METAL LAYER ENABLI NG DI RECTED SELF- ASSEMBLY SEM CONDUCTOR LAYQUT DESI GNS
TECHNI CAL FI ELD [00011The present disclosure relates to sem conductor

| ayout designs. The present disclosure is particularly applicable to

form ng sem conductor |ayout designs for 20 nanoneter (nm technol ogy nodes
and beyond, and the resulting devices. BACKGROUND [ 0002] Current and future
state-of-the-art integrated circuit (1C manufacturing technol ogi es demand
the capability to fabricate features with a pitch below 60 nm Currently
devel oped photolithography tools, however, are limted to patterning a
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to efficiently pattern sm ures w snal pitches. Several
sol uti ons have been proposed for manufacturing I Cs bel ow 60 nm [000310ne
solution is extrene ultraviolet (EUV) lithography that utilizes a 13.5 nm

wavel engtr@d}j}g@%LsmiPe for use in 20 nmtechnol ogy nodes and beyond (e.g.,

14 nm. Wever, i thography is difficult to inplement because it
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a hi gh vacuum environnent and an ultra-clean manufacturing practice

t hroughout the entire supply chain, which significantly increases cost.
BACKGROUND

[0002] Current and future state-of-the-art integrated circuit (IC) manufacturing
technologies demand the capability to fabricate features with a pitch below 60 nm.
Currently developed photolithography tools, however, are limited to patterning a
single pitch not less than 80 nm. A key to future-generation lithography for IC
manufacturing is to inexpensively deploy tools and enable processes to efficiently
pattern smaller features with smaller pitches. Several solutions have been proposed

for manufacturing ICs below 60 nm.

[0003] One solution is extreme ultraviolet (EUV) lithography that utilizes a 13.5
nm wavelength light source for use in 20 nm technology nodes and beyond (e.g., 14
nm). However, EUV lithography is difficult to implement because it requires a stable
and powerful light source of EUV light. Thus, wafer throughput is very low compared
to current standards. Further, because all matter absorbs EUV light, reflective lenses
(e.g., mirrors) must be used in design tools instead of refractive lenses. This imposes
an extremely restricted requirement on the flatness of the mirrors, which poses a large
technical challenge. The absorption of EUV light by all matter also demands a high
vacuum environment and an ultra-clean manufacturing practice throughout the entire

supply chain, which significantly increases cost.

[0004] Another solution involving spacer or sidewall technology is based on
currently employed optical lithography and uses a series of deposition and etching

processes to convert a mandrel structure into two separated structures on the sides.



100041Anot her sol ution involving spacer or sidewall technology is based on
currently enpl oyed optical lithography and uses a series of deposition and
etching processes to convert a mandrel structure into two separated
structures on the sides. Hence, the solution allows for doubling the
density and splitting the pitch of features by a factor of two. However,
the extra deposition and etching increases the conplexity of the process
and the manufacturing cost and is still difficult to extend to even snaller
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substrate. For graphoepitaxy, a neutral surface in combination with topographical

features controls the location and orientation of the BCP microdomains. For chemical
epitaxy, a neutral surface in combination with chemical pinning regions controls the
location and orientation of the BCP microdomains. After application of the BCPs to
the topographically or chemically patterned surfaces, thermal or solvent annealing

methods separate the BCPs into the microdomains.

[0007] DSA is based on current state-of-the-art 193 nm immersion lithography
with a few additional processing steps that are compatible with current manufacturing
flows. Every DSA-associated processing step can be implemented within one to
several minutes allowing for throughput to be analogous to current 193 nm lithography
flow. However, although individual process steps have been shown using DSA-

implemented technologies, it has not been shown how DSA structures can be designed



to print a layout of conplenentary netal-oxide sem conductor (CMXS)
standard transistor cells, or how exactly a | ayout should be designed to
enabl e DSA. 100081A need therefore exists for methodol ogy enabling
fabrication of a DSA standard cell design and the resulting cell design.
SUMVARY 10009] An aspect of the present disclosure is a nmethod for formng a
standard transistor |ayout using DSA pre-patterns and a standard netal

| ayer. 100101Anot her aspect of the present disclosure is a device with a
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| ayer. [00111Additional aspects and other features of the present
di scl osutrensiiter ceBg o Bpw exactly a layout should be designed to enable DSA

[0008] A need therefore exists for methodology enabling fabrication of a DSA

standard cell design and the resulting cell design.

SUMMARY

[0009] An aspect of the present disclosure is a method for forming a standard

transistor layout using DSA pre-patterns and a standard metal layer.

[0010] Another aspect of the present disclosure is a device with a standard

transistor layout formed by DSA pre-patterns and a standard metal layer.

[0011] Additional aspects and other features of the present disclosure will be set
forth in the description which follows and in part will be apparent to those having
ordinary skill in the art upon examination of the following or may be learned from the
practice of the present disclosure. The advantages of the present disclosure may be

realized and obtained as particularly pointed out in the appended claims.

[0012] According to the present disclosure, some technical effects may be
achieved in part by a method including forming a pre-patterned transistor layout by
DSA; forming a metal layer over the DSA pre-patterned transistor layout, including:
forming a plurality of horizontal metal lines; and forming a plurality of vertical metal
segments discontinuous from and between adjacent horizontal metal lines; and
forming one or more bridging dots each connecting one of the plurality of horizontal
metal lines to one of the plurality of vertical metal segments, wherein locations of the

bridging dots determine logic functions of resulting transistor cells.

