SCDI UM | BUPROFEN TABLETS AND METHODS OF MANUFACTURI NG PHARMACEUTI CAL
COVPCSI TI ONS | NCLUDI NG SCDI UM | BUPROFEN FI ELD OF THE | NVENTI ON The present
i nvent i orwoebatms42ro novel sodi um i buprofen cores and ceatras2i@bbeté capl et
conpositions having a | ow sodiumcontént relative to other comrercially
avai |l abl e sodi um i buprof en dosage fornms and net hods of manufacturing such
sodi um i buprofen cores and correspondi ng pharmaceutically acceptabl e
conpositions. The sodi um i buprofen cores and coated core sodi um i buprofen

conposi ti ons angefADD/OF BONDING BEWNG IR BONBING CAYER BASED OR ZANC, t he

2 pati ent of | coS e AP HEBENHADICORRE S EUNIRG STRURAIRES oc i one

and further provides sodi um i bupr of pRidRatyett Asepl et cores and

correspondi ng coated sodi um i buprofen cores exhibiting inproved physical
stability, high taBhist Aeplisieen retpmipetbs kangiihioghths ofilingmdatsu pf dfeiedc States
strength, goupled.:a al.anced w th . el LSS0l uti

b1 oaval abt 1 o VO R g AR G 12t s AR LB 81 e sodi um

i buprofen core and coated core conpositions, formulations and processes of
manuf acturi ng thereof are further advant aqgeous because they can be
comrercial |y manufactured in | arge G¢dMIGAREELR hout an unaccept abl e

nunber of defectiv : %C%M ' forms
of i buprofen are V\gfl%@%fgfvs\%m %%oug t%gﬁé%wgédﬁpo@g%n%é@gkhﬁggggﬁ edﬁ are

comerci al |y amhistradtines fpodabricatihe tseamopdiessi amctusdsalandt i thyreapalticularly, to
disintegration remain critical fornulation issues. Wiile it is generally
the case fha: Meligriopad FBICHES fgﬁ%‘ﬁ%@&“@&%ﬁd@f‘ HRARERHOr B SRITB RlePtsPie
al so di ssol veymanb @bl dlrhglitHEati P Sk doAii®s sR¥ciifegh conpression force,
tabl ets produced under |owsr pressure often have a high degree of
friability. International Patent Publication No. WO 2004/035024 A 1 is a

typi cal exanple of a dosage form of i i rof en. However, the tablets
only possess sufficient, not opti mlﬁ‘ggmé@g)nd contain |arge total

sodi um content, WhiNghetchs RehicRHNAMragaaufEs bR HBLERALS the §RREHRK of toeguent
and daily users of such over the counter nedicanents. Further, crunbling
and br eakbye wlorselehentalsl aranpiheoio preduce gdetiied straeiyre] Sach attichmegmcthasy as
to the dosage_of J:-ve i.naredient per table nd core defects, ,including
pi cki ng. and. SERERE BgliZ RRe HERen fEbmbfng ey a3 B UafiEL for ety
breakage | eadfabgcited Wasdn®estivhaN@ednd 6tich a4, PdaBLHng dirtberPk @R Abpdsiegnt i on
addresses these and other probl ens associated wiith the prior art. The

i nvention provi desThh afteshisib @f $wai wrmpisuplpses iy spmeonbopeiamed iglivioy
sodi um cont en | cmr Lally i]l.ab I I age
fornms and fur%’%%@%&égyﬁgé%t abl et sbl%(lr:lgllﬁ1 ettes d\??néélg%%?%%a h%?g{]géy%aq%gnced
wi t h exce2d entomlinesiglrefeirehto dspfor Exdnalie, ndlycudardfubiogmethidibj ddhesiveassldshing
have the addeq adyant.age_of cost-effectjve nmethods of manufacture. 1.
SUMVARY OF T fﬁf‘?&l%@ﬁ‘isﬂlga\llj?héx%’ﬂ&%eﬁ‘?? theygeural grdlicatens: fgbdgsttyilpMsierids a
phar maceut | Cabr&ATRPahY PAKSOIRININIIf Qe “SAf-BhAlRf wAd billd-BUREglen
havi ng | ow sodi um content”, based on the conposition. The I nvention provides
t he phar nmaceudévelipmeoisposidt Clotstiamsen lee af ,dtmeasflings vl lHeelEEE 94 ap2660 {2006her

conprising at | t.. oat | wherein the T f i buprofen obtained by a
hunan t aki ng ‘f%@gguc & 816?)&60{ ggg‘ﬂ)‘%t %’i%“ rﬁ“ﬂﬁ’f‘%@ga %‘%Sfr%@ .ngf‘PFé“P&\}%?\éq“Hﬁ
provi des idhe RpFidEB&RUL Midlo/NRBRRSIbAi: Wherein the core further conprises

at | east one binder. The invention provides the pharnmaceutical conposition,
wher ei n t he sodi unmhbgndotzeef eldmantseto oe endtberps esramonlyrastisied bythmfaimation

di hydrate and reitn the sodi umibuprof en dihydrate is present [n a
anount from5 atoorgiﬁr% B8, agwfyc%a‘gagde"éﬁ"%@éﬁ Enss T?‘ﬁéur Fé?h%rfns{}ﬁe
phar maceut i cadf thob@Esnd lagst cad heprony B8 ta BRI @VAARS dldigen B IonB afdthdrCalch
conposition, in the formof a coated tablet or coated caplet, the pH of an
aqueous sol utihefwe glemsniscanbe attachad WithseHioirna brrding apssey toi avable dwgheng
from6.0 ' Lax] f 5C... The invention
ol 50 pr ovi‘des” tis St ke Borr AR B BEhR b fSplit s bt o S b RUEE:
nor e addi ti onatmetued epantien.i N an anount from 0.1 to 20% by wei ght, based on
the weight of the core of the pharmaceutical conposition and wherein the
one or nore pharnaceutically acceptable binders and ot her excipients are
present in an amount from 10 to 50% by wei ght, based on the wei ght of the
core of the pharmaceutical conposition. The invention provides the

phar maceuti cal conposition, having a hardness of greater than 30 N and
wherein the one or




nore pharnmaceutically acceptable coatings is present in an amunt fromO0.1
to 10% by wei ght, based on the weight of the core of the pharnmaceuti cal
conposi t iwn.20fies42nvent i on provi des t he pharnmaceuti cal ®OFRASI089316 havi ng
a total daily sodiumcontent for a patient of |ess than 140 ny/ day,

i ncl udi ng about 134 ng/day or |less and provides a sodium content of 22.3
my/ dosage unit available daily in six dosdges to a patient in need of
treatment with sodi umibuprofen. The invention provides a nmethod of

manuf act uri ng a phBomice Uayersalmgyorposnpasore cordt@midei ofgmatesiatli uwludmgprfof en
core having a | ow daily sodium content of |ess thgn 11138 g/ ay, e B,herei n the
Tmax of i bupr BPBRIGSPAIUSEES (8 ametHiersPRianAEcoRend irladys e P10 tdho MO0

mnutes or | egsnhéd HBSding MRS Sdridhistd8 @R Qfch CRIMreS&IE, ShRon dioxide,
pharmaceutical conposition’into a core havi ng a hardness greater than 30 N.

Phar maceut i cawhgreiacibe puefhdeecheomgins of thensiliegnddiesidn susfageomap reopwrisergilawdi um

i buprof en cor d_correspondin oat e bl ets and. capl,ets ar

manuT act ured WACTHGE NGO RRarth B Be copang PRsin Hnuc st Uhags of

havi ng | ow sogkuMROBsRItg [HLRt v PréveaP TENEWadt ¥leatvdis! Btk eens 0@ biRded

i buprofen fornmulations and further provide sodiumibuprofen tablets that
have excel | ertlerpnis ovieh annypimttele @5 pasvenibeledneal \sonductivite betwesnttho ive F t her
provi des a ne Qf%%le%tlen%r oduci ng sodi um i buprof en conpositions. The net hod
conprises conbining sodi umibuprofen with suitable excipients. Further,

met hods of manuf acThy floy bfibleefr&ansghds deh&d, Sl@trtcap conéerd elsbtw st tvay ®ondihg M zed
to nost efficiently produce the tablets and caplets in_|arge batches. The

acconpanylilng BEPENt e tscsahizep o izing amailbs bepdinadays nhletallic bondingsleywdr at es
the present '&ws%aeﬂ%rmeat&hgdxmg%f &?ﬁg‘éﬁﬂ RN Fatdids W NGG, TABLE
1 shows a representative conposition of a sodiumibuprofen tablet drug
product and tdxambimcoppenand gollie Hovadvpr, et wseioff nidtadlié bomdihgtayens .cal ABlekelP

shows a representative conposi.t.ion _ of odi um i buprofen tablet dru
product _coﬁt 2t e Frmg%”g%ﬂhﬁlswethm@;%%% o Helols Figee aeedii, Dpigne
fornul ation. 1'5_&&55 mhy §15\5%%ti§11}7 V&S ﬁ?ﬁstfﬁahé%ﬁisﬁb@Wh&hﬁﬂéEnétélfic Ia@@rs ARMHACE ure

of 256.25 ng sodiuniibuprofén tablets. TABLE 3 sunmarizes a'representative
sodi um i HBdpr ofegtninf bicknesat | Breréfore, meatalfia bouding day2B6ma% not) be caitade toabdet s .
TABLE 4 su rizes a representati.ve sodi ym. buprofen fqrnul ati on cont ai ni ng
[actose for MERGPECTHFRRG D58 il Saami tabRLELth il #he b Rasraed
coating syst ediBinkQke, FEdhbsakdsd ikditin ©PAERL bpERtcHbit BHpicidwaitall&lies.and
Capl ets. TABLE 6 summari zes roller conpaction paraneters for manufacturing
sodi um i buprofen cores. TABLE 7 sunmarizes sodi um i buprofen tabl et

conpressi on data. TABLE 8 su [ BRPE -IEE*VE capl et conpression
data. TABLE 9 summari zes har %fgggégata @g'ﬁlﬁs% |un11q{rg(glb]rofen coated tablets.
TABLE 10 29unmar i z €phdhairidne smboditngnfs of thopickunt ibdptic gmeeigtppeliti@bletiods

