FLUORI NATED SI LYLETHYNYL PENTACENE COVPOUNDS AND COVPOSI TI ONS AND METHODS
OF MAKI NG AND USI NG THE SAME This application is being filed as a PCT
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Pat ent Application Serial No. 61/182,561 filed on 29 May 2009 and entitled
"FLUORI NATED SI LYLETHYNYL PENTACENE COVPOUNDS AND COVPCOSI TI ONS AND METHODS
OF MAKI NG AND USI NG THE SAME." Field of the Invention The present invention
is related generally to fluorinated silylethynyl pentacenes and
conpositions containing fluorinated silylethynyl pentacenes. The present
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incorporated into an electronic deV|ce as a sem conductor | ayer as neasured
by the charge carrier nobility value of the electronic device, (vii)
enhanced perfornmance when incorporated i#nto an el ectronic device as a

sem conductor | ayer as neasured by the energy conversion efficiency of the
el ectronic device, and (viii) enhanced perfornmance when incorporated into
an el ectronic device as a sem conductor |ayer as neasured by the stability
of the electronic characteristics of the device over tine in the
environnment. The pentacene conpounds of the present invention nay be
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each R, R and R' independently conprises (i) hydrogen, (ii) a branched or
unbranched, substituted or unsubstituted al kyl group, (iii) a branched or
unbr anchestp 281bt37tut ed or unsubstituted al kenyl group, pCrs2@ossdsss i t ut ed
or unsubstituted cycl oal kyl group, (v) a substituted or unsubstituted

cycl oal kyl al kyl ene group, (vi) a branched or unbranched, substituted or
unsubstituted al kynyl group, (vii) a substituted or unsubstituted aryl
group, (viii) a substituted or unsubstituted arylal kyl ene group, (ix) an
acetyl grou (x) a substituted or unsubstituted heterocyclic ring
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anot her exenplary thin filmtransi stor Conprising a semiconductor |ayer
formed via solution deposition of a conmposition containing at |east one
fluorinated pentacene conpound of the present invention;FIG 3 is a
cross-sectional view of yet another exenplary thin filmtransistor
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pent acene conpounds of the present invention conpared to TIPS-pentacene in
solution as a function of the tine the solutions were irradiated with

ul travi olwo 201dvu137nght . Detail ed Description of the | nveoriuspoidhsses esent
invention is directed to fluorinated pentacene conpounds having a chem cal
structure (also referred to herein as "Structure A"): wherein: each R R
and R' independently conprises (i) hydrogen, (ii) a branched or unbranched,
substituted or unsubstituted al kyl group, (iii) a branched or unbranched,
substituted or unsubstitute | ken grau g a substituted or
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acetyl group, _'(x) a substituted or unsubstituted heterocyclic ring
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10, 4 to Brovideltle delaylinpts.6, or 1 to 4 carbon atons. Exanples of alkyl
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one or nor,gngwlgrbgéggggﬁoggnpri ses a nonoval ent noi ety containing one or
nore at ons her than carbon and hydrogen either alone (e.g., a hal ogen
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to, ethenyl, propenyl, and but enyl . Sub§t|tuted al kenyl group" refers to an
al kenyl group havi ng (i) one or nore C-C double bonds, and (ii) one or nore
substituents thereon, wherein each of the one or nore substituents
conprises a nonoval ent noiety containing one or nore atons other than
carbon and hydrogen either alone (e.g., a halogen such as F) or in

conbi nation with carbon (e.g., a cyano group) and/or hydr ogen atons (e.g.,
a hydroxyl group or a carboxylic acid group). "A kynyl group” refers to a
nDnovaIent group that |s a radicaI of an aIkyne a hydrocarbon with at
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triple bonds, and (ii) one or nore substituents thereon, wherein each of
the one or nore substituents conprises a nonoval ent noi ety containing one
or nore avormsimtsen t han carbon and hydrogen either al omeT(Us2@0/03@&shal ogen
such as F) or in conbination with carbon (e.g., a cyano group) and/or
hydrogen atons (e.g., a hydroxyl group or a carboxylic acid group or a
silyl group). "Cycloal kyl group"” refers to a nonovalent group that is a
radical of a ring structure consisting of 3 or nore carbon atons in the
ring structure (i.e., only carbon atons in the ring structure and one of
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carbon atonms in the ring structure (i.e., only carbon atons in the ring
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hydroxyl Qi A 16% SR RANHe] GipRld (itRTaOHRY viruER} YoodlsBl RhcrtBf GEting: 2
nonoval ent radi cal having the grnula -C(OCH 3. "Heterocyclic ring™ refers
to a sat urigheuirtupligedichanngl signalrand adeft orrtuptized chaaned digniah progessing the eenter
conprisin t e_aqf i 0.t Li ng c
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wherei n each of the one. or re substituents c ri ses a noval ent. iety
cont ai ni n@“Q’Hg ‘?S'Bh ﬁlﬁr@é%ﬁgﬁ‘( ‘é’ﬂj#lfzc’i cﬁ%{\"%gséwagsun@kprﬁ ucg at ger'i?ma(m?ymoc*dﬁ% p, a
cyano gr oujde charthgbougpap] group, or a carboxylic acid group). "Carbocyclic
ring" ref a saturated,, partially safurat r ungaturated rin
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substituents bonded to one or nore nenbers of the ring structure, wherein
each of the one or nore substituents cogprises a nonoval ent noiety
containing one or nore atonms (e.g., a hal ogen such as F, an al kyl group, a
cyano group, a hydroxyl group, or a carboxylic acid group). "Ether group"”
refers toa- R-ORb radical wherein Ris a branched or

unbr anchedal kyl ene, aryl ene, al kyl aryl ene or aryl al kyl ene hydrocarbon and
Rb is a branched or unbranched al kyl, aryl, alkylaryl or arylalkyl
hydrocarbon. "Substituted ether group” refers to an ether group having one
or nore substituents thereon, wherein each of the one or nore substituents
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above, and mis an integer greater than 1. "Substituted pol yether group"
refers to a pol yether group having one or nore substituents thereon,
wher ei n ewohloof14idve one or nore substituents conprises acwusemalogssss noi ety
cont ai ning one or nore atons other than carbon and hydrogen either al one
(e.g., a halogen such as F) or in conbination with carbon (e.g., a cyano
group) and/or hydrogen atons (e.g., a hydroxyl group or a carboxylic acid
group). "Sul fonam de group"” refers to a - R-N(Rc)S(O 2-Rb radi cal wherein

each R an ar.e defi ned above, d each Rc, is . independent a

v ogen, e uAle TP eNE ey pagpfe A paRGR e lsbyar g6
hydr ocar bt rightidfae chinhe Bélgifall AP RAMNG dtechahieV Bigndl € TR & altémative WniRBmiEne ehgr oup
havi ng one or nore substituents thereon, wherein each of the one or nore

subst i t uefiteB of Bippessifedhecentshoarre HEnabvth § spabiak extenseruBhas comprisns dheattehs
ot her thapfgsiVARg a @0y BY & Qggﬁé GlENB theAdeARE chARnd -sign@l/, g‘rﬁ:kéﬁggﬁaﬁl{%l? pRssef) or

i n conbination wth carbon ( a cyano group) and rogeh atons

(e.g., a Bhiftedsopnter;channelosignalcabihseguendy,abe cphgsecthified cemtatoshanapl cignal isef er s

to a nono - [ i . | es
ot ude, By aated el e Rbort QMR sipbif IRk g ot BB LR, (EBREE

" Subst i t utskifted kb &merychgrrel pignal éf added twtharcentekchaund rsignal gradiucing the defosutpor e
substituents thereon, \Lt\)/ﬂ rein each.qf LFhe one Of .nore ubstitu rl;ts
Compri ses I anAkeRE smbagimenl, thesprtal exiensas, ealey heSraier chapne! skenelPapag-gn
carbon andt heastr dgesoetfididi rwiitidd@emfing. a percBidt® dMBuRUSMspAtalFdxtésionN The
conbi nation with carbon cyanq ?roup) and/ or hydrogen atons (

l (e.9., A, I e.g.,
a hydr oxycogffisigp is detarmunedpsmpltiplication fagfess,g pnd & ¢erlfyie € 44 or WISERIP F S
val ue” refgatd PplelifedtinddcoifhfShiy. Of a charge carrier (cnls) per unit
applied field (V'/Jc wth resulting neasurenent units of "cn2/V-s" as
measur ed (@023} Axagrdingsto ansedend) aspsct At theupriesegt dnventiom, fat medipdds inclused fochar ge
carrier. . . . .
St uct uy e PPeAc A Bl RA e HRANAE S MUY ot M5 3P RS R HRbne a
properti edeasya yigktrsidenchanne cignili dndtayleft 3idervharerehsigral pprgeessiag sl nigintasd (oft g. |

fluorinated solvenpts), (ii) enhanced, stapi.li en i ncarpar at i a

i ven or gaie Chatel SRty b trads ST shinsal SppaeiEs proresting Dieiete abd I ' ¢y

to wet a sidefchagnel Gigrals evithandrd Jiyailiogrhpoédsidry theredl QeaBihg @phghi virdayized V)

enhanced resi stance to oxidation, (vi) enhanced performnce when .

i ncor por achahrehyignahanda bétwmlé%@w'@l signalgpreeasting g sentsr channel siggal Withsur ed

by the charggiflalkidnssr tGDﬁ?bc!lch wiéfiﬁétul‘éft%dtrig‘ﬁt SLPGLs! BRteby IRYArfdfhg (¥ icknter

enhanced performance when incorporated into an el ectronic device as a

sem conduchanmel witka pscudeesierer etfedsyandrrumaring gy tghtwad defoputpas ivathethe yight t he

el ectroni G, fR¢ GfualidbcHalthd i nﬁmb?}&ﬁﬂegﬁ%&?%}i@rﬂgﬁﬁwgﬁe %ﬂél%ﬂ{ df.ed into

an electroni c device as a sem conductor |ayer as neasure y Che St abi lity

of the el ¢a02dpThe fostogpromsang step amyodontphise thevitepeobfiberirngi the right ainbkleft side

envi ronneng . varyi.ng th .graqu i.e. .. R. R and R').and X groups in

t he above °h?{8§yé'§1‘a‘§t'w§c? LP?LE? "gnog %ifp(a{‘%ialuglrp %{gr}aéss Lﬁa?l? ﬁﬁg'B@ﬁfg@B%ebeé%npound

L or a ?i V‘éﬁsoaiﬁt%ﬂivﬁlﬂltd @i\ll‘\fﬁfem flequensy lsx}nlaﬁmt@an@merbah@yaﬂericmMI ﬁg?ttfr][oﬁﬂihc
evice). For exanple en . a given fluorinated pentacene conmpoun t he

present i S9N TPHRnFS berst Bd eehmbiBing hereuracisd; BrRB0 copier shpapel; siengrs to

el ectroni erelRye &ull-bi @Rict thAANATout e sizhal O'The & PrRREY AL AP ma P WRAIdE dhd O

exhi bit two-di nensional stacking (i.e., 2-D stacking of" individual

nol ecul es $tepof gxiractingthe suk-bandresntgechanned aignalihy spaling ghlepst eanef the righipsdeft ¢ he

charge carg_ I i . I ] RNEh e

di nensi ongﬂ) tB %/ndor%?(p:laJ héﬁ&/\?(la%l@ﬁdtfgc f'?\th%})%ﬁ%%lﬁdﬁ Sﬁﬁ%&‘gg@g@h"&/ rrea%tljl?g;d by

exam nat i @hlea$t onhecading gbefficientsis dbtesmined/bys ¢ valuating en orfterachgined simitarity indéx A

given materj al axhibit i t wo- di [ | 1. 08 BF | k.St .0g,

character ?’%{e‘%e%;ﬁ‘eh%?‘:t ;ﬁ%dqggus\r{%ncg%'ﬁeg 'gﬁagggﬁ%eo'rn tser\lfgxllr‘éf"r%%l\(l:\%ﬁ’lfﬁ %r(':t sf'?%gt'g\;\%(ladrt\éd

aromat i ¢ canbagnikide s a kighalgomporgint yormvhéiorthe Hight uad lefteside\bhamrel sigahlsus of

carbon (ideally, 3.3 - 3.6 A). Considering a sinple pentacene unit, any

material that has two aromatic cl ose-contact nei ghbors above the plane of

t he pentacene ring, and two aromatic cl ose-contact nei ghbors bel ow t he

pl ane of the pentacene ring is typicall¥ classified as having

t wo- di nensional interactions or 2-D stacking. A conmon alternative case is

one-di mensi onal stacking, where there is only one cl ose-contact nei ghbor

above and bel ow the plane of the pentacene ring. It is generally the case

that nol ecul es with two-di nensional pi-stacking yield superior thin-film

nor phol ogi es for field-effect transistor applications, along with inproved

charge transport in the solid state. Simlarly, materials with

one-di nensi onal pi-stacking tend to exhibit superior performance in
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substituted heterocyclic ring conprising at least one of O N, S and Se in
the ring, a substituted ether group or polyether group, or a substituted
sul f onamwe 2grooup37iand each fl uori nated nonoval ent radi ealr/usenpns&es one or
nore fluorine atons with the one or nore fluorine atons being separated
fromboth silicon atons of the pentacene conpound (as shown in Structure A)
by at least three atons (or, for exanple, any nunber of atons greater than
t hree and up to about ei ghteen atons) or at |east four coval ent bonds (or,
for exanple nmber of coval ent bonds greater than four and up to about
ni net een &‘Wal éﬁ‘iO“BB&éfé*) third aspeshef thg ewm%frye@rﬁyomerﬁelmpsow@é@n aﬂﬂlaéranhlat ed
monoval enprde@lingHpph/ A REAANE Yt fANRIE S5dio(idnaPhVif GRA A ccHitPeRIEEC
substituted al kyl "gro (e | 'uori nate al kyl group), (ii) a

br anched etgn@lnaarlamw@ct sxmskslgnautaed adeficsidg/thagnel signglea grocesgorf foutseeiniag g C3-