[0013] An aspect of the present disclosure includes the plurality of horizontal
metal lines separating the transistor layout into p-type field effect transistor (p-FET)
regions, n-type field effect transistor (n-FET) regions, and input/output regions.
Another aspect includes dividing the plurality of horizontal metal lines into groups of
at least four horizontal metal lines, each group including a power line and a ground

line, and intra-cell routing and output metal lines therebetween. Additional aspects



forth in the description which follows and in part will be apparent to

t hose having ordinary skill in the art upon exam nation of the follow ng or
may be |l earned fromthe practice of the present disclosure. The advant ages
of the present disclosure nmay be realized and obtained as particularly

poi nted out in the appended clains. [0012] According to the present
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transi stor layout; and second rows of the plurality of vertical netal
segnents being on opposite sides of and adjacent to the first row, the
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[0017] Additional aspects include forming the plurality of horizontal metal lines

and the plurality of vertical metal segments through DSA chemical epitaxy with
lamellae-forming block copolymers. Another aspect includes forming the bridging
dots above the metal layer through DSA graphoepitaxy with cylinder and/or sphere-
forming block copolymers. Yet another aspect includes forming holes within the
metal layer by ultra high-resolution lithography corresponding to the locations of the
bridging dots; and filling the holes with metal forming the bridging dots within the

metal layer.

[0018] Additional aspects and technical effects of the present disclosure will
become readily apparent to those skilled in the art from the following detailed



BRI EF DESCRI PTI ON OF THE DRAW NGS 10019] The present disclosure is
illustrated by way of exanple, and not by way of |imtation, in the figures
of the acconpanying drawi ngs and in which Iike reference nunerals refer to
simlar elenments and in which: [00201FI GS. 1A through SC schematically
illustrate methods for formng a standard transi stor |ayout using DSA
pre-patterns with a conplenentary netal fabric layer for planar and fin
field effect transistor (FinFET) technologies, with FIGS. 1C through SC
i1 ustrapifepcs! vasRANGhRiRSAs BE erdPaeldt RisdRirgNe dériB&L S ?}ﬂﬁf Wi th
exenpl ary en%odl ments; [0021] FI GS. 6A through 6D schematically illustrate
exenpl ar yay rod pldisgatem ¢ §est aragie ¢onigmplitadgio P8AY prkthg resertrisalgsure. a

conpl ementary MRt alyfaprie hAYER: sidfitkutO9e 2RISR Ik SARPTRAT Gtlony
illustrates a conplenentary metal tabric ayer, in accordance wth an

al t er nat embodinenp) ardyitesdvod] deails arbiEdpdbldal DHEGGRItEPRE GNvarious obvious

respects, all without departing from the present disclosure. Accordingly, the drawings

and description are to be regarded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present disclosure is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:

[0020] FIGS. 1A through 5C schematically illustrate methods for forming a
standard transistor layout using DSA pre-patterns with a complementary metal fabric
layer for planar and fin field effect transistor (FinFET) technologies, with FIGS. 1C
through 5C illustrating corresponding DSA pre-pattern designs, in accordance with

exemplary embodiments;

[0021] FIGS. 6A through 6D schematically illustrate exemplary transistor cells

formed by using DSA pre-patterns with a complementary metal fabric layer; and

[0022] FIG. 7 schematically illustrates a complementary metal fabric layer, in

accordance with an alternative exemplary embodiment.

DETAILED DESCRIPTION

[0023] In the following description, for the purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of exemplary
embodiments. It should be apparent, however, that exemplary embodiments may be
practiced without these specific details or with an equivalent arrangement. In other
instances, well-known structures and devices are shown in block diagram form in
order to avoid unnecessarily obscuring exemplary embodiments. In addition, unless

otherwise indicated, all numbers expressing quantities, ratios, and numerical properties



[0023]In the follow ng description, for the purposes of explanation,

numer ous specific details are set forth in order to provide a thorough
under st andi ng of exenplary enbodi nents. It should be apparent, however,

t hat exenplary enbodi nents may be practiced without these specific details
or with an equival ent arrangenment. In other instances, well-known
structures and devices are shown in block diagramformin order to avoid
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t hat constitute the active region for subsequently formng FinFETs. Siml ar

t 0 abovepreppdterisng conlunciieny wid thermesak layer mdch HETRrIdRY d@tSndW’@efOFl nFETs.
Al 't houghi@&‘l3 J“%E?ﬁhvﬁ’“{l?’% Q08 A8k M sets of fins 101b are illustrated

in FIGS 1) erns 1 1iustrated may repeat any nunber of tines
in the h?(de%Pnt aAdve'? 1{15 rtotﬁ%} Vﬁ&t' C%lethodr%?tfog)mlng a DSA pre-patterned

semiconductor transistor layout, according to an exemplary embodiment, begins with a
substrate 100 formed of silicon (Si). Within the substrate 100a are two active regions
101a, as illustrated. The active regions 101a may be for p-type FETs and/or n-type
FETs. Further, as illustrated in FIG. 1B, the substrate 100 may alternatively have fins
101b that constitute the active region for subsequently forming FinFETs. Similar to
above, the fins 101b may be for p-type FinFETs and/or n-type FinFETs. Although
only two active regions 101a and sets of fins 101b are illustrated in FIGS. 1A and 1B,
the patterns illustrated may repeat any number of times in the horizontal and/or the

vertical directions.



[00271Wth respect to the fins 101b, the size and/or pitch of the fins may
be too small for formation via current |ithography techniques. Thus, FIG
1Cillustrates a DSA pre-pattern 110 for forming the fins 101b. The DSA
pre-pattern 110 nay be configured for DSA via chem cal epitaxy with the
darker portion 111 representing a chemcal layer that is attractive to one
of the polyners of a bl ock copolyner used in the DSA, such as pol y(nethyl
met hacryl ate) (PMMA). The lighter portion 113 nay be a neutral surface that
i's not affgrapt i vVevitOlesRaUR! thy fiid 16 AC tHeVeze n@/PPitth Of tht Ris RRWERES Of the

bl ock copol yner, such as the PMVA and pol ystyrene (52%. The "l ighter dotted
por t i ons smals fereformateant viapuitenielgthedraphyeteelupeues e dhes.r KiEt UeBlugipties 2onpl et i on