TABLE 11 summari zes in-process.sqdiumibuprofen tablet statistics, TABLE 12
summari zes | ArGEEYES biihg rRbTIRe™ P FPRIGHIEIOR AT eSS corEpTsingrpRY Hingza
summari zes in; har g

sumari zes blrhoa[@%lq%lr ?%é/éﬂggl%sgiﬁ p (%fr?}t gdﬁl%%tggggmggnsglgﬁ% %%ﬁg%gg#ﬁﬁ%%%f en
bat ch. TABLE df%it (eajt,on8(Ofp fastctlSian)t ashevedoap ekaent. akni cegtaiaembodinhénons thé a

sodi um i buprafen tab) ets.. These fornul ati ons re used for_the biostudy
di scl osed i n 'BEXEHAR 4 %meﬁl‘a&éﬁé?%c%lmﬂ%s 1?8%‘“%\!5\% Eﬂ‘}(ﬁ%ﬂﬁy@f @ﬁwﬁ@ﬂiﬂ??ahsbn

study dabg. TABh&:ddd ﬁfé@'@@fnﬁ%f‘e?ne'n@&hdaﬁ?&ﬁﬁg%‘eiﬁi@@él&n&ﬁ‘%ﬁ(ﬂﬁfe%ﬁmﬁ'e@ﬂ%ﬁf 2
shows nean i buprofen plasnma concentration heasurenents fromthe Exanple 4
bi ost udy overtopherenotiir ot @bgplesg interfapd wsingthe bepdingllayer disposed Btwesnghd first | | |
(Tabl es 15(a) .- 15(c from Exa e 10 respectively. FIGURE 3 shows nean

i buprof en pl £ enié‘ﬁ%@ﬁf?cé’flﬁgﬁnﬁggsurenents fromthe Exanple 4 biostudy
(Sem -Log scale) oMRr vhiio®. chibeliaienRess!the nbbntAr GRS PRRMAIE Osdndtsduaibl ons |
- Il (Tables 15(a) - 15(c)) from Exanple 10 respectively. FI GURE 4 shows
mean i bupr of efugiiees dermedivdhe methods prevyslyontined. flhenfortdhEsmbgrliments of

P S D R s SR b el 2 R o

second element and at least one bonding layer disposed between and bonding together




FIGURE 5 summari zes stability data at 25C/ 60%relative humdity (RH) for

| ots of a conposition of sodiumibuprofen. FIGJRE 6 sunmarizes stability
data at 2802609408Lrative hum dity (RH) and at 25 C/ 60% peratseve/obans di ty
(RH) Sfor lots of a conposition of sodiumibuprofen. FIGURE 7 sunmari zes
stability data at 30C/65% relative humdity (RH) and at 30 C60%relative
humdity (RH S for lots of a conpositi on3of sodi um i buprofen. FlI GURE 8
sumari zes dissolution data at 30C/65% relative humdity (RH) and at 30

C/ 65% rel at i vizehfinst elietngnt( Bid) I $@wond chmpbsthe iabrieast osohondni Hayar oft elnast

FI GURE 9 SUITTYB.%I zes 1d| ssol.utj dat@: at OC/ /5% relative humdity (RH) and
at 30 C/ 60% r¥ QW%YHBWPBFW €89 St I%Y%enof a conposition of sodium

i buprof en. Fl GURE #@+ky %Eﬂszaﬁﬁ d@tafis Qhdl hit&atél abbakti P TR eleleAts iof ehis
humidity (RH) and at 40 75%relative humdity éRH) Sfor lots of a

conposi tion omvgé@nwﬂluu@mp@ﬁ@tnﬂomlt@mowmsdﬁmﬁ idgsesiptiow aiesl Yeiabsn willim at
25C/ 60% r C%ve hurgﬁ éeﬁ‘ggf%l eﬁt%r | ots of a conposition of sodium

i bupr of en. RE“P5 £ rze 848 ution data at 25C/ 60%rel ative

hum di ty (RH) and at 25 C/60%r el atlve hum d|ty (RH) S for lots of a
conposition of sodium i buprofen. unmari zes di ssolution data at

30C/ 65% rel ative humdity ]?hpf)F HEQCBEPF@@WB(T%E@R&WW%um dity (RH U for

| ots of a compositip b r ution
data at 300 6% 1 ol Pieeiorh el Ry eChela A gl SR bR ) B0
(RH) S for | ofoﬂowfngaietadaqbdmchpm dffex sraplie embiobinpnef o ithe ﬁés@hﬁﬁvérﬁioﬁunmalnl zes

di ssol utign dat at 5%relative hum dity (RH) and at 30 C/60%relative
huni di ty 10rH) gyl %FatF‘gtr’stﬁﬁ)f‘pﬂfné%#ré%‘é?sth%’f sodi um i bupr of en. FlI GURE 16

sunmari zes di ssol UFI:?@ 142i8 s@ﬁenf]a%gélﬁisﬂﬁlgtﬂtééﬂﬁ{&hﬁ% detne 1(1@?9(10@ ok @k if0

C 75%rel ati ve hum for I'ots of a conmposition of sodium
i bupr of en. DEiI'o@nldlIE[armﬁ@RbfélH:rﬁMtﬂ'tme)rmunotemutﬂmmgmhoodmgﬂztwr,des sodi um

i b f di d lets f d
conr asel on. The. | HsFednarE St gens dusida it EnbABHERR oG PG ¢ ne
manuf act ure ofor highih&oRdiaBd rﬁlﬂme%ﬁewh&ﬁts &dm%a@eput&m@%ﬁﬁd)@%ﬁ&n

i ncluding rapid dissolutron and excellent tablet strength. used hereln

t he word It ablagars” is | ntended to conpri se tabl ets, caplets, capsul e shaped
tablets, pills or her. SV bet refers to a
phar macol ogi cal co a6193 Bﬂééﬂ%p%ﬂ trate em %@fnegts?s?te aYﬁn“"%S‘rr '5°

pel | et of anyinddagiag a}'ﬁbibei ofShi@n@ss w&yﬂaensmbﬂ Lnﬂrzmgai bon&ﬁllgﬂﬁ}l'e@ﬂi which one
rect angul ar, capsular or irregular. As used herein, the term "about" (or

" appr oxi mat el §F OISR lp)&meéuwlra futherelayes siragivis in formsg en Sec@stoamase t o
those of skilj, I@g %1§?3%t gi ven the nature of the value and nethod by which
it is determne a strength is commonly neasured by the dianetrical
conpressi2on test (EIGSO484C @dletriaﬁcﬁlyaﬁhdtﬂa&nyet @sther efbb@limentg of the invention
Pharnaceutlc%% Dosage Forns Tablets. 3rd Edition. Vol. 1. Edited by Larry
Augsbur ger anfd" BiBRORIAE ZGUTDET soCTIANE > ener it Uiz 4 pwabsr o ROREPRE aj n
manner, the r@§§gt may be assessed as the tensile strength. More generally,
t he peak | oad under which the tablet breaks is referred to as the crushing
strength or crushing force. Newtons (N) are the SI units for this

measur enent, however, (Kp) are

soneti nmes used Achi evi %ﬁ(%gmaﬁfﬂgﬁg&%wg ortant to avoi d
breakage duri ng hangll {inGtr@fdne présend eRfdiPAre Abt mBshtftb! 48 sQadli dvaRS

shi ppi ng the packaged product. The tablets of the present invention a so

i ncl ude one arartinsas m@wls@ppﬂﬁates,ewfftgnemrs mefrpde x buttpi ae t merslyardealized

ingredient in_the ro atln excet the active,
andi ncl udes BF %rﬁée@a%oa? %’gﬁtage en&ﬁqueﬁqgngﬁﬁP eprc?f\g/l?)trl?‘ﬁeﬁ %lbent s, coloring
agents, glidants, Heiighgre@Ra hsredibr LRy 6ﬂ19fa‘fad witHout &8/ BURRESBSiBfort he
present application, "binder" refers to one or nore ingredi ents added
before or durdridrghearmil miqraees ¢re sted Gerghul dartherd/mene i ghetcied ghisganges,

aat, mier odr RIS AacfRaFpted i abi Rl SR PRy AT EINE 0y S

t hat in wat erof thd dubjesheatter cfairh iredn. t hr ee- di mensi onal matri x conprised of
mllions of insoluble mcrocrystals that forman extrenely stable,

thi xotropic gel. As a naturally occurring substance, it has proven to be
stabl e, safe and physiologically inert. Mcrocrystalline cellulose (MCC) is
known in the tableting art because of its unique conpressibility and
carrying capacity. It exhibits excellent properties as an excipient for
solid dosage forns. It conpacts well under a wi de range of conpression
pressures, has high binding capability, and creates tablets that are
extrenely hard, stable, yet disintegrate rapidly. O her



advant ages include low friability, inherent lubricity, and the highest
dilution potential of all binders. These properties nmake MCC particul arly
val uabl e Wi 2a11fdoB42¢r and bi nder for fornul ati ons prepar @dThis2010l08%m16
conpaction, direct conpression, and wet granulation. Mannitol, and
preferably spray dried D-Mannitol with nmediumparticle size, is also an
excel | ent dil uent-binder with good conpreésibility. Silicon Dioxide is al so
recogni zed and utilized herein for its binder characteristics. Those of
ordinary skill wi | Anfexarhpie endpginent af the irhahtiat kelesdubadibelswonth ctfdrencadaled t o

formul ate the Si L cont enpl ated hergin. The t t may al so_.contain
one or nore of %@Eg" _t(%?éa“% ﬂ;ﬂﬁ%ﬁs?ﬁeﬁ?lﬁ uftﬁés‘ﬂcgw g& ﬁﬁ{ec S?aﬁfs nd
and m ni m ze fabhgt opeigbtsMldndnt 8y (SHrpHans Sustedt SSsudbiut&Re not@eide may

be used in the present invention. Those of ordinary skill will further

appr eci at e t higr extimgle the ificd elemeobmhyl comprstda deagt orsudist layertseucties, hdevge at e
the conpositiogns, cont l.at ed herein. Additi.onall the tabl ets, of the
vent 1 on Sy TR A TR SSRGS (sl eubdistie Dot Byis ey e
tabl et from diapss add &viceOBPRRA S 61k Adthef)0 prevent tablets fromsticking to
punch faces and each other. Two such ingredients contenplated herein are
MCC and sodi um | auiy mosq|detetle.a Fayer Bapctutg oay qersniisar At b rleast jsebssantieByi um

i buprofen as i.ve. i naredi. i.s.that 1t |S itse upri.cant.
Thoge of or di TLPEERRIS PR plaferkiobabb abdh b ¥oseRed Pl IR cour o
be added or suhsftetttotiedhd artfagrfrad! stdndidghsibstediOGSt dudstateP N HoaioREndoas ei n.

