Title METHOD FOR FORMING SEMICONDUCTOR LAYOUT PATTERNS, SEMICONDUCTOR LAYOUT
PATTERNS, AND SEMICONDUCTOR STRUCTURE Background of the Invention 1. Field of the
Invention  The invention relates to a method for forming semiconductor layout patterns, semiconductor
layout patternsgpd a semiconductor structure, and more particularly, to a method for forming
semiconductor la oubgﬁltterns, semiconductor layout patterns and a semiconductor structure having
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improved proc L . E%scﬁﬁﬁwm@ne FEM NI?H&E%QWLMJX eI@NJrﬁB%tems
require increasiifICONRYGEIRR LAYRLY RARTERING ANEY SENMKGNHAC TR IREKIBURKh as SRAM

cells can get smaller by shrinking the transistor. However, it is becoming more and more difficult to further

reduce the siz%%%aigq'}%o&st %?%H%% shrinking.  In conventional semiconductor processing,
diffusions are typically formed in a semiconductor substrate and then gate electrodes are aligned and

patterned relativd telthHef Hifusksmdiorlease refer to FIG. 1A, which shows expected layout patterns for a

semigonduptor de_"ﬁﬁﬂiﬁ@eﬁtﬁ)ﬁh@{‘ﬂﬂéfs‘ HG ﬁﬂﬁ&tﬁogiffélﬁifa?rﬁ%eéerﬂr%n%rﬂ%} %@&ﬁcﬂ%rﬂ@[t Of.
transistors is provided, and a gate pattern 104 is subsequently provided corresponding to the diffusion

pattern 102. THEGSHFHR AT RAUGES A5 SEBEYALALT W HFR ARETRLELFURYRHE length L.
It is noteworthydkamnhetpodifan folgatg patieondQdtonlsieitipaticpast sbmiddhuiiotoplatieun ditkefas a

minimum distagﬁg 52 éﬂﬁ%ﬂﬁ%@?ﬁ%}?gﬁgoﬁ 'qmp'pg\ger r%iggeggi@g?ggw pattern 104 extending

beyond the diffusion pattern to as'the poly end cap

2. Description of the Prior Art

Increasingly complex electronic systems require increasingly denser active
devices such as transistors. Accordingly, memory cells, such as SRAM cells can get
smaller by shrinking the transistor. However, it is becoming more and more difficult

to further reduce the size of transistors to continue shrinking.

In conventional semiconductor processing, diffusions are typically formed in a
semiconductor substrate and then gate electrodes are aligned and patterned relative
to the diffusions. Please refer to FIG. 1A, which shows expected layout patterns for a
semiconductor device 100. As shown in FIG. 1A, a diffusion pattern 102, which will
become part of transistors is provided, and a gate pattern 104 is subsequently
provided corresponding to the diffusion pattern 102. The gate pattern 104 includes
an expected gate width W and an expected channel length L. It is noteworthy that a
portion of gate pattern 104 must extend past the diffusion pattern 102 for a minimum
distance so that the transistor can function. The region of the gate pattern 104

extending beyond the diffusion pattern 102 is referred to as the poly end cap 106.

Please refer to FIG. 1B, which shows a top-down view of the semiconductor
device 100 after transferring the layout patterns to a substrate or and a layer. It is
found that the transferred gate pattern 104 always suffers end shortening arising from
optical effect and obtains a gate width W’ shorter than the expected gate width W.
Consequently, the device is adversely impacted by the gate width loss issue.

Another consideration for the poly end cap 106 is the lithography capabilities in



Please refer to FIG. 1B, which shows a top-down view of the semiconductor device 100 after transferring
the layout patterns to a substrate or and a layer. It is found that the transferred gate pattern 104 always
suffers end shortening arising from optical effect and obtains a gate width W' shorter than the expected

gate width W. Gansequent,Jbe devica isagvarsely jopacied by hesats Wdthoshisr Agpther

consideration for the poly end cap 106 Is the lithography capabilities in defining the lines and shapes

near the poly eHiiSifRRSGHPERANE ol @nPel]5iead & pouAtRY ad ReSARTiRNEIEANEEOHKREd of
Squaredd Tue %&;ylt@ﬁ@%@mdd%ué&lﬂ& adhﬁpﬁﬁégglﬁQ’rg%ﬂgérW*ﬁeaﬁ%Wﬁr'léhgtlhl the o
expected channel length L, and conseqyently the device is adversely impact the channel length loss
Pl e ok it R T e G D W O
effect as mentisaee. above limits the overall reliability and yield to semiconductor device. Therefore a
method for forming semiconductor layout patterns having improved process window and thus the

semiconductor device obtains improved reliability and yield are always in need. Summary of the Invention
According to an aspEEeMIERIBrel A RGANRMEBRLIRL AT BRATANMEIEN S therRrRRbieR?! IBgdemnidterns is

provided. The metheddpsliesteee\Adingeatisteaf AsstayipidaiteBirchaing emyeticalarngan axial
line, each of the first layout aéterns comprising a first siﬂ%) rc%xim | to. the axial line and a second side far
from the axial TREVEATHEIY pORH of HILTIEPIS, GLuPEIHhs PowArT I SRTUFPBRRG Ge BYRHE axial e
to form a.t Ieaspatférstsshia‘ﬂdmbpm@@véd pmﬂeﬁssﬂimy@u.tqmttlbua Meuﬂpund@medﬁmemmairpatltems
and the first si‘% %98&%%“36?@?%”5%\%@2%%%@%%@%%8 another aspect of the present invention,