Cl18 al k : t
subs'Ele i tﬁ? g‘ htgén?ﬁggls °§?: ézli\lf)‘%Feﬁgggrt%gFog%v%y@JO‘ger%%K% Ir%eg'r'%H gﬂ%gér%%fg c‘c?‘mel
substi t ut exgndb Imyuhyi figt vimpal{zer gropesaort thcmb'v reedacinlg @nm&nraahalhyﬂythagndlspg)\al (vi)

asubstltut Vi i tltute Ial Iene

mhororn t E 8 BRI endioel ehdls B BotaT exletich i’ FeteBintL e dan b ehrarl
radi cal a&@nﬂ?ﬂﬁrsﬁétﬁde)ftél&m protdisinf iheCRAtentiRiMBelGignah® medicadrtifctipipadnd (as
shown in Structure A? | east three atons or at |east four_coval ent

bonds. | nlefbpEPw,sien Sawyreémsmnﬁ@ﬂttée canigx channgt ith paseydorteer pifet Addunds
have Str ugliddiGorsuliting tHe rgﬂt Lmsﬁ oS J.é&grw.me%gmw% OfMualiAdichanel

conprises the fornula: wherei n is a partial

cont ai ns é&igaalgfo md@cem!ﬁasigmn nmddiﬁé)SIQﬂChém?bP@p'él yLhe [right W?@(@d{: ichannel
t
cont e 7 AR AT APl Tk g RSl 07,

a conbi nataocatiort fmrae(hefast driecofab¢ eightsdide cldinnaltsighal fvel keftt sidehehansbel Istgna]t i Dloe t o

the silicgn atom.i ruct ur.e me_ex r nt s

{1 vor | nat BEFsp R SR RerEisC s Con kY atEpesc PRtoRotingreraed Boielinudr Sher

f1 uori nat echdribenjadcEidh witddheCarbomgumpingdesvibgse formul a: *- CH 2CH2ORf wherei n
Rf is as described above. The asterisk indicates the attachnment |ocation to
the silicon atomin Structure A In sonme exenplary enbodi nents, the

fluori nated pentacene conpounds have Structure A wherein at |east one
fluorinated nonoval ent radical conprises the fornula:*-(CH 2)oORf wherein
Rf is as described abovBRIEFDESCRIRFIOMOFIFHEDRAWINGS eater, typically
ranging from1l to 5. The asterisk indicates the attachnment |ocation to the
silicon af@26] n Fhescand ethéy. fehtares cand adxmtngabg/then‘tmdhmmbsdnmbine disclosgd nat ed

pent acene,co s, have Struc A n | east one fluqrinated
onovar endeRaHLpe beffh indbbed B sespitao T toloping dporapppdArmtE e R
is as desw;aﬂdcea:laﬁmersréremmtspmwtﬁmgh@ft add @ whicRat er, typical ly ranging
from2 to 5 and Z represents -H -CH 3 or -CH2CH3. The asterisk indicates
the attacihemT] FIGCH ii9M éhehafc diddr&RNilIBStATE N Sbiveatioa® adiol FepFdiiiBtion
exenpl ary enbodi nents, the fluorinated pentacene conpounds have Structure A
wher ei n aPlaybackisygera for rapronyesion averdwedphpasor toydsreakersonpri ses the fornul a:
-CH 2CH=CFRf. wherein Rf is as described above. The asterisk indicates the
at t achnmend0028LEIG.olb iscp sqhematic drapineatilysirating 3t laplep somppter haviag) ho eneassd ar y
enbodi nmen ent acene conpounds have Structure A wherein
SheakP B R et

at least o al ent radical conprises the formula: wherein
each Rf i n I gen
at ons) orTcdo E? e %n Isﬁhc??}aﬁgtdge ?J('éy"&{raﬁgn% gﬁﬁéﬁ%@%gﬂﬁ%ﬁgﬁ% qgllokyl
group hawplvgbuqkqvoraafwualnasmfdxmd@mkm ons (or up to about four carbon
atons). The asterisk indicates the attachnent |ocation to the silicon atom
in Struct 0ONFIG.B3 smod«éapmrqf aevitiualiapdint procesding $ysteor havingdirgsemaralickbne
conpounds _h { | ent

radi cal c rr%glgs's?gléﬁ%g%qea gbn.l}m gorrz]%icrl#%g%th%?&@&% Fé%g 15?{99)};9%”' ally
(i.e., contains one or nore hydrogen atons) or conpl etel y fluorinated
(i.e., contains no hydrogen atons) al kyl group having up to about ten
carbon atons (or up to about four carbon atons). The asterisk indicates the
attachnment |l ocation to the silicon atom-in Structure A In sone exenplary
enbodi ments, the fluorinated pentacene conpounds have Structure A wherein
at | east one fluorinated nonoval ent radical conprises the fornul a:wherein n
= 0or 1or 2 or 3. The asterisk indicates the attachnent |ocation to the
silicon atomin Structure A In sone enbodinents, one of R, R and R' is
present and conprises a fluorinated nonoval ent radical as described herein,
and the remaining groups fromR R and R' conprise identical or different
noi eties. Al though one or nore of the remaining groups fromR R and R
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each independently conprise nonoval ent radicals other than hydrogen. For
exanpl e, in sone enbodinents, one of R R and R' is present and conprises
a fluori nmpediomamrval ent radi cal as described herein, amdrTiuseomw@s@sni ng
groups fromR R and R' each independently conprise identical or different
branched or unbranched al kyl groups, nore typically, identical branched or
unbranched al kyl groups. Sone exenplary fluorinated pentacene conpounds
havi ng t he above-descri bed structures are shown bel ow. Vwherein: | = 6,

13-bis(3,3,4,4, 5, 5,6,6,6-nonafl uor ohexyl di net hyl si |yl etliynyl)pentacene; |
- [0031] FIG. 3a is a block diagram of a front-channel virtualization procéssing block having

S’eﬁf’égieﬁ (e aui%vrr]# ffﬂlgl%wwr?it@a@ur?va?nd%i@ergﬁctert}ag?fglafﬂng@&lo%t e GeABAdbA oF dwil Ritdu yny!)
13-bis(3,é#$mbrifiuoropropyldiisopropylsiIerthynyI)pentacene; [V =

6, 13-bi s(3,3,4,4,5,5, 6, 6, 6-nonaf | uorohexyl di i sopropyl silyletliynyl)pentacen
e; V = 6, 180 K1G, 3b4s 4, Blogk Biagraim ¥f 8 s8rréyrd:chanre! @jriualization processing block

0- hept adecgaf | di.i.sopr | silyl et hynyl ent acene; |1 =

6. 19 b o 4y HREF B SGRYNE Lier et YRS, BB B RS 248 hyny
| ) pent acersignal¥X =
6,13-bis((3,3,4,4,5,5,6,6,7,7,8,8,9, 10, 10, 10- hexadecafl uoro-9-trifl uoroneth
yl dec%l )i [0033 dliGogyisd f}ﬂlbﬂﬁt{f&’ diﬁgr)aﬂeﬂmml diﬁg;thaﬁﬁhibél)@ elﬁ‘ecit ofhspatiﬁl)extension

6, 13-bi s(3, 3,4,4,5,5,5-hept af | ugropent yl di i sopropyl silyl et hynyl ) pent acene.
In sonme erf5BUsHiRnEccordligdogr eﬁ,km‘&“eg‘rf’gt%“"}'?“ﬁgesent and conprises a

fluorinate noval ent radical as described herein, and the remsining R
gr oups eacfpﬂgﬁh%b “adh el Rosk e itBreratiglagxigsion; processing blge feeinedhe
unbr anchedealekMa8RG sEnPWRthg fTRFA Uyycﬂi#‘ bl Yass 'ﬁﬂ@tﬂéng]@%ft bil pAks ihRekr. Or

unbranched al kyl ene groups.” For exanple, In eac exenpl ary conpounds El
1V, 'V, XX 0639 F?@Ejsm%locﬁ‘alﬁa‘gfaln{)&danaaﬁlcb}é?s filtel SnchRIRRY LRYdy Jn@di cal may be

replaced with an i sopropenyl radical. In other exenplary enbodi nents, the

f1 uori nat oS HECRNE 2 SRR GHIML S10Path EHERH D BeddRE BloB PRVnDY deRR! hit
fluorinated nonoval ent radicals are present and at |east one Tl uorinated
monoval ent b Ripta! sd jsh bRRRREdLRES of sfiAteklcHliSH pfaLsSing bYdck hvihg B ARPRET ST ng
at | east Jnéﬁgchz N, S agg §e i% tﬂ% ring,la gubé%% ute e¥ﬁ%r groﬂ% or
pol yet her fgtepup, or a substituted sul fonani de group, (ii) conprises one or
nore fluorine atons with the one or nore fluorine atons being separated

f rom bot h [038]dd6. Gtinarblook diagaanpeia sicwakaudinprocassing appasdtusvnciudingtar eeptenr e A)
by at |eas .0 C i ot [ e | east
one” at om SbL SEyRHERBIK PLel Bl Pl RURE S M0 el e e
separ ati ngsigmais. fl uorine atomfrom both silicon atons shown in Structure A)
conpri ses an atom ot her than carbon. For exanple, in sone exenplary

enbodi ment [903YFIGeA &t a block dibgramaif atcbmemthahmd ektrichibe proatwsing biakjpetfomsing
nitrogen or Eul{ur as in a sul fonam de group. For exanple, in sone
exenplary ¥ W@HF?; at | east one atomof the at |east three atons

conpri ses Qx , enpl.ary fluorinated pentacene conpounds, having such
structur esﬁg%ﬂefgpogix'ﬂ@c?l?ﬁ%/ Yaeram i Y'rfxaé\al{gwnafpe?smg \ppparatus having a tpatial

6, (]:i_BXl))(IV Is( (ndnsiBh ahd LiahRd SARIAARD Yy the s8R hidtdssiapbrRey| si | yl et hynyl) pent acene;
an =

6, 13- bi s(( N- et hyl - nonaf | uor obut yl sul f onam dopr opyl ) di i sopropyl si |l yl et hynyl

)- pentacene. In sone exenplar i | uori nat ed pent acene
conpounds have Structure A Me%ﬂ?@*’ﬁ%@%“ﬁ% gether conprise (i) at

| east one rinat nmonoyal ent radi cal , such .one or re, of the .

ner of n- desiePHdn i FlevRE eriion, A¥ipus s B B At Bh MRVl fis (i 1)
at | easz_ afidersloot Qh%e:ﬁbd@gizmergﬁ @fi the l(inilu(\ieht)i?rainabembraem(aedcaith%u Gﬁeseépleafiik%/l
group, (iv) at |east one to al kenyl group, or . (v) a to al ky
group in c‘iﬁ‘ﬂﬁ snLﬂ POAT Wstances psllkgowy CEEI%FSO W‘ngraﬂﬁﬁe%'l‘“%‘etﬁa‘feo"%beﬁi‘ kenyl
group. | n ¢hohiflin Srdernit & dbsEUrd @i unBEkEndihd6f thisdesdripaéied pent acene conpounds
have Structure A wherein RL R and R' together conprise (i) one fluorinated
nonoval ent radical, such as one or nore of the hereindescribed fluorinated
nonoval ent radicals, in conbination with (ii) two G to C8 al kyl groups,
(ti1) two C3 to C8 cycloal kyl groups (e.g., two cycl opropyl groups or two
cycl obutyl groups or two cycl opentyl groups), or (iv) two C2 to C8 al kenyl
groups. In sone exenplary enbodi nents, the fluorinated pentacene conpounds
have Structure A wherein RL R and R' together conprise (i) at |east one
fluorinated nonoval ent radical, such as one or nore of the herein-described
fluorinated nonoval ent radicals, in conbination with (ii) at |east one

i sopropyl group, (iii) at |east one isopropenyl group, or (iv) an isopropyl
group and an isopropenyl group. In other exenplary enbodinents, the
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as one or nore of the herein-described fluorinated nonoval ent radicals, in
conbination with (ii) at |east one isopropenyl group. In sone exenplary
enbodi nenve,2otona137huor i nat ed pent acene conpounds have SPcuaiseeie/odsesher ei n z
=0 (i.e., at least two groups attached to the silicon atomare the sane)
and R, R and R' together conprise (i) one fluorinated nonoval ent radical,
such as one or nore of the herein-described fluorinated nonoval ent

radicals, in conbination with (ii) two isopropyl groups or two isopropenyl
groups. wn above the fluarinated pentacene conpounds of the

As
present i Jod itdementinpt Pg%e'l“P?.fLF‘FNa? fete payeptens Mmey dSnisplereentehbY Agrdgateuct ure
A wherei N frmwalk, (doft@vare %P An?%ﬂn‘(ﬂoﬁlrtﬂ&l?&f atwR&GN §dlp l’éﬁ‘:eﬁt@@ |ﬁ' de&%& ghom are
the sane). O her ‘exenp | uori nated pentacene conpoun s of the present
i nvention q}ﬁm of an emboctlme@t of the PFQSQ@tlntwogmwemmlaéhﬁedodeosemems itd i con

atomare t de

Fl uori nat é%ﬁﬂé‘?t acg%%gs&gr 81gltsnds MJ’ %a}dﬁ}lp# hh-gftal%kt% %o gg}ha%bt

it should dperanomsedtsctrih;d lmbhtecmtﬁddumnt nﬁt}ednmnma@enedeabmm:{i& arfsimietes
present inyention nmay..have Struct A where st _one R gro

D Cached (B Phirsind YT brpeam. o e Se@nerit SREbY oBtady PR Prteiint P?m&?@ae
het er ocyclaceesmbragnmrm bt Gamdehited Hyeasimpare dath signalNmbodiRd Gn Searrier whine, b 919,

such as a substitute or unsubstituted furanyl grou a substitut or
unsubst i t FHEd girdulgted| yg?ﬁﬁ‘e"ao‘?ﬂﬁsvwm%l?“dpe‘gﬂ@uﬁbf| Pleces§or Fﬁaéﬁgq °fr oup,

or a substactdstiBR REdivt® BPEhadhiHeGEadale O ABE8ANIE nEdRUAD: mh? I&Wie% tnRQium
above-descri bed exenplary fluorinated pentacene conpounds, one or nor e of
R R and/that car statey transmity Bstransfer informatinn.oFeareplesfithe propessarireadable medivim abl e
substitue but
are not | e Ao AR HEE ESEbloDRhlSr rimor RAAG, o fFad B HHend D ROV Lo,
anm no gr odjssh meamong pylerayatle BOM dEROM), gﬂ(mmsdlsltem caadolnmayt djsko(@ji), ROM; rw

O bynyi o rBRP st i hafl HEE P e PR Tk, i toilo, MRy (BFI TAK el hET
Diiea, Sbrkssel gkl iscgpe sbanhyptacpe stk gyt

- OH, esh e?le%tmlc Rtprk %ﬁn E%Pp%eﬂﬂvrrﬁ VR eEcirgpagnet, oéalf Kipks, grcoﬁb%

cycl oal kyIc@hmgﬁr@ﬁm%@moﬁraﬁhwﬁ@lé@.ﬁput@ra@t@trkyk&nes AR Enet, ARGINEL, e OUPS,

and heteroc C|IC rlng e., aromatic and non-aromatic heterocycllc rings)
conpr i si nd 0943} Thg srac neaeﬁess@le Redignpmay beembodiedeiniangtiqigef marufadhyge. dbe not

limted t Y. , any
of "the abogEder PR Rstinbma W ICHHTR et Phen LT b Bt o
pent acene machg\enaperffmm tlnerOpc:amm deseritmden ¢he fotiowingf Theherm idata” hiers cafers dal

substi tuent ubstl e utlllzed [
Caitor a graarps,ehBARaiBl fiud bibed ok Ryl eadie blimo R The ol ke
or nore suhdide piogram, %dﬁpd/atd)ﬁld,léﬁcl [ zed to provide one or nore additional

benefits fyrther nhan e.t he ility of a ven ent cene conpound to
o it dBOa Al AT S8 bptnt siahe inketffeanpr ik b gy then
pent acene doftwaRIrha) Havé Qév\éﬁmn%dﬁl@s ébuplefl 1o'6e dndihes /S@J»f(\%}& foduleds caipled o sh

the solubility of ‘a ghven pentacene in certain solvents (e.g
non- f | uor iarathegmedile nesgive ru)ab@ﬁmmtqrﬁerswwapmnw, §tCams'é>rdr> geperate

gi venpent f acene
in soluti %epg% rleél %%Piqﬁn&sl?gst g&handbt}é ter t eul(ran)nrfghzta;fb(r)ig-’;é;/lél (g)ofﬁw{?éends
of a gi verdrwemraoerfecwﬁotimtepgt withethe omrammwtesemoaduchemlgtfomn A eoftware
exenpl ary nt e f ent
rvent | on. TR0 AT RS e Paebe A B S0 BERS ST InRIEE Mg teckllE RS
further C(mmrﬁroseahmd:wm dmcee substituents X vvherel n each X i ndependent |y