As used herein, the term"disintegrant” refers to one or nmpre substances

that encd® agBEnial Hew §eEPiisn frrexgaplss clegieniph O compoHIdi HARERlH| Addnin b%i vo)
of a pharmaceyt If11: QN i Sy : | : l.ations
of the i nvent%b%g&ainﬁ(ig%pﬁe%éé%%@d f&nlggztﬁ{sdué%% 0% it&%lu%? {Z% ?gﬁg&%éo&rrg%%&é%% Ili]E(k:l’ot?r%ri ses
m crocryst al [hamogeadusumaseial MaY) cqhpriseooe or mae eofofilicon) sgpomardame silebgi ni ¢

aci d, sodium al ginate, pofassjum aJ gi nat.e, cal cium.al gi hat an ion
exchange r esi%fblé%ﬁi%%zﬁéeﬁyﬁt@mﬁ@%ih IEs Bra&f}mogdé Y omRtiadsym
silicate, a nBE@lCALRRRARISYs, %%#gqu%&?&rﬁ%%&id&al ciumcitrate, or calcium

phosphat e. Those of ordinary I'l further appreciate that other

di si ntegrlants coulld bédinolt enthodsudngs, i that &t telenfent nOR atmey t dvenpriserpo diter ons
contenplated herein. Diluents are herein referred to broadl S. j nactive
g edt ent oGPPI BF B e BRI ST SR 0 J5 et Bl RednEs on ¢ o
the active drifetel¥aaitoh®ktr@ide Whdy indlu@d @ tenbhitd BRIClrO(HRh 6Nk agkfiplesii €S
are considered diluents. Those of ordinary skill wll further appreciate
that ot her dideneesndugioulayeneuppide dbass sehsbstei t Gt such embodimentst éhet feanplate
conpositions con | ated herein. Addit.ionall. nd ti;onal | [
subbtances. cono Rt rilSss P RO Aet s af Ap Bt Bionns TP
such as fjoavahs idyer gructlrel ity i8clgdd tvid aviore Shfcaile @Fdwn, alepddited loapRBET biy
aroma, cherry flavor, magnasweet 135, key line flavor, grape flavor, fruit
extracts and PP 85RsAnpthef toyfpan admyes slaek sA&HB stple @ slEdrs may ipcludesyateralyse,
aspartane, saqg] é}a@ i.ae, sorbitol, glucose, sucrose), souring agents
(e.g. citri c%a}!a}ig‘;l %@@Jﬂg@ colorants. Those of ordinary skill will further
appreci ate that otlhdurthdranbodingenageiths inventicth, the fasiddemar 162 hsyyiconipese & 0
formul ate the, conpositions cgnt,errpl ated herein. As used herein, "having | ow

sodi um cont erﬂevche?t%WE{r?'o Hh Fiiekc SERGIS| Y SLEUPBIEAEVE SOPBEPE IS nRassive
provi di ngsa nRxisHAEahd iRk YHRreaN R dRfce! @RSt Rl %SBPH&/, g&yex fe, CFR
201 .64 "Labeling Requirenents tor Over-the-Counter D}r,ugs addr esses { he

t opi ¢ of sodiswiichimgtsenctuien (€F Ctransiggorpyr ascl)y dight enditiivey stivatpresu(sig., dppediodes t he

i dai l vy, i.ncl ud t of .sodi b 140 ny.daily. Th
"abel g of G arilig: Sate: S o et uRE HaPhiRoledr SavaRide iR n ¢ he
fol | owi ng st ahrRERNphotOdiBdest BSlaheaR] B&lar é%%élisné%.g,(ﬂ[créiéf&'ﬁr@hfé&%hiéaf system

appears with additional warning statenents) if the anount of sodi um present
in the | abel etruptsdsieien aescleporaiers, essitesepioss gt [tshenld be npigd that @ device

mlligramg: " ct faore.-use j.-f \you have. [in bold. type bul let] 1la
Tt uh 20 | <hiRbyR (804 Rfs DEMER ok Béndile hOH AL ko Qe U g batBtloE 1, |12
that such a varnhsigwhén hudided &Osticlo@ thort further elemberadiRds thbdinctibealtdevisé 140
ng/ day of sodium may be provi ded broken up into nultiple doses. For

exanpl e, Exanple 2 discloses a tablet that includes 256.27 ng sodi um

i buprofen. This equates to a dosage of 200 ng i buprofen. Wth excipients
that contain only a small amount of sodium a single tablet or caplet per
Exanpl e 2 woul d provide a sodi um content of about 23 ng/dosage unit. Taking
this tablet, an individual could take six unit doses and still be bel ow
both the maximumdaily all owed OTC i buprofen dose of 1200 ng/day and bel ow
the 140 ny/day sodiumthreshold. It is contenplated that a small anount of

oy o . o "



| ess than 140 ng/ day. The pharnmaceutical industry enpl oys various nethods
for conpoundi ng pharnaceutical agents in tablet fornmulations. Wth respect
to the prwpaoatdiossr7of the ingredients, or a subset of tIReTiUsgo0@8%IMG S, for
tableting, the preferred method for the conpositions of the inventions

di scl osed herein is roller conpaction. Wile having all the benefits a
granul ati on process can provide such as thproving material flow behavior
and content uniformty, roller conpaction offers unique advantages over wet
granul ati on f@aructune. sTtwheuldsadovienioted tHaedie rhateiyaln gdmprding thewdeviverspoctads. | n
roller conpaction, powder is fed to two counter-rotating rolls which draw
the powder bePHREENIPIS these Previyslyeentiened 399%e-and conpact the powder. Rol | er

conpaction is seemnggéetryﬁg?é} rHHb%dngé?x@se%P i tinddAford umgaﬁ&me?éme%?%gnénaw are

conplex due to a nu mat er i properties and machi ne vari abl es
i nvol ved suchcaasprisatadondtd ttuwturg imopbichites or fdre eleorentigas asdchedhid bamdtdce,

conpressihility,, conpactibilit | asti c operties, air perneability, roll
surface, SQI Itoé?th‘érrfgﬁlﬁmg kngi m%tpg‘gss?ﬂdzo,r I?‘%*;‘?d%d)afﬁf‘e WHFrfuoélp?gé{?,sc & h}er hod
and condi ti onsuchWoA¥dd strubturds GFENscusset SNVRGS! @iail NAGHWBLRL not) and feed

pressure. In practice, roller conpaction fornulation and process
devel oprment still Fl&r d& ylustedt¢ses sepricendpetor stnesgure tl 04 dhat apmipeses dirstahanaiési gn

or oauet pr oool? deverdieghe At Bl B B30y’ Sialiord EREEH

fundanent al  ustd@EsElameitng2 b Uthei Konding dayP RhdyCédhRist OirRC kiliddn RiEELjgeR. 1 here
are generally three controll able paranmeters in the roller conpaction

process: 0ol | sopreegmbediments| thedpdmgr laysihapy wprsis iassegipllc ehtzing) silieptbaoh

t hi ckness th t r . roll eed,
Because the (;aéerYg%f?i ggtsl&gl% eqc}ﬁJ Og%geg\%éﬁreq&qlgﬁl% 1:%‘{1!{ gefgi ocr?gﬂ)?lg'et eecogrg)s?t‘ﬁl‘il of
mechani cal stZeH6, wharimghe stoidhisheay of the ¥aSE3 pompdunidis inh® woykiaieddur i ng
roller conpaction, all the paraneters are studied b%/1 exanm ning their

M

correl ation to t helh¥Marmpedmsresditieinveitionsonding e Wecus asthickagss dany
met hod of Torl Mhsaldlth $1GOTRS B of P HbACMhdul 1B i A5 AthANARGARES!
preserves the essential features ereof are within the scope of the

i nventionS Mgreater dad 1501 hinngr ad yealfilréter costinienengeatdu thangl @00enpr effae at i on

of a tablet conposi.tio ccC i sh b ny t hod which causes the
conposi tion tCSQE’é’ﬁ‘Bﬂ% 9 tﬁ%éngg) ggmgggiﬂ’?f ﬁ(?q %ﬁg’r%ﬁggﬁﬁﬁgb“@%@ forstant
conposi tions @foRghie R Bority $Mh&RYal REicERETR od mteeom&éi%mﬁm%%hmhgl
preferred enbodi nents, tHhe t'ablet conpositions are pressed into a shape.