semiconductor layout patterns miconductor layout patterns include a pair of first
layout patterns being symmetrical along an axial line, each of the first layout patterns comprising a first
side proximal tgheraxpblife angatRpreond side far from the axial line, and a pair of second layout

patterns being symmetrical along the axial line_and perpendicular to the first layout pattefns. Each of the
Frot layout pattem AT CIIED 2 86 FbcRbabe rEERsH Tor LU e SRR At o FFEY Bliged

region formed sentitesdacind |siir;t gratithessie quoditiegb ut et terettove itaghsdibe fnstidétg sspairefion and
the first bulged.tegi in ] - of the_present inventi [ ctor
structure is prcci)f\I/Figci%llg.9 '?'ﬁteésge&r_%rgcg)n%?j%%rg gﬁﬁ%ﬂ%@%ﬁﬁés&g p%(l%{gﬁ ﬁ‘r%t |ﬁﬁ;gg)r?g %eﬁﬁ% rﬁg#etrical
along an axial RABEEACATPANTSHIG atERYyRIfS Remdineriagiexial line and a second side far from

the axial line; shifting a portion of the first layout patterns toward a direction opposite to
the axial line to form at least a first shifted portion in each first layout pattern, and

outputting the first layout patterns and the first shifted portions on a first mask.

According to another aspect of the present invention, semiconductor layout
patterns are provided. The semiconductor layout patterns include a pair of first
layout patterns being symmetrical along an axial line, each of the first layout patterns
comprising a first side proximal to the axial line and a second side far from the axial
line, and a pair of second layout patterns being symmetrical along the axial line and
perpendicular to the first layout patterns. Each of the first layout patterns further
includes a first recessed region formed on the first side and a first bulged region
formed on the second side, and the second layout pattern overlaps the first recessed

region and the first bulged region.

According to still another aspect of the present invention, a semiconductor
structure is provided. The semiconductor structure includes a pair of first diffusions

being symmetrical along an axial line, and a pair of gate layers being symmetrical
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along the axial line and perpendicular to the first diffusions. Each of the first diffusions further includes a
plurality of first straight-lined portions and at least a curved portion formed in between the first
straight-lined portions. And the gate layers overlap the first curved portions, respectively.  According to

the method forJBHB'r{ﬂeseJﬁ'&IorlHHCE‘?{d'ay%teﬂé &Aap: tHrqrreemrgp%%tré%@yowa%ﬁttsrnm@nﬂéhe

semiconductor structure provided by the present Invention, the first layout patterns for forming the

diffusions incldiEusieTsstshnednpbidrma alidriiacihbrssaightyinecoRREIPRSIEIAilRPHeyate layers

obtain larger epgr¢a® Wﬂﬁﬂ@rrﬂ’r@@qm@%@éﬁw feRSHAgMNES bomisned and the gand ﬁw@ng and
rounding effectsegg Ion er i pact tapgroducts Theg\f nd other objectives of the present invention will

no doubt becoM&™® s l{8 tHoE FH%’?I’J%W? fi& art after reading the following detailed
description of the preferred embodiment that is illustrated in the various figures and drawings. Brief

Description of the RiawiRgR, FIG - 14 SHWR8XREF1eSHAVRL I RAtiEINAIRIR SI%QHEP”Hé&?éPﬁsdeYF\%e F'G-

1B shows a top-down view of the semiconductor device after forming the layout patterns. ~ FIG. 2

flowchart of a SRIHERNBIASFIRHP Sk RRtisHDRIAHA I dPeuBPRIEIREUSIBYIGEH AN e Hrendaed Q}mﬁ%lment of

the present invisradent invénton:, $h6 @@tﬂﬁbemqisitdrﬁyvramrmmgatﬁmﬁfmmd.rﬁerutﬂm'regnrst
semiconductor la lWﬁsr‘?H: gatterns éﬁg th%% rred embo |men¥ of the res%ntrnveqtron wherein
t

FIG. 4 is a sch& arr%’ﬂﬁ t(A¥RYL patterns for forming the gate layers
obtain larger end cap portions. Accordingly, the process window is improved and the

end shorting and rounding effects no longer impact the products.

These and other objectives of the present invention will no doubt become obvious to
those of ordinary skill in the art after reading the following detailed description of the

preferred embodiment that is illustrated in the various figures and drawings.

Brief Description of the Drawings

FIG. 1A shows expected layout patterns for a semiconductor device.

FIG. 1B shows a top-down view of the semiconductor device after forming the
layout patterns.

FIG. 2 is a flowchart of a method for forming semiconductor layout patterns
provided by a preferred embodiment of the present invention.

FIGS. 3-6 are schematic drawings illustrating a method for forming
semiconductor layout patterns provided by the preferred embodiment of the present
invention, wherein
FIG. 4 is a schematic drawing in a step subsequent to FIG. 3,

FIG. 5 is a schematic drawing in a step subsequent to FIG. 4, and
FIG. 6 is a schematic drawing in a step subsequent to FIG. 5.

FIGS. 7 and 8 are schematic drawings illustrating steps for forming a

semiconductor structure provided by the present invention, wherein FIG. 8 is a

schematic drawing in a step subsequent to FIG. 7.

