METHOD FOR FORM NG ANTI - REFLECTI VE COATI NG DESCRI PTI ON [ 0001] Wth the
continuing demand for smaller feature sizes in the sem conductor industry,
193 nm opwocade/dsrioBogr aphy has emerged very recently asptchast@shnabogy to
produce devices with sub- 100 nm The use of such shorter wavel ength of
light requires the bottomantireflective coating (BARC) to reduce the
reflection on the substrate and danpen the photoresist swing cure by
absorbing |ight that has been passed thidough the photoresist. Conmercially
avai l abl e antireflective coatings (ARC) consist of both organic and

i nor gani ¢ mat er L W-COMPLE IORAGN ﬁjfgg good etch
resistant, is CVD based andbdllg‘Ysﬂ%jﬁsgct to aIIiM Tge |(ri1"?:ecgzrf§ @UtE '
di sadvant age of extrene topography. The organic ARC materials are applied

by spin pl anarization properties,
but suffg?‘ rg%ﬁgg%?%ﬁéméfﬁb@%@ﬂlﬁc photoresist. As a result,
a material that offers the conbi ned advantages of inorganic and organic ARC
mat egsal s is highly.desired. [0002] This invention pertains to

si | sesqui oxanEhif @gplication slainay prienty uader 3508156t 1 \ée)doal. Sn&optsmkl’atem for
193 nm | a he renoval
st age anjég‘at;l ?}gug? gg%‘“&? gg@%@%?l}éﬁsﬁ@%@%ﬁﬁ e u’ptglﬁ% hﬁ?‘g fwbﬁhé’&ai tion, -
t he presmnmpomfteddldnmdrl de group in the silsesquioxane resin is essenti al
for the desired cure properties and strip-ability as a 193nm ARC nateri al .
[0003] In particular this invention pertains to a method of form ng an
antiref | pgtHYECAQALTEIP On an el ectroni ¢ device conprising (A) applying to
‘an el ectronic device an ARC conmposi tion conprising (i)a silsesquioxane
resi¥ having the formula where Ph is a phenyl group, Me is a nethyl group,

h | 0 0.95 .n h | f
.05 to 0. 05, Thsiendoftafies G Bl Fob Sumangdin) oty ia 3 ihogeong (1) o

sol vent; and (B) renovi ng the solvent and curing the sil sesquioxane resin

10 forman antireflective coatin ’l% on the electronic device.[0004] The

si | sesquPB%HIRPENINOFTHE INVENTION formi ng the antireflective coating have

the fornmula where Ph is a phenyl group, Me is a nethyl group, x has a val ue

of 0, 1 or 2; mhas a value of 0.05 to 0.95, n has a value of 0.05 to 0.95,

p has$ a val uel\/lotloﬁ)pﬁ:ﬁlre(ﬁhﬁs %npnmhllwerkhmdb cpysials dispeséedin anadmulsiohaghieh Yal ue
e of 10 to O has a value of 0 10 to

f 0. 05 t ha
CC)) 70. 05"]% 1% &@ E?Xeg@gﬁy gﬁg?@ r%’&@ﬁ%%lye ppd &vglmmear pijthesq qrystels Aeranthed or
may be opHoYogRapHié Ahdge c%ﬁﬁ iscte Hn% BertiR)dsF ﬂ%!roifﬁle@lof ﬁ%?ﬂvéss tl:R:asrl fye! l y

condensed | ess than 40 nole % of the uhits 1n the silsesqul dxane’resi
shoul d cdeegons Qiemlgﬁmgw aftef @VGlOpatmumdstmy blloheeédyemdcar mathersetssjbvhenen

i nstabi | [ sin.and th rre gel s II to nol e
%f the tlll}%l)"(l'théerpl ﬂ}gfahs oLy s—@ ﬁ!’;\srch‘fse%é cﬁ'e@&%?mpwogiy_ ii n dn cplgHBN- The
si | s qUbRkPAReER ThidoAdy d@sn\ﬂﬁlt&hbn e QS 8 WeBdus¥/BF ﬂi&traﬁd\dm fdr&aElbﬁ
range of 500 to 400,000 and pr ef er abl%l in the range of 500 to 100, 000

al t er nat9feVsr crysale an ths erginal eowds? thins g uniorany expesed sreasssig criystalsi n nay
be exe (PhSi 0 3/2)0.05-0.50(H Si 03/2)o.

10- 0. 7W?A|\7:Vg§?%ﬂg ’S‘%.gﬁ”fg%].e 6]5]3(’%%’%93/ 2)a(HSi q 3/2)b(MeSi 0 3/2)c(RSiq

2/ 2(G-|))d(RS| @@abHydes imbize end%liapes@het‘zts&:dtﬁeaﬁlmlﬂiblal'gealﬁib dempoef dlivep < a +
d+e<é§)I 0%0<%tbd+d+,e<0.%0, 0<c+d+e<0.70 0.06<d+
e %anﬂd obs of dyegenerated, and tye mere they tend t@&%ﬂﬂ togather ll“éé’i“i?én may be
pr odisc e chabt¥retTine dfasmﬁni rcﬁowast 5&3&1 E‘ﬂaféd%@%%&xa“e
resins may be produced by th o ySI S condensatl on a mxture of a
phenyl tdistiighiskyrdividuel grhmetr\nbyelmvamfmmom@a Inameo abaht Ge002yhm. Instead, the

trial koxé&% s groups of grains, referred to as blobs. A viewer identifies these groups of blobs

as film grain. As the image resolution becomes larger, the perception of the film grain
becomes higher. Film grain becomes clearly noticeable on cinema and high-definition
30  images, whereas film grain progressively loses importance in SDTV and becomes
imperceptible in smaller formats.
Motion picture film typically contains image-dependent noise resulting either from the

physical process of exposure and development of the photographic film or from the



Al ternatively they may be produced by the hydrolysis and condensation of a
phenyl trichlorosilane, hydrogen trichlorosilane and net hyl

trichl or owpl288%057108009] The sil sesqui oxane resin is typipcahlsyosoagused in
the presence of a solvent. Any suitable organic or silicone solvent that
does not contain a functional group which nmay participate in the reaction
may be used in producing the silsesqui oxane resin. The solvent is generally
used in an anount of 40 to 98 weight pescent based on the total weight of
sol vent and silane reactants, alternatively 70 to 90 wei ght percent.. The
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sat ur at @gnddn pateinh, GO t&UER, RSulfing BOhPHISsidAPRaRGarify TR ﬁl&ﬁo%ﬁgﬁc ieﬁﬁlﬁs‘i&ﬁne;
i ts such as

cycl oal iAE)hati cs_such ascycl opent aae and cycl ohexane; arona
benzene Altgsnatiasly, agimidardatierasnan Pe simaulated heerscompitedageneratedainyages fruorder to

di oxane, [: y r...ethyl ene gl ycol di.neth et her;
et onas PGB AT AaptiE BIEY 1o B0 S SMIRAE oFhohSRus it Pirmrd ok
subsbi t grsid. Qukio@enSucderats ghdih 3Xinae paishins & dedlAbRIRAAIEH M6QHMpichTesSUh as
br onobenzene and chl orobenzene;  esters such as isobutyl isobutyrate and

propyl FSPBSIBY2RcES, theshikn grain provies visyphugs thapfagilisate thegastect pereemiion dfut  not
limted . is [ ; t A q ot et.as | e nd
decanet fol S aiondt plefieal i detin A% el AR it £ AR ARl 3 A0e el ¢ o
sol vent slueays betims ecferehiéd) pbint dhieieme awt iyt h@rtechnial hfarsistis seq @k BK fre
resin can '?el carri.ed out .a@ﬁg&y.te erathlre sQ long as it does not cause

si gni f i CSRYOIBE B BATEE i HopRIYregndusyY. Jibercdats prsseaning the grainy.