Thi s process thayhidowss dséepphding 0y thédetine Ipsoperitaspefsthe ibondinglayen 16@r foand
applying pressure, tp the co ition so as to..cause.the .conposition to
assume the shAPEDSt B??@n%@y‘g@g B8 Eaﬁlg % SRR Vﬂﬁ?’fbﬁﬁ}“ﬁ@g@o‘?ﬁﬁw‘fﬁt% i's
in contagon. Rarfageelos) snd thatompesitash fIhebdlingNayBe 306 6@EHI0 Methiekeds HARhet

presses can have great effect on the ultimate strength and stability of
tabl et s cont dgghasasee #y of didterany Eam, Siescoripesition efithsdoading layke o withiarthe er s,

i ncl udi ng toq}i ape, - C g i e ion.force, turret
speed are adﬁi&fgﬁgﬁ?g}aﬁlda d@ﬁ&@t?g@ﬁ%ﬁﬁgﬁ {@ﬁgﬁs@&gﬁnfolgg%r:@gec ecl? gre?tﬁ%loﬁdi ng
pi cki ng and dbinudd inguc a prann@rtiiatpls $urfabe sShentigtty sBtkndig subfececDINEsan @9dsts
advant age of the fornulation of sodiumibuprofen, as conpared to ot her

sodi um i bupr P atecapeayef thebonding layer 4 8¢ to Wthen AeMHS-wi t h sodi um i bupr of en
all ows f the for [ i ' f [ i

cont ent le:SId furthegrm1 g;%ag%sﬁ{a%%mtbg ex eﬁbﬁ?flﬁgiclg%)?%géfg&pﬁgﬁ’?@gﬁblﬂ?a
stability, hinglticde of hetldde sEleing ¢ieghicat gaeorskepesiginh(CVddUfel ggdnsthlidrganic

excel l ent dissol utj on and bi.oavai i lity characteristjcs. Another .
advant age of “t'HEFnVEHY pgsbtbqnu&ﬂbgs)é)o‘?l)e/ 0@8‘&1&5%?2?‘? SRPY @ﬁ%ﬁbi Béﬂﬁ%q% en
prepar ati ons vepér eRpbtiGY aipvap)| Qe.g.r,l_ biiged bRt dGRRERLN BNS), a%kbt\‘&l-g%?\rlnam age

ingredient in the acid form which is poorly soluble. Yet another
of the inventEaposdinuey snytipming) e fror oxasyple rbathc Begeo SFanmng Semiaedetablne.

coated tgpl et s/ | et vi-ng .t he necessary stability an i ssol ut.i on
profil es,%Bi n@ﬁ%@%ﬁﬁmf%rﬁgtf f Ihé&fsﬂées’r uPliQéWﬁ‘ﬁg@. ref"f\“/lt 5 tg(/ %’8(’%‘ gt 8

I bupr of en compsHt iSes) HAvtAMplarU STPAEMEMppTIdRKor Serddtid | 0944 07 DthEEn @RS | mal
paranmeters. According to one enbodi ment, a pharmaceutical conposition is
provi ded conmpfl§d Ostpbar 602006 b Mitroyiceelc @ik i Bagens diplinationuPetdication Nai d
conposition having | ow sodi um content. Tho expression "tablet core”
indicates in the context of the present invention a tablet or caplet

W t hout sugar or film coat According to one enbodi nent, the pharmaceuti cal
conposition is provided in the formof a tablet or caplet further
conprising at |east one coating. According to one enbodi nent, a
pharmaceutical conposition is provided conprising a core, said core

o - Y



total sodiumcontent of about 11:1. The pharnaceutical conposition further
conprises a coated core, said core containing sodiumibuprofen, said coated
core haviwg2a11308i2am content of | ess than 23 ny/ dosage ®airtuS20iom39416
pharmaceutical conposition is further provided, wherein the Trmax of

i buprof en obtained by a human taking two such cores is about 40 mi nutes or
| ess. According to one enbodi nent, the ph@r maceuti cal conpositionis

provi ded, wherein the core further conprises at |east one binder. According
tu one enbodi MM(134HE Adnpddishainjune gy 2613, aud USafatenndpilicatier Séxampl. es of

sui t abl e bind sugass su cchat o i uposo, fryct nd
| act ose, hcxo§@§7s %@‘gﬁrﬂ‘f‘f?ﬁ Le‘@?f? ergl%,tfq%&?ys TR & yéﬁ%ey]%’éﬂ’tor
enzymat scal | yAgplidatios PaifhtiHRb. 298/maulndext piwlisayERdestogesy such as P-and

y- cycl odext pn and conbi nati ons thereof According to one enbodi nent, the
sodi um i bupr of en t Bonding layee 196 evasnbe iformed yf plesingfiirst eemgrir Hi2ein a88/D

expression "sodi.umibu hydrat el..L.p ,t.he xt _of. the .present
Tvent  oncorpiredtes £ RTUrLPRERS < Dirclvi g ERGeZH mBhkt RS S8R

i bupr of en di - hy et conpRnsQGf BoRdER fay@f 1063 6BIHeGndyBesed 8a prRsSurv&ifor @s t he
sodiumsalts of the onantioners S (+) -ibuprofen and R (-) -ibuprofen and
of mixtures ofili¢qecmnongpftqfdionding laysr dP6, 3l 3p epddigingrgas Sughiys, feroeKagple,

i buprof en hyd el [MoJVIRE=Ts 4 i j . e
rccor di ng 1o e Ak he o8 puRbuRl: SRE iceRn Riiplil B BLALEDDY T

i bupr of en di hykk @teor tbapornatdiratal be mahepachite empadiurebdtweat dbeut 46°C ahdr s
of ibuprofen can be added to the invented core and carrespondin

conposi tilsh. #RpHi %%9 Ce S| RIERSUTCHTAY B BARAned ey i 2DBU T AP it

i buprof en, poyiRssismibuprofen, lysinate ibuprofen, arginate ibuprofen,
carbonate salts of 1buprofen, phosphates salts, phosphates, hydrogen
phosphat es, oxi desZn$idcaxiatbeshe dormedt wislizingaptiset daser aepdsiticms (RIrD).  For

Partrare. o poruE B eleterhnd Bas Shieiid R F sec RRSHATPHS abf AdSeraghBs: um
hydr oxi de, cahsel tBIME HRHRE froMBORIRSY MO CREDDO rBat. TRE GhIHIXH GRABRNARS be

di sodi um r%/drogen_ phosphat e di pot assi um hydr ogen phosphate, tpsodi um
phosphat €3t ppérasiteduen shgeehdde oft ¢lewertcl @mp(gat Eor sxainplm aesejores]

"Vsine and arhasclnbut bl nBF oLt fkf st 2 ErdTh R BT it Rt

carbonat e fregatRfegizatth TPhoRENARAENCBY -Zih,8{0, HlnRrdepbdied ohaticogbyp pH
of 6.0 to 8.0. The cores and conpositions lead to significantly
super sat ur at eRilssgllaser dapesifign.aci di ¢ medi um aiding rapid resorption in

conparison to kno I 0 i:Cl , - i i t efore
achi eves nore rapi Ijh/agﬁnefg?i%\?g& ?lg%gf?(gggﬁgﬁgﬁg%ggh%eﬂr%rg%%i% < gfé’tt&g site
of effect20 andntiheivéthyofahe dondihgrnateed 06nsat bo ndnhgdathalugh shtenedifaéatomias
we!! as a rapider achievenment of the maxi mal biood |evels and

concent r at i orffOPA8 (E13e dePing With aEmy)c A numbes ghfonsniserokrowmnghe At omreduss i t
has been veufi : : i i rdeS LEeV i v i onal
i bupi of en forlkﬁ%ﬁg{;@gtﬁgb%gi 15{& % (gﬁdtaSéE gﬁﬂghrgl\s@é teerpﬁféeghllg.nffg?r‘r’\%)%a?qu@%ﬁrﬂé
contrast, naxdapaig lizisbech dmenid tiwengh tht imdyctanhifelopahtafitchras #dpGe, IBANNP nut es
with the tabl etshgt{” thi.s. i nvention vvitgout di.sint agrant. The t bfe S of
this i nventi dhdt H¥¥ ef @B MPT e8feci B It\‘]m}egﬁ' MR neRReGyIgadps  and
| essen thg dapgRmiRdint Be. RRR@BL erifliBeRE MBISi DML bR 1%{%% b ma% a
too sl ow onset of the analgesic effect. According to one enbodi nent, the
sodi um i bupr dfeegontdudive tvsthoshibeiiseodnodorued atbmjsr ddpents diFley @xane.tdoadudtiity

' . . 9%.b i gh d ight.of th
phar maceut i ol TR ARoS PRERSAERgr its ke ST AT pn B ST e it * "

i bupr of en t alduett s, CQMEREIMPR, SOMNidACRRIEY iQfIRNCriithygtiad 6r thb BleséeRFEBARLL T N an
anount of at |east 60 to 90% by wei ght, based on the wei ght of the
phar maceut i cdﬂtebﬁﬁﬁﬁ?@s@ﬂt.hlm@éé’w‘iaﬂ]@“tcé- one enbodi nent, the sodi um

i bupr of ennt abl et's rther: i e r Lt excl pi-ent r
1 ers. $he phar nacous cufiOEBE 3 sPARRRR SR ) B ShaC KEhBHEE Ful et or
coat ed capl etelerhdne 19 bohdiap 1&g @06 and o kedond Rleafent hbt. pYetonderRtiche Bl4 May
acceptabl e conposition ranging from6.0 to 8. 0. According to one

enbodi ment , tREPESHANART BB deyigs BmAgFER dreviRHbt feseribateinoielatgn éo
pharmaceutically acceptabl e excipients that are present in an amount from
10 to 50% by wei ght, based on the pharmaceutical conposition. Preferably
wat er sol ubl e excipients are used. Exanples of preferably suitable ex

pi erUs are sugars such as saccharose, glucose, fructose and | actose,
hexoses such as mannitol, xyhtoi, maltitol. sorbitol, hydroSysed or
enzymaticaily split starch such as maitodexttin, cyciodexirins such as

N T o . o



acids, in particular sodium potassium magnesium and cal cium salts such as
sodi um chl ori de, potassium chloride, nagnesium chlo pde. sodi um sul phate
pot assi urweubplh@se7 nagnesi um sul phate, tpnagnesi um dsr CTAIS2Q100pEaé csum
dsciirate, calciumlactate, calcium gluconate, calcium hydrogen phosphate
and the like. Especially preferred excipients are hexoses such as sorbitol
arid rnanm oi, non-crosshnked pol yvi nyl py?rol i done, rnaitodextrin and
sodium chloride in particular water sol uble, non-crosshnked

pol yvi nyl pyr risist @éenent MA2.chln shisppdodmedny ofl the isvantiab| surfage ddbagl sdvend

ipitati f ot i b f i th t di t i t
Phe’ phar macediines 14D Boaikdf nanfag s HERE Lo aFedims et Pog T FRREE: one
coating, COMPYdehdidbéhd & shithd® C1@affise@nd LRmoAE Ll b lboRdEE SBCY 15619ar

and filmcoating materials are in principle suitable as coating mate pais.
The t hi cknessofdfonding laysat 06, sunfase 186 of sasand elpoarividd may hyeddranand nigg have a

proportion of the coat based on tRhe ight Qf the bl et _core, kS O
bout " 1t o S1ove bR e 3itet i) Sl B iy A gnt 16 anliTaRabd ng
exenpl ary coadurfags 1 b 6f sRahd BIRMIRE B4 @b$ banRatko whdoritdtineudix armplyaRat the
Accordi ng to one enbodi nent, the sodium i buprofen tablets/caplets canprise
a hardness ofSUgieschemisipfagirfice N GFRINerES meplesvtar cadedpenith at pratasiias um

i buprofen ta t i har dness of greater than 40 N.