Detailed Description

Please refer to FIGS. 2-6, wherein FIG.2 is a flowchart of a method for forming
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FIG. 5 is a schematic drawing in a step subsequent to FIG. 4, and FIG. 6 is a schematic drawing in a step
subsequentto FIG. 5.  FIGS. 7 and 8 are schematic drawings illustrating steps for forming a
semiconductor structure provided by the present invention, wherein FIG. 8 is a schematic drawing in a

step subsequegt g GiG, &P eiglee %?t%‘?ﬁ@t%\ﬁd%sﬁf %fedaé‘?é?ﬂ&se%@odﬂﬂéﬁ?iBf':t'r%-%ﬂés%ﬁp""‘:ha” of

a method for forming semiconductor layout patterns provide bY a preferred embodiment of the present

invention, and PMERfIAN 635 BIRe mtficiipastrR AMiestravpanhdl Het@ing titeronetirrptier demithductor

layout patternstps@éafsbhy bR PESISlitghesARo gioiedé dAy Shepirierfd@eRbadhiainil 0 isspaiéavmed: STEP
10: providing ag?g\r of firs fiffuion Ia)#)urtﬂp tterns 200, a pair of second diffusion layout patterns 210,
and a pair of g gy uf"pg ﬁ%rh 596T°"R&€%hown in FIG. 3, a pair of the first layout patterns such as a
pair of first diffusion layout patterns 200 is provided. And the first diffusion layout patterns 200 are

symmetrical alghganaxial dngify us.f ekridedRARRraImA! fadhfaxiaiding pAngasareagd side

200b far from the axial line A are"defined in each of the first diffusion layout patterns 200. The preferred
embodiment also provide8iHYsign dprRaitaDs & 19aerha ReiEReatedaroyt BaHemMs di#lision layout
patterns 210. The second diffusion layout patterns 210 are also symmetrical along the axial line A and

thus a first side 210a proximal to the axial. lin nd a second, side 21Qb far from t xig] line A are also
defined in each of (s SRR GHacloR EAJo0k M AETEUT0 RALFE oA AR R L3 ayout
patterns 210 ataypatapietterith thelfiist drfvisied. layout padtdimss 200 sibnlelaleuir patiéiusiaz0lxyeeat patterns

200 iti ' ir Of iffusion. - 0, N iEIG: 3. Th
preferred em L°§ﬁﬂ%ﬁ%?%%§§“§£&%%@@‘§§ﬁ%%% ot b S LA IR paterns

220. The gate fa§8eRNAREIRZ9%D avrelraRbiBgamatlingl Aritgdeinadidt Irrshobthatissysidusidut patterns
220 are perpenglieulasdeeing fits. diffusi phdRyrut SaBeaIs<RARBDIbGSacandidibiusiesrlayasratterns

210. Accordingly, each of the gate Jayout patterns 220 overlaps a portion of the first diffusion. layout
pattern 200 antEL BORBICLING S HRDSCN I IRHLRA AT oA e <R SRATDEIESSAl ine A 1
is noteworthy tlegbohphtesasm2ifideeobtbe syiaiiatecAl elacky dadeatigblib @atand 2R0siracfiurdesideportion

extending bey%%éfger&ﬁﬁgi%’%ﬂ%“a%ﬁh%@% g 3%%1 %1‘%@ f’?ﬁﬁﬂ%r‘%ﬁéﬂ?tﬂé‘@%%ﬁ%ﬁé pagern 220 is

referred to as an end cap portion. In other words, each of the gate layout patterns 220 include a first end

cap portion 222/gefiedaaskinveashptfiestefridisifigiutayatbpattansatltheMsialimpeiags Sitow in FIG.
3. FurthermoresaipRx RIS e eneris 219 driiparhas shdvRdmifst@ifision layout patterns

200 while the first diffusion layout patterns 200 are positioned in between the pair of
second diffusion layout patterns 210 as shown in FIG. 3. The preferred embodiment
further provides a pair of third layout patterns such as a pair of gate layout patterns
220. The gate layout patterns 220 are also symmetrical along the axial line A, but the
gate layout patterns 220 are perpendicular to the first diffusion layout patterns 200 and
the second diffusion layout patterns 210. Accordingly, each of the gate layout
patterns 220 overlaps a portion of the first diffusion layout pattern 200 and a portion of
the second diffusion layout pattern 210 on the same side of the axial line A. It is
noteworthy that on the same side of the axial line A, each gate layout pattern 220
includes a portion extending beyond the first diffusion layout pattern 200 and such
portion of the gate layout pattern 220 is referred to as an end cap portion. In other
words, each of the gate layout patterns 220 include a first end cap portion 222 defined
between the first diffusion layout pattern 200 and the axial line A as show in FIG. 3.

Furthermore, an expected channel length L, is defined as shown in FIG. 3.

Please refer to FIGS. 2 and 4. Next, a step 20 is performed:
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Please refer to FIGS. 2 and 4. Next, a step 20 is performed: STEP 20: Increasing the first end cap
portions 222 to form second end cap portions 224.  As shown in FIG. 4, each of the first end cap
portions 222 are increased along a direction D1 toward the axial line A, thus second end cap portions 224

larger than thedifgleeng| QﬁBr&%H{a“ﬁmé%ﬁs@r&qBQFQH‘EQrﬁér%h%‘ﬂ‘tH‘fEnlﬁ <ol RAtF WAty ARsHsStep 20

can be performed by an optical proximity correction (OPC). Please note that the dotted line B shows
original edges of the first éAt-cap portions 222 for emphasmng the differences between the second end
cap portions 224 shown in FIG. 4 and the first end cap portions 212 shown in FIG. 3.  Please refer to