Typiigal lappédighce @R Ghh& thrd kiR i \ ge of 5 0C
to 150 0C, w tch _anbiéebﬁt. tg%%{élr at ﬁg@*&ﬁ%&géﬁ%ﬁﬁﬂ%ﬁ%@hﬁk %%E‘ri@rg{cfa?) formthe
si | sesque@gment mdhe notion ppurdérdustipon a number of factors such as the

t enper at ur e, nount. .of silapne reactants nd t.he appunt . of
catal yst, if Stﬁpgrgfe%c?&m%gﬁl&é’lvgﬂl/aqlﬁgro 8%%83?‘6%&[3 CARAbIILLY P?B’r’ﬁ“%l%tﬂ,gr M giaiht es

t o severoflen fierblendifye caliphtbegerichatédbjasttintdid natkigl RBhE CRecbRBUdnY Fd@RRM Ne
the tinme_ necessary to conplete the reacti ont.all %0013] Fol | ow ng conpl eti on of

t Ee r ead$qdsk Gon Boghgster Mew Yask. pee %@Pl@ﬁ%ldﬁgi lmeéﬂ.icasienmdmpﬂ?pemmini ng
thejgat @l bt Brokicts }é\éa'ligtié Eﬁ%l?sr it(){ Iﬁ{éﬂg ‘Q?#é %gg?i#ﬁ,gv%gtﬁaer&n%gn%;o n,

stripping or water washi of conbi na 1'ys
negat i vapplidatipadoes vg yidid gbod pdrfornfantefor siany highespeed filnebqacied ithie When in

solution thus its remval s s ested. [0014]. | n the process for mnaking

the sil §8§ﬁﬁ?ﬁ&é?%’“?g§PH?s ‘ﬁ? f‘%ﬁi&gﬂgn P@&B&?S Ar \lllghmﬁﬁé?ﬁlvsﬁ-aﬁurt% they be

r enoved dj ioh ' &l | Such
ved dih R i}ﬁ;h@hﬁ&ﬁfﬁﬂyt&ﬁﬁhﬂ&té SRl wiR hedquar fusy wﬁéﬂgﬂe{;rséis, eﬁs;xgﬁggm u

vol atiles include al cohol "by-prodlcts, excess water, cat oric
aci d (clproiensipregessingforenampel such sewhen thvimhgessiré copiedomdigitallyploatsseds ar e

k inth incl.ude, . f | i stillati 00 .ow
theeacti on Atssf SomfoiRan el iPMaRL AP B S taRSr 25 B o VAL aps
may be GafifityeRicOwWhidhds Abidds pIIE IS bf AGSKHOARGIEARE ©. Tﬂet@%f@%ﬁ?gﬁ)ﬁ#f orm

For exanple, the silsesquioxane resin nmay be recovered in solli by
rermovi n@radvet appedrste genprte gthesic graindn fitaringrassed oftandemmuinters. tThisl  and

nuner ou 0 . nown i t.he art . distillation under heat
and/ or \%g@éé% &?%ﬁ%@o%ﬁiééag ??@%%eq{ﬁaoygﬁgomggﬁgﬁo@ °?‘88t?€f&¥-ed inasolid form
the resin caiNdme of fes@past lschehﬁ:sdbmmh‘égﬁolil&ntdfeem filin ARG honsiRbsseat for
a particular use. Alternatively, if a different solvent, other than the

sol vent Vifeed Film gruyconstituiss a high fequeney auast-randeny pheapmenenithet typically| vent
exchang i i e first
ol vont RS uBfrE Bt Geif L EorRHARAR s AR OB sl R i ¥

concent advantageiof redundaniesda thdre deal jagatsuts b tlemiptsvto pgocess il orighateol vent or
addi ng addi ti onal ts lvent. [0016]. An ARC conposition .is. produced
by co?vpi“ﬂla%.“ﬁ‘r’?g l\éﬁﬁgg&ﬁj@-ﬁ@q Bt C%’F‘Pf%]”f’ﬁ vt%ghgkﬂus%ﬂn@atlms,ulwﬁ git

CONMpOSi yhfdte tﬁblryhéﬂ d%gﬁle!oe@!oxhgreaﬁoﬂb{e_eaxﬁﬂefeqo&%ﬁﬁ@%xgi& fgupol vent is

removed and e’silsesquioxane resin is ‘cured to produce the antireflective
coaB¥ng. [ 00Thps, Hygse exnistsyr nelid ferl atechriquecsivhelatiog film graispespecially e tenhnitmei ce,

such as 5 L H§ }Qgt?\?e(?y low complexity.




devices and gal | i um arseni de- based devi ces intended for use in the

manuf acture of a sem conductor conponent. Typically, the device conprises
at | east woeossisymenductive |ayer and a plurality of ot prenr/dsaysnss72s

conpri sing various conductive, sem conductive, or insulating materi al s.
[0018] The sol vent useful herein may be the sanme or different fromthe

sol vent used in the production of the silsesquioxane resin. Useful solvents
(ii) include, but are not limted to, 13 nethoxy-2-propanol, propylene

gl ycol nononet hyl ethyl acetate (PGVEA) and cycl ohexanone, anong ot hers.
The ARC 14 (Vg a] Lses from about 10%to about 99.9 w %
sol vent %@@Oﬂw%é“{@?;ﬁkwww\fhe ARC conposition, alternatively 80
to 95 wt % [0019] The ARC conposition can further conprise a cure

catal yst. Suitable cure catal ysts include inorganic acids, photo acid
gener at ors an@riefhe these isqupridedn aethadris acordance atith the peesemtyprineipdesefop| i f i ed

by, but F : ' i.d. ... (4-et hyl t hi ophenyl hyl
phenyl - SIpistng SN rdif, THe ol Rlonke i SEb it ok anmperiaraed ot
Typi Gal |tyanafosmeé coeffidieyitstrespdngive wenbaridpasdregioatisbocdted Withd Je30H PR

alternatively 500 ppm based on the total weight of the ARC conposition.

[0020] gSpsem; i(dhebanthpass Fegionsis sefined bion se of crdrammendenfiosivii fan, and fihthat
el ectrony i i . t..are - not 1 n LNz t i.N .

G o contirpresent bbott febubiios fil 8 EmPibions Bt b Bitel ot ARLIIGRAL biihesired i
pr ef er r egfainpatient).f Bhe blopk bf atnsfornied copffiviencairdeyoed wpirmetsetransfoahitd gield

i nvol ves Sf)i nni Q«? Iihe el ect ron'&tgq device, at about 2000 RPM and adding the
ARC cor’rﬁ‘pll1 YRR Gl gaig ﬁ?’f‘%?_ﬁe oSk ﬂ%‘b‘?‘ﬁﬁ‘?‘?‘?@"‘%f@ﬁ@l"&ﬁ’i‘ undrEge s@ling®®1] The
sol vent dndble SIEAARE Wil a VR0 SignaPRAith @A ! i initRe Gghgd to formthe
antireflective coating on the electronic device. The °sol vent may be renoved
by known net Hodsackigelgeaeratiemof g biackdftiangforped caedificients bycwpanifolloys. [FOH22]

Curin IV conpr i heat ng,t oated el ectronic deyice to

sur 1 oi AP pEBYeRTRREbABR I EH) et BReRTHSE RT3 5% Bisertesirdits Beor
exanpl e rowhadeohing] réspeativedacarntiow @zﬂu@%istxﬂnm@d, fleadh o8RG y OOC for 0.1
to 60 mnutes, alternatively 1500C to 27/50C for of 0.5 to 5 m nutes,

al t er natPowIgatesdiRs vithyn thedygnd pass of the ¢u frequensigsda anhfunrmad fadansk fvheat i ng
may 1ke i ’ ] coat el ectron ¢
ovi'ge HEeREHLY Dot WinEHF B SodiiERn &the ERTRARS oL DPoEBREE Db (B
t o st and. dhelpoicepd iatrepeated FO2SjeryTentpy intthkeblocke si |l sesqui oxane resin from

reactions wt en. or. car.bon durin uring, the.curing . step can be’
per f or med undﬂ?’%ﬁﬁ‘ggrﬁ’é‘_rst“_nﬁﬁﬂﬂ% Eﬂ‘fg?’él.ue 81;1 tprﬁwg}l@gafgggq {ﬂdgﬁfélr ein -
i ncl ude,cohiplexity@s B6fnphreditd Bor ArtHahs RARDLaSA arpréiles ﬁirh%%/ih'l'siﬁﬁlaﬁﬁ% gpant

that the environnment contain |ess than 50 ppm'and prefera ess than 10
ppm of @x9igang thg gemputatienpfa dirccitiansfornne The tachyiqaedlso eerbiced the megusorgr e

car phed t 1S not. rtical .. The curi step is typjcally.carried._.out at
at rrtr% ts) p hé‘%{l&reﬂ}eg s rdé{a%%?eﬁ%ﬁ &h AR ach 5 gg e Pngf‘ ﬁﬂ?ﬁiﬁ‘g{ ?@" aﬁ’%@ﬂ]ﬁfj §ggfﬁﬁ3¢n%or k
al so. [ GAstedd dDfiim grbingrttein e TRE PFosER MhethStENAsEPPHOBMityth BID DV systems, BD
anti-ref] ective coating can be used_ in further substrate processing steps,

such as RPMisystemsagmsdias to eteliite readdasting among olsgrsashy, a resist i mage is
formed over the anti-reflective coating. The process for formng the resist
i mage conprises (a) formng a filmof a resist conposition on top of the
ant i - r e DECAILMED DESCRIGTIQN)OF THEDRAAWBNGSSi ng the resist filmto

r adi Sti on to produce an exposed film and (c) devel oping the exposed film
to 5 oduce an image. The anti-reflective coatings on the el ectronic device
are particul FIGYURE & tbpict¥albtlodkSehethattOMRSah SRS cbiBinadbf of SBIMhifEr smgPOSed
to ultraviolet radiation having a wavel ength of 157 nmto 365 nm

al t er natrecgevey inya film raindtroeessing chain useful fog psachisinglthtitgchniqie d6the present 193
nm Onc%n%n- ilergage has been produced in the resist film then a pattern is
etched Ph tHRe anti-refl ecti ve coating. Known etching nmaterials may be used
to renmove t h&FIGURE 2 @pies] inviove ctird foem, Mddidpk 0P alfirstinediBodfor CRAANE A dettdTe

resist filmand renai.ni n% anti-refl ective coating may be enployed to
pr odfce transformed coetficients for simulating film grain in accordance with the present principles;