of the DSA. i St . out.hvi f dar ker
bor ti'on Eop B EkE Gornbifl kROt T B34, BEIROR b B O Kot e
st r uct ur eorf@ureisfooMBA oiatdhemidal/ epifak p svithf the alatkes parttionn 1 dfrefirbenfingns 101b
illustrated . FIG, 111. Al though conventional .|Iithography cannot create
the pi ¢ o fitespicq Havef e 1 HEACVELP RS of {r‘ﬁd’g’ﬁyé%@of't‘)ll)#OGE%P?‘ﬂ%%‘Sh‘Heai”hg end
segment s 1Rf pE Resdarak @blypatthoRethddylatt) cOMBIAAL TIRN MtddpBRM 813 pws for
form ng the sma? I era ?i r%}p[gi zsé a‘rsld .plytac%. NOVAdver t il%ﬁg r{bo FI GS. Z?and 211,
gat es 20be ameutrdh syrfgcsrthasds arirgmstiyher aeually attrasty o e bath P4 therelyesrdss t he

fins 101 f . t f f

convent i glr;glle bg‘%"% Opré?re"rgﬁgtl&%sutg%?gdsﬁg‘ agrrlgtpg)%tdat e (g\“e})ér?ﬁayﬁgl éﬁ-d!?ﬁg(?el ectric.
As furt heortiohd u$s rrenres_d:ni nutihés inIhb, expocitdctruliares u@@ﬁtpnagolelﬁenfafrtm;d bet ween
o o2 5o DA ARBEELL I M b e S B oS RomD St e o 1
t echni qu@ghterTddted goktdns AC5 irkpresehiidl % RpddBAl PretupatdRsPorkil@ theKivé or mi ng the
gates 201. The DSA pre-pattern 210 may be confihgur ed for DSA via chem cal

epi t axy Wt BT £3d waixer! herfinso@1p 1Hustialsd d8 e AR Aldwash canventdgd that s
attractivy ] : S in.the DSA
Cer g AR Saftos kREWPBLHTED brghe S ) Bl G ir o R MR e i 5 ot
attract i vetlyiog emhseghieyts aff threadarker @ortton Iddtih combinhi@orpwithy iy s albfwst foe bl ock
copol yner. (e. t R and PS). The |ighter dotted portions 215

repr esenth%M%g‘ﬂ’ﬁé‘EQ@?”J‘E%%@%gBEid structures upon conpl etion of the DSA
As illus d, the verti segnent s, of the darker portion 211 and the two
ohter MHERES porTsHRE IR0 Sor ot tona sty fu fby e It S i H s 2
and 211. ;Alvehedels mapvenhérofahe fihd oo FFIGSCEARR 18! g8t gatbhI20Pnhgh of the
gates 201, using lithography to formthe vertical segments of the darker

por ti on b4 foinedcentihaeTveniwet gaogpatarialowichf &y a thialsghig xer gaigki ze and
pi tch. TE%&%?Qsmﬁ%imﬁﬂéﬁillagﬁtéﬁqégié. 3197 WGl AGEO5 6H Ry O fdtntel BLiwRen process as

the gate respect to I n conbl nation w conventiona

| i t hogr apteygates 46 hcameftorgthafng HEbedge contact bars 203 via |ithography and
the m ddl e contact bars by DSA via chem cal epitaxy. 100301Next, as

il lustraf@d9] n FTe si3@dandzantigbtos tiz0dataid 1 308/ ratpo Bmafl domfednatamnegt i ng t he

gates 201 and the active region 10 t.o net al er that is subsequently
Por mad obwroH AerRL teaorss roblich BurBi o FE bisrrdbrs 0 ray
connect Fdimig2tRSgad @110 TREDIRL Ble-Jad@r 2 WNghay e GAREREd $or308AMRY connect
the active region 10la to the netal layer. Further, as illustrated in FIG

3B, cont geyRicEoWitaRy Webnhe derkep@odiont ddt reprFAting 3 ehymiend lawer dbatiiayer . The
To0311w I P REpKCHRT s R, S SMB L Engh skl dl 4551 8 Ze ana o

PMMA). The lighter portion 213 may be a neutral surface that is not attractive, or

equally attractive, to both of the polymers of the block copolymer (e.g., the PMMA

and PS). The lighter dotted portions 215 represent outlines of the expected structures

upon completion of the DSA. As illustrated, the vertical segments of the darker

portion 211 and the two lighter dotted portions 215 correspond to the four gates in

both FIGS. 2A and 2B. Although conventional lithography cannot create the pitch of



pitch of the contacts may be too small for formation through current

| it hography techniques. Thus, FIG 3C illustrates a DSA pre-pattem 310 for
form ng the contacts 301 through 305. The DSA pre-pattern 310 may be
configured for graphoepitaxy with the portion 311 representing

t opogr aphi cal features. The shaded portion 313 may be a neutral surface
that is not attractive, or equally attractive, to both of the polyners of

t he bl ock copol ynmer, such as PMVA and PS. The dotted portions 315 represent
out | i nes gf atté%eZ(ﬁXBﬁﬁg %%o%%a?ﬁ?%“f&ﬁq HRAREAMRlchRMbAfe URePRAGoAS
illustrat edg the dotted ions 315 correspond to the contacts 301 through
305 illudif at@nmbmanpn@sth BAAatawsBr the smallagigaesineant ipgelal Theetticues cannot
Create t / [ , r o formthe
hape. of StV 500 dameab Cpall o LEniRPpRELS s R ARs2h RIS Y, (07 11
DSA of tIﬁxSAbincr@mbﬁmpohercoaI/érmMalﬂm]nogrmyhaxhg@Iﬁ&hmag’ thareggsrenitacof t he
contacts, 30 |l er size a itch 321Adverting to