FIGS. 2 and 5. After obtainin s cond e rtions 224, a ste is performed: STEP 30:
it < morton ohi 8 BN G s B et IS g s BTHBRESLEOMS 2o ahown in
FI(_;. 5, ano_thed'@%@ns Pettovanddh® skidt Bnpdkiitmniefstheofidseddfcaopoidipost 32t tengs20@ndHerm a first
shifted portion %@?éﬂ&é&z& 066%&1@@9% BYHLRBHSD 40y tisretervoniny Rt iR tHangapthe first

diffusion layout patterns 200 are shifted along a direction D2 opposite to the axial line’A. The first shifted

portions 202 ardfermba Qéﬁ%ﬁ%&h@@&M@@aQ@ﬁWtﬁﬁﬂmz@? GespBlarasyI MR EBIHP®rtant, a
width W1 of thgditstishiéesl mﬂe%@@%u%&y@@bmg thet GrNes) 188G 223 flramiptibEimdp, each of

the first shifted ns 202 i udes flrst recesse |on 202 nd afirstb In this
oreferred emb AR S0 PR HE FEOTELECLSATARTbIr 03B PARAIGHEL BTN B S pulged
region 202b arendeapgadtioeacH 2sterwhloweei3.the depth d1 of the first recessed region 202a and the

height H1 of the first bulged region 202b can be different if required. Accordingly, the second end cap
portion 224 is further enlarged to form a third end cap portion 226 after formlan the first shifted portions

202.  AdditionallyP@rRSErafentadd Gorforr D2 AlteiriNriBR: ferresrgeRnNEeRorPe0ENoRaRly the
recessed regiof 88 & if kLEkHEed:

STEP 30: Shifting a portion of the first diffusion layout patterns 200 to form a first
shifted portion 202.

As shown in FIG. 5, another OPC is performed to shift a portion of the first
diffusion layout patterns 200 to form a first shifted portion 202 in each first diffusion
layout pattern 200. It is noteworthy that the portions of the first diffusion layout
patterns 200 are shifted along a direction D, opposite to the axial line A. The first
shifted portions 202 are formed corresponding to the gate layout patterns 220,
respectively. More important, a width W of the first shifted portions 202 is larger than
the channel length L. As shown in FIG. 5, each of the first shifted portions 202
includes a first recessed region 202a and a first bulged region 202b. In this preferred
embodiment, a depth dq of the first recessed region 202a and a height H, of the first
bulged region 202b are identical to each other. However, the depth d¢ of the first
recessed region 202a and the height H4 of the first bulged region 202b can be different
if required. Accordingly, the second end cap portion 224 is further enlarged to form a

third end cap portion 226 after forming the first shifted portions 202.

Additionally, the first shifted portions 202 can include only the bulged region 202b

or only the recessed region 202a if required.



Please still refer to FIG. 5. Selectively, the OPC simultaneously shifts a portion of the second diffusion
layout patterns 210 to form a second shifted portion 212 in each second diffusion layout pattern 210. In
the same concept, the portions of the second diffusion layout patterns 210 are shifted along the direction

D2 opposite to the gidallingifcFdeseqend shiflad odipnse bareifarmer souesprdingdadhe gate
layout patterns 220 and to the first shifted portions 202.”A width W2 of the second shifted portions 212 is

larger than the@HARra%ERGHITHSIAR ANaH: PRSP W ioferanAeqssndichited-PerirB\e o8 larger
than the wickh W 1dBeoesLAMIERA eyoans Rt DrenuiradhdsherdpiCns poribel drasecond
shifte portlons | e secon yO atter INCciu sSa (o{0) recessed region aand a
cecond buloa B TTEHOR RuaH B SRR P e Ao NS00 a3 RGR (G the
s«_acond pulgedepéglidinéﬁ&b ane iskecuchktofeacpootioes. E@Ameiorthedjeplt_red@admmw hlaadaggat_IdZ can be
different if requjecl, Additignaiyothie fleph 2. of tesaconisasessed regiRp2haddhe hgight H2 of

the second bulgéd region 212b can be the same with or different from the depth di of the first recessed

p
region 202a arfiftRARagiansiZdtifeFhee bR heceion T Ndiithe sdif Wikt dn ahiveeesptshifted
LF))tl)rtions 2f12 C@,Eifcf;afelqgﬂtwgiy ﬁ;@ Quwédé@%@ﬂbfé&hﬁrpmé! Watfﬁmﬁ%éﬁdwée@ﬁ' lnsagtt%a igsdsam_ﬂgedh

ease refer to .2 an . er rormin St shjfte ortions and selective orming the
Ceeond Shiftor 0BTSNS BONE d0 I iRl i PSR e RS A Aihe st
shifted portions&htbléyont patiednshEtédipdrides 20decorAisrshesaedrEdionc? tRa step 832eaonbe

performed by E?#u?élaarr ﬁo@f E%Q%ﬂ%ﬂ?goﬁ?@% 19,5517t 2nadian plns Bss shifted Reitiong,202 to

form a third shifted portion 204 in each first shift portion 202. It is noteworthy that the paortions of the
first diffusion I8fd0e Fagenssbriged egiomndd 2oHg thentirativopro? Appbsitdawenerathaldprtindamore

:mpo;}tant,ba WiQﬁ'alibNé Iﬁé@?ﬁﬁl ItﬁiE%ﬁ'ﬂi@d@#rﬁﬁéﬁfﬂ?‘ﬁe%%éa.efcwgélﬂ%ﬁéll?,fgﬁizﬂé@ﬂntbﬁﬂ)fﬁ@@&cgbﬁgann€‘h| f
ength L1 but smaller than the first width Wi of the first shifted portions .As s nin FIG, 6, each o
ol il 2 A R A e s e S
However, the thamestwitadop atifiersn2 Grbcathancleplb ahlythbebiitgt doragimet 2@4mor20iy tredréoessed
region 204a if L;ﬁgbllire N | the thj To ' in a
bottom of the first récgés% r%&%@f%%ﬁ;&%} the third bj%%@r%%ﬁﬁ%%ﬁigﬁs{’fg}rgnog%%gﬁé;%@g % the first
bulged region POXIONA ddBtIsaTB IBEWREIRY rtie S3eerPHROIPROARZArRr LRYIGHE HBcepske fe8iPPulged
region 204b arg1iggitiejuigegach other. However, the depth d3 and the height H3 can be different from
each other if required. Furthermore, the depth d3 of the third recessed region 204a and the height H3 of

the third bulged region 204b can be different from the depth di of the first recessed region 202a and the
height Hi of the firsPlaage dafegittn AGS). Maneé Bnpdviienticimeirnbirtt e ficstapifedtioortR2 S i2GArdmer enlarged