FIGURE 3 depicts, in flow chart form, the steps of a second method for creating a set
of transformed coefficients for simulating film grain in accordance with the present principles;

and



a device having the desired architecture. [0025] The follow ng exanples are
included to denonstrate preferred enbodi nents of the invention. It should
be appr ecwetzess/dsysoshose of skill in the art that the teeamugu@s/ogizas! osed
in the exanples which follow represent techniques discovered by the
inventor to function wellin the practice of the invention, and thus can be
considered to constitute preferred nodes for its practice. However, those

of skill in the art should, in Iight of4the present disclosure, appreciate
t hat many changes can be nmade in the specific enbodi rrents vvhi ch are .

di scl osed andpgiRE 4R iR .depa ing from
the spirit andmscope%% th(la thgﬁ?ﬁg%ﬂ @é&{%&é@%&‘&h it ‘{é@ﬂ%’ ‘?{e 1

T 0 . 25Tl ginh pat(eyns4ib agcardaneeivath the picdentgrimoiplasf PGVEA, 13 2 grans (0.0625
mol es) of phenyltrichlorosilane, 10.16 grams (0.075 noles) of
trichlorosilane, 16.82 g (0.1 125 noles) of nethyltrichlorosilane wer e
transf erpetATOEDISESCRIHETAONINDer nitrogen. A solution of 200 grans of PGVEA
and 10 grans (0.555 moles) of water was added to the solution of

tri chl orosil anes over a one-hour peri od The reaction was allowed to body,

stirring at A4 The resin soluti.on was then washed wi.th 100
nL DI water gﬁ% n%%‘é?&%gsfe%’lné@grg P %BFW‘?‘?@F%?‘V sypulgting Rl grain hanol

was addessirgon $dvef edieuendies tharch E&&ri%@'tﬂétﬁlﬁf‘%ﬂﬁr;pﬁe tely
20 Wt % of solid and tdﬁlen éh | ut edato 10 wt % wi ma'%ﬁgfgg Iﬁﬁ%ﬁf(ﬁmllaﬁg

filter eogrﬁlﬁrsﬁaglﬁtlan Wi prayedelpfulp FEEURE 1 depiets@ béQriSGUematlcadlﬁglﬁnnd)f eHDPE

o010 & SOTSTRRSS, hiffehcives by ouliliaed hambipt BT s Rergs oot

pherlgl t rvidéd sreasi dtameutpm Bfaddlitéors tl(e&re&&ﬁﬁtdifﬂb%ﬁsb geherates GhtoRhtdd RBRative: 74
g (0. OZEanEI g@%&f"i“b I trichl orosilane were added to a reactor under

nitroge m@eﬁ?‘&ﬁ}ée Smpeiprastises the draapmitten IQSQUMOEB))‘IS@‘ -
wat er V‘%r@cﬁ‘i%a&-@n& Qﬁa§ Qf‘ HE&H?@te‘Pécw%ﬁ SN o Et%?g&?h {eni”‘t P{}l%#?éper i od.

The reaction was all owe body, stirring  at one resin
sol uti orcowa)seasmwdmmwce mrnd:rem@msuneam reeivers 1andn1ymaemwicmasn@kivﬁ gar ded.

ApprOX| y ded e resin solutjon. The

sol uti on \[}E'gi gﬁ?’%ﬂ%’a‘@‘?{) %8 Lﬂ@)?f)ﬂﬁ |t9°g6"\/& eééhqt@rﬁﬁﬁtsf‘!f@#ﬁ ke uted to
10 ws% DV Ds P@E&ce%ﬁlﬁ@édﬂdb@fhe%&e& Vidb &S5RG nt Q{cpéiﬂlma?es%lgpgr'ﬂlncﬁlon PTFE
filter and stored in a 250 nL HDPE bottle. Thickness = A, n=1.887,

k=0. 769.3%QApneavith the fdmamgingnfpsmatgomargidesodest vidéw hothf re:t@@edgframsthef PGVEA,

2.64 gr 0S 0875
ol os) apinfil H0r Bl JROGRML biT I AL Rale S h arRe AKED <l PE ane
were ad dmcbut gidzo lseeam diat umjamumted filge prair Fied tetéioer Of cadQkthe TS bf FGEA
and 10 BB ﬁb E Ies ter was added to the solution of

Phfed ?)rvsé‘F

trichl o mes @“‘HB A SEVFLY. degede Gompressed videe and sisnlatefdmpody

sti ppi NGrath ithatvides. one hour. The resin solution was then washed with 100
niL DI water and the water was di scarded. Approximtely 40 grans of ethanol
was added to "Eh@@vrb@éll maragementof filfhgramakquifes thevaanssiitterided.ef, ﬂxe&fmbaetb mat el y

20 wt % qof | i th di | tQ, 10 wt% wi t.h PGVEA,  Th tiof
11t er edro it riortish 5t Einedh She Bimiarilh s tednerape ided. n SShst Horpiie.
bottl e. thsmitRess "m "_o&@i’&h&ﬁlﬁi—éalﬁl%urtheﬂh@%%elv@‘ﬂrﬁé E‘de%oder 91 lﬂefthéo €

<).60 A soI ution of 120 grans of PGQVEA 9 grans
pheny! t AlErEBngSEarding,to 1102 filen grfaqurmawg rmived)from tlxertranlshmmsl()l dhe, 22.42

g (9515 R ek r e were transferred to a reactor under
ni t i ogen. %ﬂ {)leon ?)%Q t%@ﬁg tg Oﬁh %%@VEQ& chlgeggyﬁp%w?g(t € 5@3“’%&
wat er Waﬁnwldﬁefdmt grainhie tlmohdéo analfwliehlcﬁfﬂcﬁft?&h&@ﬂﬁ%t@bﬁﬁfg the GNA-gPAH rduﬂﬁé ' od.
The reaction was, allowed to body, stirring at 20 C for one hour. The resin
sol ut i orihe video coding process. _ ,
In the illustrated embodiment of FIG. 1, the transmitter 10 includes a video encoder 12
which encodes the video stream using any of the well known video compression techniques
30  suchas the ITU-T Rec. H.264 | ISO/IEC 14496-10 video compression standard. Optionally, a
film grain remover 14, in the form of a filter or the like depicted in dashed lines in FIG. 1,
. could exist upstream of the encoder 12 to remove any film grain in the incoming video stream

prior to encoding. To the extent that the incoming video contains no film grain, no need



was then washed with 100 nL DI water and the water was di scarded.

Approxi mately 40 grans of ethanol was added to the resin solution. The

sol ut i on weostosypped to approxi mately 20 wt % of solid aod/ushes/ogizhait ed to
10 wt% wi th PGQVEA. The solution was filtered through a 0.20 m cron PTFE
filter and stored in a 250 nL HDPE bottle. Thickness = 1992 A5 n=1. 680,
k=0.208. A solution of 120 grans of PGVEA, 5.29 grans (0.025 nol es) of
phenyl trichlorosilane, 20.32 grans (0.15 noles) of trichlorosilane, 11.21 g
(0.075 noles) of methyltri-chlorosilane were transferred to a reactor under

ni troge%o@ggg%yfo%%@%ég&g%% £ PGVEA and 10 grans (0.555 noles) of

wat er was i'on of trichlorosilanes over a one-hour period.

The reacti on Adsmairainwestieler 16@dyeptsthe ifpubgidab s#eark; dsQhelPRShE 8Hiput s-'ngﬁalr gsin
sol uti ornltg?azithen washed with 100 nL DI water. and the water was di sCarded.

Appr OXi 1 gran graower 4t (Whemprssenia SUsingl surhrinputrinformation, it film grain The

solutio f d R Emat -\t O S0li nd.then dilutfed to
70 wt v PSRt telcaBfithe RS Bét:PRLGe nebhilk VR0 BB In B8 Sistulre i e
A e s T A i R i L g
=0. . .Exa e 6: 0 () - \ solution o rans o ,
5.29 gr Mgéfng@%Stﬂﬂ?SeﬁfﬁaBﬂbw#? HicOmIRg ¥ideo sigaal wanld @p@i‘@%he p@ticylar
nol es i hik : I . i rosll ane
tor o1 1 el oK 2R 85bi SRy recbir the rhBprltR o EanyRsiOTF i b VideS Bl ls2"
PGVEA arddlowingthe fdm(gdais 5Bodetdr d 6)to eflestaheapprogsriatel filml gtain tivdeb o siichofin® f

trichlorgsil S _ove e- hour riad. T reaction was allowed to body,
stirri ngrae RS, e B AR ARt poulif oot ardsteseAlE 100
m. DD wasiretit & wolRi sMRbEk onesr HiofCALSEHmsAD BARKITRE flc¥mbf) HHaBPf et hanol
was added to . the resin solution. The solution was stripped to approxi mately

20 wt % dfetesginedhe film grain pattern thay is presept.wt % wi t h PGVEA. The sol uti on was

filt dth - i . Pl i1t r d i 50 HDPE

bot 1 60 Thi crteceivls 33 SR EARNREE d kS heBlol 74 BLPR e & egStellhe (5L,

). 55 A cooniputssahvidéo SR isedfromMEVEAansmider OU.