FI GS. 4Ab%1rﬁ§0£l ity o {érmisgs paiagiiiars s Ry USRI Snneet od ¢ o
the contacts 301 throu 305.. The nmetal |ayer_ 400 jncludes a_plurality of
hor i zont W03kt a NE¥nas grirated. i F1G4 gt CIOHIaBIﬁ&r?IWﬁd%%aﬁmabepfwaIl ty of

vertical .omleafing %9:”?9&3§ 2‘6@3andﬂt1?e B!:ﬁ&feaIégidﬁ Qf)lah%'az%latté}' laSI@rt #at lii nes 401
separates the layout into p-type/n-type FET regions 5 (i.e., 405a and
405b) aneubispgrenily derpgd 0V¢ret§ﬁéﬁsctl41@7(as Thyeusped Hydewh- leqa@om@ls $MHgimens 405 are
i ntercha I r I I es 401 may
be gr oupg(%%l%%ttge f%%ﬁblf Oft% rﬁﬁtélq%%&? B(?%ehcc())??i%tg%{) gl arrq(e%% Pﬁﬁ%easclukgl, wth
each gr orqgudlemllaltugheamhraammst EllirthBEJ ds idlndratadcih WRIGN @B Acmtdcyp®0 Fdy r egi on

405 FET b, i nput / t t 407, Furth
cach o OGHTRAT FETTa /e Pees w@f”aIQI’I’%a"c‘sI R S0 RRYbr o 401a)

and a hogiczgihphydrBiak (4.5n9ops a gr ound line (i.e., 401d) with hori zont al
met aI I | nes as intracell routing lines and output netal |ines therebetween
(i.e., 4Qdg1pnd ﬁﬂ@resﬁ&? @@%ﬂnﬂ@% Yie C(;Hf'é?:tsowlfhrl)ﬂll%eﬂﬂﬁ]tﬁe 3pd ahher out pUt
rretal I|ne41b may be on opposite sides of FET region 405 (i.e.,

405a), antch hé thy oenterbty mag POtog sopall tfmeforrmtr(mcéﬂmugho@meng lithogeaphp1c may be

on oppos |tecﬁ 1§Pé1e S’l'hufs I!;IEIe ig éFESIIIa{% %_SA atter4ho?1 O( for ‘I:’\drgn%%?lg )cont%g)tg) 33] The

verti cal gnent's are scon rom an ween adj acent
hori zont am thedwah 3IOSnEhe DA prA-phiters 310 wycb;fe cbllii?egwer for gabhompitaty s2ignent s may

be aligned with tes 201, as illustrated ect to the vertical
met al segmﬁé 3 gpreionting I?@asrﬂﬁla}faddfawrsbv“&w spegd et SEoHeY Pots of
vertical ngRtakur$RINBALS nEBHrREIVErARRASY hifasivdeR ISch 3ncheastigr@pbrt o the
first row, as illustrated with respect to the vertical nmetal segments of

the p- FERenbIpekT copadymaers sudisas PMMheand Phe H@rdqt@élpomnaméergmmné of the
second r i S A in FlGs.
4A and 4§%1Fg@éf4?vfgh&?égs%§& étéjlo Claﬁlg?e?l% gz)lfglgel%)a?‘ seg msn%gtgéfetg t he size
and/ or pidoteda mﬁndﬂsélSegm@pbmd 0B crmyaclmémahroagl’aws mlostraftemru’rmIGSrBAu a current
| ithograph echni Thus, . FIG. 4C il | ustrat saD em 410 for
for i g PGS Begliste Reythiina! leinies oaq Sreateat sHagnar BT U od 1 or
cheni cal c&Rhdt@xyiny hthofphyde& ki eI dhhsd oft Hile f@@%@ﬁlﬂ@dllﬂaﬁu@s@ﬁﬁ% cal |ayer
that is attractive to one of the polyners of a block co olgrrer used in the

DSA, sucRodien Bli/m COFII%H%W@W@IQM ﬁ’éthslbiqs:h copolymer gk dor thohexagenal1l may be
arge_enguiglh il ot %@&I&@gﬁem%%réﬁ% PnBpyfat o1 Ned usi ng
a ogr ap t

convention y techniq er po tlon 413 may be a
neut r al ce tAA e, e bot h of
t he pol y glaof Hq%rbb% t({:%%%ozf ygrr%é 4143 uc ertalq%%?/l\/ku 1?‘9% Eg&éﬁ\é a'I"Iég)ht er
dott ed pend icomecédSorteprecostectts 30Ut thiongs 306. t ke expédbyd 40rinciideses upon
conpl etiop qf t DSA. Al t hough nventjonal |it aphy cannot create the
ot oh ot BRI of dpraitignyal it nbea o3a granets 2185 Ba BRI of

vertical metal segments 403. The plurality of horizontal metal lines 401 separates the

layout into p-type/n-type FET regions 405 (i.e., 405a and 405b) and input/output



using lithography to formthe pattern of the darker portion 411 in
conbination with DSA allows for the smaller pitch of the vertical netal
segnents 403. As illustrated, the pattern of the darker portion 411 and the
| ighter dotted portions 415 corresponds to the shape and pitch of the

hori zontal netal lines 401 and the vertical netal segnents 403 in FIGS. 4A
and 4B. 100351Adverting to FIGS. 5A and 5B, one or nore bridging dots 501
are formed connecting a horizontal mnmetal line 401 to a vertical netal

segment  40%nsThe. | @E@?}it?&?n—%fpetm bedislgi NG setiaer@ingdabier Moguie | ogic
functions of the resulting transistor cells. In FIG 5A the |ocations of
t he sevemlusiritadyithgherarogtabortal lineschinanbé erpuped nta Feupeelzdt 1¢agytur 400 and

the | ayers. h I t.s..Jn i . ted AND or
nor A RG] el Rur o, v Bl Sy Bl RHLRERS: 1O

bri dgi ngtypetFEETSE&kidmed0Sheat aaysnBEET régon d05by end iaariaputloutphogreamhd07 or mat i on

t echni ques., Accordi ngly, .Fl SCillustrates a DSA pre-pattern 510. The DSA
pr e- pat t Ewﬁh%m#ﬁgpuﬁélyaefdm@&ﬁ %%IZPB?F@F%EWE@MWP livs 8 Al daRe T on 511