Accor di ng to%o%&ﬁfg%%%%ﬁ?ﬁ&[ﬁ%gﬁro |6Um i buprofen tabl ets/caplets conprise
a hardness of greafl€r. thailluSflathy Acemiddndgtdro soueure nbd’li thanicomphsess ok um

i buprof en tabl et s/cggl ets con%)ri se a hardness of greater than 90 N. The
tabl ets ndy afl€BeHdVeAdetroRnd Flamsiptldh y 1Bi STyFRAdMGOhRFUED LB gecond

pol yneric fild6aat14 Rl lioheQAld Mgkt ALY et MPodR PRIt Ry S 166, E0hilh is
uniform typically polynmeric nenbrane tothe substrate, "ustally 'by a spray
t echni que. Adispesehestwedn thhdirftidlementdd02 agd preoecews! dlemnénidé4 niThe rbehdingiofjht

i fot £ d tion i. ing times, and
or oved resi SufEneRgUZAs SHPND Bt LA h Bhade Bhen F0C b Bogane "
contains a fligemédg2@NeRreinNbRANRY intePfabBIHO i the ArBCAMIRLAThObohdige

e

active ingredient. Further, polishing agents, such as canauba wax may b

used as part wtfaehbl lcddending pyockbsand thaosefaed 1 lrafispeong ckkient 11411 furt her

appreci ate that other,coatin terials, coul d be, added bstituted to
P ate the conpht PERE BE MR, diafc RolfebS3RMRE: 114 0RBML S ' Dhan
filmcoating laRirhodsambe peaiticedrby ahdtebune radhesidnXAVPbédifx aitabi@ the THEof a

following is an enbodi ment of a fornulation contenplated by the inventors.
A Sodi um | bupHes eraxTseldet e od omgxpEpls, berstig opsstims fmaynicdbiag et bapding |

printed with lpk I.Ni 5 : di QE;J of en. di rate
ber dosage urtrtodipvaIoat s LB S Rl Mol A0 YRS, 08

sumari zed t hentaaripaon arehthaf thersarfacdilun) i upe edf@cichiypllete dr oige aroticed and
the function of the ex§li pients in the formnul ation. e 1: Conposition of

Tabl
Sodi um | bupr GFE} SPRECEICIPERY Pt Bubfcinitiztedearmpmonky at ¢ §ksRss of lgtitiang nm).
processi ng. I n Ty i o coat S . Sodi um
| bupr of en Camtgﬁpctgﬁ%ge{@ n@hd;%ﬁlg}g?ﬁgggﬂé aot'? ﬁefofﬁﬁcgiﬁgﬁgdgﬁ&?h%% %fng(%?g in
t he fornul at isorfa¢es] IQuamdasurzzed lilG dBabbe s@fficianBpdiighrtd base ohaaculabidhesio200 ng

i d, beige fi.l ted, t t ipted with black ink t Qi ni
b6 27 - of BoTemndbes B of s el pbaRgetin e &n i bE iR BrteDY
200 g dose GEsultiiPiehan) clef@BNi€ iteraciEHINREIdehAhe Afon208H WA OIS Gnnd abl et

Drug Product a. Essentially renoved during processing Exanple 3 Fol |l owi ng
Exanpl e 1 i s t&e serfinsdil iyt blofbedondedjer scal e batch fornul ati on contenpl at ed

by the inventors. bat.ch. of di uml buprofen Tabl ets wa nuf.actured with
a representative ba echmtéar%zog %t?%}fp&% P%gtae VAR Rl ?W%rﬁ?an% Q?Q?V#hgy
nmanuf act ur i ngipprieties sf f0ekliZo0 @rdseurt, FopHQipIe, using 8 THFLEOMNR ofyisOMan clitdnt
operations: weigh out, blending, roller conmpaction/mlling, blending,

conpr essi on, 1B6KEE eitasd MitBIRNAeT eergeriin prdenty. riggrs Pepaprsionrsd ¢ bondisgasaveni t
oper at i oRpar i s r |y | RBGY i i rof en
pr e- bl eng Om?déﬁg%gfo %%&mgﬁgﬁdﬁ% té%fcli n?%@gﬁqﬂ%rescr erg r%gg%g% I (élrfnﬂl{pbﬂt? gggf en

di hydrate, namnnhd mblecaladadhebiboispi@bdisg lfioanthe otk ol énifiation aad wofrespbhding @t ent s

of the bin . o . :
the dissemination of the forces of attraction from the point of initiation over the entire



were bl ended until uniform The blend was then roller conpacted and mlled
into granules using a roller conpactor equipped with an integrated mll.

Af ter thewpablnoseenpaction step, microcrystalline cel |l gCoas20mmsaie ol
colloidal silicon dioxide, and sodium/lauryl sulfate were screened and
added to the bin to formthe conpression blend. The contents of the bin
were bl ended until uniform The conpressi®n bl end was conpressed into
tablets on a rotary tablet press. At set up the foll ow ng in-process
testing was perface ufedoseaomtaaglmtwednghe bordidg tagerd3% amg,the secgmt eldBentnig ¥ aand
aver age hardn SE} E’tﬁ‘ testl ng (average wei ght and average hardness)
was perforrred P P‘EA}% orrpreSS| on stage to ensure the quality ofthe
tablet cores bei ngtnpsroaft%@&duﬁéﬂt@t)fﬁew&ﬁeﬁ QRe cifosHRINGST DABAR I9RE §d6 Wi t h
a sweetened filmcoat and a carnauba wax polish was applied in the film
coat i ng nachi avkaceftdbbending uﬂe@neé%m&y be et 15& sibstptiatyl canfpoisedSafdilinen and

| bupr of en _Tabl et (2 ist of one.batch.
b ot oS puvert VR Bt i oatisatiaf of SRt ByecRGidse R JREHEE,  ou,
portions) c .inPRARd tigh HheWblsifiCedintialgofi Eilicort BAG®XxehdUEE &fanple2Ghkyg for
use in Mannitol/ Collodial Silicon D oxide mxes. d. Collodial Silicon

Di oxi de shoul Qpntt@s@pmoae@milng dyent @emay icquott sswntiglyzef akglllfiféﬂ oxjde Wifhin a

Manni t ol / Col | X l}{fagn di d
into three al ﬂﬂga&{ %dﬁ%ﬂb%%ﬁgg lqpfﬁl[%had?awe Bc%n g‘ganu ?ggo( )X]lhgf
Theoreti cal Ystﬁir@) thhiSa (puttlo@foft the bopdiag flayd 108ngey CShkisd esseﬁﬁ)aalyOSﬁ a silizén
conpression m x_conponents will he_ cal cul ated based on the actual yield. g.

Excess cddt i riidudpensibyma Reprepaitig e siaishiometst opthensifigpropxide meierial
coating suspe Ac@ﬁ't ﬂo O%gl Ss?%fagéil(? fo%[r%ﬁé; Jthédnl &1&@%{6 ﬁl ézfﬁl %ﬂ[:#uﬁ@ i's

prepared to coat the atc not appear Int al dosage
form essenti%0, i@.enoned gdmnralt}gS@xod“ésshstugme 1)) ad;ﬁ:entetssbondnhgaunda@alldﬁlmol is
di spensed for ts i c ud over a t hat not..be used during
b obess: ng. KM REATED it yerB utbe SERAASR, R bt dRiRB S| o 4
Fol | owi ng a%h%tﬁck&s@& H0RAS 1B 1QE, R it ARGES en@&ﬂhﬁerﬁ@taﬁ&ltfl%%t REd on
contenpl ated by the inventors. A batch ‘of coated Sodi um I'buprofen Tabflets

cont ai ni NG | awt insyet iiashareambodonents dibeitt f nan pemsesélﬁteathlokeesbatfdhe dayee dmf
approxi mately ion tablets. .Table resent ive . Batch For. a for
3o um | bupr REHPAN SPPBRY N BT O R P LG VAL 1o S

not appear i rkeve thdalkctelod @eRhicarit) ofepneRkilalt Yo emoved during IOFOCGSSI ng
EXAMPLE 5 O her exanpl es of coated sodi um i buprofen cores for tablet and

capl et products weFke epappestionidhe Wprding fyer K04 adipeegt tcobending sNestagerd 20

sunmari zed | n, I e ogli

Tabl et/ Capl et %olrgézgnt?%ueg-[%\gkﬁﬁg g o%}:eéggﬁtgégﬁt o%ﬁnéa’% lg’rr% gggé&)%@cnrl p fon of
Manuf act @0 ngZi%i0cfesaed\bd CWDQQ&SJeGmﬁeﬂddﬁal&n‘hgahe dbgusitionf pdrirgeterofftact ur e

of Sodi um | buprofen Tabl ets, 200 is presented in Figure 1., Exanple 7 The

fol | owi ng mariGRa ﬂtﬁhd’@fﬁﬁt"&"@wt@%@wﬁ@@ {PFRSSWE élﬁfkplieﬁurﬁ‘}‘fél%fﬁtﬁsa&oﬂrl ng
process for %}Qtngt 0“ &B& kAt sn?cgg lmo%d‘{ﬁ%téfgéﬁtdﬁ th bEiRE

foll owi ng nmanu proeure scrl es t ps |nt e manu ac }Gring
process for tihereakingthp tﬂodzuate dBoleh tiliednlpurgouedoe and aibt etrsa, V@@fbaﬁ’g'le péédieglape Cut

The indicated quantjties of each canpone ed and ced i nt.o
separate, app8[P %{QP?IQ bndimedayss 08, nl%e Géteé‘ Wg TE3EPE Ei F%}Fé?%

Pre- Bl end) Blgding gréetrst)ttﬁm%@éwr@at Imtﬁerém%&n%tsf&&t@&veﬂhoa 19 wmé@t' oder .
One batch consists of ten bins. The follow ng procedure was used to charge

each of the HANBO layerPs éparedbynPkBs V@tﬁatwanmth@ compebiteanl dloihd aAAnSEO|hayohe

G 05,0, 2) SSASSAPH,Subich%h L 0D G AP S
example, using ZnSiO, ZnOy and SiOy targets.