E)%]en.yllt r?ﬁ‘rapmg?%sill {ne, ggreggmeraﬁs 0] 8%8 lm)T g%?wgef éttaicggﬁl?g?ig?iil}:%ﬁ,lgzo. 55
g (0. 138VTSIBEN! Bt MAdRRACPIPRISEIOB rigraed Ry eeheprer 42 vathin thedransmittesr
undas. nifor 9909, fof\ el B0ulwiRAR (8 Bifnfler 166 AnAdodd) 19 Ry TR, ! ©5)

of water was added to the solution of trichlorosilanes over a
peri od. ITHeT Readi26h | IRQ/IEC 14986110 videodympsdssion istagdatd @ Qoipfess oageingour .

The resip.sol.uti.an S _t ‘wa with 10 DI ter and the water. was
i scar acieb iRl nsae HPBBY dorinlindt oSt & Risbin B Forsivee L Tup flm
sol ut i orgraifl BEmAMLHR) EReiVRS tHRIilhPEER ihrRRRGP Ko | iWin} ofri d
then di Irglrj?fed, to 10 w %evm' th PGR%? ‘I!he sol uti ogﬂ&gg?li?%q?lerne{ed&é ﬁ?‘ozgﬂﬁg‘ﬂo;.zo
m cron ETEEsmylater 2Q aap ke thedform of a peErammebprodgstor) or dettivatedlesis circd008 - A,

N=15§10 k= Do = Pz . 8. T 00 i1nOr. 1 00 4455T 0.45 A
ol 201 oo e ety drthmpliing AR SFHRTR Conlyngsbn o sBipbiger 22w ine

phenyl t rdecdded videiolsaeam. 15. 24 granms (0. 1125 noles) of trichlorosilane, 16.82
g (0.1125 nol %2 of rret? Jtrichlorosilane were transferred to a reactor
under ni trogé’ﬁ. Aaubimy nafm%@osyaa&ﬂ%eg#mma@a@s1@tgma%te(ﬂm logk ofpl es)
of wat er M6 e i i i r .
peri od. tl‘ll'h-e rlg&aig??loér?gsé\/gg é? ﬁgﬁg@@omﬁxo%ﬁnqg{)ﬁlflﬁ%%&g?%&@1\4%9—8&{%%@QEOUr'
The r esifilGsblwherens filmsgrainesimuiatioe deanirs &t thé feceiveDl 1. wWht gartiaular, fihe gndh er - was

di sgar ded. roximately 40 gr of e nol s added to the resin

sol g i o%.gmul@ggns%ﬁcﬂﬁ lgﬁh%/\ﬁgel¥?rr ﬁpn%@iﬁg W&hgﬁf‘p&&ﬁ‘@&ﬁ@? {PCopIRg ’%HS'? stegsm fomng
then di lthd @shstrixtkQ omuvmmﬁaafmucgmeoﬁﬁé Hédoaed VR o strbdrfa! Ribed faomgh a 0. 20
mcron PTFE filter and stored in a 250 nL HDPE bottle. Thickness = 1430 A,

n=1. 630 degeding procesabit iogenrs ishthexenspiesd 1 makes no use of images with added film grain.

Rather, film grain simulation constitutes a post-processing method for synthesvizing simulated

film grain in the decoded images' for display. For that reason, the ITU-T Rec. H.264 |

.30 ISO/MIEC 14496-10 video compression standard contains no specifications regarding the film
grain simulation process. However, film grain simulation requires information concerning the
grain pattern in the incoming video signal, which information typically undergoes

transmission in a Supplemental Enhancement Information (SEI) message when using the ITU-



Fil m Coating and Characterization The filmcoating on wafers was processed
on a Karl Suss CT62 spin coater. Solutions of resin in PGVEA were first
filtered wbrosg7m30.2 mcron PTFE filter and then spi npcoaliseehsonias
standard single side four inch polished Iowresistivity wafers or double
si ded polished FTIR wafers (spin speed = 2000 rpm accel eration speed =
5000, time = 20 seconds). Filnms were cured at a tenperature (200-250 0C)
for 90 seconds as indicated in the tab[ﬁes using a rapid thernmal processing
(RTP) oven with a nitrogen gas purge e filmthickness, refractive index
and k value were determned using a J. A Wollamellipsoneter. The

t hi cknedsRecaHi264 [ISOAE e H4R6r 0 i @%amraﬁéorb&tarma%amgnﬁeémrﬁb% PGVEA
t | the film |
b cknodunemimegs T sEsy e ERpFioRR ARy SRR oR R 00 1 1P e (b

A); tetramet iy Iaammﬁcu withytile preisetet prifibiplds, thers is providedad loer-camplexitymethod

determ ned by neasuring the filmthick change before . and after.. TMAH
hol d ( dwesimulpting filegaaip; which prssupRgses %ahﬁﬁs éfﬂapéu%‘éssdr‘%ﬁ‘é‘?%‘e @é‘i"ng

wat o6 Al (e Tnd ARIAR Rd SauniBuNGERs uaith KpufaloetbyRe fillegfiid | cal

surf ension of "wetting usi n approach. Al'l “of the cured
films mailgulatop aOtolﬁ@Ith\genesre&s ablomkrosf fitmraphietie b prasess thaeigclndesthedollowing

| 1 { N | t
A < ubes e ) Ltae bl tepaabEed scthoigns i penrange MBS Bale 531 1o
Exanpl e ff&]‘raén&%' fof & HQQH:% f1fh g% gaRsi) (ﬁ)rc%fﬁpﬁl@d'mlneer%e trdd¥Pbin? asdh @)scdldttie t he

process ng the resinis reprodUC|bIe Exanple App 5 is a scale up
of the rresiltantredeesi A Eoomngineplgiolescription ©f padhepraeass fql}%VSIM%m%ﬂthe
perfﬁrnance are very close. Exanple App 5 after bake at 225 0C for 60
secdfds had a water contact angle of 84.3 and a surface energy of 32.6.

Exanpl e ARatiagafB166k SpansTorabd cO&fitientss0 seconds had a water contact angle
of 86 and a surface energy of 32.6. TABLE3 shows the resin of Exanple 4

used as a hard mask. Table 1: Application Exarrpl es 1-4. LOW COVWLEXI TY FI LM

GRAI N SI VUL AT TECLN G s B ok BSLATRA BRI AT ot o

application clains priori e) to U S. Provi'sional
Pat ent A lfieq@dricies cﬁ&ractahmhlg a@R4i6REa0grain Ibmstrrl\xmcbyrb@s a8t ofapomalizade

t eachi ngs of which are incor her FI ELD Thi t| on
r el dies gltaﬁd%m PBERERSq R 2 PR cggcﬁiﬂa’g?‘?ﬂ’ﬁmﬁ ﬁ?erﬂojﬂngf}#e'gi TRnOOM PHEGE™ ﬁéﬁ
THE | NV'%E}EHn%M)Gé& aH'réHdéﬁ?dlE!ribﬁﬁoﬁ? @HB¢Peherft lahd edentiodllyddisteibltet dfussian

di spersed I n an enu S|on which is coated in thin |layers on a fil m base.
The ex paandmnazadalﬂevaahMpwuh zgfo mhes@dcuwtyt\@ngnqedwhl e e dFeQyenEIeH ¥ nage

t f. dj f
P Tver sk D el YaPRlesits SefmeSubd 86 ehibdiy B TTOOPREL I 264 [°
occur onlgdymglla@s ymgaﬁiat,-@el]sl | ver crystals form These small specks of
dye are commonly called 'grain' in_color fléﬁn% al n earshlﬁag&ﬁ
di st20 but ed ohl %nellusg@,@dtembgdm%é he gregtiqnoly blo Bof
stlver iRk dBetllfnly SHAN xNhThO Requbht H&n%n%bﬁ@fiﬂmé rﬁ%xﬁﬁ?ed ar ea,

sone Cry eve op a ter exXpos ers do not. Gain varies in
si ze andﬂmbtmed iniew chat ornt ineFIGL. 2niThe pmclewlgegmswhétm smpl;OQ)ﬁurmg Wbluchf or ned

and bl obs of e gener d and t tend to oup. to e
random letlttl%l}Zﬁ on ‘%Wérsgr loWing step Ilﬂ §teﬁ’§p9? %@g gor {ank QH
naked ey@(becfgg\g% oﬂh% N R¢bRRK 'b9<§th1h§ H%Jalrgffﬁ‘hrﬂﬁmg VWiiables\(RfyY td ﬁlDﬁhﬁllﬂ@OZ mn

t o about I nstead, thé eye resolves groups of grains, referred to
as b2$bsvalfesinaheintégderangé 08E NhldS‘e[O@‘dﬂrpghm’ar!ﬂbM§( angl ¥ eachy rgpramt theX t he

i mage reso| ution. becones er per ones
hi gher .. 4 ARG HR0T Fﬁteﬁerfﬁﬂﬁgb e%{"ﬁ“f (gcﬁ(e(?ghggr}a&@r?r%&%}r?ga hi g%}tﬂgﬁ?& I nition
i mages, whatieRats prodiced BY thiPpREBERS S)utﬁigsstdpom a ichgukr dcams aw hetheBEHe /awe of
becones inperceptible in smaller formats
x and y lie within the band pass defined by the cut frequencies fHL and fyy and fyp and fyy. - If
s0, step 106 occurs and a random number is generated and during step 108 the random
30  number is assigned to the coefficient in the block at the x and y coordinates matching the
current value of the running variables x and y, respectively. Step 104 illustrates a preferred
embodiment of the checking of x and y values to decide whether or not they lie within the

band pass defined by the cut frequencies, but other criteria are possible.