r epr esenhinddzdned QA RRE 68h ofRAd ULEE.caRd1 HNEtISRADBHaPRkL] Biksad By be a
neutral surface that is not attractive, or equally attractive, to both of

t he pol yfgt sosfing Haeh| andk ovppolnaidr lingu derebstmagmn(isnd 4P aiHe4@id: t ed
ti . Li . | eti
porti O“Eéeif;é%z&@l?f. efl t?é‘ﬁo“%&'ghé {4‘@2& a%gtﬂ%ée‘@n@}g%‘?&&ﬁﬂe a%ﬁlglﬁy b&€3n Uﬁ;g;@né?o“p etion

of the ustrate rtions or respo to the
bri dgi ngsidet of HOFETINHEIST reaicadtOsSrii.¢) 465a), 594d gredraiBd Ik dhbdighl thomeant i onal

t echni ques, cannot. create the size and/pr pitch t bridgjng.dots 501,
ustng 1 ERbGRARRYnE SRGaY Bh et oRanat Gt AB IneqhBE Pk BeFekPige of ¢ ne
portion 3dgb)i n conbination with the DSA of the bl ock copol yner allows for
t he hexagonal arrangenent of the bridging dots 501. [0037] As di scussed

above, t fg3bpcat RS cRlcal BetbIskdaig 409t HLoslRkBITHAM bhe bkogbs functions
of the resulting transistor cells. The netal |ayer 400 in conbination with

t he bri dgdiagendberizosel mgtabligksdil ¢ v\ st xovpefithe gerfied ayeta neigmenss max Agonal
arrangengy (- - | S g@\%ﬁg hexagonal
packi ngngg “eatwr@h%%e%%%aa%é@?s’%? %g%ﬁﬁg&ﬁ%@g%&oﬁo C%}rglr%fsa? I gﬁqggﬁ?be

i mpl ementledinpitGugiut e¢didre40DSAd geaph aews béxyrtionl mbtelmegalents phdyabky/on [ 00381FI G
6A illustrates g transistor cell .identic to the. one illustrated in FIG
oA exconPPRBRS plt Hanafe e e S Fo S b e e aseris Bl EiE) "o o
the bri deiehg séchtsaFkh@p-FETACRE P e diéhsT405 MFarth Oth RBitalNe¥talgRbBertNOR2) .
Further, FIG 6B also illustrates a transistor cell identical to the one

i 11 ust r apbthejsseqdaows maykeeptsakigedtwith the gates dAS, asfillunatadripnddthgt ot s 501.
Her e, th(lg Pipdging dots 501 are located to forma NOT gate. 100391FIGS. 6C
and 6D i ]ilust'rate additional transistor cells with varying |logic

[0034] With respect to the vertical metal segments 403, the size and/or pitch of
the segments 403 may be too small for formation via current lithography techniques.
Thus, FIG. 4C illustrates a DSA pre-pattern 410 for forming the segments 403. The
DSA pre-pattern 410 may be configured for chemical epitaxy with the darker portion
411 representing a chemical layer that is attractive to one of the polymers of a block
copolymer used in the DSA, such as PMMA. The size and the pitch of the darker
portion 411 may be large enough such that the darker portion 411 may be patterned
using conventional lithography techniques. The lighter portion 413 may be a neutral
surface that is not attractive, or equally attractive, to both of the polymers of the block
copolymer, such as PMMA and PS. The lighter dotted portions 415 represent outlines
of the expected structures upon completion of the DSA. Although conventional

lithography cannot create the pitch of the alternating vertical metal segments 403,
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functions. More specifically, FIGS. 6C and 6D illustrate that the active
regi ons 60la and 601b can be expanded or enl arged conpared to the active
region 10la in the previous transistor cells to accommodate for different

l ogic functions while still being able to use the DSA pre-patterns for the
gates 201, the contacts 301 through 305, the horizontal netal |[ines 401 and
the vertical netal segnents 403. Further, the |l ocations of the bridging
dots 501 can be changed to change the logic function. Consequently, FIG 6C
i1 ustratgde &tloar8y id Bdtn NANdhastshs ikeCdtioPasech Bombin&idnoGAk | ons of
the bridgi ng dots 561 and the expanded active region 60la. Further, FIG 6D
illustra alfpvesnigr dre-snmller plt@bwglhewe@mlem@tﬁlamnm@r40ée|As iflpgexzh based on
t he | ocaty f e i dai . i regi on 60

b Thue HeBiefior MFUREG EOHER R EhR BEiRRPubhe BHRADATE SRy RSTED

addi ti ondle shapead?fich ot ot BaizenB0ieB0 EnadD Ivaritthe atrtivd tradtalsegmments s 403,
whi | e al c ing the locations of the bridging dots 501, an entirely
differen§8%FgﬂEg%§gﬂnégpi can be forned using the same DSA pre-patterns.

[ 00401Adverting to FI.G 7, because the bridging dots 501 di scussed above
are for mdW3att er AdyvHPRY Fie- ﬁgtaé‘Fl SBags ougere fridgingdiory Ul e fc%ﬁ“F;ont al

metal |1 geshefihly ARGiANR] ¥efal gk IMBlA G QO IRR Se ARt 461€TIRY loé@oRg dots 501
are forned above the netal |ayer 400. Alternatively, the bridging dots 501

may be f of thedridgingsiorsgd Ol dgtarintieshe lghvyfunerians ebthe mvilteng trasistr cellle | ocat i ons
correspondi ridgi d . hgl.es.. 7 rerefore, be at
t he saneﬂﬁgggl&géﬁgﬁggﬁgggPpgg@%%%ﬁggagﬂgpgp ﬁgfﬁgﬁg&Pﬁgqﬂhkggtggl, t he

hol es mayneb# Idyiet 4@chndithdlap@Et atlpowsbe measlaybret(®asmlterat atwaisgdt tegatbdr m t he
metal l|ayer 400, to fo .dgi ng dots 501 within the sane | ayer as the