Shited portions 05 cal N P e B A0 O A1l S e oL SRR st e

200a and the second side 200b of the first layout patterns 200. The step-liked portions 206 are

emphasized bys@Erples208 e aBoortiS®IBEUNEYirdb K pRRISHEUYgResysrshifiraPakiaaLf the
second shifted portions 212 to form other shifted portions as mentioned above, and those details are

omitted for simplicity. 1A HBRtY8rthy that Step 32 can be repeated any number of time as required.
Furthermore, it is conceivable that the more times the Step 32 being performed, the larger the end cap

portions resulted. Futhg(uore e gafclaymtpatains A20oualian el dilied Rdiens2g2, the

second shifted portions shifted portio er words, the gate layout patterns

220 overlap allﬂmmﬂ‘éd%’éhi@r% pertienedf Bhe drrdrahifigdnecatinge 2Renttofrmin Seigsshifted. Please
refer to FIG. 2.,bRgsh a049R 8IS MetORMEd portion 202. It is noteworthy that the portions of the

first diffusion layout patterns 202 are shifted along the direction D, opposite to the
axial line A. More important, a width W3 of the third shifted portions 204 is equal to or
larger than the expected channel length Ly but smaller than the first width W4 of the
first shifted portions 202. As shown in FIG. 6, each of the third shifted portions 204
includes a third recessed region 204a and a third bulged region 204b. However, the

third shifted portions 204 can include only the bulged region 204b or only the recessed
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STEP 40: Outputting the first diffusion layout patterns 200 and the second diffusion layout patterns 210 on
a first mask and outputting the gate layout pattern 220 on a second mask. It is noteworthy that after
outputting the first diffusion layout patterns 200 and the second diffusion layout patterns 210 on the first

mask and outpiiting B SHRRYRL. pa}ﬁqﬁ'l% SR AR-ERAABAIAS]:, SHHSHRY RIQCSIRER I {YRMINg a the

semiconductor Structure are performed. Please refer to FIGS. 7-8, which are schematic drawings

illustrating step$ fBFM&EMG RARcehietbristrsaRRRMIBUiRR & PAhanerie HifdVRHESH. 'B8i%8xample, a
pttemed mashqngtSOMRGNGnger s v YOS 200 dasknOI TR ted
portions 202, the third shifte ions 204, and any other shifted portions | ired) and the secon
Cifusion rayoul e 90 AR A SR e IS S L5URE SPo0tE) SHHER fhrtions it
requ [ r_ed) is traaaﬁd_erc&kielro thﬂ)wdyst_r,gte SepttodoamdapaiveddHirsis ddfubmdsf@@d idnuagasin ofrsrcond
diffusions 304 py lithaaraphy,, fheriicaiihdhgdatiened Maskirriae dnsieyisd t@oﬁk?l SHEstigte 300 and

expose areas excluding the first diffusion layout patterns 200 and the seconddiffusion layout patterns

y
210. Then the BRIghsEY afdbe tﬁ'ﬂ@'M%@E@ﬁﬁ%@%b%ﬁﬁ%@@ﬁ%ﬂfﬁﬁhﬁ&%ﬂéblé?fi8??(@?‘1) (not
shown). Thus adgalisetfirehriivedians 82 radm Pairsf erRConst aniiyed agigios 3pere fasned in the

substrate 300 through the afgrementioned patter mask. As shown in FIG. 7, the first diffusions 302
(or the first act TPV an ) & b G ATHEARRRSTY 220 ARl o SRS BT 1PACEHATEGAE 30
further includegartmuarakty aftéir$ostriag tivdineiddpshiimadsrag@asaitdat |Aasttahadlycthedagpatiad302b

formed in betwgc?rﬂc}ﬂé’%ﬁtﬁ@{ﬂgtﬂ?&%ﬂ%&"ﬂ&ﬁ 25&‘?0%%?&@%:&1”&2 09{)889%@9%@@80' the first

curved portions 302b are corresponding to the'first diffusion layout patterns ut have smooth profiles

because whenftigingféeridB0m cafsttffssiernRyite p2thref 208 ifitst iy pvhdtekis/ost@®:m e patterned
mask, squaredsessNREI Yo MW YDsRdeRbRdS e PRl il @Heds fruFfrsnore, it is conceivable the more
shifted portions the first diffusion layout patterns 200 have, the smoother and more rounded the first
curved portions 302b are. Also, the second diffusions 304 (or the second active regions) are symmetrical
along an axial line Bekctividig, first difiGioas 308wt posiy rebiftira hedviieendh éhpaseodse cahiffediffusions
304. Each of t iffusions - ' S lity of ight:-lined.partions 304a
and at least a %%ﬁcﬁ)n%gh %r%é%%mi8&%%%@@@3%$%eﬁvggﬁé%{§eggﬁﬁ%%ﬁ%ﬁ&%e%%ﬁiégg 304a. In
the same concepittgskfeeentrlictaight-lined portions 304a and second curved portion 304b are
corresponding to the second diffusion layout patterns 210, but have the smooth profiles.  Please refer
to FIG. 8. After forming the first diffusions 3%2 and the second diffusions 304, a conductive layer such as
2 polysiicon Iayer (et SRR S oAt AP AR B (RBYIOVRAPLERGLEAIG ARl Fithe
substrate 300. MNetttethmegate imyoutpiatible $h22 tharentren feese thto Shep B2 d eas b éafeentediotm a pattern
hard mask an e I i tchy tg fur t r { out
patterns to th(j %@%ﬁ%n a@eérg%é rﬂgeﬁ’uge%%?ﬁegair%@5@%@%@%@%%%%%&%%%@%e%%(zg the axial

line B and pergcirRiitieidingicshirdedifasions 202 dhe areertenitarfosidnssdiZaransbtamerd