Cunot | ¢ ut davds R eHERm i o B ISPRERonn Cedemibef s 8 BB vk & BRRE Dae

but a; e nCﬂepiciddiade]o&@Piar( Ja)fidw ﬂl@lgﬂaﬁrea stridtre diaghink \ok g]gltdaurdna(g&ng Althougiei ?yl |
group perfluoroal kyl group (e.g.,.a trifluoro rou n
SooaP) - eorhiédk dideri e dRsente e opy i s s st Rrbtess, oA ot ta O OrE

present invention, including any of the above-described pentacene
conpounds, further conpri se one or noressubstituents X, wherein at |east
one X conprises a hal ogen, desirably, fluorine. In sonme exenplary

enbodi nents, the fluorinated pentacene conpounds of the present invention,
i ncludi ng any of the above-descri bed pentacene conpounds, further conprise
one or nore substituents X, wherein at |east one X conprises a branched or
unbranched, substituted or unsubstituted al kyl group, such as a nethyl
group or a trifluoromethyl group. In sone exenplary enbodi nents, the
quorlnated pentacene conpounds of the present |nvention, i ncl udi ng any of

o o o e o



X are other than -H (hydrogen) include, but are not limted to, the

foll ow ng conpounds: xxp XXII1 , and XXIV XXV wherein: XXI| =
6, 13- bi s(Wo21/¥415,5,6,6,7,7,8,8,9,9, 10, 10, 10- hept adecafuwarseaieoydods i sopr op
ylsilylethynyl)- 2,3 ,9,1 O-tetranet hyl pentacene; XX Il = 6,13-bis(3

,3,4,4,5 ,5 ,6, 6, 6-nonafl uorohexyl di i sopropyl silylethynyl)-2,3 ,9,
10-tetranet hyl pentacene; XXIV =
6, 13- bi s(3, 3, 4,4, 5 5,6,6,7,7,8,8,9, 9 10, 10, 10 heptadecafluorodecyldiisoprop
yIsHerthyn - pent af | oroethyl tacepe; and XXV = 1 3-bis(3
,3,4,4,5 ée Beréofﬁﬁﬁa'? P ‘?h?éﬁ?/'?%H'F pith “éﬂ“b Weé’c'q’ﬁir?ﬂl)e operations may be
1-f1 uompeaiaﬁ 8. AT%C&§Q§%IAa@deQ'Bérpﬂs loﬁelfau&ﬁshﬁé DhpREE A pfocess may
conposi tions co risi n‘g@é one or nore of the above- descrl bed fl uorinated
pent acene ‘€BRPE tpsama (@lprggramsoproeadure, qigpi cal sol vent ssui tabl e for
form ng coppRsiF t. | i ted
to, or ganlqc S Ipvgg?gs és)%g&ulnamoﬁgégﬂélslm\éﬁw&cwrﬁ%?@?%r‘%ﬁs&{e "ﬂ%?ﬁ]éz‘i\? ed
sol vent s, ofirtble inmentiork ean &uptaab(ced s®hes emtioningotl indidehatvirtwad andio processingl t o,

ot 1 shyar GPRYANE B ERRne A 10 REHEERCIea Bnd ARG TGRS siefa oY, ~TRE GRS Worce
but yI cycl Qigemmﬁacmammgmhmanm asSQthbrﬁlgrhl endswmryamélséime(sutﬂ bd zed.

Sui t abl e sol vent bl i pclud ar e t ol e, bl e ded
Wt h decanBChek g iy arrerh.Siundbeme) aR e aehinclii Sioc B btes pral
enbodi m?ntLF(F)hkF@ﬂHﬁﬁéédﬂoPBla%@PBb&%ﬁuaﬂW ffQhtal’Rh g@ikeﬁ‘shﬂ? FOVERGasiTVelyed
fluorinated pentacene conpounds, and a fluorinated solvent such as

hexaf | uor dhe pudie, sourescsigal 38 rnw&ememltl-c(h@mei sigaal d pichiay |a)Mevie sppmndtrack) and

1, 3-bis(tr i r t

(t rifluor c;}r)ré\e!{l yg Eeg)zﬁe’)r’\lgl A t r| m&jﬁkﬁ?&gl Slgésng{%em’ b}y( )) JQPOY;?{%G)
2,3,4,5,6 lptemedffbudamm gulre su@ot&d&oend oudspeakgoaroanils isipegferred that the audio

2o L RUSPRREAEA oS BT A Mg s 0

(trifl h ag henone and 3'-(trifluoro acet pphgnone.
e conpoéiﬁwefh%w)ﬂ e BB ngcRparhuist 1 Blaeh AP tabice R B0IT IS o
sol vent anoduceandid Ioucprut sighatsl 304, Jabifer pl@jrbaelnbverSMuspearReﬂmﬂchadphsmanAn
i ncl ude the above-described fl uor.i.n tedllgent acene nd, a fluorinated

sol vent, AHIGSOIRGHSENA F8-maY Rsra ultic gral intepyled ‘Hd’F armaneg, gSr 38 AEAY

i qui d sucly 1a§ds9@k£ﬂsqwm&mm§ then%iefnkmnapyscihe%uﬁamss(lel&ds caker layout
per fl uor odecal i n) er f | uor ohet er oal kanes g perfluorotri bute/l am ne, and
r

ber I uor ofbyyBONAIG) 1apeil rhqdwﬂﬁé«ta@@dweéaw Syreougd), LF (Left Front), CF
per {1 uSr o{(Ruhil Fshi) 0y BEQATER). s @igh SuHGAA) M@ IS RIS, T Rhnteias1s

(e.g. 3-et

1,2,3,4,4 laucspﬁiksr leymimdécsaprbwdcd)byzway of exampbmandimot linsitatiore lankis regard, it is

2H perfl uorQ -t etraox dec¢ ded
t hese fl uorltr?g'lpfgl dI %'3 % pugﬂg a1s3 ikﬁbemg conZEﬁreé]g?rosH%g\%}qgha\ﬁ\K}%Qw@Q
conposi ti dor a\viduélaciohdstpeéler \Weylolt r@r@éntvdarais Obsn’s wihsder at 8 thel ruatbes of s e
fluorinated | y not  f nctl 0od .sol v ntsfor th Iuorl ted
pent acene { %ﬂbgﬁ ﬁg““"%p"f’@aﬂ I'syt 'ﬁ’é’v%fert(ﬂb Hobré%Fé'&%%nB@Heme"?

fl uori nat efamRnRt a&mﬁatﬁ@wpwnaﬂmaé@pws?ﬂmtm N3Gb Sy BB preUEReS ifér Flaytatk a
concentration of at |east O. % based on a total weight of the

conposi ti cﬂYefmefﬂHéﬁiPhPWﬁlt of the concentration of the fluorinated

pent acene ¢ ound in the conmposition is often near the solubility Iimt of
t hat corrpdﬁ?f’g) iThe vifiahandiq prapessing apragatys 6 has yariqusipeayeational prcessiig means
conposi ti Ctﬂot%;{éévﬁ‘ﬂwﬁnfsﬁnﬁgmc'ldagta'd?g?taiQ 1l ﬁM’@fsE&actoﬁne%waho ﬂ&nhf'autdhﬁn ut and
fabrication of an electronic device. pi cal conpositions of resent

i nvent i on asnwpiinteréacon andmetmioey ab@ge-f@tetg@ storase of |t¢,mmqrwatm@|cepfém da}@raed of
conpounds of8Nging fromabout 0.1 wt%to about 5.0 w%
nore typi cqu)(fey 'E&?‘%g\m‘%ﬂgt W%to about 3.0 wt% In sone enbodi nents,
conpositions of the present |nventi on conprise at |east one of the
above-descri bed fluorinated pentacene conpounds and a solvent. In other
enbodi nents, conpositions of the present invention conprise at |east one of
t he above-described fluorinated pentacese conpounds and a solvent in
conbination with one or nore additional composition conponents. Wen
present, suitable additional conposition conponents include, but are not
limted to, a polyner additive, a rheological nodifier, a surfactant,

anot her sem conductor that is a conplenentary electron transfer partner for
the fluorinated pentacene, or a conbination thereof. In sonme exenplary
enbodi ments, the conpositions conprise a polyner additive selected fromthe
group consi sting of poI ystyr ene, poI y(aI pharret hyI styr ene)

Y e o, T T 1



When present, each additional conposition conponent (i.e., conponents other
than the fluorinated pentacene conpound) is independently present in an
anmount ofwgnresi®is7than 0 to about 50 wt % based on a t ot acTwstalbto3esks t he
conposition. Typically, each additional conposition conponent (i.e.,
components other than the fluorinated pentacene conpound) is independently
present in an amount ranging from about 0.0001 to about 10.0 wt % based on a
total weight of the corrposi tion. For exanple, when a polyner additive
(e.g., pml%ﬂt rene) resent in the conposition, the polynmer additive is

typi cal | y (39493 dhe aruho adtraheienls Ha, g@lwpehrettncbw em'bo&l@eéspe&ecﬁ ePRStivaly e
typi cally,jafefe amn ARt FF}%c\iAﬁnc?stlﬂé'fmér %J&%?@ﬂh%ua %hw% F, R, the
COprOSI tion. or exa a sur ant 1s pr esen e COprOSI fl on,
the surfacendRS fosafi pchmhtlypufbuoemnmsrgnat émmanmpnattmeta@rleatoes, suﬁauT}J‘ms about

1.0 wt% f n_a total
wei ght of%?lgméc% o'?l'l“frl}’/otrltl pﬁgs]"'%li) %bcg?f%%\gﬁtpgpﬁﬁgg?kés\u\t‘ ﬁg EoMS§¥ti on
desirably thmstheompmldtspwng)bbnerltﬁ and RF. lgudspeakmosintdhtsrbasé,am irtugl audio

Vi scosity, etc;ﬁ t hat en é{fhe co osrtr on to be goated nto_r:iix1 substrate
vi a convef?6HHe BRRAIY g l!?f‘tdé’fﬁ é i‘ﬁ'ﬁ%e‘h‘ﬁ?'ﬂh&ler‘g‘c‘)‘ati § B esses

i nclude, RilerdhEeff@t ptdvides @ illGsio® ﬂiaﬂth@%ﬂrb%ignak 1 A8 8@ RF () 8mah& frohCa 1 Ol |
web- coati ng, and dIF coating, as well as |nt| ng rocesses such as |nk j et
o

printing, “édyabeir of loydspsekersigentest atositipn rrs, dri& pereaivedethat sound

enbodi nent nor e
osi r bl y ERAEs SRR SpcaRP idonehof ﬁ‘t”dtﬂtﬁg‘“@vﬁqﬁp%m% ViR
conposi t i dedspeafetrpay:brapasitioned at any dachiiam et the siftiel medrbtagmglnsmbmgaeﬂw ihas at
| east one urfa t I t abl e
surface, mﬁg@@?ﬂ et%hélaggﬁigd%u%ee?'g%agnggrrs‘%)s/ 'tr?cu%%}ﬁngt g'gazéntﬁg er‘{gr&%
conmpound Heuwdspenk&s bty pefceived pbsiticn. N R, X, Yy, z and X are as

descri bed above. As di scussed above, the coat ed | ayer may further conprise
one or nor [@0s8ldidriadhalchamig asdib saurcecsighad 08,the v@mlaIearudtdtmcatsmg appdratN2s of

the above-described fluori ted Jpent aceng co ngs, nposi ti qns

Lhe pr oseRTOTELLIE RFESRGn e GUdb Ragtnl Greasis ok 450t aad, STy arnensee & opi o
subst r at e9oudIpdalers . loddd AsFectiMly lat Fbéiéhst OF, POlaMaERS. C Likdwite, GUdib cAénnel

pol yet hyl ene ere ht hal at e Ts/ pol yet hyl ene napht hal ate (PEN) and

pol yi ni de§'8"a'ﬁoCF Worlddhiands s’t may ds Reresivedstosgmanatg, framlendsieakers| logaed

waf ers, r g g. by
Fanct; on- A PeRea pURIOHICIERE, fd R IhE BLAMRMrh Y (e DuBBhERay Be 2
reagent s swhinvedsbyiapplying mmsmmmseOGhe tahdiosinpitagignal o 28 | taking intp racoquder t o
alter the rﬁéﬁs&r@gxgntgr@ %é{o%’éa%nohcﬁf e logds%eﬁé?w)é ?ra\é &'?%%thc &% or
substrate conprises an evrce §Fcan @l Y OhiCraevice cohponent
For exanplHead (Rmtqmlsl‘rhnsﬁe?ﬂ’méndhb ¢HRTEs et HRIY edstatbsm thaftedmnqodﬁpemﬂeoﬂtme a

substrate s 1 m a sem conduct f an el ectroni c device such
2o i o Pl e ] ke TBAGED 0BG sund Smane: e g anY P RIS {1 ng
di ode ( OLERM arcOdttrfARIAL acSREE dTRANDH afUnG te Bildht’s AbA. SHNid &ﬁf@emﬁlﬁt@d st vent
in the coated layer is remved to forma sem conductor |ayer sui tabl e

met hod mayVeRy tpvesg frem ramyodisclion ields v eﬁocear%@pbtRJtFé)(Otmémserﬁ%$ i} i§ he
coated | ay gomﬁﬂ ko ot fHat ﬁxostt3h9 soHdV s?&%mgﬁéé rp&pélﬁggf’@s%@dﬂe PIATPR bR iHe Uler;
Typical ly, | east about percen he solvent I1s renoved to formthe
sem condudh dgnost pses, nmundne»daﬁmeé (generalizedt HRBBs areg8sede Yawallye acthperetical

about 05 vepieet ke 86 BbhoBbuiER) vBBE. NS, iy 5 theh R igBliee 25
98 wei ght HRTEsethét,aragenkmibizdbleatoauarg® Segmengdfithpopnbatipn. or at | east about 99.5

wei ght percent of the solvent is renoved. The solvent often can be
evapor at ed0@s1] divy ipsilateedd IHR TRerepesattuthe pathrtaleamnte thetdnodarestithe scwrtwmdtthe