Motion picture filmtypically contains image-dependent noise resulting
either fromthe physical process of exposure and devel opnent of the

phot ogr aphbeode/dsmoer from t hesubsequent editing of the ipomgs30050Be23

phot ographi c fil m possesses a characteristic quasirandom pattern, or
texture, resulting from physical granularity of the photographic enul sion.
Alternatively, a simlar pattern can be sinul ated over conputed-generated
images in order to blend themw th photographic film In both cases, this
i mge-dependent noise is referred to as grain. Quite often, noderate grain

texture pres S a desirable feature in [ LI Ures. ! nces,
the filmgr afﬂhw‘b‘?ﬁrﬁg@{u\% gf}g?ncgy,gg np lelﬁ Q&ég@ﬁ?o?lgﬁewnﬁlﬁlg tlééo‘?arnzlﬁsgsb%%ﬁctegt i on
of "t wo- g, NGk GRgherRies il &1 filf bhdT\gradti i 6f the ldesiredafilinegrait paviern, as si ngl e
filmto %rovi de various clues as to tine reference, point_ of view etc.
Many ot trensmitteiri thalSEAmessagei then thepoetficisnt & thelockpssociated With dheeranbyt ur e

in the notion picture. industry. ek o j rak ance
of i magRaeAf BARS o mgeS S e HEF A0 SF oS EhY dticonTofaPy 1V, BRRES

r equs r emPbeduds, ahe theXuhfing Mafisbleex hindly ateriyicrefienedaproeietehat xaindyy ©Maindabl e
products have the capability of sinulating é.iﬁjlém %Flai n, %zte for Iﬁgdi ng a
conput eexepatien hranghestip step 107 Otherwiseuthgiloeeds dupng stsh Ly apd the pel n
Kodak . t York, one of the first digital filmapplications to
i mpl enecglplsgﬁgglgﬁén&egﬁﬂ]\t%on, produces very realistic results for many grain
types. Howevdhe nidiboddonerating a ajmekiof annsfornkakeoeffitients dépictgd onFKard eanrhgnce
for many high speed filnms because of th @ﬁi ceabl e di agonal stripes the
app! i catpesHibsd S CIOE $URPYTT ORI, IHOEPE@CE Y RELMABEY t her, the GCineon(r)
apphpcation fails to sinulate grain with adequate fidelity when inages are
subject to previous processing, for exanple, such as when the inmges are
copi ed dor(gi=g0tykN; ygtdcessed. Anot her commerci al product that simulates -
filmgrain isféi'a_ia_ Sgrl\ger' Str‘r) from Visual Infinity Inc., which is used as
a plug-in of ddve ’(’f ft'el Effects (r). The Grain Surgery(tmnm product
appears to gener atif (SyQhek&oy gfa)n | Ry fuul tley Prigup set of random nunbers.
Thi s approach suffers from di sadvantage of a high conputational conplexity.
None of these past schdMesllsol¥8s the probl emof restoring filmagrain in
conﬁ essed video. fiilmgrain constitutes a high frequency quasi-random
phenonmenon that typically cannot undergo conpression using conventional
spatial and tenporal meBhol[sy}Hhat take advantage of redundancies in the

vi deo sequences. Attenpts to process filmoriginated i nages usi ng MPEG 2 or
| TU-T/1 SO H. 264 conpression techniques usually result in either an o
unacceptBﬁLtleHdpgvodegr ee of conpression or conplete loss of the grain
texture. Thus,” there exists a need for a technique sinulating filmgrain,
especially a technique that affords relatively | ow conpl exity. BRI EF SUMVARY

OF THE | NVENTI Brj efl . | S: i i oM-h the
or e2dnt IPEARt e 5t dishitElR i Bhal bteried RV O ERAGEE RRERILY:
creat i nge.a ahl GGKcdnistifte tha hoHzdrtal add vastjcabliigh canféquenties, cespetticleof the
responsive to a band pass regi on associ at e%.with(ﬁ desiﬁed rai -é)attern.
(The bandesired §1m aeaip patiesn ARAiTceRSIYtes a germazed gan i P’far‘?ﬁ? Avu , and
fvH that .1 04 bfaged(# s neuhifosthlyaditribhed t hat
char act e??‘gsgég? %gfoggfsﬁ}irpg% rfcit)f‘%%?hﬁgegtﬂ{g?w n‘iﬂﬁge%tlwgék of tryzdnsf or nmed
coef f i ci pAlGmuales,gsag the Bor\Mulder ttansfoshation spscifiedby: a bit-accurate film
grain sanple. If desired, the bit accurate sanple can undergo scaling to
enabje br edRmtrwiin®ra vi deo signal to sinulate filmgrain in the signal.

I n-practice, generation of the block of transformed.c echfic ents occurs, as

fol | ows. where laG)is theoraterpkliogaithey, singd iStng 3%3“?%21,09) n i‘snx{ 8“6438&1??“53?@’(%‘

and y are integers i gnaki : | um, respectively, a random
A G IR Ty AERRIRE 0D, Wi € RO IR

vaIue(r}‘? al ne e x and y coordinates lies within the
band pass of FIERURE!3 dépeassmaliesatt peaferréd mathad ffor creatingfablocleefiaansiaraied. The

val ue of the coefficient at th 0 { nates ,(x b s the .rand val ue
! e prestBeisniss The o darirribed ot it g unts SRbseREOEe e veRgRs
si mubat i Nt QCIHIEUS aRd tehBoRN1AS ¢ ferddict REMBERSpPEdr @ HIG I RaGEIGC 2P| exi ty

as conpared to prror- art transform based _apﬁ)roaches for filmgrain
si nul at i deschipe like steps. The method of FIG. 3 differs in the following respect. Instead of

obtaining a random number during step 106 in FIG. 2 through mathematical computation, the




avoi ding the conputation of a direct transform The techni que al so reduces
the nmenory requirenments of database-based approaches by storing a small set
of transfwomeeh/zewifi cients instead of filmgrain pattepaswsitsopresent

nmet hod has applicability to HD DVD systens, BD ROM systens as well as to
satellite broadcasting, anong other uses. DETAI LED DESCRI PTI ON OF THE

DRAW NGS FI GURE 1 depicts a bl ock schematic di agram of the conbination of a
transmtter and receiver in a film Graié1 Processi ng chain useful for _
practicing the technique of the present®principles; FIGIRE 2 depicts, in

flow chart, form the steps of a_ first thod for creating a set of

t r ansf oF}FERP é’F?nt‘igé’rﬁl%a? Q)frm’é’ﬁ?ﬁpﬁs F?FSEF‘FP%% F¥P 3 inglusles thedtapck05nwift h t he
present [Tl : ShE |Gt L 1f ‘ _ steps of a.
Cecond Soviiiek PrtRionl ol fonf okl bl 11ORERER A Rttt Ll il ot ng
fi | m gr eandommuachers.dQticewise t the themethede ptactice theispie stepandFl GURE 4 depi ct s,

in fl h f t t f t hod f ti dat ab f fil ,
rai n_pat o RPUORALG T HRHE BoRsReTeCrae Bioish REneGR (R mpeds OIIR, 2and3
DESGRI PEb(ililfdiee BRSEoctiicdit at AR Pobifidn DIFHRI @l&éeD@fcoEﬁﬁié?ﬁ)el%%@E%lﬂé LSRR f OF

simulating filmagrain using a set of cut frequencies t’hat characterize the
fil m gr ta enspest that-after anvigrdedransfponythe vignal Will avgrzeiomeammilage deviaddnls fronove

hel pful ., _ Fl i-cts a block schematic diagramof a trapsmtter 10,
hn o zerb t6IRE pc Hatieieds Ghuld G BrE R aon e MWhake Pabb 8P Horesiing oo
vi deo sfitregraiabldcks AU qnkequencen Ak 'bléﬂdin%hﬁe HilrA Bedh Wil thd BeRUS@ SR at €S
informatjon indicative of the filmgrain (if any) present in the sahple, hi

pract i celockheould showrvisitde vanntiops intheis aperreevalpatite. dhe blohkaehubdbecameay of a
cabig t@i‘tl?e‘ﬂd%ﬁ&?bﬂ!ﬁélgé?). or other such systemthat distributes conpressed
video to one or nore downstreamreceivers 11, only one of which is shown in
FIG 1. The imtwesuasd when fQ and il hoth squal adgerd, the treaivbf BB BRIRIMaSEB in
prlesen':wﬁ1 Edi a Ii(lfﬂe DVDs. The rg?ei ver 11 decodes the coded video 'stream
and si ntnCTEQNCRoY JAAR 3 PePubatinlia¥sice with the fil mgrain information and
decoded vi deo, both received fromthe transmtter 10 or directly fromthe
media itself in the case of a DVD or the like, to yield an output video