Furthermore, t@ﬁiﬁ@&edéM@fr%3ﬂ@40V€fH3&HB? \ﬁb’?ﬁ@'ﬁﬁ@d@%ti@@}&ﬁ%@ﬁ% tbQ(ﬁ%@@ﬂQpﬁ@W‘ﬁﬁ’epOfﬂons
304b, respectivEIil(. As mentioned above, durin trangjfernn the %a_te layou %egterns 220 to the hard mask
sbi i A

layer, end shorBIRG RATHR ARIAG SRy RegiLTIRg, EdNERLRNE S qteresulted gate layers

310 also obtain a smooth profile as shown in FIG. 8.  As shown in FIG. 8, portions of the gate layers

310 that extending ﬁ%ggg%%? F’]H%ﬁ&%‘.’edrﬂ8ﬁ,i%“s?e?§i‘oai%e % gr]ﬁ]%@s end cap portions 312. It is

noteworthy that by increasing the end cap portions in the gate layout pattern 220 and by forming the
shifted portions 202/204 in the first diffusion layout patterns 200, the end cap portion is enlarged and thus

the end shortesigmub &0t AMHREE SRR Gt ORI BalRIRNI0PHE MHROISSHS BfTHRNS MO Impact
to the final end cap portions 312. More important, the channel length L2 as shown in FIG. 8 is equal to the
% put

expected channel length 13y OAE D nI PR ARFIIDESE R Yfipiitiing dhe gate layout pattern

220 on a second mask.

It is noteworthy that after outputting the first diffusion layout patterns 200 and the
second diffusion layout patterns 210 on the first mask and outputting the gate layout

pattern 220 on second mask, different processes for forming a the semiconductor

7



According to the method for forming semiconductor layout patterns, the semiconductor layout patterns
and the semiconductor structure provided by the present invention, the first layout patterns for forming the
diffusion include the first shifted portion obtained by the method, such that the second layout patterns for

forming the galg|ayer-ONaiIR AAAAEL e”ﬁl&é‘é’ep@ﬁé?’ié ﬁé‘é’“?'%g% PR BrOGRFRWIRROMY AR Ayaroved and

the end shortin tﬁﬁ@nd rounding effects no longer impact the devices. Those skilled in the art will readily
observe that n FBURIMYBRR A6 AMA% e reRiBHSO BR USEOH SHES IR RIRWRRA Ny e rRERREWhile

retaining the taagkitas of Hue EnaAER). aqﬁﬁﬂéﬁﬂwwn%k qh@vgw&aﬁ{v%mhguiﬁlebﬁr@pam@m as limited

foming sermcHMREF I A RoDReIRg, BISERE LU SP v G Ay PR

symmetrical al@fg, aandxiahyinetheacthifteth epfiriotesy dutexatbeths aodnﬂnsnsgca)rhmwﬂfdelqunobammltto the
axial line and g,sgeand SIge; 51 f5A10 1R QS@H&'QH%&'E&B‘HP&@ PRSI DS ikt A% patfiprs toward a

direction opposite to the axial line t0 form at least a first shifted portion in éach first layout pattern; and

outputting the firsedaifedi (SRR ERE thdhersHSRIfRIE EBQG{Q% 2 Rt Ghakt. diffuionsSPde®rdd for
forming semicengietor sayeHE RAKGSIIR G0 BN Gt GIaPRYL. \8PeERiBAle fisitisiedParter eamprises a
first recessed reeg Prans errecfilrfgo? elgggbsﬁ%?en'%O and expose areas excluding the first diffusion

layout patterns 200 and the second diffusion layout patterns 210. Then the exposed

areas are replaced by an insulator such as shallow trench isolation (STI) (not shown).

Thus a pair of first active regions 302 and a pair of second active regions 304 are

formed in the substrate 300 through the aforementioned patterned mask.

As shown in FIG. 7, the first diffusions 302 (or the first active regions) are
symmetrical along an axial line B, and each of the first diffusions 302 further includes a
plurality of first straight-lined portions 302a and at least a first curved portion 302b
formed in between the first straight-lined portions 302a. The first straight-lined
portions 302a and the first curved portions 302b are corresponding to the first diffusion
layout patterns 200, but have smooth profiles because when transferring the first
diffusion layout patterns 200 into the mask layer to form the patterned mask, squared
corners are always rounded due to optical effect. Furthermore, it is conceivable the
more shifted portions the first diffusion layout patterns 200 have, the smoother and
more rounded the first curved portions 302b are. Also, the second diffusions 304 (or
the second active regions) are symmetrical along an axial line B, and the first
diffusions 302 are positioned in between the pair of second diffusions 304. Each of
the second diffusions 304 further includes a plurality of second straight-lined portions
304a and at least a second curved portion 304b formed in between the second
straight-lined portions 304a. In the same concept, the second straight-lined portions
304a and second curved portion 304b are corresponding to the second diffusion

layout patterns 210, but have the smooth profiles.