The. 1 oom GPHFARET EOUTF-RATBR £ BRET (e epes So 7 s EBIEY ¢

nmet hods, thareaofollewt i s evaporated at a tenperature higher or |ower than
anbi ent tenperature. For exanple, a platen supporting the substrate can be
heated or cooled to a tenperature higher or |ower than anbient tenperature.
In still other nethods, sone or nost of.dt he sol vent can evaporate at

anbi ent tenperature, and any remai ning solvent can be evaporated at a

t enperature hi gherthan anbi ent tenperature. In methods where the sol vent
evaporates at a tenperature higher than anbient tenperature, the
evaporation can be carried out under an inert atnosphere, such as a
nitrogen atnosphere. Alternatively, the solvent can be renoved by
application of reduced pressure (i.e., at a pressure that is |less than
atnDspherrc pressure) such as through the use of a vacuum Durrng

o R o T T o



sl owi ng the evaporation rate by covering the coated |ayer. Such conditions
can lead to a sem conductive |ayer having a relatively high crystallinity.
After remwoabiloois1Eidesi red amount of solvent to form thecyase@onsdsss or

| ayer, the sem conductor |ayer can be anneal ed by exposure to heat or

sol vent vapors, i.e., by thermal annealing or solvent annealing. Exenplary
el ectronic devices of the present invention may be fabricated by deposition
of the above-described fluorinated pent acenes onto a substrate. Deposition
of the fluorinated pentacenes can be acconpli any neans, such as by
vapor phase deﬁﬂs|'P§"@ﬁ”('flﬂ?TFef>?&W6lf@“‘ Wﬁ@ﬂﬂﬁ#‘d@ﬁﬂ%ﬂ?‘@ﬁﬂe*fdﬂ?ﬂaﬂ%ﬁu on or
coating of the pentacene in th sol ution coating and printing
processes. ﬁﬁ t afoptralateral HR, Fcfoﬂ@ﬁiﬁ'@é's]eﬁpf FHght Pb}’%%?éf'ﬁu sneokaidec@tonsay have a
top cont act/bottom gate TFT construction as shown in FIG 1. As shown in
FIG 1, exenpl atry: ipfilatardl §IRIE @emecf@nmﬁamﬁhﬁ idual Msmqaharéomons@at e

el ect rode 16, di eI ectric | ayer sem conduct or source el ectrode
14, and drain @Fec%%&é@teiémféf thg|feont lsﬁwaghhvwguaéi;yémeakeé logationgat e

el ectrode 16, dielectric |aye source el ectrode 14, and drain el ectrode
15 of exenpl ar ¥sel '%@Ml@%&??@@swmﬁfb@fmﬂm yistuakgudspeaket lerationgipi cal | y
used to form TET el ectroni c devices. Suitable materials for form ng
substrate 11 i Mt m@tralbmal HRd Frfor the swrrquad lafoor rightivistualdendspeakgn lepasions;

t erepht hal at e, he/l ene naphthal ate, and polyimde. Suitable materials
for formng di éf RTkfor &yetrcemzrwnmldwsmmr legatiom Gidenticali foethe two eatsly of a
variety of polyners suchas poly(4-vinylphenol), poly(nmethylmethacrylate),
and pol y(40@2hdbawinual sedie erospssingtapphratis @ssumsh @aslymeu@pbmlat@dsm between

sol ution, [ §f I

cont ai ni ngpklfr]h}?‘?gr%on (f%rrngﬁc}%gdr g@ ag(ﬁ'ld &h?%th nioe a4 tﬁgg&gne? ntggnggen%&?#he

di el ect ri cWithysymi2trivalyrefationshigy; alhsneharchaposnmngﬁnm elnhedrla&tssin sdlatfonas thelCR  not
limted to [gq 2, Zrq 2, which act to ance the di ctr

const ant - SperiPorin b he afio Todkeis dteiuianali holated 4 BomnieiAsh haC gt

sem conducharigel ﬁlﬁ'@néacﬂ-ﬁomrw:ﬂendthﬁs ShouR- s?ﬁﬁmmdaedelmmmm t Asyndridahe
present invention. Sultable materi aI s for formng each of gate el ec,trode

16, sour cdclalienshipdgrroyided hy way af W@P&W@ebhmyyw%lmé reggnd, aneesopskilled ni t ed

Lo, car born ARgh UAASundbla Sl i LGS Giith APLRAIR) «f RERERcPRAdaM L1

sul fonat ed pol ystyrene, polyaniline (PAN) , Silver, "alum num copper,

titani um lmdsp@amﬂyom mpludmman@rhltswmmbarsowwala\gucigp@mrg Positipredfat aey g.

bl ends, Eﬁef&ﬁ'e? L&LM aa)’&‘h %ggom tes of the various el ectrode material _s) .
€

In sone cases tTaL e the gate electrode 16, and the dielectric

ae those AESALIR NS ek 9@%&?‘1@%?&9@% 3 et Eiol HE A Bl "

CA)), whe nmyrbetlhedmneacsi 1I2y-lni dp:echsn{hey@mai; putpatdoudspdakers $eamd s aramhmbrhdtahe

i ol oot i AR SySPt o BSEHiTL ThE ey D Ginboa s SeocBRereafaviar Bhgfot g e

fol | ow ng tlaayfer Binétich MY, hid ?@bheglé@e(g ink jet printable) |ayers: gate
el ectrode 16, dielectric [ayer 12, sem conductor |ayer 13, source el ectrode

14, and dr/gosy) Rlepeingty bFIGE) a ¥ dhRam D tHea M@l Pidid bRRERing AFPRSUE 2ONS
for forni ng dielectric | ayer 12 gate el ectrode 16, source el ectro e 14,

and drai n 1&(SBW-odEher 8vessll PERCewsings isqdacamppsed ipter diite p@plls! cRipsesting®ickE at i on
No. 200701, dasdG fAldiq MW:eLélg%al ERhfdt 28vhoée 69@11@@%?15% sUtth&Cles bty ch s

i ncorporated herein by reference in I'ts entiret l'ectronic deV| ces of the
present i A9eampo thedinebputputcognst iLée A). | 5@@1 aughtre seirce pignalbddy is- vimwalizehed

exanpl 0. CRespOBARE RORANT R ok Clul bied Mefil TP /87 TESUCREDL G811

shown in exqampumey aﬂev@ffereﬁﬂpmdetﬁh@:edmosnmngat3@ spiacct Hodkeveraye proviie the

Toai ntna@astisbetl GREPRE S BEORSE PhankbPeul P 0,550 v T

el ectrode rbqa.yted td 6¢ (virnglizeda Veeiovs viptualizddpe cechniues dor siafoand toudsyeakerabfl

ayer 125 THRBIIG Y508 oA el dn BT CEAsh e - A ahopges of 1 €

SARTOVER(tn) SR-368 (Sartoner Conpany l-nc. (Exton, PA)) (about 8.5 wt %,
zirconia nanoparticles surface treated with

gama- et hacryl oxypropyl tri nmet hoxysi |l ane (SI LQUEST(r) A-174 silane from OSi
Specialties (South Charleston, W/)) and forned as disclosed in U S. Patent
ApplicationsSerial Nos. 11/771, 787, now published as U S. Patent

Publ i cati on No. 2009/0004771), and 11/771, 859, now publ i shed as U. S. Patent
Publ i cation No. 2009/0001356) (see, for exanple, "Preparatory Exanple 1 -
D| eI ectrl c | nk | n each application), the subj ect matter of which is hereby
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O her exenplary electronic devices of the present invention may have a
construction as shown in FIG 3. As shown in FIG 3, exenplary electronic
devi ce 30woaupri4sEs gate el ectrode 16, dielectric |ayer PC2/USS@00B6S3

el ectrode 14, drain electrode 15, and sem conductor |ayer 13 conprising at

| east one fluorinated pentacene conpound of the present invention. It is
believed that the addition of at |east one of the above-described

fluori nated pentacene conpounds into a conposition or into an electronic
device of the present invention provides one or nore advantages: (1) nore
deposi ti orthaAd VFRpundymix gy ihsrbipgurallyspracesssdiacasde createeyisplysorcss 3ith their f ace
(i.e., in 5 g r M he
0y bl ane 8T atesBy AR BhiGRImd IR |0 Begiys iy g RonL | BRE: Qe B il
sem condudeestionsgfdhessumonndloudspagkers). t he fl uori nated pentacene compounds of
the present invention; (2) results in a norphol ogy where the sem conduct or
resi des atl0055%¢ Thet Groftecbentsd tvivtatization proesssing sk Hndragessed yheefronfrchgnrie) at

the air a I r. interf t for if th U Ce |S. e
i ol oot r1 ORI ek Bln 0. RFDL Bl enginpel et o WS SRR
| atter, tI3® procepsesitlegynrioandichanndl agwoel sudio sighat paid ISy, RS().0 Thetemertahpnight e

TFT by subs ent deposi.tign.,of, a gate dielectric.on top of .th ani c
Lom ot naucaisRlon Ty bR ste RaCTe Mo dRief il enE i et Spurte e skt (P hee
beyond th ained with a simlar sem congductor, wi.t hout one ,of the

PThom it dnodR ot f B bihsBerk ot e CosfereBee A IAGHT progysing BloBe 38 g

sol ubi I'i t ymgr ildivdear Sighdll dfeudtion fdf B dBNaF&da HRAdHRBAES outhli ithd) ddiferBhinel OW
surface tensions alone or in conjunction with fluorosurfactants ar other

f 1 uori nat edrtyaligationsproggssing hlosk 38 AYRPPLY b Blterde thsaursegsigial &ifivy.defiged by,ch as

| ow ener gy, skef fn&son [P Mg, 9 hydrocarbon and fl uorocarbon surfaces; (5)
i ncreased hyg%o%ﬁobinc[i t‘{/ a‘Jr'I [ or ol eophobicity, thus protecting the

el ectroni i . i r G A; - :

Suscept bty Sk I bid 3308 28! ORBLC R bRing RprdEfbdCfbodimen
(7) i ncr eafethepfrontechhmnel cuttualization iprogcessingt hlock odpaed t 010 theo sumdungtahanriet
device. T -descri.bed .l uori ed-pent ac C nds._ of resent
i nventi onmﬁg@ﬁgé%ﬁrper%%rsge"c‘ﬁ §/)° %yﬁe@tsﬁ%nbgﬁ%ﬁegﬁnﬁa P%ée?gg@g“ﬁgm(’) Y %’Pﬁ%rﬁ@?a
substi t ut abe physjdal asktiytuainieudspedkeg lagowle ithadspecntoi thatistenmerBf frddtal ireetivsh. R’

substi tuent,s, . and en reacti t he tituted silyl acetylene with

6, 13- pent a n@'&aisn M, g EI%S‘M’ ?‘agﬁglﬂﬁ gfpgcﬁg'gtf%ﬂ{eﬁ é‘ﬂt?‘s%?'}f?e’af‘é\%‘ﬂ?l“%ne
havi ng a drfihéE@sgeetiflyg:i on of R R and R' substituents may conprise a
nunber of process steps including, but not limted to, a first substitution

reaction wher eigFgg,,t+ i[m;.hyﬁpﬂi/l[)qlm.paﬁ(ggyl ene group substitutes a labile
group (typically a halogen) on a disubstituted chloro silane (e.g., chloro

di i sopropyl si | ge)e. iqlﬁﬁpmmc P HGawgysion of the silanyl hydrogen to a
hal ogen by any of a nunber of known transformations (e.g., treatnent with

Nbr onpbsucci ni m I = 250! MENY [BL$H,ap, di chl oronet hane), fol |l owed by
substitution ofﬂ%ﬁﬂ!s ﬁeV\A y ggnt[ar&z;t eé) fabi |l e group by a third substituent

(e.g., a fluoripgfed TRy cqmp{g’.ad} c]a'l ). Alternatively, one |abile group
of a fluoroal kyltrichl'orosil'ane can be di spl aced by an al kyne (e.g. a
trimet hyl gposd) - R&I@ﬁ*gngtﬂdhﬁﬂa Aees theBner-cRlhel BRukIBABRIbIBEK BRIOBAGRed by a

subsequently replac wi th other substituents (e.qg., isopropyl groups). The
desired t epatiahgktenten ploegseing block df (efeapatiad extgnisy, desdribed ilwgmhehMI bedew) he

e g S S

avai | abl e yi¢ldiog apdeydo-sierad leffiectsi A ypsewlotstaread effechicomvests tacmoman signal e taytivioele,

i el di he desi . i . f I ' ' I h
Conver st ort BT it e pRginc SPuGaleRar brshfcirbebii £ e Shiel St B | "

di al kyl sidhamesot uki-dhahefetage. f or exanpl e, by a hydrogenbrom ne exchange
reaction using a transition netal catalyst in the presence of allyl brom de
or an al kyfoosgjofn fientalf lohdspeaker pMylsacksthé reshitiap sobjedtive fleevik yhegsenser thatable

| abil e grou al ogen),. by a ene or trinethylsilylacetylene. In. the case
of the ©arieBiet-cEanael utiorseral G FRRmas i B e taic e Bpupdin B

sel ective renoval of the trinmethylsilylagroup under mld basic conditions.
The net hods of form ng fluorinated pentacene conpounds of the present
invention may further conprise one or nore of the follow ng nethod steps:
purification by at |east one, and in sonme cases, two or three
recrystallization steps froma suitable solvent such as acetone, wherein
the fluorinated pentacene conpound is dissolved in an anount of boiling
acetone, which dissolves all solids and is then cooled to about 0-4C while
protecting the solution fromlight to prevent photodegradati on. The solids

.