st ream fargt=HAay% <Nyttt ed fil mgrain. The receiver 11 can take the form of
a seitop box Qt her_such chanismthat serves to decode conpressed video
and%}si mul at ef(}(%h(rﬁég;rg(af;fl\]?%#fﬁat video. The overall managenent of filmgrain
requires the transfirkttfyy |30y $ify,e) , the encoder) provide information with. -
respect to the filmgrain_in_the incomng video. In other words, the
transmtter 10 "nodel s'B[LXHéYf]FIQn grain. Further the receiver 11 (i.e.,
decoder) simul ategthe filmgrain according to the filmgrain information
received fromthe transmtter 10. The transmtter 10 enhances the quality
of the conpressed vi de®[y}[ gdad i ng the receiver 11 to sinulate filmagrain
in #(ﬂe video signal when difficulty exists in retaining the filmgrain
durTng the video coding process. In the illustrated enbodi nent of FIG 1,
the trappoijfé¢e=ol0 includes a video encoder 12 which encodes the video
stream usi ng any of the well known video conpression techniques such as the
| TUT Rec. H. 264 | I1SO| EC 14496-10 vi deo conpression standard. Optionally,

afilm | in e formof.afilter.or the |like depicted. in
dashed ﬂ:ésﬁ)'gg né %ﬁg}ﬁg ab%]ftlt‘yct % & fé(?@]lsg tzeliﬂ’pvsathfeelgmaﬁ}?atf%upé’ﬂc%%?ry ogq}lqné%‘)v e
any fil the@lavkrimage,thepienagintethod (A8 deSirnsiafedXoithe flRweRE &ireGionT0 t he
extent that the incomng video contains no filmgrain, no needwoul d exi st
for2xhe film grain renover 14. A filmagrain nodeler 16 accepts the input

vi deo siheqam @Qwekjﬁzs the output signal of the filmagrain renover 14
(when pre entO)’ Usi hg Such input information, the filmgrain nodeler 16

est abl i shes fdnéx#iﬂ;m@NakH)' n the incoming video signal. In its sinplest

form the filmgrgin nodel 16 _could conprise a l'ook up table containing
filmgrain nodel sﬁéf"ﬁ’ﬁf%&‘eﬁf‘fﬁﬁ stocks. Information in the incom ng
video signal would spggkfyyjhe particul ar "

30
Note that the processes described in FIGS. 2 and 3 make use of (fun - fu+1)*(fyy - v + 1)
normalized random values, thereby avoiding the filtering step that typically follows the |

computation of the forward transform of a block of normalized random numbers.



filmstock used to originally record the image prior to conversion into a
video signal, thus allowing the filmgrain nodeler 16 to sel ect the
appropri ave 20edosvesai n nodel for such filmstock. Alterpatrivsedogiozihe film
grain nodel er 16 could conprise a processor or dedicated logic circuit that
woul d execute one or nore algorithnms to sanple the incom ng video and
determne the filmgrain pattern that is present. The receiver 11 typically
i ncludes a video decoder 18 that serve%g_to decode the conpressed video
streamreceived fromthe transmtter 10. The structure of the decoder 18

wi || depend on the type of conpression performed by the encoder 12 within
the transmtter 10. Thus, for exanple, the use within the transmtter 10 of
an enco¢@mphite MRInoeRe Dtanifopm! TU-T Rec. H 264 | SO | EC 14496- 10 vi deo
conpression standard to conpress outgoing video will dictate the need for
an H. 264-conpliant decoder 18. Wthin the receiver 11, a filmgrain

To The i1 monamecentifoh bt B A hSHRN SRAGRN, Srupact e

pr oc®ss inversertratefbinaaicests) picell £ hdcordihg Rame gEnérﬂefoﬁﬁﬁ’l@bi lity of sinmulating.
filmgrain for conbination via a conbiner 22 with the decoded video stream
Filmgrain sinmulation ains to synthesize filmgrain sanples that sinmulate.
the | 00I5=91f( t@%xari ginal filmcontent. As described, filmgrain nodeling
occurs af “the trédnsmitter 10 of FIG | . Whereas filmgrain sinulation
occurs at the receiver 11. In particular, filmagrain sinulation occurs in
the receiver 11 along with the decoding the incom ng video streamfromthe
t r ansmi Mhgre agpnstitutesisicakingfagtor that compensates fortintensin vatiation irckaltingt frerarthe Not e

thaigth [ tn.t L iyer 11 es no use of
ks BRI PORER SRR il s, el e bR B st bR
post - pr vales sf wmjtyret hod for synthesizing sinmulated filmgrain in the decoded
i mges for display. F g.hat eason, the ITUT Rec. H 264 | |SQO TEC

14496- 10 vi d e(?d%ﬁ’rg@(s)lép rADS LOF af AMRUSAION Hfdhe Hansiemnation natsn & pesyerasi ng
the fil gi@kat n sinul ati on process. However, filmagrain sinmulation requires

i nformati on concerning the grain pattern in the incom ng video signal,

whi ch information typically undergoes transm ssion in a Suppl enent al
Enhancenment Information (SElI) nmessage when using the I TUT Rec. H. 264 |

| SO' | EC 144%6- 10 ‘{?i”djﬁ conpression Standard as specified by the Amendnent 1
(Fi deli Ty| Range Ext engi ons) of ‘that conpression standard.. I n accordance

wi t16 t he predent “Brthciples, there is provided a | owconplexity nmethod for
simulating filmgrain, which presupposes that the transformation used to .
simulate filmgrain is linear. The nmethod of the present principles, which
i's p_racL"!"qugs}Lﬁgc_’Ml filmgrain simulator 20 of FIG 1, generates a bl ock of
filmgrain in a*®rocess that includes the following three steps: (1) create

a block o ansf grmed coefficients in accordance with the cutfrequencies
for a des £ ™ grain patter n, (b) conpute an inverse transformand (c)
scal e the _é"SLﬂﬂ‘f'gﬁT val ues. A nore conpl ete description of each process

foll ows hereinafter. Creating a block of transformed coefficients The
process of creating of a block of transforned coefficients takes as its
NPy ainskis Afe, Gut_flrequenci es characterizing a desired filmgrain pattern
and yields a sét t||-' mal i zed random nunbers. In a preferred enbodi nent,
t he normalized rando umbers will follow a normalized Gaussi an random
di stribution (independent and identically distributed Gaussi an random
variabl e sanples with zero nean_and unity variance) while the cut
f r equend¢adingpf dhe Inyesss Trangfarm Resultantdfadies charact eri stics SEI nmessage, as
defined by the ITUT Rec. H 264 | |ISOIEC 14496-10 standard [I]. In the
illustrated enbodi nent, the creation of a block inmage B (e.g., a block of
transformed EdifWing tiendreativh ofitzeeblbkix ofNrarisforied che ST andldmBubatiRaOkige | N
t he nner illustrated in flow chart formin FIG 2. The process begins at
St a%im SI¥EFsa BansioRT AbthgAlck. theiftlmgrpinsimelation piacess afshe prgseny psineiples 00, st ep
102 occ RIS | A [ Cl the N x N
bl ock bﬂ;’bggltlfi ng aE %)H;%rt&oé&reﬁl}l i ngh@?ﬁﬁ nggéTf(tQ%ef %p?%}fa%pgfsr% PRY:

Intensity, although such scaling not necessarily occur. For video coding applications,

information about the film grain intensity typically undergoes transmission in the SEI

message, as specified in the ITU-T Rec. H.264 | ISO/IEC 14496-10 standard.



values in the integer range of [O,NI1] x [O,N-1]. The variables x and y
each represent the x and y coordi nates, respectively, of an entry in a

bl ock (i .wo0.208/080d051 X array) of transforned coefficientgcprozdasesyBy this
process. During step 104, a check occurs whether the values of x and y lie
wi thin the band pass defined by the cut frequencies fmand fHH and fvL and
fvH If so, step 106 occurs and a random nunber is generated and during .
step 108 the random number is assi gned {0 the coefficient in the block at
the x and y coordi nates matching the current val ue of the running variabl es
x and y, respectivel Step 1 | 1 ust.rat es preferred enbodi ment of the
checki ng of )Bﬁ’eﬁﬁ? g\;aqoa%sbs Wcég’ c&grsmggqqédange ihthe follewyingimanger:hi n t he
band pass defi ned by the cut frequencies, but other criteria are ,
possible.If the current values of x and y do not |lie sinultaneously within
t he bandbﬂasd)deibhed+by the cut frequencies fHL and f and fViLand fVHof the
desired fiIm' as transmtted in the SEI nessage, then the
coefficient i bfoéﬁ'ﬁF@ocrated with the current value of x and y is
set 50 zero durr ng, S@%Br]l*mscdﬁa@ fAwopg either ~of steps 108 or 110, then
step 5 112 occurs, the running variables x and y are increnented,

provi ded that x and y < N and execution branches to step .104. thermrse

the | d h t End st
et hod For criait pueidadiilehiss Aflolrbealith 8ol R A e dhora Srafisionts ¥ier 5
can be d:em;orareldetd prmr an rridnlliodsc @ﬁmieafan@ rthgscing Mhdcrloﬁthe feabht@ainBRpldganner :

