain regions, a ate

el ect r o8ethAd GOBRAARENTF egi on; and

providing an initial integrated circuit design;

performing a thermal proximity correction process on the
initial integrated circuit design to reduce thermal variations in
a predetermined thermal anneal process during fabrication of the
integrated circuit die;

modifying the initial integrated circuit design to generate
a modified integrated circuit design; and

fabricating the integrated circuit in accordance with the

modified integrated circuit design.
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a second transistor structure formed at a second predeterm ned

| ocation on the die, the second transistor structure having 50U. e

Lin regions, a yate el ectrode and a channel region; and

at | east one _di nmension of the second . transistor structure is

subst anti al | 91 r ofi*alBbFPESPEAAFAGCUAFEASI GATBE 1SRESFi rst transi stor
structure and the performance of the first t.ransistor structure and

t ha perfor madicef bfSt het saedhet @ ¥ ansiBioruse r deted ik s@bstansital Pye-

uniformas a result tenper,-Va :a on at theand second trans
struct udeserhinedglanation on the die, the first transistor structure

having source/drain regions, a gate electrode and a channel
region; and

a second transistor structure formed at a second pre-
determined location on the die, the second transistor structure
having source/drain regions, a gate electrode and a channel
region; and

wherein at least one dimension of the second transistor
structure is substantially different from a corresponding
dimension of the first transistor structure and the performance
of the first transistor structure and the performance of the
second transistor structure is substantially uniform as a result
of temperature variation at the first and second transistor

structures during annealing.
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