incorporated into the first conposition to provide a final conposition
Desirably, the final conposition is printable via an ink jet printing

appar at uswoths/aosTposi ti ons of the present invention comCcaiusteig/oadess east
one of the abovedescribed fluorinated pentacene conpounds of the present
invention may be used to forma variety of coatings, substrates having a
coated | ayer thereon, electronic device conponents, and el ectronic devices.
Desirably, the resulting coating, substrate having a coated |ayer thereon
el ectroni c devi ce conponent, or electronic device conprises a fluorinated

pent acene WEiibohtherRhypigy lendspeakerscasillustiatedan Flg 4. RThe resulting signab,CE@isX ar e
as descri bg [ al u avi ng
a coated | aqsegﬁt ?égﬁ&l&eﬁgttﬁﬁﬁ%cra%@?cﬁgh%%g%&gagkﬁg‘r@t lr?'?)h{ cb'g)e€| ce
conpri ses dafhagbrthmcsddnpeubuwmeffmmpaomnd: rregwralrapd Sxtenaliaedepetceptibe pbthe z =
?’ R and Oﬁélﬁgt%r{‘@rr thé O4REr! Bnrle ief Budio ?Eﬁélc%eg Bedive Cedis ad hi 1BV rordi OUPS.
wo cycl oa groups, “or two enyl=groups nd one di ssimiar group
(e.g., a f‘rcmobf-hmiédemmmnahaaby mitipatind a commpon drawdadkrig head phoregpldyback. i ne
atonms with the one or nore fluorine atons being separated from either
silicon at[@60yInaFIG eaﬂte tdmtep-ehainelsirmalifation pfmvah@nbloaoeda) a dingls-inpat,

desi red enhodi nents result coating, subs te haV|n | ayer
Chereon. ©ungde PRRn Sty Tl I Moot FRIcRE e BRI e Benpeseoreitn B gy @
f1 uori nat eshppang the 8paial a(facswhebrb@w.mosw m@bw@aﬁcpw Ahe tmn:apayﬂlg cBater-

conpri se nethyl i sgpropyl, isopropen or cycl oal ., cycl opropyl,
cycl obut y| chaggel dmb&mmcessmeddwuc(ﬂ{wﬁ@@bg taﬁwq)wépufﬂa% L arid R of the
above- descga gdx&hﬁgqh g% Qvalent radi cal s. The present invention is
descri bed above an ustrated belom1by way of exanples, which are

not to be P @ﬂtﬂi&k@ fbr'?ingWF}@3Saa§bl'oE‘ipﬁ’i§ X Calf?ggﬁzfl 'e%ﬁ%gf%g%gﬂg%ﬁgQQOOf

t he i nvent ntrary, 1t Is t ri'y un hat resort
may be hadiStSbO\vrar ﬂ‘busomdmgnaéﬁ’ﬁadm@ht ito leficintliright pwput, sigmats laRiiwhatteare s

t her eof whj f.te n riQt r h el ves
to those s rISFqs S' J'ftLg?ql a5 !1 (21 depgélﬁﬁga& aﬁin? e{sﬂ?ﬁé’r n?'ézg?l%?t%o t‘ ﬁlﬁ
present i mhempésses alhdfequericies equa:lpe but chdngeaplpnephksel relaaormmp betantal esnoﬂsese

exanpl es a e ner.el or illustrative purposes_.only and are n t to
ol mi £ 1 ngEHeTe LThie 2hraliet Bl mabrRi, A ESars e dent Foreoinine
ratios, etggnal Bnd/beva Wmmbﬁagaamdélwles&q&hcﬁ el pRedilfersGard péRrallly @sdito

wei ght unl ess indicated otherwise. The materjals used in the exanpl es were
obt ai ned fyasRepsate fas ales indesired phasg shifts thas| asisg i, A | peacesss 9B £9rf mixing Yith an

i ndi cat ed Qi AeWiveRidn br ik 66;%&8(%&14%0 ‘ﬁﬁcﬂ@ﬁbﬂ a oA ©mb fRE! Ght E@hﬁy YREGei N
Exanpl esVI RTUAL AUDI O PROCE DSPEAKER OR HEADPHONE PLAYBACK
CROSS- REFERENGE FOVRElaATEX3dAPIRISe Er NS § 000 munT phaser Slem withnane gguivalend| ai ns

il e suncraeicnatBhist i proBbf iy e A B il IR EhEhR S o

HEADPHONE #ekpovBACK, to |nventors Wal sh et al. U S. Provisional Patent
Application Serial Nunmber 61/217,562 is hereby incorporated herein by
r ef er ence. [0862)T ReEIngEow REc BERATH, ¥ ES6RINGAEREMD d?ESE%EKBleﬁEVEE@]?MEWss[ ﬁ)l&HBZ]

vent | on PEPSFEE DSk AP SSEHy TGRSR Bl ATF o PEebaeint s Jercleg

processi ngzﬂum%tﬁddgmg&uhﬁnreQ@u@tH&gceﬁteumnms élt@ﬁ(it) cmrmg{asdel{apléﬂéth 2.
Description of the Related Art [0006] Audiq Ia S anlflcant role.in

provi di ng A igsnpesE r'PoﬁWlFPtqnﬁBﬂldamé‘%@p%rPP%HK"eOT ﬁe&aé'ﬁé PRpy eanaveh it ds. The

scal abi |'i t y,anadePklid Yie ff pré@ASd! fr theSdpaftdl re%h&md?r\sb %ldél@go% ilanddbe
gromh of wreless connect|V|tX,PrOV|des users w |ns ant access to

content. Fdiffgreat digital felay dengths Nator eache all-passafiltes AR Wity aodrlat fiws dyatioam 10
for playb h I : st ood
by ¢ hooe. oPi1 PSS s FRRTRORA G R afey TUNLERIER Aot ARbAE TS fmitigs
system 10 thetigievdusation gnaydie determained aagomlingto vamauseragietgmal 16 from vari ous
audi o or audi o/video sources 18, such as a CD player, a TV tuner, a
handhel d nedi a pl ayer, or the like. The audi o reproduction system 10 may be
a honme theater receiver or an autonotive audi o system dedicated to the

sel ection, processing, and routing of bngadcast audi o and/or video signals.
Al ternatively, the audio reproduction system 10 and one or several audio
signal sources may be incorporated together in a consuner electronics
device, such as a portable nedia player, a TV set, a |laptop conmputer, or
the Iike.[0008] An audio output signal 20 is generally processed and out put
for playback over a speaker system Such output signals 20 may be

t wo- channel signals sent to headphones 12 or a pair of frontal |oudspeakers
14, or nulti-channel 5|gnals for surround sound pIayback For surround

e o o D T




decoders include DTS-HD(r) and Dol by(r) AC3. [0009] The audi o reproduction
system 10 further includes standard processing equi pnent (not shown) such
as anal ogwoeethvgiizal converters for connecting anal og amdirass@onsas; or
digital audio input interfaces. The audi o reproduction system 10 nmay
include a digital signal processor for processing audio signals, as well as
digital -to-anal og converters and signal anplifiers for converting the
processed output signals to electrical signals sent to the transducers
(headphones 12 or | oudspeakers 14 0010] General ly, |oudspeakers 14 may
be arrangd80¢3 Befomingapy toff IQ o5 # gmlaﬂiasnm of sratiad ehtengien pipcessing flesk 40

appl i cat i %éordin@u{asﬂf‘ahﬁfn it S AREWA! Onem?sogn's&i.ﬁ\e tﬁeenL

Fig. la. Alternativ , lou s eakers 14 may be incorporated’in the sane
devi ce, asbeiweenitke bagéd Rodutmtingmlepf thespatiab ex tensianyrbeeasing bloek éOusproducset

| apt op co I Fi I es ra
| apt op co%}]{ %ﬂgt&%g V\%gpgﬁt@% Lhﬁea 'é’rgé’ h'fﬁ S'éngl %J’@oé lgg ar aI | el
t o each otikself. ItThpreéamaalw twledr@(arsgnﬂamsloddsy tﬁm@a@ l&pafgta dngmuelayzh

ot her as i,ndicate Consuner el ectr.oni,c i nca ‘
opoakers JAtEk Baleshy2 fubd T i beSeb e demu et & B SFaE Sraitte, or
top and baixidsion T deeRmifed 8y adscaling Retoé atdng zemseﬂuﬁgpﬁ&léer&e%@aera@alb are
application speC|f|c t hus dependent upon the size and h¥5|cal constraints

of the cadAchY '"FO@&!\E]‘“‘EBU@"%O'I Benhaving B tiora/li K pre@ﬁrs@ hat the Jatiogrb bdit i nes
audi o pl aybaffisé wqmﬁ)l[]@m $8§l Ofne i t&ﬂv £SHHE No SN 1s Tt RScan be
particul arly evi dent el ec ronlc 1 ce aV|ng phys al constraints

wher e speaieastraingddo n’@ﬂ“ﬂo\lwwfs‘bﬁw@t agml tCF(@rbY\AMBP%nméad'phOrrésr Brec.ultiisi zed
to pl aybac a | ; aon t he
i ke. Sorre& %\%%?:hgesd g‘rggp ?ﬂuf‘gtd) dg'téegggﬂ?' I\@Sc S‘gé{ca % rr%?fr" A tga?\ bgt {mqo
speaker s amcurddciuse of a correspondingly snall angl e between the speakers
and the listener. In such sound systens the width of the perceived sound
stage is (o0&t dlelfgnip@nmeiwem} 34, 4 bleck diagramesf aapatldhEﬁEth procdskiag blatk 4§ st ens

havi ng ade uately a . Otentines uct signers a|n
o o R ph Al gnab R P dEientat REiT EnoRle ShO, TS PR Dk af

center nowTGedc shfakiféd byThEﬁ m&myamnmamm & am pzﬂe fiRvEARF | AsRURGranal ity
of the television as s di al ogue are directed to the center

speaker. [¥onas filter laaml@géo ?ﬁ é')s dheschy; %ea&aastpheﬁeﬁbsﬂed seieis hannst gigagln Jhe
gﬁglhgd; Sﬁa&%ﬂm| dénidP Bthnh@'s hgnsne QE¥ifk R fso\qpcmﬁ&e&!.c@hmgm SHARNARE

S over a palr o hones or air of dspeakers. Such
met hods | rwiasnalénﬁWcaler plmgndpegnalas amﬂamEEﬂénmdwlne&méeft @utPWpr\@methrts@f audi o
pl ayback i I {0
o N, s SR SRR B IR Ly bERARRE T RERETIC e ARE, vith b >
di sper si orsigfld-mpht, wirghe-uapit dlbpast peeirkieAkémativd methodss faardonsthicying Isagle-

i oasant "Bt TsEee N ERES R Brerky b B el * P‘{ofdﬁﬁetm%iotﬂgfiet?%Q' ™

sinpl e ”Etém&oﬁbe@dkBtdeerib'edlgntmﬁ Balor TS, A aThREE etids dngladeucliaealigg €0
ef fect such as the size of angul ar spread of sound sources. [0014] In U S
Pat. No. ePlarality286 myltipleatingleningut. osiagle-guipyh ! n@#sdtneavorlf%ﬁwe% 'ERIFIRE OF on

an input aéagéagl.@agpaélay Oniftin - oS ArdRskk 1R BRh BRbIRP WILRANRAorkNCl udi ng a

series of principle conponent filters attached to the i'nput audi o signal
and each Ojghe%]iRer&HnEndW ?dingﬁ%%ﬁﬂr Shbadi E.g%fmmt.eﬁadnwadnd cBnteCéHaRiel Of
del ay el ements each attach to a correspondi ng one of the principle
conponent Yirthaligakorapraceseing ynchuged liw apparatus 26ofs shiren iThisesmbgimeny dy prafsired
amount - depgndi f9 941, dodled ggm«h (?Rtfiroess ot Iclide LS Hg%f.rﬂelf él'iaBﬁJI s%ﬁlﬂa(y FRULRUL; a
sunmmat i on nmeans I nterconne e series o ay el enent’s sunnlng
the filt ercedter-ahanpel putraz:tnbn poogdsiog Bockaudi os snpﬁeakcerpr’twtqgutthes ifrpnta¢hanhd ad

track para uni |ng current n |on I and
inter connegﬁg"g z?{gc?rgﬁ B8t %‘8“& rI egﬁ%fcc%‘g'i e“‘ll eenertﬁﬁ on Bm%ésgﬂg bllr)&g(\pl)%e t he
del ay i npurtcSewe[sQB&&i]oni-fhahhéB signalt palNden(ﬁccEZE(tﬁW(t)Mwﬂr aftputsltlsed mgm af,

out put PV b Jpscd SERLES B RerecEner GTeRne B, gerB e |

processi ng power. [0016] Conventional spatial audi o enhancenent effects

i ncl ude processing audio signals to provide the perception that they are
output fromvirtual speakers thereby having an outside the head effect (in
headphone pl ayback), or beyond the | oudspeaker arc effect (in |oudspeaker
pl ayback). Such "virtualization" processing is particularly effective for
audi o signals containing a ngjority of lateral (or 'hard-panned' ) sounds.
However, when audi osi gnals contain center-panned sound conponents, t he
percelved p05|t|on of center panned sound conponents renalns anchored' at

e Y b1 o o o



[0018] This is particularly problematic in systens where | oudspeakers are

below a listener's ear level (horizontal listening plane). Such

confi gur avoaoey/@arEipresent in | aptop conputers or nobil eciasc@esnsceBn t hese

cases, the processed hard-panned conponents of the audio m x may be

per cei ved beyond the | oudspeakers and el evated above the plane of the

| oudspeakers, while the center-panned and/ or nonophonic content is

perceived to originate frombetween the original |oudspeakers. This results

in a very '"disjojnted’ reproduced stereo inmage. [0019]. Therefaore, in view
%

J |
of the ev&PPaME theaydig sigplesomponenty that pre; commaintogthe grigipalylefigand right dmput

effects i nigddi OF ShORH @r “tHRS do. negd abdio SipRalPLE EHiaihd e AR é‘f%ﬂaﬁ ual
audi o processing. BRI EF SUMMARY [00Z21] According to one aspect of the
present i FOBRERHE thabats lpealized (rd@dnnedietonbd lefrin preoemeingl rigyoahdnns! dapyhal s
havi ng t he; o I i\ q@@& ' Lgpal . ' t a
center cthFﬁ?lEF&Z’ gn | ?ﬁgﬂérf!ygﬁ}eaatsufdge Egﬁgf&{s{?*&g‘a ,agaz;ﬁds .Qﬁ{’g}?pog%;ggﬁ% annel
si gnal ; praoelesalized (erhtpanneghy) toahelrighsfin thed idputcsignah@lF, KiFynahe theed $igrals LR st
virtualiz pr.gc or, . .thereb reating a right virtualized channel .signal
2nd a | ef REPRGT S R dreteediif i e mandediasgins bt nfe g BRar e gnal
with S Spaip'ﬁa'htuem&aﬁmrl]GI a. Pupdu?]wlydiu&t EJgtEﬁcteﬁi Gelﬂter&?ﬁnbﬁﬁgnﬂgt‘p‘uhﬁay bé]e[] eby
expandi ng t he, center, chanpe ith a pseudo-stereo effect; and supm ng the
right and qogﬁtne‘éad‘émvglymth_at WéCfF‘F _g‘ﬁﬁte (AN P HEHA Gl 56 Ko 1B s&Menal s

t o produceital lafdis tprédeSsinP appataAt 2 Ay G HeedmsieaUbr ptdeSdl mMtig-cheiHeer
channel signal is filtered by right and left all-pass filters producing

ri ght and ipRftsigplathat inelugde eluowmgmntgrr@ﬁweé sigfle right and left side

channel signals are processed bythe first virtualizer processor to create a
di fferent (P46 Noyereferpag itaiF1G.obaa blogk fisgrapt of armembagimewsfoftthe centeptpharyielie
channel si : : i \ : i i frent ,
the step oruatisAifoceRite MoCAL INOE, ThORRo shilee thalhdiIlh neFy SERELTTT
further comppiosessed by optiayl aifb-band| apalysjs atagesl 46a, 46b avhichl decpmpesefthe signals o t he

center chapne ignal .. thereby creatin haseshi.tt ed cent er channel

o onal . SOk eLRT. of, BisRe aufir Pebell] BaPRE BroimhER ERGHEEY MM act e
fromthe caitodimenisathaelindudentesd cutsbandngnaly3ss Staghst 46a1t486] theAkémervehaniz] t he
phaseshifted center channel signal i ddeab%o t he center channel, '%pal
produci ng SHACHORFRTOGSS] [SuReriorme ?Fpaqa{ei» ﬁ‘étﬁa TEAH5OEN and ResyRtheis E‘O

extensor sfal Gftichhley 6&PioRided TaNRBOmBinMBahe B@ASBAISURIt sig@aRicorBHor@iAg ftd Ci ent
whi ch determ nes a ‘percei ved anount of spatial extension. The coefficient

i s det er nmieaehiofifhe thiea ouspyt charnels LF 4t R and &ifd) bnte dheifialfibaed auliorgjgnalscLE,
wherein c g aﬂ&‘?ﬁ*. inord b5 iRt mer]:.%gteﬁ%ﬁﬁé}@%tré&%b“ﬁroc[:ﬁgqgé%f EPbfi ng to a
t of th t a metho uded fo

second aspec e present 1nvention, I's'inc r processing
audi o signals conpri si the s Sppf _rEGep NI at Qng-\audi o si gnal
having at least a ri gh?‘g:;i dgL c%gﬁnlgia si’%na ﬁénr@ a Illéf?(sﬁs}i?dg?: hannel signal;
processin I I .. .S t t
channel sﬁgg‘gﬂ'ﬁéﬁ{’ r@?gpﬁlragééstgé ggal§H§B%§ﬁ§ l %3‘\? é‘\%c? sgﬁ%%ﬁgﬂﬁ%ﬁgsﬁénal S
with a fi rssalingiqoefimieng éor the B¢ signal, aridner representsetht iscajing aoeffistent farttbeaCFZ ed
channel signa nd a left virtualized channel, signal, processi,ng the center
channel <Al F ond oty ARG PRGNS koo kEE A BERREHY LahBfed o
out put s, tdyesrehdaptxp doslinaged detanblock dhavhiet continbowslypealichessthe degreefof ect ;
and summing the right _and |left outputs with the right and_|eft virtualized
channel si'Bsfianpg sypilatiy &7 bgtw 'i‘? InpHkC l?’i'@éesstﬁ'ﬂléalH‘h%Jffe‘T"h%\.A’f)U'tte."