Please refer to FIG. 8. After forming the first diffusions 302 and the second

diffusions 304, a conductive layer such as a polysilicon layer (not shown) and a hard

8



3. The method for forming semiconductor layout patterns according to claim 2, wherein a depth of the first
recessed region and a height of the first bulged region are identical to each other. 4. The method for
forming semiconductor layout patterns according to claim 1, further comprising shifting a portion of the

first shifted reQ‘H&F@Ié%F‘ ActSFRNA shitled Legiamiy f’d?ﬁ’ﬂeﬂréﬁ e Laaso0. SNERE Mehad for

forming semiconductor | ayout Bgtterns according to claim 4, wherein the second shifted portion comprises

a second rece 43N FOFHRTENA%R SER SR AN Fio RaEh M aHdRYRI PR EcBRlErBIEnasiion and a
height of the seaniMERdBRgieRRrRIentioatisIeanbgeprocess Tb&mﬁmq%fmf&rm@@ate

iconduct tt tI4h the first shift d
<hifted porion TN LG BoRYPLE L HYEL s e EEE DA b BN RS YA Baterns.
7. The methodsymfoetnicey slemgcbiedudabtitesyB EnoatependioctadingHe titsimiflydionbS02amprisang a pair of
second layout patIGIAs RIS Y AEREIrC Y RIoNAtNSFKIAL RS ARoL IS t@@éy@’é’%@%‘@éﬂéd’ﬁi@g

positioned in between the second layout patterns. 8. The method Tor forming semiconductor layout

patterns accordligl $SRANPITIRNIHAPEBAPASIAGY SERRRE aUsRdoPesiaRs §Qé€nd%8@ﬂt@&tterﬁ%o form a

third shifted poriisitidheacibsesondriny Arardiay ﬂmg@@tmy@&m&ﬁdrﬁ@rﬂm&@fﬁecm@smﬂing to the
first shifted portlons 9. The method for formlng semiconduc (5 ga]tteﬁns acccif mg to claim 7,
f ects h

further compris§ oﬁﬁﬁtﬁﬁm@e%ﬂd PHDSIRS BVNS S T Y ore,

the resulted gate layers 310 also obtain a smooth proflle as shown in FIG. 8.

As shown in FIG. 8, portions of the gate layers 310 that extending beyond the first
curved portion 302a are defined as end cap portions 312. It is noteworthy that by
increasing the end cap portions in the gate layout pattern 220 and by forming the
shifted portions 202/204 in the first diffusion layout patterns 200, the end cap portion is
enlarged and thus the end shortening problem is compensated. In other words, the
end shortening issue renders no impact to the final end cap portions 312. More
important, the channel length L, as shown in FIG. 8 is equal to the expected channel

length L4, thus the channel length loss is also eliminated.

According to the method for forming semiconductor layout patterns, the
semiconductor layout patterns and the semiconductor structure provided by the
present invention, the first layout patterns for forming the diffusion include the first
shifted portion obtained by the method, such that the second layout patterns for
forming the gate layer obtain a larger end cap portions. Accordingly, the process
window is improved and the end shorting and rounding effects no longer impact the

devices.

Those skilled in the art will readily observe that numerous modifications and
alterations of the device and method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be construed as limited only by

the metes and bounds of the appended claims.



10. The method for forming semiconductor layout patterns according to claim 1, further comprising a pair
of third layout patterns being symmetrical along the axial line and perpendicular to the first layout
patterns, and a portion of the third layout pattern overlaps the first shifted portion.  11. The method for
forming semicexgiigtor layout patterns according to claim 10, wherein the third layout pattern comprises
an end cap portion defined between the first layout pattern and the axial line.  12. The method for
forming semiconductor layout patterns according to claim 11, further comprising increasing the end cap
portion along a/giygGti@muiawarnd:-the axial line before shifting the first layout patterns. 13. The method

for forming semicondyctor layout patterns according to claim 10, further comprising outputting the third
layout pattern to a geg‘dﬂﬁtrﬁ%s#ér PorngSSeefmg@ﬁ'&%&%ﬁ%%ﬁ%‘[%?ﬁsCcoén?pﬁ)ﬁg?ﬁg: a pair of first layout

patterns being sympm_;,\t'rditag apag ahf'msdi@lu;lrinlﬂ.*., e tblam_g' rsgr‘rayetrtqaaammgs maxfinlﬂing, &4kt side
proximal to the axial lingAnd ﬁraqg%%_a%mg “68%%@%31# 1RSI BLSarRAbIR Rblanaulppttemns

further comprising: a first recessed region formed on the Tirst side; and a first bulged region formed on the
second side: and a second side far from to the axial line;

shifting a portion of the first layout patterns toward a direction opposite to the axial
line to form at least a first shifted portion in each first layout pattern; and

outputting the first layout patterns and the first shifted portions on a first mask.

2. The method for forming semiconductor layout patterns according to claim 1,
wherein the first shifted portion comprises a first recessed region and a first bulged

region.

3. The method for forming semiconductor layout patterns according to claim 2,
wherein a depth of the first recessed region and a height of the first bulged region are

identical to each other.

4. The method for forming semiconductor layout patterns according to claim 1,
further comprising shifting a portion of the first shifted region to form a second shifted

region in each first shifted region.

5. The method for forming semiconductor layout patterns according to claim 4,
wherein the second shifted portion comprises a second recessed region and a second
bulged region, and a depth of the second recessed region and a height of the second

bulged region are identical to each other.