met al Iaf@ﬁDﬁbgoTu?ﬁé4§@#ﬁ%bé%ﬁﬁgP s of the present disclosure achieve
several technical_ effects, including enabling a DSA | ayout that_allows for
struct ur 934 th RBS P ?c“é‘f?rd’_s‘tcgrﬁl fhe &gld_wgnﬁlﬁqaé&l u&%ﬁa tohismBI & nt ai ni ng
sat i sf actMWinGdial H1iBRlordbh BH20n URIHhRMuR. t YA LG aNdGl iseenrdgRes pUghNESS
(LER), which is far beyond the capability of current state-of-the-art 193
nm i mrer SSenpreipaegrsdphihaB$Aspreeriton 56 marhe dosBgused faigrapdogtiiaky

devel opi | [t I The. di S, -patt . i stor
ayout i S T gkl ARt (R AP RIS DS BB B ITSLE L | ayer
(e.g., Miayftera aaabil isagadehthatr Buidt ngraseed oraqualbs httrh@ier td bothtdfans. The
one-style-fits- | ution significant re es_the complexity_ of a

| ayout dB%liyEfﬁrSa‘%lch? 3?%%@@6@?}3 v Sainds a e The C?Oftﬁg PPEVBEué¥%f the DSA
pre- pat t efRge! §@1ih& W tObtpbRAt stRbfuGt WFdS coiplefoRdf IRIDSAI g are

hi ghly strained structures with respect to pggyner physi cs that would

pot ent i allluptrataditbe deégdepargonshals cooighrPnidrie tecabed sveghddtacd Lidllusgated dks. The
present disgl nj i j I i)t i ith the

Geat ani no G g oot ULl o B GRE et AR BBl L1 ot e
sem condyatiorofdeéwei bedgins aetbtd H0M asmpr bthegsphg, tos framt tighchgs, ofiahe | e phones,
cellul ar  handsets,.set-t boxes, .DVD recarders an ers, autonotive
mavi gat | SIOEEP L ien 4T B e AT FERBTIEn i Pkt dhs BRES prent

gam ng sysioTher af0Hs eirdhd tdxaEHaPirmgeh O H2 HebridbRgRlo®®di ng descri pti on,

t he present disclosure is described with reference to specifically

exenpl ar ypgrpodi RBRfiRudsh@abRfe, IHe 1¥8akibns HOME BEHginBRIoRVIdERterillRtthvar i ous
modi fi cati ons and changes may be made thereto w thout departing fromthe

br oader &si¢ funciaeny ofdbpecsoiting fanpstesedils. dihsanegslulager 499 iseombaraiipn i n t he
clainms. Tk egifijcat] d i.0gs - i Voot garded as
illustr aﬂ@eﬁ%nghrq%@gag&?es r iacflr ?&\%Qgﬁlﬁ{n 1}’&%&%@"0%8&,[ hgt R?ﬁgm%?esent

di scl osunearngsmeatpabltie ebntags 3@ 1 viirdughi 305t kero acrbimatatcoie hexdgaerniodi ment s

and is capable of an hanges. or. ifications within the scope of the
e ent i v oha e Bl o R REE T el Btk SR < bR Rt e EBe
though either DSA graphoepitaxy or chemical epitaxy.
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1. A net
directed
pre-patt
hori zont
di sconti

hori zont

hod conprising: formng a pre-patterned transistor |ayout
sel f-assenbly (DSA); formng a netal |ayer over the DSA

by

ened transistor |ayout, conprising: formng a plurality of

al netal lines; and formng a plurality of vertical netal

segment s

nuous from and between adj acent horizontal netal |ines; and form ng
one or nore bridging dots each connecting one of the plurality of

al netal lines to one of the plurality of vertical netal

segnent s,

wherei n g} i ongi@fsA nﬁlsQétbsdQ 'trngsmql&I &llq@&ﬁlrcﬁm tBQhé o ifl:lugtkﬂ?&f inang;. of
transi stor cel according to claim1, conprising:

resultin
t he plur
into p-t
transi st

hori zont
each gro
and outp

Aj etxyemﬁOI‘rmmngcﬂﬁf@mntdé‘taélpns fqmiélye @G}gmgaiqtma)lt hidererthe brléglog

| ayout

B8 ot B R b PTRS il PIC BN, (PRAP Tl FRE o B G o

accor di nglustated altrzms’hstof uelt denticad n thesomegillustrated innBIG. HieA pkcwpaforttye of

TR G et 3 nBesnthe e fHeare Bt FAmbe | rout | mg

womei@l |ines therebetmeen

[0039] FIGS. 6C and 6D illustrate additional transistor cells with varying logic
functions. More specifically, FIGS. 6C and 6D illustrate that the active regions 601a
and 601b can be expanded or enlarged compared to the active region 10la in the
previous transistor cells to accommodate for different logic functions while still being
able to use the DSA pre-patterns for the gates 201, the contacts 301 through 305, the
horizontal metal lines 401 and the vertical metal segments 403. Further, the locations
of the bridging dots 501 can be changed to change the logic function. Consequently,
FIG. 6C illustrates a three input NAND transistor cell based on the locations of the
bridging dots 501 and the expanded active region 601a. Further, FIG. 6D illustrates an
and-or-invert complex gate transistor cell (AOI22) based on the locations of the
bridging dots 501 and the expanded active region 601b. Thus, merely by changing the
size of the active region to span additional gates 201, contacts 301/303 and vertical
metal segments 403, while also changing the locations of the bridging dots 501, an

entirely different transistor cell can be formed using the same DSA pre-patterns.