In addition to controlling the composition of the bonding layer 106 adjacent to

30  the bonding interface 120, the surfacevchemistry of bonding surface 110 of the bonding

layer 106 may also be controlled to produce efficient attachment. Bonding surface 110

of bonding layer 106 may be formed in such a way, or the bonding surface 110 may be



3) Placed materials in the bin by alternating sodi umi buprofen dihydrate,
mannitol, and mannitol/colloidal silicon dioxide mx aliquots until all

mat eri al wa0iwos42e bin. Bl ended nmaterials for 3 to 15 RCHOUSe®0A89414d rpm 1
rpm Repeat bl ending steps for each of the ten bins. Roller
Conmpaction/MIling The pre-blend was fed into the roller conpactor directly
fromthe bin used in blending. Maintain the roller conpaction paraneters
listed in Table 6 to produce acceptable ribbons. Table 6 Roller Conpaction
Par amet er sFol tramsidngfter aotreationoofp thet hamdingplaparebife th simd a ivislyo tisat tthe baghingin

integral, oscillatj mll equi pped w,t 1.5 mm screen.. Collected the
mlled materi %‘irf.lai:%hgﬁf’?lamsgs%oﬁlggﬁcﬂe?ga.‘bq%ﬁ-%rnmomftl(léorﬁglre%%?i %%ef\}f”ﬁftoé &ndi ng
of the conpregshaod1 g & ths sRehd elehRek 112, FdPieRarkp18 BRIk RlrfRRCN 0 bbAd@nPi N
equi val ences of granul ation. The follow ng procedure I's used to charge each

of the bins: layerUlongansomppseoproleeltly cfnyaiowst graupe ((OH) &-glakilagiol geayns

di oxi de cbj.ned with mcraocrystalline cellu ose:.?2).Scree h

S0l o1 dal i IR vy A ROt g B lar i gon ﬂfr“oasd?mr‘r’]%x‘?‘%‘%‘% ﬂﬁmgf%&?%

sul fate, and Jmuidi beolfret B GUGHcACHRMIAREH 8¢ MRA8H a sHHad® rdupBn&o difusssi thupr of en
granulation in the bin was added the screened colloidal silicon

di oxi de/ i cr oRPPyeiERtElymenadp epsuse i ffigiqnt bepd sirengthatity # seegnd glementddd-

manni tol . Bl ended i3 i t j
procedure was repea (gerg%%drﬁ%égﬁmgfe @ﬁ%ﬁtlg%qgits%%ngoe}l%%elr{[ ﬂ?}l ﬁ%ﬁot{)l%glo B%-(%Hé%?u
Conpr essi on Uaierd 06, et ypdsabbeidingr esstneatsi ppedbai pdifonmedid &or example,
capsul e-shaped tooling, conpressed the conpression m x as %gg, caE et core.
Aver age wéi ghtenigpndneaissiruchire d lemeayr ke arplsdet arpmBrates of beed fYRS trom

the target vejgitc %gﬁcﬁgg@nﬁstb%ﬁd Ao Uhl g bkt Llem@@Pidh, (AY SbAARe

hardness was neasured to ensure perfornmance and robustness of the core.
Col | ect ed t ablapdrd Opangithe sdobmd elememtdd4c dmredsimgitse dndestrepgth of sgnicondoogh a

de-duster and net al tector. e ary coppression raneters for. coated
sodi um i bupr oﬁi@ﬁmfeaﬂ)fif@y dbeggﬁfpgé @%@CGS@%P&?SQ%@W B_ﬁuﬂmt%ése?a?ﬂan §.? | t
i's contenpl at@ehitdhahctar MLREET1S ARUQs figlt beburGAARE FSSILRNURAERITEIES Sy, ar e
usefully enployed in accordance with the invention. Table 7. Sodium

| bupr of erlS5Tabl et CBpbeskngnf Mastadterhénd B2 Qosticord lclsenbiléh tiggpelebonding

Conpr essi on ta ression Forces _a Hardness. Data for r ntative
Sodt um 1 bupr orsst [PREPLTISURR -0 RRET ot Gl RTg R r i CERLASE M b S o
| n- Process Whghteonfihdlekarssin Eabsliimssts -ofBat GivehfioinbExdnglge? 186 dhigr daess
was converted fromscu to N and thickness was converted fromin to nm Tabl e

10. | n- Pr ocesdeopacadintcondusiizg aad fanspareahioslight tpsehyrproyidmemeathifer degrical

Har dness was rted fr i \Y d_{ into
mm Table 11. :ni{gra%%eosptsnc%ghﬁ(g?nstsfg g&fegl?ﬁgés hl?rgljr( gggﬁpﬁ\?ﬁgﬁgsﬁﬁngme gﬂrepl es
15a- ¢ a .20HarTiedbrevemic@adv@ot @aicfuro M Sty comprisadt lehitokabssdingyeowihit ed
fromin to nmm Table 12. Mean Statistics for_|In-Process Aver a%eﬁll—lar dness for

Tabl et Core L¥HICI§H sirctcahsonductivyialiop thoslaw o ot slegtiiead cpigent s
A Har d i i 1
verage nar gs%?rﬁ?c;nﬁﬁctw}u@ﬁré-f)f%smg b 8{&0@/@\5 TPlefst %8(5?7]&)8%%9]]‘39& WAkE: 1@&1‘1(%('1)‘ )

Added col ore m coating materi a ter an or at [east
m nutes. 2) Addedityhm{foedlydnerts alod thadlosr ofrar elettriaslonurnage n$sniconduh®er

suspension and continue mxing for. at, Jeast 15 mnutes. Fil atin
oo o Rty 1Sl LD Lo b s ons roadinblessy with bRt apfed 2 eq
coating pan. gkhBeddyqo @Rt 10t BY a5 I%ﬁr?@s 86l be ARIhiBEd kISughAnG %bﬁaiﬁghe

anmount of suspension’to the caplet or tablet bed. Upon conpletion of
coating suspdawirofer gppinplsani asriainsgptodinnenis berating laxerx | @ mak e drankpaserng o a

mesh screen to,the caplet pretablel pedy &) TWRLES: 5.l ShBofinchARlGhe  ©
invention the bonding layer may be transparent to electromagnetic energies of a greater
range.
30 Further embodiments of the invention are described below with reference to
FIGS. 2A and 2B. The embodiments illustrated in FIGS. 2A and 2B are similar to

those previously outlined in FIGS. 1A-1D. However, in these further embodiments, a



3) Discharged the caplets or tablet fromthe coater into appropriate
containers. Printing Print caplets or tablet on one side with black ink,

di l uted awoneadwoss2ni t h i sopropyl al cohol, at a speed thaCTarSownoast16
acceptable print quality, using an offset printer. Packagi ng Tablets or
capl ets were packaged by conventional techniques. Exanple 8 Friability Data
for Sodium | buprofen coated tablets fromllﬁxarrpl e l. Stability and

Di ssol ution Studies of the Sodi um | buprofen conpositions are sunmarized in
Fi gures 5-12. bxaling ley® isfarmbd bh hysuetearfanch ofitheraicinert, faronsa suficed Boli um

1. Exenpl ar yPBOTX R4 s Sa0S e 8o At e Bl BRI Bl DGR no
Lactose is 0.&20@%&5&@,@@“&1«”5\@@“@@? safter specified revol utions

according to USP <1216> tablet friability testing. Table 14. Friability and
Di si nt egrati on Dat b greasen desealnBl(@ 2961 lujtratysi saipiconducterstruetiesi 200 dlept semnprises

pbsor pt i ort of TSHPTR BanFBe I ERe ety s £ b od el ETal Ut ot e

t he absor pti oglee@fdoen@kedofid @Rnidinf £ Br @By canstiseini O Heatatufs Adedicykfend
tablets conpared to a currentl é mar ket ed i buprofen product (hereinafter

"ref erence stEAGHREPYeVItslysispatved verektion k the sleppisigs. 114 ofdilparhtRe IR at e
d t ent Lo 6 - } f i i i
rot ot ypo. t bR BORHS s 20GUR! g RRENG My S RIAROATHI SHAIRLED

Descri pti on TiiySofwhs posdriigl gredosgdy destnbedriiz eddationpentht dbading ilayepd06 end ,
four-way crossover study. Sixteen heal ti%%mil e and fenal e subjects

(appr oxi et el Yordyigagurtachrhit of 155 AAnl 1y e hhe Pgndirg 8ye 298 1ay beofopaedpn rited to
ensur e t hat 1 ' | eted .t hize ' e
random y ass?gﬁrgglﬁts%ozl%ow ﬁg{glﬁlﬁéQg’q%gn%gs%glﬁ%%;ﬂg%{%i%/lgdmgy%gﬁgedgg{sle of
each i bupr of esecéml slerthatti2dh td ihewicigredd1over ni ght fast in each of the study

peri ods. Dosing fo agh stu eriod S separ at ed t |east .48 hours.