[0024] Thehhared sinilaABLRHigH) ahd SRIUBEYVLhE VBIE o R When HeCimteplchdrinkt aMmilagtytibie
right and left side channel signals into a plurality of sub-band audio

signal s, dawh Gamsumently, the gdantivsslopinanse deteaiereblock reruges dhe valnes Al 4 Raddency
band; ext rachi Y ifler< kiR ShiGRRL & higaaNRtresled ke 14108 $RGNHE QGG ARE) Pand;
and reconbi ning the extracted sub-band center channel signals to produce a
ful | - band similardy isdhwn debneoenbediment ghthe inveniéon; thednteppehsnne] sintilprisy indexddis

i ncl ude tnﬁnﬁ&F@wOf extracting the sub-band center channel signal by

scal ing at feas ‘'one of the right or left sub-band side channel signals
with at | east one scaling coefficient. It is contenplated that the at |east
one scaling coefficient is determ ned by eval uati ng an i nter-channel
simlarity index between the right and |l eft side channel signals. The
inter-channel simlarity index is related to a nagnitude of a signa
conponent common to the right and | eft side channel signals. (00251
According to a third aspect of the present invention, there is provided an
audi o signal processing apparatus conprising at |east one audi o signal
having at | east a center channel signal, a right side channel signal, and a
| eft side channel signal; a processor for receiving the right and left side

o o o o o a



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0026] These and ot her features and
advant ages of the various enbodi nents disclosed herein will be better

under st oostowntom4tzmspect to the foll ow ng description anegcunmesngseess n whi ch
| i ke nunbers refer to Jike parts throughout, and in which: [0027] FIG Ila
is a schematic diagramillustrating a conventional audi o reproduction

pl ayback system for reproduction over headphones or | oudspeakers. [0028]
FIG Ib is a schematic drawing illustrating a |aptop conputer having two
encased speakers narrowy spaced apart. [0029] FIG 2 is a schematic
diagramillustrating a virtual Mudies [ﬂﬁé’c’a@@izﬁgLéleaﬂ us for playback over
a frontal pair of |oudspeakers. [0030] FIG 3 is a block diagramof a

vi rtual 81068bNQB'ers&rm@ wyEGe hézhckgimgnm@f;ymmal kedio prasessing appattusclés and
a spati aI h [ np pr. 0031]

B &’ < SEDRRREY At ae ook B bRl 2PC SRl ip RSB phe Birtlaac ]

bl ock havi agl th&KkTifonf-cHahael 3/invalibation prccessivg Hodkf By IS, Ba m&fombnfednnblsmgleand

t he generatlon of o] ut signals 0032 FIG 3his.,a blo dj agr.am of
e o abiof e Digkk o he sbard] BHEasion, biegssabe i GoRIAo: e auene of e BIEM, 1
a sum and H'FEJN?Fvﬂi"aﬁsdeﬁVﬁfﬁdmftl\mﬁﬂ SMNtha AGdig 8@t thaneltsighaRULAYY tand IRFARI S .
[0033] FIG Is a schematic diagramillustrating the auditory effect of

spati al exﬁeﬁ@%ﬁr 3P Alepass ﬁ'&e@&c%ﬂp&rf%go &f(anti*éwbmrmﬁe aopthﬁéh'ﬁFA/e?ntfron
[0034] FI Gehapiell é%n%l b*l‘ﬁ’ccﬁhagf ?fgft@cf'?:é?lftertcﬁﬁmépﬁ Aklis &%&5&&1 ﬁammﬁ(?)epmmgb' ock

depicting the center channe I gnal bei ng tered gy gass
filter andthg right output| Tﬁ)&@basﬁtshtﬁed Cel{tma}neﬁlgﬂal Badded to (BF @cmodilca‘ggrt eriedif an
all pass fj r C i el. ram
of a spatlb tb'gtxt]*eﬁr%sdl'g%e%oogé%s'{l@ algﬂ(g%tks' a\()}lgﬁlel fh%e‘? 2 pk‘éce eFFggé“ Y6 sd
i s a bl ockprbidagrafilteréd diffsreatd signab xTlenlicoed (fo&@ﬂ&SSIgl‘gl islsomhzeﬂamtmge plrase-

aII-passfiI.e. 0038] FI G i ablokdla m.ofa

processi ngSt éffgf’%f{lﬂ q]“‘h’&ﬂ'&éﬁ'ﬁg ﬁ&e"r?f‘g caﬂﬁ?fh‘gl P?'ﬁﬁt Eﬁ‘i%l‘}éc "?8?‘3‘”}'
extracti ngadusie meeaegmadsmﬁianai Qdﬁfhlsnoﬁ r4e0rding b thd chtéradhanieh 3figdrits irgleR 113,
[0039] FIG 7 is a block diagramof a center-channel extraction processing

bl ock™ per f SPHPMYY stppind e 7athgIiprut signalydL() and &f (1 may bg pe-progesisdby asdst a
virtual augify RaRERSNLADRPRRGA] S FIGVE)Nshdahs %Iﬂuﬁ'snBEXIE NghPR Mag be ;b%E'tne'
virtualizer in the same processing bl ock. DETAIL SCRI PTI ON [ 004

the foll ommgesa@t'ma pynthepis blogkta igeembipesibhapd gignals ingo ﬁﬂ'eba@éﬁlgﬂ@iﬁt h.
However, un ggﬁ o] t

practi ced md‘salout q\;ﬁheﬁsag&gd%%?b %Fé a'l{rﬁgé %?' &rag{ P})Zré)&}ﬁ alﬁ@d;sf{gp&euﬁﬁseﬁ
circuits, ﬂtusmmtvurdmusswmdafttm:&mbaduemmaﬁnhe pm’se%mms;dnmmiy amd are gheasemed mt o]

obscure th under st.andi.n i 04 enqent s, of on

enbodi ment U7 SR of ere iaky® BefFRR! rie P By Rk A creadis huiiood

sof t war e odesgfiptichostithé ptindipled ey &mteptith afpebﬁmfmaa;m@dt inverivnt Wiathés, repdia,

el ements of an enbodi nent of the rese } i nvention are essentlally t he code

segnents t8° ﬁéﬁmeﬂﬁ g Hbéa%m culagQf thenRreseat dRYERYUOTHY MATT HEfAR thae IS
act ual codgedeSsafyafor YheCfbhd Akt RAAGthiISy SEHE PrdIgs ihvenfbe tﬁm&@trﬁiﬂmtamn the

i nvention, or code that emuiates or sinulates the operations pr.ogram
or code seyitbrihe diesingsenaking enpatent to thessokillsdrin dhe mgﬁwn@ severak &arps of thedi um
or transmi {e@&tﬂ%eﬁtu&%@ém%kﬂnﬁb&@@e enbodied in a carrier wave, or a
signal nodul ated b carrier, over a transm ssion nedium The "processor
readabl e or acceSS|bIe medi unt’ or "machi ne readabl e or accessi bl e medi unt
may include any nmediumthat can store, transmt, or transfer information.
Exanpl es of the processor readable nediuminclude an electronic circuit, a
sem conduct or nenory device, a read only nenory (ROVM, a flash nenory, an
erasable ROM (EROV), a floppy diskette, a conpact disk (CD) ROM an opti cal
di sk, a hard disk, a fiber optic nmedium a radio frequency (RF) link, etc.
The conputer data signal may include any signal that can propagate over a
transm ssion nmedi um such as el ectronic network channels, optical fibers,
air, electromagnetic, RF |links, etc. The code segnents may be downl oaded
via conputer networks such as the Internet, Intranet, etc. [0043] The
machi ne accessi bl e nmedi um may be enbodied in an article of manufacture. The
machi ne accessi bl e medium may i ncl ude daga that, when accessed by a

machi ne, cause the machine to performthe operation described in the
following. The term"data"” here refers to any type of information that is
encoded for machi ne-readabl e purposes. Therefore, it may include program
code, data, file, etc. [0044] Al or part of an enbodi nent of the invention
may be inplenented by software. The software may have several nodul es
coupled to one another. A software nodule is coupled to another nodule to
recelve varlables paraneters argunents p0|nters etc. and/or to generate
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nodul e may al so be a hardware driver to configure, set up, initialize, send
and receive data to and from a hardware devi ce 10045] One enbodi nent of the
i nvent i orworyiibai1ztescri bed as a process which i s usual | pcugapeeiesheas a
flowmchart, a flow diagram a structure diagram or a block diagram

Al t hough a bl ock di agram may descri be the operations as a sequenti al
process, many of the operationscan be perforned in parallel or

concurrently. In addition, the order of the operations may be re-arranged.
A process is termnated when its operations are conpleted. A process nay
correspond to a nethod, a program a procedure, etc. [0046] FIG 2 is a
schematic diagramillustrating an environnent in which one enbodi nent of

t he i nvenWRATAISTIREIMEDBGSi ced. The environnent includes a virtual audio
processi ng apparatus 26 configured to receive at | east one audi o source

signal 28. The, audi ource ,signal .28 can be any audi @ signal such as a
mono si gnal orAE‘efqu-fis%’kHﬂ?Fé?'“% Wiy fignaly ROMPLISing the RS Og‘r ack or TV

broadcast). A two- GERWNIEY atleakit Ond h8da lsighBIChavHRSat IR & icEfteCEARRE IsighhigRal S
LF(, RF(t) intended for playback over a pair of frontal |oudspeakers LF,
RF. Al t er nat i vighyside phangelsignak and ¢leftsidgchanngbsigngli be a nul ti - channel signal

(such as a novie s d i d le: S} : ) and

four side channel g#g%%#@fﬁé(ggg f@?k?,g&%fﬁ%?kﬁggﬁgﬁpgﬁggdh&gﬁhgﬁgéﬁack
over a surrourpfocessuntheteby deating erright virtualized ¢hanmpl siganl adl 3 heft virtwalizzddi o
source signal(%%E%P‘Equs at least a left channel signal LF(t) and a right
channel si gnal |§. 10047] The virtual audi o processing apparatus 26

]E)r ocelsseg all:di ) sow@ﬁsﬁﬂgﬂabmt&&hiﬂepﬁgﬁmomhalsﬁbttal eﬁémt tosprodiek 8is8&|ﬁ, 30b
or playback over peakers o.r headphones. An audi o source signal 28
may be & mul ti 96 ARAFT SHIBNS| Therrby rtBendin; the cienisF el Byl Brude-HaGOof

| oudspeakers Il4festirang@undi ng the |istener, such as the standard '5.1"°

| oudspeaker |ayout shown on FIG la, with the | oudspeakers |abeled LS (Left
Surround), LF (Lef tsufming the right ardeleft optpatsopith themieht rachleft visteabiesd chrenglRi ght
Surround), SW4 Bk eaker layout 14 is
provi ded by ms&g?lé}f&"igggo%%eeatgﬁ O?n%?mlaﬁn%gtsggicéﬁnlefﬁg@ﬁi s regard, it is

contenpl ated that audi o output signals 30a, 30b may be configured for

simul ati ng anywso noovirtual' ) | oud ker | r nted.as

T o wner 2 WTRHERE b, ol e oR TR Ene o Sl cRBRER TR Ve
nunber of subviosphral ekensorowmprisegguency Enhancenent) channels. Alternatively,

t he audi o out put signals, 30a, 30b b ocessed for.playback over,a pair
of headphones. 12PRFABRE e Hatey Pwa) SEREh e sipag o & BRdUeeRsphie

vari ous convergHadwhifiddagRssiphg. means (not shown) which may include a
digital signal processor connected to digital audio input and out put
interfaces and nmenory storage for the storage of tenporary processing data
and of procgssj a : i i S s 30a,
300 ar e di oot oy T an AR ST B3 ep L Pec e Rt A s I
FI G 2 depi ct sspatiad ekignsondesiprifesicenent of the | oudspeakers LS, LF, CF, RF,
and RS for a five- LQ. i [ e | i cal
applications, suc h%g@gw%@? gé'g?r ﬁﬂgﬁeggbﬁ%ﬁt%@ g@ﬁ%@@%ﬁé g%flugsepaa]gﬁng of
t he out put | oyshageshiferdoutpuasigndR i s narrower than the intended spacing of
the LF and RF | oudspeakers. In this case, the virtual audi o processing
apparatus 26 is designed to produce a stereo wi dening effect. The stereo

wi deni ng ef 4ecThePmembdl@s claiie 1i, Whefind Brocésaing e rightdird RiOsid chahird] ts)gnard
RF(t) emanate froma_virtual pair of |oudspgakers Iopgﬁsed ,at posi téJ ons LF
and RF. Thus, Yith ths fisgtvigtualiger RIPREES08 GTGAES & MIEETE SEFCP AT SRate igratiopdotdly s
posi tioned at lE&?ohé"&fQﬁ@ﬁ%ﬂsﬂ@@Mﬂ@l sqgmré}ﬁlsﬂ@_ﬁa&anaﬁneﬁigﬁhrtual | oudspeaker
may be positioned at any Tocation on the spatial sound stage. In this
regard, it is contenplated that audio source signals 28 may be processed to
emanate from W : I I i JEor  a
five-c hannelrg]' amfit %&ég{?@ﬂﬁ@fg@e&é@heﬁ E"é o\?}?fc{&ﬁéasfé%gﬂg?@t%rcgghgg g%}%(pgvggar at us
26 produces t hespataleatsnsagsomprsesiaudi o channel signals CF(t), LS(t) and
RS(t) emanate from | oudspeakers | ocated respectively at positions CF, LS
and RS. Likew se, audio channel signalsa7»CF(t), LF(t) and RF(t) may be
perceived to enmanate from | oudspeakers | ocated respectively at positions
CF, LF, and RF. As is well-known in the art, these illusions may be

achi eved by applying transformations to the audio input signals 28 taking

i nto account neasurenents or approximations of the | oudspeaker-to-ear
acoustic transfer functions, or Head Rel ated Transfer Functions (HRTF). An
HRTF rel ates to the frequency dependent tine and anplitude differences that
are inposed on the sound emanating fromany sound source and are attri buted
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Hoc ' contralateral HRTF for the front left or right physical |oudspeaker

| ocations; Hf 1 : ipsilateral HRTF for the front left or right virtual
| oudspeakwo 2boeiat37zons; H c : contral ateral HRTF for theptrarstotodsdesor ri ght
virtual |oudspeaker |ocations; Hs, : ipsilateral HRTF for the surround |eft

or right virtual |oudspeaker |ocations; Hsc : contralateral HRTF for the
surround left or right virtual |oudspeaker |ocations; HF : HRTF for front
center virtual |oudspeaker |ocation (identical for the two ears); [0052]