10for( %/ X < N x%q)l c <fm &&y <
va) Fedpc;s #quomgleyy 9fft(;\p§fog[1 b@sqq ap}prcjache@){]_g' ing cgppyta}lpn 9f qherduBFt al
O t f w
SRR e G e L R B g R T S
vert i calpréseghpringiplés mdumchcem,emoe)smquiremexity oblathiese basid @pprdaches gy Gily
pattern, and r ‘ﬂﬂﬁ%% tesi e(réor Lzedra@j{nnur}b In practice, a
Gaussi arr' P HefIM 8t ranstymed oostlisiants nsteed ¢ ?ﬂ‘ﬁlﬂmﬁlﬂkﬁﬁ’é‘rﬂgﬁ‘fm unifornly
di stributed refdaghydbegs. réb'éh% dcfftesBa% sérnrbltermaamsi@a&mrse ified
by: r=-yl- 21n(*,) srn( where In(.) is the natura g rithm
sin(7) ipattems: BlP@lﬁltlh%thmepsmfrcseal\nghrthﬂebie@( of ttansfurmed coeffitiexts mdd X2 are

in the r 0 de t.s an.al ternate
pr eflgrregﬂﬁﬁ ﬁ%d{e flg‘r}gréer %2%43?0’8" gﬁhF hf;‘ﬁ%i‘Sg‘%ﬁFS Sf%rlﬂﬁél oa&a%‘i‘b@is%ﬂ]? MR 1 ow
chart nylatietls af ilfdstated in flowwhes fanM@Higade!4. Ofhetieth6@BEFRG Qp@orﬁﬁeﬂdé@ upgéh

met hod of FIG 2 and therefore like reference nunbers appear in FIG 3 as

in FI G exequiogsd Starbep 2QQ wherspron miftalizationgercyrs. Aihereatteristepek02 ocpurs wath
fol I ow néGHAP 6f the r)rb%mqa%smaﬂa&mqmes e%oegahgyrﬂg%etﬂ&g bﬁﬁrcsfzeg 6 '“
a crea bl'ocC

FIG 2 throug mathematrc conput ation, the Ing a
t r ansf ommebod o£F1G. 8i eMhen erhpleyiag the block trdm'ottnhgemarﬁmnhﬁ&hoﬂ 0O BIG. 3) ietich a

rang m nunper froma.l oo é%bl e 110 revr ous rrlg d Gaus |an
oD TR i By e 6o Re B hEcerin Dir Ot Fandbnt SuBhtrdock B able
Opt i onalilpy, astdiscubde@Gfevibasds! PEINBWANE 9@ f209'tﬁ8b1dlﬁ'@ﬁ"’(?ahh§(?£h fﬁﬁh&ﬂ%hfe& FIGS. 2

and 3 could force the coefficient at the position 0,0
coeffic IU@dGIEOQSOalbl@@@'ﬁQ trarsform,iypicalbt vie on émensedDistrste Gosing Trans@rméIDCT)

transf or n have zer e de tio fram zero for
tha be” likink Rep 208 ond ith 10T EF e TR0y, DEHEE SRS 2hE 8 Bl Rl kiR °f e
resul ti nmdérlgbmogi@l in allatublise 2057. THeeRATRE RS0 cesdeds &Y L2080 THRGrbidsEbPr ai n
with the decoded i mage, bl ocks could show visible variations in their

averdge K} ﬂré“?WS ereamrlhef the datebase 207 wppe sysigm anitinkigation ok gse andenablaser ) .
In the %f’o?@ge"meclrboil%ntﬂ)ﬂgl &gﬁlogp(tug‘ummmér% 8’) the creation of the block

i mage B I

The foregoing describes a technique for simulating film grain in an image that affords

the advantage of low complexity.



t he frequency domain can occur as follows: for(y = 0; y < N,; y++ ) for( x
=0; xX <N x++) if( x >fHHMy >fvH) B[ x] [ y] =0else B x ][ y] =
r Bl O wbwod@sAm3unmi ng al so the ability to acconpli shpzerg2:3lose2s
initialization upon nmenory allocation of the block inmage, the previous

met hod can be sinplified to the follow ng expression: for( y 0; y < N y++
) for( x =0; X <N, x++) if( x <=fHH&& y <=fvH) B[ x ][ Yy ] =7r Note
that the processes described in FIGS. i and 3 make use of (fHH -

fH +1)*(fvH - fvL + 1) nornmalized ran'c} m val ues, thereby avoiding the
filtering step that typically foll ows thﬁ conput ati on of the forward
transformof a block of normalized nunber s. Conput e The | nverse
Transform Fol | owi ng generation of the block of transformed coefficients,
conput ati on of the inverse transformoccurs, typically according to the
gengral fornul a: R nfethdd fox Bxtlativipefilm gratm nemptising theastepsaifi ng f act or t hat
conpensates for i ntensiéé/ variation resuti ng f.ro¥n tge eneration of the
bl 0@k of t r asfeFtngARloekeftrans %gpoq@i &3 811

FiCRLTFPONRIKE SPLEY a can hav
a vgl ue Uni ' i fansform conputation of the . :
tra Sfo%s%%1#g%wntgtaﬂ%§ﬂ@‘§@28§agrl S Pgo’latl?lgvvs: =t cosf 2N J O in this case, a=

Scal4i ng of tdseabliskiag ar ifieasedfansforRdouthe araateddilogksofitpns fonmag coeféicientsdei on of

t he bl ock of transform?d coefficients and conputation of the inverse

t r afst oyiRkdgF filphgrag) ¥EW!e-t he filmgrain sinulation process of the present

principles typically includes the step of scaling the filmgrain pattern to

the appropriate filmgrain intensity, although such scal |£g nol necessarily
occur. For v2deo Thelinethodpptardingitealaim;l vkaraftheplogk gt plock Zrapsipres aj n

intensit pical |y unde t ansm ssion in the SEI nmessage, as specified
in fzhe ?%égﬁé?.crgft?gﬁyf&%%?EC14496- 10 standard. The scaling process
typixal |y ocgybbtaidings esluedstaach vodffieiehiodt icovidimptese(mngrwhich iy yrandom vplue N;
y++ ) for( x = 0; x < N, . x#++) b] x ] J. *= scaling factor.This roach
pr edent for so dongcrsaf andpeliciadhe é@ﬂé)ﬂ’aéi ﬁé@*grﬁ’ Wﬁﬁf?tggeaﬁf”?cé%@ﬂng{gﬁ and

co regl tQutpari-e?(';ot%fw'g@t hods. On one hand, the scaling nethod of the

present Bt rncipl es reduces the conplexity of transform based approaches by
avoigli ng conh)tsatringtheofaluchef the ceafficientatsbordinagsdxf y) todhe obfaingd valesandquency

domain. On the other hand, .th cal.j ng_,net hod. of - L Rprivachpl es
redutes the KRRERPUPEHHERY @?@‘Hf@ 6’?{'11%?%{3%%539%%’2gﬁyg%ﬁfg%fg%%ggn g‘)‘/3 cl)n:y
storing a small set of transfornmed coefficients instead of conplete film
grain patterns. The nmethod of the present principles can serve to

initlalize a3dat aE&smediodfacpmd@&wal%iﬁ‘t% ST CQIAPTIARS § giegrof settinedhens of -
creajing a thenRleafk (Blo) td #oabQafiRd coefficients and

1 4. The method according to claim 2 wherein each of the random values obtained for so

2 long as x and y lie in the band pass defined by a set of cut frequencies fur, fvi, fun and fva-

3 follows a Gaussian random distribution.

1

1 5. The method according to claim 2 wherein each of the random values is

2  obtained by accessing an entry from a pre-computed look-up table of random values.

1 : .

1 6. The method according to claim 1 further including the step of sqaling the film
2  grain sample.