Ei ght een bl ood san%ﬁ_cgs%% lhvsﬂya&gcﬁ?mm%@%%l Isgﬂ‘ft'ér& izﬁ%{o%%aédicww&agf%

t ubes from eagbmsnbioeChondfiy b8 2@6?4§¥§ﬁc§el%eﬁtimﬂlfﬂnﬁ HoRYRE ofyen 295{%%&&1HOUV S
a

during each of the four study periods. Atotal o ppr oxi mat el y . of
bl ood wasldr astrcfuresn? Baehd 2abj ase thodded gethiie thsougly béralueg layiersg2GppndRil frat el y

30 M _of blood,required for saf and pr.egnanc val uat i . _Subj ects
Sor 6 Toused aodiR phffind Besfifh 2oy BRI EHIAA e A stifierd 20 and88lod

I nvestigati Onabmait(mu(‘dnd:rﬂi@kegarﬂi&ﬂﬁly, thBfvaled Mhel Béiling RBiyed B¢ Mdpthetbohdings | -
I1l used for the biostudy. Table 15(a): Formulation | This prototype was

manuf act ur ed K19 odhe mashesiarfor besideessirurtyees 418 sad ed 1 wayglempaise ameolcibee was

450 . VET : Y. ' L AND
OXVGEN AND COPFESPREY NS ARORHORES PEICRE 1 AR TS | oot (et b 1o ai
t he benefidt oAttidhenchi loif ndert@ite 200 Addi Redl uBliaingSa Roadingi apal ofPadaeintof the
Application Serial No. 61/226,353, filedMy 17, 2009. TECHNI CAL FI ELD The
vari ous embodfIFBFS2¢ andhel 4Fpas assist InRrediGidmbgeiBicpes,220ayih a desireddordds
and structur i i m.conduct or structures, and nore

particul arl yﬁe&%@%ﬁ%&%&%ﬁ%%&cﬁ%@gﬁres for form ng bonding |ayers for
attachi ng two or niBurtheebmbahinsnts of heenawntomar ddseribedywithbefereatd 0 FIGS. 3A

sem conductor struyctures. BACKGRO{ D Nuper semi co ctor .structures are
produced by t é#t aih‘?ré’ ofimepiio! gﬁtf%ﬁn ﬁéﬁeﬁ&a‘?‘gg &St fo thpse
produce gsdesidsgithed! ik idfefoncSUS 1RSS! ARIBNt IRARO dSrtABY erifodithbits ZRdnuhen
the elenments conprising the desired structure nay not be readily fabricated
by convent i onaventieanst kastlongsf the relesxeatspingy bei thmoed gndwtihizasl fod espbssiuéndn.
The attachmenﬁt0 oft.otv% gﬁrtm):l'e el errglnts is comonly performed utilizing
bondi ng techn Hﬂ%é.n & }be(g ad’leﬁﬁ “&¢Fini gues enconpass a nunber of nethods

conmonl y referred T @sbodi@ente%aMR Bverliidheetdrided wWithSie@encd® #MEGEC3A and
adhesi ve, solder and ]
3B begin with semiconductor structure 118 of FIG. 1D (or, alternatively,

30  semiconductor structure 204 of FIG. 2B could be used in an identical manner). First
element 302 and second element 314 may comprise all the structures, devices, and

materials previously described in relation to the elements 102, 114 of FIGS. 1A-1D. In



di rect bondi ng. For exanple, see the journal publications of Tong et al,
Materials, Chem stry and Physics 37:101 (1994), entitled "Sem conduct or
waf er bormiOregii/aepent devel oprments,” and Chri sti ansen ePCalUS2008%e6i ngs of
the I EEE 94 12 2060 (2006), entitled "Wafer Direct Bonding: From Advanced
Substrate Engi neering to Future Applications in M cro/ Nanoel ectronics.” The
bondi ng of elements to one another is coffonly assisted by the formation of
a bonding | ayer on a surface of at |east one of the elenents. The surface
chemi stry of deneinbmmshidirgertayfthe daventiopsaond tlemenidhidsmen cahptideen trysialhenent s
to one anot her, sﬁcg&%hat he two el ements can be at.t achq%gl wi th sufficient
bondi ng ener gPeBleiigh| &5 f 19F t REMPKr Gt SSRICARIUCHT HRaisHel s1Beds Y t e M9Shded
sem conduct ory, 3tibaG HeftidMeli ABMIn, unwant ed premature separation. Bondi ng

| ayers may enconpass a nultitude of materials including, for exanple,
conductors (e.g., &t aB4),illssratesonsduisbadustcndirigigngl 300r that Cpemprises hérstror e

common bonding | a onprises ilicate such as, for a e, Silicon

di oxi de, \%/ner%?mexﬁﬁgi’sﬁ?@gx&?aé'ﬁléﬁpétw tgwnf"(ﬁéecsop iéégﬂergi@;éi.ggllhs@upqagtog may
conpri se si | aRgion 6Pl r&Prbschls MPSHGANALEneBE oPdeasiCélBgelti B JROREH BehiedBs Ji es.
However, the use of insulating bonding |ayers may prevent the flow of

el ectrons betiweesss tied thdnd e setangeatanacnt \'Mrfi/ toHform fhinpdsgeondrelgmaay dkt'". The

el ectrical conducti vjt e the : I :
el ectrons and’  Hent thléegce{k\ir/r\iﬁ%gﬁ1%urpéﬁ?ﬁ%%%%ﬁgtt\%o%ggﬁgil%?glfoé?r}eﬁr?tﬁ éh can
be realized yondinglihtzifi@ IPotadtkd the thiamniad poctésayers. Metal lic bonding |ayers
have been produced using a nunber of different nmetallic materials such as,

Ili .
for exanpile, coppefheatinnies af sgqond eégment 344 jedeaye thsned elemeBbAlt g2y BSer s
can severely |im 3 1.$S| | g r ure
since netall i‘%&@%‘%‘éﬁi ﬂgh%lg%glrigor?%yﬁggﬂﬁeaéntl a r@%?%@%%lgﬁ?%ﬁ?ﬂ%r%sﬁgm on
when t he net adxdaimpld, gyier so doadiapcoeeond dememi 4t i tlenfass clefitent 80Duesingnbt al | i ¢
bondi ng | ayers y .not syi tabl e or ideal bonding _naterjals when di ng
ol errent's. ¢ hr JRRBIRRHIEH 308 GHEOh AUP S OrTBHi5E 108 POGEHTP g SB U BHToHE L hose
used in opti o sec A DEhER BT PR Fro@licdPNA R\ W cdakifes$ Withinl HE S ondPbRHSHRE OF
THE | NVENTI ON The various enbodi nents of the present invention generally
provi de nidt hotls zanel of tweakhess dxifgprietted fuliptantially paralél twesirboadlot ob/pon

truct i Si i di bondi ng. | | tant i al |
conpri sed of e SrRLGR BhatsRygai sriso e oo ER ARl arY
first el ementqfai@mical aaQIRENEAIE RN theRhal GRELRs TirRMARE dmilisatidhs tHeeeofvent i on

t he met hods al so conprise disposing the bonding | ayer between the first

el ement and threingedusad teseareandugipristarctuae BOGhdpringdhe bengingpreerspt This gnerge
second el enent _t n er. I g | i j

| ayer di spos e‘B%%P 1\E/\)llgglnc ?aﬁé&f‘ﬁt@% ﬂgﬁ %ﬁ%ﬁ%eleﬁg@??ﬁ%&?@%@ﬁl OZIgvgtcrlrl\eg}lﬁets m%ﬂ}égg
vari ous eubodiorest 6f Rtordd@erhent SN4i(g), tlnhied eltlentdi 49&vhdan@dutitiodlertént 302 Ur €S
formed by the methods previously outlined. Therefore, the enbodi nents_of

the inventi onPyabasdingdayesd86.alnswrheimehpdipents el the fnyeriiQie fsrthianing o4 s¢ppd ¢

el enment and arn t I r ']%plg

bet ween and ge(%n %ﬁgqﬁgggf@gﬁ _%e?reééﬁﬂl]?ggﬁﬁaﬁé&ﬂ%rﬁgmlgg? r?g%e englﬁ?(}s’the
at | east one fadishinggndtiaydsy lasdr lifeatmathdais) gidiad mgthodsyprricembhinafions efcsuch
silicon and oxygen.._Further agspects d.details | t ernat e cqnbi nati ons
of the el enedfl_gt%B‘?S' tﬁﬂrsexinﬁﬁ}lénalegﬁc"\t}\ﬂe%g%’écagB@éﬁhgﬁta(%rﬁrf’?‘?éseﬁ 6‘?*13’3% biis)

detai | ed z@eS%'é%ﬁe@ AR RES At M4 NI bASn SMRRiInXntd Beth NNRMOH, 18ser

i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention my be
under st ood ndifeoffuhdybdytilizefl ¢o &me eecond elemehd 1ovFargxdepki thedecmdmlémpnt on  of
exanpl e enbodi nents of thg resent invention,. which are il Iusltr t ed t'hn t he
appended f i gUPBSCIPIRRIZAITCTRHCRUS SRUCHIS COMPERTE (LA PT 1oF9 g3 raerein the
enbodi ment s Ofsdr RehidsinaRhy BE abREbddSiB dnB IBRAGF f2 RtddeHREsusHrublufRMaSing 0 One
another utilizing a bonding |ayer; FIGS. 2A and 2B schenatically illustrate
further embodhimaed slegfent Fd4| fiomntheoisriaging, pertion WosrgPidy clemeniiiéd, ek for

el ements {0 0 ot he i 4.2 - oRg} I r s, Fl G and
3B scherreio’:Oi ca r)}l%P:I H?s??tg eewgir%gg?’%fsgﬁ%mﬁegi ggd)eyn?? (;ﬁéf IS’o?t ?Jl'se%i}lm%(g\ndi ng
a nunber of edl@n@nBs4troayoiseanhickedss vt i}, | @i someantbdihdngs, igyBickhdds Whingl one




or nore elenments is thinned, and a further |ayer structure is forned on the
one or nore thinned elenents. FIGS. 4A-4C schematically illustrate yet
further ewbadivmst2g of the invention for use in bondi ngPaTMSRISO3B6

el enents to one another utilizing a nunber of bonding |ayers. MODE(S) FOR
CARRYI NG QUT THE | NVENTI ON The illustrations presented herein are not neant
to be actual views of any particul ar mat-d2i-al, apparatus, system or

nmet hod, but are nerely idealized representations which are enployed to
descri be the  Rsehbn bioen0d pm. Merdpangsilalye theshidkiess & of the thisdedraldnyenonl y
and wi t hout any |ntended lim¢tation. A nunber of references are cited
herein. Furt h&RY bhissethan aqye 5 predr sven dsse fiiaa &b OWQB#F{:II ess of how

characterized abovgc i Spadifhdd.gd asmRbh A" irlihd! 398 }@ttb&ﬂ engien of
the subject matter claimherein. An exanple ment o vention is
descri bed bel dwnmtBIOZ,rlﬁfndngriaerO@Hh@ﬁed b]Arﬂenﬂ:BMFm@ further layersttmueatnes322.