[0040] Adverting to FIG. 7, because the bridging dots 501 discussed above are
formed after forming the metal layer 400, including the horizontal metal lines 401 and
the vertical metal segments 403, the bridging dots 501 are formed above the metal
layer 400. Alternatively, the bridging dots 501 may be formed by using EUV
lithography to create holes 701 at the locations corresponding to the bridging dots 501.
The holes 701 may, therefore, be at the same level as the metal layer 400. After
forming the holes 701, the holes may be filled with metal, such as the same metal used
to form the metal layer 400, to form bridging dots 501 within the same layer as the
metal layer 400.
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4. The nmethod according to claim 3, conprising: formng the power |ine and
the output netal |ine on opposite sides of a p-FET/n-FET region in the
transi stor layout; and form ng the ground line and the intra-cell routing
line on opposite sides of an n-FET/p-FET region in the transistor |ayout.

5. The method according to claim 1, conprising: formng a first row of the
plurality of vertical netal segnents aligned with gates within the

transi stor layout; and form ng second rows of the plurality of vertical

netal segyRAf s O'FhQ%%Hﬁﬁen%' deshofrand @gcll@scﬁ?@tacltu@vet @@veﬁdlrt%&hrﬁ&w the
vertical netal segnents of the second rows being msaligned with the gates

wi t hi n t kEedty, ardigrgendblippatDSA layphethaerline fae sioratiraywith helfaiiteh 25
compr =1 By 18 Py B, ML Mc b DEUARETL AL g,
Ianel!aeuﬁﬁmﬂﬁwg(mnﬁchddmp@ﬂmﬂﬁmgmm%sGIHQ,mﬁkhodﬁa&ewmdhmgcmamdhﬁln11
compri st r(])9 é:urrent state-of-the-art 193 nm immersion lithography and superior to many issues
facing still developing EUV lithography. The disclosed DSA pre-patterned transistor
layout is a one-style-fits-all layout design through use of the metal layer (e.g., M1) for
enabling the routing needs of most logic functions. The one-style-fits-all solution
significantly reduces the complexity of a layout design and related costs for different
cells. The layout of the DSA pre-patterns also is without bent structures, such as jogs,
which are highly strained structures with respect to polymer physics that would
potentially induce defects that would increase manufacturing risks. The present
disclosure enjoys industrial applicability associated with the designing and
manufacturing of any of various types of highly integrated semiconductor devices used
in microprocessors, smart phones, mobile phones, cellular handsets, set-top boxes,

DVD recorders and players, automotive navigation, printers and peripherals,

networking and telecom equipment, gaming systems, and digital cameras.

[0042] In the preceding description, the present disclosure is described with
reference to specifically exemplary embodiments thereof. It will, however, be evident
that various modifications and changes may be made thereto without departing from
the broader spirit and scope of the present disclosure, as set forth in the claims. The
specification and drawings are, accordingly, to be regarded as illustrative and not as
restrictive. It is understood that the present disclosure is capable of using various other
combinations and embodiments and is capable of any changes or modifications within

the scope of the inventive concept as expressed herein.
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form ng the bridging dots above the netal |ayer through DSA graphoepitaxy
with cylinder and/or sphere-form ng bl ock copolyners. 8. The nethod
according to claim1, conprising: formng holes within the nmetal |ayer by
ultra high-resolution Iithography corresponding to the | ocations of the
bridging dots; and filling the holes with netal form ng the bridging dots
within the netal layer. 9. An apparatus conprising: a pre-patterned
transi stor layout forned by directed self-assenbly (DSA); a netal |ayer

over thevyBPATRSE1Rahgs nred transi stor |ayout, conprising: a plurality of
horizontal netal lines; and a plurality of vertical nmetal segnments

di sconti nuous from and between adj acent horizontal netal |ines; and

1. A method comprising:

forming a pre-patterned transistor layout by directed self-assembly (DSA);

forming a metal layer over the DSA pre-patterned transistor layout, comprising:
forming a plurality of horizontal metal lines; and
forming a plurality of vertical metal segments discontinuous from and between adjacent

horizontal metal lines; and

forming one or more bridging dots each connecting one of the plurality of horizontal metal

lines to one of the plurality of vertical metal segments,

wherein locations of the bridging dots determine logic functions of resulting transistor cells.

2. The method according to claim 1, comprising:
the plurality of horizontal metal lines separating the transistor layout into p-type field effect
transistor (p-FET) regions, n-type field effect transistor (n-FET) regions, and input/output

regions.

3. The method according to claim 1, further comprising:
dividing the plurality of horizontal metal lines into groups of at least four horizontal metal
lines, each group including a power line and a ground line, and intra-cell routing and

output metal lines therebetween.

4. The method according to claim 3, comprising:
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one or nore bridging dots each connecting one of the plurality of

hori zontal netal lines to one of the plurality of vertical netal segnents,
wherein | ocations of the bridging dots determ ne |ogic functions of
resulting transistor cells. 10. The apparatus according to claim?9,
conprising: the plurality of horizontal nmetal |ines separating the
transistor layout into p-type field effect transistor (p-FET) regions,
n-type field effect transistor (n-FET) regions, and input/output regions.

11. The aRPAMBIMSpEES WndiaRd tHeDueh@ B 1ink Yh bBﬁ‘Jmt@@ﬂB{ bsd PFETHREEPABIG ity

of hori zont al netal lines divided into groups of at |east four horlzontal
net al I|nesIl@@ggn§§&agwh@g&ﬂdlng a power line and a ground line, and
intra-cell routing and output netal |ines therebetween. 12. The appar atus

according.to. claim11 2r | ine and .t ut l'ine
i ng. on s B ELAHLUSSIRES ks RV, of S S ubotbor il RHEPRTRY, . |
and the ground I ne and tﬂ&,lntra cell routing line on opposite sides of

an n- FET/ p- I‘c—e@m’r‘@é]?eotﬁanisﬁmf Y ansi stor | ayout .

5. The method according to claim 1, comprising:

forming a first row of the plurality of vertical metal segments aligned with gates within the
transistor layout; and

forming second rows of the plurality of vertical metal segments on opposite sides of and
adjacent to the first row, the vertical metal segments of the second rows being misaligned

with the gates within the transistor layout.

6. The method according to claim 1, comprising:
forming the plurality of horizontal metal lines and the plurality of vertical metal segments

through DSA chemical epitaxy with lamellae-forming block copolymers.