1

1 7. A method of creating a block of transformed coefficients used to simulate a

2 desired ﬁlrﬁ grain pattern, comprising the steps of:

3 (a) obtaining a value for each coefficient at coordinates (X, y) which is a random value
4  forso long as x and y lie in a band pass region defined by the cut frequencies fui, fy,, fun and



conputing the inverse transformof the block could serve to initialize a
dat abase of filmgrain patterns as illustrated in flow chart formin Figure
4. The mewbedogafs7to8G. 4 comrences upon execution of St aptTaisemsa823

wher eupon initialization occurs. Thereafter, step 202 occurs with
generation of the block of Gaussian random val ues, using either the nethod
of FIG 2, or the nethod of FIG 3. Wen enploying the bl ock transform:
generation nmethod of FIG 3, each ran_dlg[n nunber entry is obtained by
accessing the Gaussian random nunber |'6ok-up table 107, as discussed
previously. Follow ng step 202, the block of Gaussian random val ues

undér gdes, bah aizerpcatBIWiseansf orm typically via an Inverse Discrete Cosine
Trapsform (| . [ t E IJbidifedSedd: RAd
Dur P st ep Goterig ed et Ranctialcs 0 PR AR hBifPAMe B 207
Thereafter, (heppatipeseps¢admddb) sitdp v20R:. is Setdopevereseefhitie i theblack.ows
creation of the database 207 upon systeminitialization or reset, and

enaBl es storage in a conventional nenory (usually SRAM nenory). The
forggoing degcri ' th MiAkdrR@mprisgdhébtep ofsedfing thege. t hat
affgr ds theeggidvag?geg@eogg:agéveqﬁqgrgrg?glgﬁ%Al VS IFhAmr%et hogpfor sigrrul ating
fil @ gridock coeffigientsit (@0} oa zst@epaduef : creating a bl ock of: transforned
coefficients responsive to a band pass regi on associated with a desired
filmgrain pattern; and establishing an inverse transformfor the created

bl ogk of trapsf or yRdmeaRlftedrempdo tRin i7ekkbréinfeatinohairandoanydlees dbtaiftde
nmet hod according to claim 1 wherein the bl ock of blhgck- t ransforne

coef2f i cloese bngasaraadtydie iny hand passagsiopdefiped by the suhraguencies tiie o fnandn
coefficient,,at coordin . wmhich is a random value for so long as x
and Yy | Vé??%OW%%%ﬁg%éan;}tﬁgioré)é%sﬁ%léwgy a set of cut frequencies L, fvL, fHH
and fvH  but a zero otherwi se; (b) setting the value of the coefficient at
coordinates (x, y) to the obtajned val ye;. and eatjn teps (a) and
(b) luntil a &l ue)fh%n@&odfae?mgwr% clayas f‘i‘"&‘i‘%‘ﬂtﬁg‘%# r?frdé’é‘fg‘.’g'%‘?sn‘%he met hod
accoy di nd.; ' 6P oftiputddgost-ap téle Blahiitig valiRs.bl ock
coegi c%ﬁ%’%&@%{%%n%gﬁgm%ro \r;‘;llsue. Hg)u Thg me?hod according to claim?2
wherein each of the random val ues obtained for so long as x and y lie in

t he band pass, defjned a set.. of cut: f ncies: fyH
fol llows a 'Gailssi ah-ﬂ? H}?%aﬁf%rfimgﬁﬂtckablﬁ.fﬁl?&{%hlgm@éf%%e 3%%%? %t%%lﬁp glgcﬁ%ai m 2
wherei n; a6k vafistbhf oh ICWBLY 8f trasfirmealbeffioRdisby accessing an entry froma
pre-conput ed | ook-up table of random values. 6. The nmethod according to
claim1l further including the step of scaling the filmgrain sanple. 7. A
met hod of creatin ( : £ LG Gt iff ate a
des ihl(r)ed fil m?g'r ai ?hgé‘% %@@E&@g&{%ﬂ?}aﬁ%ﬁ@ﬂfgﬁgﬁggﬁgﬁg t%?ﬁﬁgg{ gﬂﬁﬁgﬂé a val ue
f or pacveselfahsoaniof de tock of tramsfosméd cogfficishisad yiedd a patterd offilmalggainf or so
long as x and y lie in a band pass region defined by the cut frequencies fm
, fvi fsamRleyH > but a zero otherwise; (b) setting the value of the
coefficient at coordinates (x, y) to the obtained value; and (c) repeating
steps (a) and (b) until a value is set for every coefficient in the block.
8. The net hod3accdihdinmshadaccprling tp dlaim Hefurthehemprisieg thestepraf jnigplizipg #i ng

the bl ock coefficient, at (0,0). to a [Q WV i fng to
cl ai #n 7 da@B2ssiof ﬁg"&cﬁﬁalﬁfpaft%@s P%{ﬂ%l&%x\ggﬁ 1§%k @?“313502‘8‘ e?%?efé%ﬁ%ﬁgsﬁa%g%?iﬁgnd y
lie %n ?omgfm§aiﬁ@gﬁ%5.defi ned by the cut frequencies fm, fvL, f and
fvH fol f'ows a Gaussi an random di stribution. 10. The nethod according to

claim7 wherein each of the random val ues is obtained by accessing an entry

froma pre-cqpput §q .| 09Ks R bARh S to aif P TP AMNLALMRBrising the step of initializing a

" database of film grain patterns using multiple blocks of transformed coefficients to create all .

possible film grain patterns.

processor and logic circuit for (1) creating a block of transformed coefficients responsive to a

2

3

1

1 15.  Apparatus for simulating film grain, comprising one of a programmed

2

3 band pass region associated with a desired film grain pattern; (2) establishing an inverse
4

transform for the created block of transformed coefficients; and (3) scaling the block of



11. The method according to claim7 further including the step of
establishing an inverse transformon the block of transformed coefficients.
12. The ngbhoss/aemerding to claim 11l further including thest@sosdf2zscal i ng
the inverse transformof the block of transforned coefficients to yield a
pattern of filmgrain sanples. 13. The nethod according to claim12 further
conprising the step of initializing a database of filmgrain patterns using
a single block of transformed coeffi cilﬁnts to create all possible film
grain patterns. 14. The method according to claim 12 further conprising the
step of initializing a database of filmgrain patterns using nmultiple -

bl 06ks inVerselptrahsformed eosfficienss orareate @ sun atpépaqtqm;9§§§ntsr§nfi I mgrain
patterns. 15. Apparatus for simulating filmgrain, conprising one of a
programmed processor and logic circuit for (1) creating a block of

t ransf or med ppef fTkd pamaniserpordiigne clamal Shalndeinabsonefi the pargsanimaded with a
desired filmagrain pattern; (2) establishing an inverse transformfor the
cr edt ecprbessdr asflogie gheyiberrwes tisdqckidigek: tra&ﬁ@’“?é‘? C%ftng‘Fﬂﬁ%tyr(@) Hfptaiopng a

of i gversel y. t ransf 3 i r film
ar an. Ao i R ST SERCAEREELE ) Anidiigh Fafioht WHhaKGLo0GHg & aidly
progr anpeeia aﬂfdﬁ@?ﬁ%efmbd b dheccut ifrequericies fgg tfas fishanddivadiut afzets] atberwise; (b)
transforned coefficients hy.(a) obtainin val ue for .each co icient at
cooddi ngtting thg valyp omeme&m%\t P%??G’B‘ﬁi“?fﬁ? '8‘@?'} E?raﬁ‘g gbtagsd Véﬁlexarﬁﬁ{’ﬁ [PRePg o
band p of ) { fnithe bioék, f and fvH, but a zero

ot hgr vma@zaﬁjcf{)c? ﬂgfgltf?a%%@ﬁﬁgyf&gﬁﬂfggﬁﬂﬂﬁgﬁégef?i (?i ent at coordinates (X, V)
to the obtained value, and (c) repeating (a) and (c) until a value is set
for every coefficient in the block. 17 T ' claim 15
wherlei n t he g-;e o:rﬁ? ﬂ&’%%sgﬁcﬁﬂﬁ?g%ﬁ &9rcé%@sg%§h%fgﬂ’|a%glbgé8?@%3’?@%@3%? es the

bl Of%k Ofrobds86ort16 S0 S BuiNEIdated Heltl 6dkestodkrarfdrined codfficiehtsdy seairfgf thei ent  at
(0,0) to a zero value. 18. The apparatus according to claim 15 wherein the

one 3of bloek peefficigntras §0.0) Wczesovalde. | ogic circuit creates the bl ock of bl ock
tranlsfor med coefficients such that each of the random val ues obtained for
so l'ong as x >= fHL or y >= fvL and x <= f Hand y <= fvH follows a
Gaussi-an ranggm diTké appamtiosccoiding Hhdaiap pawhemsin the ove df thg programaied 15

wherein the one of the progra rogessor or. logic circuit in ch
of the PHRERSAT UPEIESITEYLL 8@%@§W°§ﬁ°@ﬁ?é&“‘f‘}s&ﬂr§gﬁ?8€ W[B‘Lﬁsélﬁgll?%aglgg up&?abl e
of rfnd&@rﬁ(ﬁdo‘ﬁ?%lugsoobﬁqﬂ&ﬁfo?%'%ﬁgod’s SR, Arlytg= f | RO 3 Wy @AERT<=-SHA0:

nmeanis f.or creating a bl ock of transformeé' coefficients responsive to a band
pass r efpllmwsasSassiab exhdoin distaibuden.red fil mgrain pattern; neans for :
establishing an inverse transformfor the created bl ock of transforned
coefficients; and neans for scali ng the bl ock of transforned coefficients

to cfeate a gohul ghedppaithiehdtorfing td ¢Migi & Wherein the one of the programmed
2  processor or logic circuit obtains each of the random values by accessing an entry from a pre-
3 computed look-up table of random values.
.1
20.  Apparatus for simulating film grain, comprising:
means for creating a block of transformed coefficients responsive to a band pass

region associated with a desired film grain pattern;

means for establishing an inverse transform for the created block of transformed

5 coefficients; and

means for scaling the block of transformed coefficients to create a simulated pattern of

film grain.