6. The method for forming semiconductor layout patterns according to claim 4,
wherein the first shifted portion and the second shifted portion form a step-liked

portion at the first side and the second side of the first layout patterns.

7. The method for forming semiconductor layout patterns according to claim 1,

further comprising a pair of second layout patterns being symmetrical along the axial
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a pair of second layout patterns being symmetrical along the axial line and perpendicular to the first layout
patterns, the second layout pattern overlapping the first recessed region and the first bulged region.
15. The semiconductor layout patterns according to claim 14, wherein a depth of the first recessed region

and a height ofithe fits} hylogereginnATe:iflenticabineACERIAGE in ABWERR SREVCARSIHE!RY layout

patterns according to claim 14, wherein each of the first layout patterns further comprises sécond
recessed regioPPaRHa second bulged region, and a depth of the second recessed region and a height of
the second bulged region are identical to each other.  17. The semiconductor layout patterns according

to claim 16, whereip the first recessed region and.the second recessed region form a first step:liked
ortion ot T frat i 67 (B Y T a e R e B S SIT,  TEL AT o region
form a second fs:tQpBﬁIc_empdsi'rmjﬁtifth@ saawrﬁdrsmfeﬂ_mf sleed'rrdﬂ@ymm_ppaamm forr& thire _slaiﬁhda@bnductor
layout patterns aceq Ging-AG, daitntaldipBLEMPAR @& Rrd %_iﬂlé&%'é‘%%%’s%%%@?e‘%ﬁ% metrical

along the axial line, and the first layout patterns being positioned in between the third layout patterns.
19. The semicéiritplapitadRe@iaS according to claim 18, wherein each of the third layout patterns
further comprises at least a third recessed region and at least a third bulged region, and a depth of the

third recessed regign.and a igr of the third bulged region are identjcal to each other. . 20. A
semiconductor strin BFcRGHENE PRIPS YT CUNL L SO A &8I fne, each o
the first diffusidngrearopmginsjng pldpalttingiHe steswan ayboé daitetmoiostharfast mask.

10. The method for forming semiconductor layout patterns according to claim 1,
further comprising a pair of third layout patterns being symmetrical along the axial line
and perpendicular to the first layout patterns, and a portion of the third layout pattern

overlaps the first shifted portion.

11. The method for forming semiconductor layout patterns according to claim 10,
wherein the third layout pattern comprises an end cap portion defined between the

first layout pattern and the axial line.

12. The method for forming semiconductor layout patterns according to claim 11,
further comprising increasing the end cap portion along a direction toward the axial

line before shifting the first layout patterns.

13. The method for forming semiconductor layout patterns according to claim 10,

further comprising outputting the third layout pattern to a second mask.

14. Semiconductor layout patterns comprising:

a pair of first layout patterns being symmetrical along an axial line, each of the
first layout patterns comprising a first side proximal to the axial line and a
second side far from the axial line, and each of the first layout patterns
further comprising:

a first recessed region formed on the first side; and

a first bulged region formed on the second side; and

11



at least a first curved portion formed in between the first straight-lined portions; and a pair of gate layers
being symmetrical along the axial line and perpendicular to the first diffusions, the gate layers
overlapping the first curved portions, respectively.  21. The semiconductor structure according to claim

20, further comprising, 2,03 of SepNL, B SIARS REING Ry @Waﬁkaloggﬁaetﬁé'%&enﬁ@daﬂae first

diffusions being positioned in betweenthe second diffusions.  22. The semiconductor structure

according to claim 21, WRERGIHIEH ofothiheedbrld @irRIdioR3tRToride SpterdityayPrstchatiestraight-lined

portions and at least a srepagrHGEE pRTtiRRdesEEELHIdEANE SethesSeGIgRd fétadght-lined portions.  23.
The semiconductor structure according to claim 22, wherein the gate layer covers the second curved

portions.
15. The semiconductor layout patterns according to claim 14, wherein a depth of

the first recessed region and a height of the first bulged region are identical to each

other.

16. The semiconductor layout patterns according to claim 14, wherein each of the
first layout patterns further comprises second recessed region and a second bulged
region, and a depth of the second recessed region and a height of the second bulged

region are identical to each other.

17. The semiconductor layout patterns according to claim 16, wherein the first
recessed region and the second recessed region form a first step-liked portion at the
first side of the first layout pattern, and the first bulged region and the second bulged

region form a second step-liked portion at the second side of the first layout pattern.

18. The semiconductor layout patterns according to claim 14, further comprising a
pair of third layout patterns being symmetrical along the axial line, and the first layout

patterns being positioned in between the third layout patterns.

19. The semiconductor layout patterns according to claim 18, wherein each of the
third layout patterns further comprises at least a third recessed region and at least a
third bulged region, and a depth of the third recessed region and a height of the third
bulged region are identical to each other.

20. A semiconductor structure comprising:
a pair of first diffusions being symmetrical along an axial line, each of the first
diffusions comprising:
a plurality of first straight-lined portions; and
at least a first curved portion formed in between the first straight-lined
portions; and

a pair of gate layers being symmetrical along the axial line and perpendicular to
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the first diffusions, the gate layers overlapping the first curved portions,

respectively.

21. The semiconductor structure according to claim 20, further comprising a pair
of second diffusions being symmetrical along the axial line, and the first diffusions

being positioned in between the second diffusions.
22. The semiconductor structure according to claim 21, wherein each of the
second diffusions comprises a plurality of second straight-lined portions and at least a

second curved portion formed in between the second straight-lined portions.

23. The semiconductor structure according to claim 22, wherein the gate layer

covers the second curved portions.
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