7. The method according to claim 1, comprising:
forming the bridging dots above the metal layer through DSA graphoepitaxy with cylinder

and/or sphere-forming block copolymers.

8. The method according to claim 1, comprising:
forming holes within the metal layer by ultra high-resolution lithography corresponding to
the locations of the bridging dots; and

filling the holes with metal forming the bridging dots within the metal layer.
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13. The apparatus according to claim9, conprising: a first row of the
plurality of vertical netal segnents being aligned wth gates within the
transi stor layout; and second rows of the plurality of vertical netal
segnents being on opposite sides of and adjacent to the first row, the
vertical netal segnments of the second rows being msaligned with the gates
within the transistor |layout. 14. The apparatus according to claim?9,
conprising: the plurality of horizontal nmetal lines and the plurality of
vertical greiahpnegi®ihsHrReigng forned through DSA chemical epitaxy with

| amel | ae- forn1ng bl ock copolyners 15. The apparatus according to claim?9,

conpri si tﬂﬁﬁetﬂéd@%ﬁ%r%ﬁt&%%}&? ahay s%nw(gﬁ%f)a' |l ayer through

DSA graphoepi'taxy w er and/or sp ere orm-n ock copol yners.

16. The appar at us AccRr Ial the bridging dots being
f or ned w{)ﬁeta?{a € e 918%% emf rram[S L gh youso? ]E’rlsnﬁg [ithography. 17. A

nmet hod conprbﬁnagyoﬁﬁagkgglnwg{ﬁmpaiﬁﬁrned transi stor |ayout, conprising:

a plurality of vertical metal segments discontinuous from and between adjacent
horizontal metal lines; and
one or more bridging dots each connecting one of the plurality of horizontal metal lines to
one of the plurality of vertical metal segments,

wherein locations of the bridging dots determine logic functions of resulting transistor cells.

10. The apparatus according to claim 9, comprising:
the plurality of horizontal metal lines separating the transistor layout into p-type field effect
transistor (p-FET) regions, n-type field effect transistor (n-FET) regions, and input/output

regions.

11. The apparatus according to claim 9, further comprising:
the plurality of horizontal metal lines divided into groups of at least four horizontal metal
lines, each group including a power line and a ground line, and intra-cell routing and

output metal lines therebetween.

12. The apparatus according to claim 11, comprising:
the power line and the output metal line being on opposite sides of a p-FET/n-FET region in

the transistor layout; and
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formng transistors over an active region in a substrate through directed
sel f-assenbly (DSA) chem cal epitaxy of a bl ock copolyner; and form ng
contacts extending up fromthe active region and the transistors through
DSA graphoepitaxy of the bl ock copolynmer; formng a netal |ayer over the
transi stors and connected to the contacts, conprising: formng a plurality
of horizontal netal lines; and formng a plurality of vertical netal
segnent s di scontinuous from and between adjacent horizontal netal |ines;

and for m |\ RRRd Bhe IRT fie BttAQINGuGQ BnLANGPPOLItGIQNE af ﬁl-pmvﬁ.mfr bfi8n in
plurality of horizontal nmetal |lines to one or nore of the plurality of

vertical meyal  SEe9ERLS,: Wherein |ocations of the bridging dots determ ne
| ogi c functi ons o%g?egﬁfting transi stor cells. 18. The nethod according to
claim 17, conprising: formng the plurality of horizontal nmetal |ines and
the plurality of vertical netal segnments through DSA chemi cal epitaxy with

I'armel | ae- f OrfNgpahck.o MEBLS 9. tSmpddge:-met hod according to claim 17,
conpri si ng: fgr%Png tﬁ% g?%%giné &%ts %%o e the netal |ayer through DSA
graphoepi [ axy Wt o by oRVA4RA RBRCLEHRE B Al REK WSAPL Bifin the
transistor layout; and
second rows of the plurality of vertical metal segments being on opposite sides of and

adjacent to the first row, the vertical metal segments of the second rows being misaligned

with the gates within the transistor layout.

14. The apparatus according to claim 9, comprising:
the plurality of horizontal metal lines and the plurality of vertical metal segments being

formed through DSA chemical epitaxy with lamellae-forming block copolymers.

15. The apparatus according to claim 9, comprising:
the bridging dots being formed above the metal layer through DSA graphoepitaxy with

cylinder and/or sphere-forming block copolymers.

16. The apparatus according to claim 9, comprising:

the bridging dots being formed within the metal layer by ultra high-resolution lithography.

17. A method comprising:

forming a pre-patterned transistor layout, comprising:
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20. The nethod according to claim17, conprising: formng holes within the
nmetal |ayer by ultra high-resolution |ithography corresponding to the

| ocations of the bridging dots; and filling the holes with netal form ng
the bridging dots within the netal |ayer.

forming transistors over an active region in a substrate through directed self-assembly
(DSA) chemical epitaxy of a block copolymer; and
forming contacts extending up from the active region and the transistors through DSA
graphoepitaxy of the block copolymer;
forming a metal layer over the transistors and connected to the contacts, comprising:
forming a plurality of horizontal metal lines; and
forming a plurality of vertical metal segments discontinuous from and between adjacent
horizontal metal lines; and
forming one or more bridging dots connecting one or more of the plurality of horizontal
metal lines to one or more of the plurality of vertical metal segments,

wherein locations of the bridging dots determine logic functions of resulting transistor cells.

18. The method according to claim 17, comprising:
forming the plurality of horizontal metal lines and the plurality of vertical metal segments

through DSA chemical epitaxy with lamellae-forming block copolymers.

19. The method according to claim 17, comprising:
forming the bridging dots above the metal layer through DSA graphoepitaxy with cylinder

and/or sphere-forming block copolymers.

20. The method according to claim 17, comprising:
forming holes within the metal layer by ultra high-resolution lithography corresponding to

the locations of the bridging dots; and
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filling the holes with metal forming the bridging dots within the metal layer.
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