The virtual audi o processi apparatus assunes a symefrical, relationship
bet ween t he physic&Pméﬁﬁi@g%PHQFanﬂhﬁﬁ%Z@%?“1ﬁ?dﬁ??'%&?ﬁwfg§ﬂ@cﬂwf Yt he
listener's frapdatihg diph@eishified cMtérlthanrRyV §pmRil;ri cal rel ationship, a listener
is positioned on a linear axis in relation to the CF speaker such that the
audi o i mage is dir SubtrasHag the phasephiBiefl centerjchapnshisigngll emdhe isentersthagngl
changes in he%&%?ﬁmétwr@htmﬁm i oi nt the symetrical relationship. A
symretrical relationship is provided by way of exanple and not |imtation.
In this regard, a pddisgthespliabd-shiftédncentee channeligrial tondie certemehanied sighlleto

pr esent invent}gﬂFgg%lg%5§§$ to asymmetrical virtual |oudspeaker |ayouts
including an arbitrary nunbefr of virtual |oudspeakers positioned at any
perceived | ocation on a sound stage. [0053] In an exenplary enbodi nent of

t he present i nyentipn e i ntended out put. speakers may be headphones 12.
I thi s casé iranesbed of <l hommeregLie SeR L PRRE i dhorecaies ShRdeT FERLTAL ¢ he
ears of the |isépaiflextehdt? flirtRNSIrMriskdiRe siep B §Qling the chRePantRN 1Bl bakasf er
function and the transfer function Ho may be negl ected. L0054] Ref erring
now to FIG 3,002t gasiqne gpeffjpianh Wnch detertpiries a Rercaived anoyns ebspaliglgxigpsian at us 26
is shown. The overall processing is deconposed into three parallel
processi ng bl ocks processing audi o source signal channels 28, whose outputs
si gnal s ar e 7surheethethed pefc tlaine |6y whereim theitab 1ease ofi¢ watffigighpist detegminéd byt )
R(t), Each audj g.: . i | &.virtualized thereby providing the

i |l usion that qj‘e‘g'gﬁﬁéééﬁ'?E%l%{:‘g%‘hdggds"z;;'ﬁ% LF(t), RF(t), LS(t), RS(t), CF(I)
is positioned at a different predet ef#ibhed; position in 3D space. However,
to provide the intended, spati.al effect nl ne ?f t he side channel
signals LF(t), RF(t), YZ’%‘T'F’P,C 'h%‘t‘ﬂa{miaspfédégeﬁ'?‘ﬁ&?'b”b‘ V¥¥tual i zed. Various
virtualization techniques for surround | oudspeakers of a 5.1 -channel
systemare known in the art. In sone systens, the LS(tQ and RS(t) channels
of the 5.1 s8rrdgdecthedofiglaimye wherginthapriedeterminedconand yalig isQd.creat e vi rt ual
sources with the HRTF corresponding to approximately 110 degrees fromthe
front on either side (the normal |ocations of the surround |oudspeakers).

[ 005SJ The ®Or ohhe-méthedhef claimrl, whgicinathe ailegst orcadinygnsl butheRnnrisexslgh t he
front - channel .aud] I I (W7 . SsuLround- channe
virtualizati Ons%%%ﬁécﬁsgn% %Sﬂ%ﬁ?(%%ﬁaqﬁ%@g!egc%sﬁé%%d St'(lk?géhgmwe?g%ﬁ%l channel source
audi o signal pair LS(t), RS(lI). The center-channel virtualization

processi ng k 38 ocesses the center-ch | source audi o, signal CF(I)-
P0056] For 05 s peinby BEGRREubrel . Femd T mrahne s Armeg) Petiimsat | on
processi ng bl qilicessedBy d Bedotdl&viAuAizgn plocessbie NHéth Rreafing £ Bighf-6iirréund
headphone out puyt, the center-chann?l virtu Lizqtign rocesslng bl ock 38 may
apply a filtervitieplizedchagns! signaliagd 3 lefiguriopnd yiapplize °5£‘"Flrséﬁ{‘§~er function [
HF | Hoi ]. [0057] Referring nowto FIGs 3a and 3b, a bl ock di agram
depicting a preferred enbodi nent of the front-channel virtualization
processi ng Bl obhe methedhef cdgimtlRefusthercompasidaherséap: vi rt ual i zati on processing
bl ock 36 is shown. . [ si cal
and virtual Ioudspé%E@Ppggéo gﬁaﬁgﬁbggg%gﬁﬁﬁygﬁgﬁgmpﬁgié%g$$%L roﬂ%ﬁl

di rection. Thechahret kignai-@UivpducE Bl [E#st ond BSliNed sideicha®mil BRtppepr esent filters
with transfer functions defined respectively by. HFSUM = [ HF, + HFc ] |
[HO +/ / ] ; HFDOFF = [ HFl - Hc ] | [Ho/ - H] ; HSUJ[ Hs, + Hsc ] |
[Ho, + Hoc } HSDIFF - [ H/ - H] [H - Hoc ] [0058] Referring back to FIG
3, the center-channel virtualization block 38 is followed by a spati al
extensi on processing block 40 (or spatial extensor, described in further
detail below), producing two distinct (L and R) output signals froma

si ngl e-channel input signal CF(t), yiehding a pseudo-stereo effect. A
pseudo-stereo effect converts a nono signal to a twochannel or

mul ti-channel output signal, thereby spreading a nono signal across a
twochannel or mnulti-channel stage. [0059] In frontal |oudspeaker playback,
the resulting subjective effect is the sense that the center-channel audio
signal CF(O emanates from an extended regi on of space located in
thevicinity of the physical |oudspeakers, as illustrated in FIG 4. The
resulting signal CF(t) is thus spread out or dispersed, thereby creating a



appl ying the spatial extension processing to the input signal CF(t), and
then applying centerchannel virtualization processing identically to each
of the twoauiopui37si gnals L and R of the spatial extensiPem/ysc@oms&s3Ng

bl ock. [0061] Now referring to FIG 5a, a block diagramof a spati al

ext ensi on processing block 40 is shown. The source signal CF(t) is split
into left and right output signals L, R which are processed by distinct
all-pass filters APF L and APF R An all-pass filter is an electronic
filter that ses all freguencies equally, but changes the, phase

rel ati onshi deﬁlﬂmé od af ¢laiR Tt Wesgii i gy )f'?wug?ceawramludﬁagsﬁrftiﬁﬁﬁ filery
provi de a frequpresndPRFNIE AndREEIFIRTE filter l@pl%ké’l&@lasémg,h?,rwﬁé%iﬂﬂ(gg@
propagati on deal.rgl%/ W th fre(m‘eéncy. AU pass filters are genefally used to
conpensat e f oranstfers inetids thedranpfanBuactymist t s that arise in a process, or for
m xing wth an unshifted gi t riginal signal to inplenent a
notch conb filter. #’ﬁ'é"?/ nWa@g/Zé"”Jg’g ﬂto convert a m xed phase filter
into a m ni mum phask(ofrsl £drHwi ¥h] /dAoeddd hal ent magni t ude response or an

unstable filter intg a.stgble filter w equiyval ent . magni t ude response.
[0062] Referring nov\?vh'f%" I'ﬁ”ds %b}psggﬁrFWJﬁ Eﬁr%ﬁfr%ﬂ JWE’EPFB‘E’&? h%n.'{s"pegferan

al | l—pgss fi ljt ?focﬁfoﬁpﬂS&i&?nﬁhl@&?lMﬁ for s:@qwm or iﬁ@l&dvﬁxh\ha-l ﬂ)@ﬁiSpeﬁakértlecralti&EF

i ncludes a delgy .unit 42 as Z~N, for introducing a tipme delay to
the center chafifiet a%i‘Rjﬁ%‘F’af:E‘%t&%fOTﬁégﬂinPQ&IPhdﬁFaAJO‘Fd_éﬂ fr Keatonedprigdsed in
sanpl es and g &ﬁ.&ataésammnh\é%f%nr@%ﬁysieal loQdpedk@t Bestignh that its
magni tude \g\ < 1.0. It is preferred Tor the spatial extension processing
block 40 to include a different digital delay length N for each all-pass
filter APF, (i Sl i - At B . ms. However, this
range of ti rr\gnéﬁ?égltll onP?rSOEér?gthl n l@%\lg%gs ?gﬁﬁggﬁ'{éitrﬁ?%go? as the tinme duration
may be det erni ned aecaviog ayleasy onaridiosigpalrtarimgent deaftCD Eght sklef dannahgignalw t o
FIG 5c, a block diagram of a.spatial extension processing block 40
according to a?'Pdaqqf@gquﬁgmelesﬁ%% iment is shown. In this embodi nent, the

di fference between prbesding@d righodid left sidgetansel gignalkao spaidt al ceatet Elmneln
processing block 40 is produced by adding and subtracting, respectively, to
the audio so_ur%f&“"é’i gnal CF(t) a delayed copy of itself. It is preferred
that the copied CF(fuhthéipsstabsinghié HERSna 1dfi il cahme sigaxk RGtha sGiifallizétel ay

| ength between 2 and 4 ns. For_ a given digital delay length N, the degree
of spatial extRiReqsens. therebytcasating adrighy w@léqﬂafhangelfwbmdal@ﬂ]dlrmahmde

scal ing fact or&a%gs%ggierat ed according to the nultiplication factor having
the ratio alb. It 1s préferred that the ratio a/b be conprised within [0.0,
1.0]. The total povwpcessing the contermbannei sigudl svith aapdtidkexstansop & prodwcerdistinetd t o
mat ch t hat of e i,n signal, CE(t) by..i nMas] t rul e +h2 = c. It

i s contenpl at eltﬁﬁt"}"'l‘gtr?%miosu e%ﬂélfer?b& %{(p B%de'%n&e‘er#lq%é(fﬂ%bnﬁg?v étﬁts%f%ug?'gtereo
preferred thateffect;anéqual to around 0.5. [0064] Referring nowto FIG 5d, a

bl ock di agram of a spat.i al, extensj [ Ocess] bl ock,4Q accqrding to an
al ternative enbodi rfé'ﬁl'“'8$ tl}eﬁéglﬁtﬁvia%?'i %’H"i‘sswgh 1ghippd ‘é‘ggglzﬁ% C%"Bglk of
FIG 5c is nDdifhadcopYoduePhtagdstiéhetriciified side dhahrel G%Ewlth an all-pass filter
APF. A delay or an all-pass filter is applied to (t), thereby creating a
phase-shifted center channel signal. The phase-shifted center channel
signal is subttRchetlod bR WhileRAHE HRYpB&sing $eh cOMbiet. The

phase-shi fted centeroc.ﬁannlel. $i gng qﬁs ladl(?’j"gd ?lngF%.tc) I[,)roduci ng the |eft
out put. Vari ations féteringeghe pighti anid lefitsides¢hanngdsigmelsSntega plusdlity 90 swhrbande
realized by re Cl: { it B I -i nput, singl e-output

al | - pass net \/\D@Lﬂo %?@ésriég?%%%‘m‘gg%ﬂ# @?d’ugrzéﬁgi%gsc“ ng singl ei nput,

si ngl e- out put al | - pextractingtasobibandeantds ehapgll signd| inrat atiode frequescybanidhand

i al [ bl d i ped | G __5d. d
hl ude cascadi ng d°BIURSPERy B AN tnlt ShaerRgTals phrodtes £ BTRSHTERIR

al | - pass net wochaanélBighall repl aci ng or cascadi ng any delay unit in an

al |l -pass network filter with another all-pass network. [0065] Referring now
to FIG 6, another enbodi ment of the front-channel and center-channel
virtual ization processing included in apparatus 26 is shown. This

enbodi nent is preferred when the audi o-1source signal 28 does not include a
di screte center-channel signal CF(l). A center-channel extraction
processing block 44 is inserted prior to the front-channel virtualization
processing bl ock 34. The center-channel extraction processing block 44
receives the front-channel signal pair, denoted LF(I), RF(t), and outputs
three signals LF, RF and CF. The audio signal CF is the extracted

cent er-channel audi o signal, whichcontains the audi o signal conponents that
are common to the original left and right input signals LF and RF (or
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extraction processing block 44 is shown. The audi o source channel signals
LF(t) and RF(t) are processed by optional sub-band anal ysis stages 46a, 46b
whi ch decwoposei4idre signals into a plurality of sub-banecaude@ossasal s
associated to different frequency bands. In enbodinents that include these
sub- band anal ysis stages 46a, 46b, the center-channel extraction process is
performed separately for each frequency band, and a synthesis bl ock may
optionally be provided for reconbi ning the sub-band output signals

correspondin each of the three.output channels LF(t), RF(t) and CF(t)
‘nto the full: Egﬁﬂ‘eé\ﬂﬁf’g"lg'i"bh%al"g‘eﬁ‘—“, ‘“ﬁzﬁ'%ﬁﬁ’cﬁﬁiinglsﬁpd'}é“‘%ﬁbodi ment, the

cent er-channel extrgalih®ht IRisPoRS 6f the ripht bolefesidedohanhdt signkls With &t ledsFoe KR RF
; CF = kc * ( LF +RF); %0067] wherein ki represents the scaling coefficient
for the LF si &3ing coafficiedr esents the scaling coefficient for the RF
signal, and kc represents the scaling coefficient for the CF signal. In
one enbodi nent, the scaling coefficients ki , k and kc _are adaptively

conput ed by HnTheimethod of dieim handhereie thect tpastising séaling cogffieiantas deteminesshyy

eval uates the [ - s | (R '

channel s, rai sgég{nﬁgusyaft@agpg EE%‘%‘ %%nsi"ﬁ[ag%h%’ggﬁt\e@?% ear%dteg élijgefhi gh,
and reduces t heideathamnebfsigoalsyivdwereihehd iviterchatweeh rsirhilaityi index isy related dov.a
Concurrently, the .adaptive dom nance detectqr bl.ock duces the .val ues of

i and KR viven RO PLp ¥ianel SRS fecmibory e ol e e TR ¥R coe

val ues when the inter-channel simlarity is low In one enbodi ment of the
invention, the_inter-chanpel simlarity index A .is defiped M=o09 [ \LF
+RF V2 [\ LE" Themethod of o8 ! Snsberriares rfefghangelgimilargty indey ‘63{‘_"@?‘&%% of
virtual audio psREEH3 RY paRaR drlaltin?fhdP s Gffeined of tedfigii! dh8MERLid¥ R@hannel
enbodi ment is shown. The spatial extension processing block 40 and the
front-channel #igpalgal i zati on processing block 34 of FIG 3a are conbined in
a single processing block. The spatial extension processing is applied to
the output of the filter HFSUM which is derived fromthe sumof the audio
sour ce channii. The grthiod of Elain) 13neheRif the. first \dghadigeroprocessaalinclyples 8 first [HRSFF | s

applied to CH( t here creating, a phasesshifted center channel ,signal.
The phase-shif 5"1,-‘8' rfBrﬁfe@?%c%ﬁfﬁ@‘P a:gq %ﬁ%f’nfgkﬁbélieéﬁpé%?e?t%ﬁf i wﬁnFr ci ng
thedright oEtpfm?umhﬁipga§ﬁmﬁbéﬂk?ﬂmﬁaﬂhﬁmm?haﬂnel_ngnaIdif ?ddetho CF(t)
producing the left t put . e difference of the right an eft side
channel signals ar e%ﬁ@céi@&@’lﬁ&éiﬁ&zi’ to produce a filtered difference
signal. The fil t_ereg(ng:iﬂf Eergneg,. pifgpal Hi.§, sumed with the phaseshifted
center channel signal. ‘The optional adaptive dom nance detector 48
continual |y adj ust sWhefeindHgisean dpsilatseal iHRTE ferendedroraighs rdrtval lpwdspepker

i nter-channel §j.Rid@2 t¥a i f b i

signals LF(t) gir?g& Rﬁ(_-{‘;fy?r%y ]e%t%lel%[)}?%gde}ggée%ﬂ@sélghgﬂﬁggr{ggdgﬁ%.grstlogaﬁﬁ’ock
(not shown in FhGs aB)ipslatral HER THufop at lef iog mighsplysmaldloRispeakeb écpamt, Hor seessed

by a synthesis I ne.sub-hand.sianals into full-band signals.
[ 0069] The par £ ﬁ%u azlgcrréﬁg%?wgo%cﬂg? Hpgglﬂ pﬁ{f'%& ug?peﬁeéﬁr%cfi{ Und for pur poses
of illustrative discussion of the enbodi nents of the present invention only

and are presented in the cau of providing what is believed to be the nost
useful and r@%gﬁfVEEWHQFQPB%gﬁﬁg@BS?ﬁﬁﬂ%ﬁmgT the principles and concept ual
aspects of theppicesmithd SR OF tRMright And RifiSsidec@ahfbl s(rjgﬂaa_tv&imm;my)ao PpRf&@cd O
show particulars of the present invention in nore detail than is necessary
for the fundanthéteanteyehanpelsigndli ng of the present invention, the description
taken with the draw ngs nmaking apparent to those skilled in the art how the
several forns of the present invention may be enbodied in practice. WHAT | S
CLAI MED | S: 20. The methied @f ¢laim b, oderein thg signdf prosésgina the aentepehiannel gignplevith eps
of : receiving ?ts Jngpg,& Q0o qiis&Si gnal having at |east a center channel
signal, a righ B de channa signal, and a left side channel signal

processi ng the ri ghsppdyiog lacdedaysordan elipassefiltesitgribé semert ¢haandli signal, \therelyal i zer
processor, thereb% cr atiqﬁﬂa ri%ht viqtua“[zed channel signal and a |eft
virtualized chSifA qg%ﬁ]geﬁw, Tt seELhangclsiOak ot er channel signal with a
spatial extensor to produce distinct right and | eft outputs, thereby
expandi ng the center channel with a psewdo-stereo effect; and sunm ng the
right and left outputs with the right and left virtualized channel signals
to produce at | east one nodified side channel output. 2. The nethod of
claim1l1, wherein the step of processing the center channel signal with a
spatial extensor conprises: processing the center channel signal with a
right all-pass filter to produce a right phase shifted output signal. 3.
The nethod of claim1, wherein the step of processing the center channel
signal with spatial extensor conprises: processing the center channel
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with the first virtualizer processor creates a different perceived spatial

| ocation for at |east one of the right side channel signal and | eft side
channel swgnaio/145371The nmet hod of claim 1, wherein the step/ustopneasessi ng
the center channel signal with a spatial extensor conprises:applying a
delay or an all-pass filter to the center channel signal, thereby creating
a phase-shifted center channel signal; subtracting the phase-shifted center
channel signal fromthe center channel signal to produce the right output;
and addi ng the phase-shifted center, channel sig to the center channel

I al,
signal to produce tHlrpeting the, phase-shifted pricr ghanpc] signat framyihs cepie chamiek he
step of proce5§§mt5$}gd&%%@ﬁgm9@?m§h§i gnal with a spatial extensor
further conpriseés the step of scaling the center channel signal based on at
| east one coef fi ci eadingtthe hhaseshiftad aenterchpanet signal do theorenter elangplzsignal to
extension. 7. | aim 6, wherein the at | east one coefficient
is determ ned %@gﬁt’?%ﬁiog&tugon factors a and b verifying al + b2 = ¢ ;

wherein c is equal to a predeterm ned constant value. 8. The nethod of
claim?7, wheyeipn th redet ergm.ned constant, value is 0.5. 9. The nethod of
claimi, V\:hgléjlrﬁe ?’ﬁ@og?ﬁﬂﬁ'g‘s{@gﬁg'eéﬂ)d‘?p&sg\gdheaﬁeﬁ'urt her conprises a right
surround si de channgplysngaalelagnst @ hlbpass Siltek aoltke sénde chammahalgnsl, ge¢by 10.

The nmethod of claijm9, wherein the right, and | eft surround side channel
signal s are prfERNgaPhase- '%"é‘d’ﬁﬂ‘&’?hﬁﬂé‘lgp er processor, thereby creating a

ri ght surround virtydirhctig tidpRaElshiFied thierdBihndel| sifral Hht Giandniét hakabil zed
channel signal. 11. The nethod of claim 10, further conprising the step:
summi ng t he ri §enal gmerodugettheyighgutpuiardy t he right and left surround
virtualized channel, & gn s acthar'nrﬁf" hick EfhnSél nnel
out put.12. The net haoogk fﬁ%: %%S?nsl?@%%?céi nt e§i ?ér??ﬁgﬁ?ézgg{el‘pr océegsg ‘r&h%

i ncl udes a firprodudRTke keftlomgut.r epr esent ed as HQUM and a second HRTF filter

represented as H (Dl FE.). ergi-n HCS an L FE) [ nclude the transfer
functions: H(SUM PR 'Eé’\,&'elﬁ e"f““% °Fﬁ2§’t"gbgi’“m%)%ﬁ\9¥i)°l‘9""fp SAE'?ES-WH‘J‘ ‘f:’?"fml [ HO
- Hoc ],' wher wipioddte ailtaredidiffarérmet €igadl. HRTF for a left or right virtual

| oudspeaker location, His a_contralateral HRTE for the left or rjght
virtual | oudspeakers“i"%'agi%f,"l‘?qe& é"%%FF“Fi)é‘igf‘%lt‘é‘phFhel-m}?ﬁ—e’? edacelnlscft‘:l‘%i"e'ri ght
physi cal | oudsgesdier |ocation, Ho is a contralateral HRTF for the left or
ri ght physical [oudspeaker |ocation. 13. A nethod for processing audio
signals conprising the steps of: receiving at | east one audi o signal having

at least a ry 22| 1 ¢S ' ; ' '

P ocessi ng (harrs SeBATARRAR 155 IR MRSt Hnc U S A MAOIR0 Waer
channel si gnal funfugn dndrthiranstes finatiort He is subbtantsatlyl zerof t si de channel signal s
with a first virtualizer processor, thereby creating a right virtualized
channel signal and a left virtualized channel signal; processing the center
channel si g8l The triettd Syfadlaiml 2@ compasing ttiee e dcealidy Ihe badterl chahnehRignal ght
out puts, there xpandi ng t he nter channel with a pseydo-stergo effect;
ond” s g HEFT SR AFRIC PRt EodTT ek EReTMEes f GRceen aFomrt of SRadl | sed
channel si gnal gxtéfaigar oduce at | east one nodi fied side channel output. 14.
The met hod of claim 13, wherein the first processing step conprises:
filtering the right and left side channel signals into a plurality of
sub-band audisoThi GRMed G e 308 hhbiel il AhAERY of HRILERGY HIRM Signal is
extracting a sub-band center channel signal”in at |east one frequency band;
and reconbi ni ngpntinwoushybadjusted kyem seating ifactordlasedi gan intarshgmetisigelaatyfindéx- band
center channel 3] . I wher el .t h I
processi ng st e%eﬁ%vgé&ath%égpt %gi?‘?ﬁg@a ég%ﬁg’n%eﬂ% m}t‘%e;'ﬂ%ht&qrgdrc;lléégat%dl de
channel si gnal ® the mmgaitudecafst signd compbnang carombfi ite ithentight b6d I18fh siderehdnmel of

cl aim 15, whersei nalst he at | east one scaling coefficient is determ ned by
conti nuously eVEM At i ng an inter-channel simlarity index between the right
and | eft side channel signals, wherein the inter-channel simlarity index
is related to a nagnitude of a signal conponent common to the right and

| eft side channel signals. 17. The nethod of claim 16, wherein the
inter-channel simlarity index is determ ned by conparing the powers of a
sumand a difference of the right and l=eft side channel signals. 18. The
met hod of claim 13, wherein the first virtualizer processor includes a
first HRTF



filter represented as HU ) and a second HRTF filter represented as

H(DI FF), wherein H(suM and H (DI FF) include the transfer functions: H(SUw
= [ HL Howp 201y1®»3 + Hod HHDIFF) = [ Hi - Hc ] / [ Hoi peTHseoip/o36osher ei n

H is an ipsilateral HRTF for a left or right virtual |oudspeaker |ocation,
Hc is a contralateral HRTF for the left or right virtual | oudspeaker

| ocation, Ho, is an ipsilateral HRTF for a left or right physical

| oudspeaker | ocation, Hoc is a contralateral HRTF for the left or right
physi cal | oudspeaker |ocation. 19. The nethod of claim 18, conprising the
step: proceddi Hiy method of daim heorr | [Hvhesgin the pummiinge step prerlicess plgleaststWei t h H
(SUM ) to prodyc&intd&ds eiinkdl do ) [ Th od of claim13,
wherein the step o'[f.&]process{': ﬁgtb{%ﬂﬂg‘iaé%e@%c%aéngg’ s?d&ﬁg{'égw th a spatial
extensor conprises: applying a delay or an all-pass filter to the center
channel si gnal her el creating a phase-shi.fted center channel signal
subtracti nth%h%ntﬁ?é%g@s{?‘lipfcfcg%f'ncgg‘\?f)%rgtugg(gﬂ%ﬁ'ngsi gnal fromthe center channel
signal to produce tdudeasi gretavdid sigial havidg adi@hin@ deher phamel sifral tedglaaideer
channel si gnal to<%?e ﬁenteﬁ éh%nnel ﬁéﬁ&g{ to produce the left output. 21.
The nethod of ¢A7gsiegal. adialad side ghagpe ‘the step: applying a delay or an
all-pass filter to {p8csEdtiBr re6iAnp e $gH0 AR lefil iRy @RNnet 5igAdls,Be Brocessor
phase-shifted centerﬂghannel signaF; gﬁ%tracting,the pha?ggshif ed center
channel si gnal PrPgessing e dighitand lefh sida chansielypignals avithra Gt eirtyalizar REPRESON put ;
and adding t hewplgs Grcafthd & 4ighe YirfalifHRlel HRPhnd 8 LASIRERLET chRAaN®!
signal to prodqceﬁfh{a Peét mﬁﬁgut. p')%gcessfng @Ee cﬂ(?fgrerlmel%gtc e right
and | eft side sigrahnel signals with H(DIFF) to produce a filtered difference

signal. summ ng the {il.1.er differ i L Wi t. e-.shift

center channel si gnaa%;{al'%ze.xg%oé t{r)rre[t%ﬁegg'%gft ﬁec‘[%g?efnc%%gvﬁ%@%ﬁﬂgg%gﬁterx errl’s(?rer
function HO, ipmroceshiegdrhener thiandfsignal tonmdbdues disnidctiripht tridaesif @itpt wigasls,on HCOc
i s substanti al ero. 23. The nethod, of claim?20, c ising the step of
soal tng. the celbeRy eranfias LN THTEL T rwdosiisec SRR aBbY £ cf ent whi oh
determ nes a per ceiyfikefMibinntlhg siRAidhtan® IfeaRpARIgndR- willh theTRAWDE/H RE Cl ai M
20, wherein the anplitude of the center channel signal is continuously

adj ust ed by a WEuMIzad chanpelsignplsdeprodyreah lepsitons mediied side shannekgutpys. | ndex
between the right and | eft side channel signals, wherein the simlarity
index is related to the magnitude of a signal conponent common to the right
and |eft si @& Theaandid signad pedcsssing. apparetugof plotin 36, whes¢imptocessingathe wight avdn t he
surming st ep PlAAGESrAnel GRbis Wi TREdrbehrbhifle: GRARNGL QUIQUL BirgRAl s for
pl ayback over headphaones. MAN Audi o st ghal processi ng appar at us

conpri si ng: atpdredgid spatéal fnedtian for giriedst bisevofrthe dghtlseeshamet dptad and keérsidel
signal, a right siqe.c annel signal, and a left side channel signal; a
processor for FRMRSISIAY the right and left side channel signals, the
processor processing the right and | eft side channel signals with a first

virtual i zer processor, thereby, creating right virtualized channel  signa
and a |eft rThgaudietienah arpsedsingjagpasptus afa dejm $6a|wl\ss@erew§@r13lpérsn@b'e@msng t he
center channel, ﬁgﬂ@ﬁﬁounhﬂﬁie%ﬂﬁ{deﬁiigr%ﬁmﬁﬂ B QRRSTeNBakdapsigeidt er channel
signal to produce distinct right and |left output signals, thereby expandi ng
the center channel with a pseudo-stereo effect; and a mxer for summng the
right and left output signals with the right and | eft virtualized channel
signals to produce at | east one nodified side channel output. 27. The audio
si gnal processing apparatus of claim 26, wherein processing the right and

| eft side channel signals with the first virtualizer processor creates a
different perceived spatial |ocation for at |east one of the right side
channel signal and |left side channel signal. 28. The audi o signal
processi ng apparatus of claim 26, wherein the audio signal includes a right
surround side channel signal and a |left surround side channel signal.
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