sem conduct or_structure_ 100 th Jse first el enen 02. The first
Hathegh th

el ement ey cHNAMSEMROdmenis egi1v t’toﬂc & Loyt SHUFWE; may OISl e
the first el eppflr FBYcE MREE FhndbEaREctRBE a88/0R 14yRY Sfructilel C L IbrCexathplieVi Ce
structure and bonded structuré (a structure that includes two or nore

| ayers, devi clsthedrydrafrestaresidd nigvdongsisb fnthedcrygalbine matesialsesuch apip furtree
detail, alayer structu 0 se a t Jeat subst anti al | Q enous
ayer of a o gneRret i eshEr B raal buef Sebo ot bl dRTae
referred to ifhat fethiled *fentdn€8 14T arkl RGthsRSEr ahRfird BB $HySdon@irRs Jone Bhe
hom)geneous material may conprise, for exanple, elenental or conpound

mat eri al s0 anmomnb@néwam@wrﬁ gm@@legfor dgwica formayion.s Bay ek thuepr layer

i nsul ati ng. r one
or more of siTSORE SERENrT e § PEROIREEP s TRb G TRy 6P PRI,

H - phosphi deslight| bmittifig i diedes, |1|aé.er aﬂiodm;ntrd@isxorhl slar Cauip0 Phd®nichelesices,

netallic alloys, sapphire, quartz and _zinc oxide. |In _ additional
embodi ment s, mr?éoqi«?qtr@fne@ha@r@hﬁystfm ef¢ayf OF BYABRALS dhifnqdg)erpens Sl 4 dRak @MISE udi ng

a het er ogeneoy g tiHe thki&iaf QR %15S 89cta) ‘ﬁgﬂ@ roallRIE nBEE (GRS an&s"fffxl&le@ l?yer

het er ogeneous structure nmay I nc |"ate structure (such a
exanpl e, 1& sesuctund 322 anayt aglapl)seua)cfnrﬂaarbﬁbmtmiwbmmeaalesduh muGIaNem)onﬂumnnt S,

theterrplates ruct ur. stra may, cO e materials as

ment i oned pr e¥A IHHEP “&F@?‘gﬂ\grsmti‘ g glgraﬂ?ﬂgggmﬁzgf ® nclude two or nore
material s grown, dﬁ@&lﬁbﬁa@@m@&dlﬁleﬁfé%@ t&ln%&ﬁoﬁ%re%@crﬁ:‘é@%%{v Wh [R5 mR thayer
stack. Again, such a structure may include materials previously nentioned.

In further enBEH. I“F@ﬁﬂ@ oThct hmbpdnmt& Blustratere itf FIGS. éAhbnate siodlamty thwsepri se

a device structure. ture actiye onent s

passi ve compolSHPE4 3@ 'y eé?r&Sf{mﬁéggE @g Erh}%? l.ﬁnﬁ)% ofhri se,
for exangee, E@Est amzr(g Hé{)v'év'é‘rt Md@forlaBelementt bRMoh8édioShe Sndicdndutiof ftuciFtt ti ng
structures (e.g., laser di odes, |ight emtting diodes, etc.), light

recei ving st riosned stlizieg e, mathodsyol BKES. I¢pll Ct tlarathernveuds,soneptromensi Qfdé@
solar cells: S8hls fREEILEA B SecbrunMELARIARLERTRENRIE Head SHRIA g U
(e.qg., accel ef oNe ur e sensor h note I)t]ﬁla

devi ce structm@r(seaeon@dfstmahreel enent for bondi ng) may conprise a
non-functi oni ng corrponent part that, when bonded to one or nore further
el ements, produces lﬁ%@nb%@?liﬂér‘i’zﬁlthedg\)’?@@t‘?%@ﬁ?ﬁlé’vlm tefarps @ HGSo 4Bethot ed

that t he 3t Qfdel ik QIR ARARY ALoPHIIIIES BN RARP LSl dIoRe

previously nen £l one ove yet enbodi nen I nvention,
the first el estmoturdl®2 of IGOERNIdE: el matedesticalnmbnres). | FIGWHA dlustrates Grst mor e

el enents are attach and handed _ together utilizin now rret hods and
met hods of t rp‘?ﬂ}e%ﬁl Gﬂm8§518%sacrbpﬁ‘g§ﬂi REpeiys, s ‘§é’cﬁgb deHFHs ug‘F <é‘sd/e‘ére
di scussed in Jeﬁﬁéo@@ﬁct&eﬁtﬁlclturgqug'(af peb oy). FHefond BehbhUsid 83RSiRs bonding

sem conductor structure 104 that conprises first elenment 102 and bondrl ng
| ayer 106. Bdh}zhrrﬂ@4ld@pe$edlcﬁﬁthmyrfm Off@rﬁmuera:‘dﬁm#%t d'he diartleec ele®8t why f i r St

Com oot mSHUET AGCUH NG BT ARy e S Helly FeprgobY Jifbed

silicon and OXYQgerrIiy. gBnelgiaRdi BBhcendiche l@@mﬁrewbay%t 1@&nﬁi‘?ééscﬂf§9“ se
the conpound ZnSi O wherein the stoichionmetry of the ZnSi O conpound is in

no way |im t edemeny 482 gtachadend herdes tefsceons ¢lemenit414nvia berding dpyendt atle6 has
a thickness d



(as illustrated in FIG 1B) of greater than about 10 nm or in further
enbodi nents greater than 150 nm or in yet further enbodi nents greater than
1000 nm wWbeotignop£23i ti on of the ZnSi O bondi ng | ayer 106Pcaush@oasodieast
substantially constant throughout the ngjority of the total thickness d ,
or the conposition may vary through the thickness d} depending on the
desired properties of the bonding |ayer -186. For exanpl e, bonding | ayer 106
may have a conposition within a thickness adjacent to surface 108, and the
conposi ti on Ofondhg iherfdéeup sl thyrebetd:B8n. Olheshathded stenctire 66h Esst aléragnthis its¢lé sane

as, or different. from the caqnposition of the bondin ayer 106 withjn the
t hi ckness d2.b°r’|]ide%&dﬂ{ei %mn%@%g?mfléJgf%&% PRGN, ayﬁb%%‘#'néﬁsalgf@?esﬁﬁﬁl !E%m be
treated or forpgegd &uﬁg@éﬂtiﬁeyﬁﬂmei atdhal shhiquRUs AR e & Skivpef Flprutt ng

surface 110 cah assists 1n attachnent of the bonding |ayer 106 to further
el ement s. Bonitlstrptdsaysemich@éuatery sbectiuer @ dhats gofmpuses1@8 fust fdlersent edédrent
102 by a | tjtude of nethods inc i chem cal vapaqr. de i4ion (.CVD)
(e.qg., HE{ELGJJ I ?@&ﬂ?@%éﬁ N 4\%8%%2&)@%?@9&"@ )eleﬂ£%$%%8W8 Sheam
epi taxy (MBE)fondRipy Biy&ak3s ap@ fufeR 0féhé 3PV bosdiflg Jlayey!43@0atl A%Bhding
deposition (PLD), el ectron-beam evaporation, or sputtering). For exanple,
bot h Veeco Comfsviaeeid¥eni conductor, Inc. and Structured Materials

| ndustries, Inc. produce CVD reactors for the deposition of ZnSi O See, for
exanple, U S. Patent Application Serial No. 11/544,075, which was filed
Cctober 6, 2006 by Mtrovic et al. (UESANMRLENt Application Publication

No. 2007/ 0134419 A, published June 14, 2007), and U.S. Patent )pl i cation
Serial Nol0 11/ 973, Few minspramplestars aew dstcaived toirthoipdipstpye shotments of

U S. Patent [ j ' ' 08/
(4, et nt. AR5t o BN 62100 1008 B0 10RMInFcull bathdyne,
a CVD react or(e(e. QaterialsMiRiRIrése @nt)oark . foDilatstrytivel pop¢se idb)y2 2nd neyndidimised as

a precursor for the zinc conponent of bonding |ayer 106 , silane may be
used as a pr etpbaiypenty ot thp aresent iYSAUMonponent  of bondi ng | ayer 106, and an
oxi di zi ng gas SUChyAg, refeincEXARR]. G4, BXY SRMIBYODEMSREs 2SiliBorPEREIME $AC) f O
t he oxygen conponent 01? onding l'ayer 106. The reactor tenperature may be
mai nt ai neld at substraapEhalidr ebktetnsaiacat suthindMOGWD radptartchzoba@nd aibizing e

chanber pr ess(gr{gl lrra% be mai nt ai nsﬁd bet ween abouttbdg Torr and abougo 25e ;Il'orr.
ZnSi O can al sETBEAEATEF SOPCH LD LEGP SATE? ePost FoH' URED) *O'ES?
exanpl e, firsg,Qberiingl@derRY | pRpRdfoRd Do siidicd UTB (T8I0 & ubstaRd 1. | aser
may be used to ablate material froma zinc silicate ceramc tart%gtsz. The

abl ated nat er Betdinglpytrel Oidis 8 ithicknesnofsabonta(e- Xgmas Deripgrarovth 0bthed n3H&i O
For exanpl e, Soﬁﬁiﬂgﬁ]é%&?@gf i %Lz'i%%tg%egﬂrg&aﬂ r%&uc%!i ’an(-{ %Q?iﬁg#ogrg@rg&‘sin%%eé877

(2006), entit racterization o um nescen

Mh- doped-2#n 2Sicind: bltiBkidepdsittedbading lav&anatiyaspsitsedtidlps@mpeadst $ioen.
hi addition to controlling the conposition_of the bonding |ayer 106, the
conduct i vi ty @nd g bsehlgnst gubsiaplialln 8 ofenBe nanaged t hrough i ntenti onal

atom c doping (e.g pi i ‘ her .o in
the art to produces?cr?ﬂ(gn llag%ﬁgﬁl 1%03?%5?%) %ﬁ%{égg(gseg %K%O%%e?{g%ghﬂ%w
mat eri al s. FoNI-gitadeoheteridi-1hyep strakoype Raitdbdks fob peniucing arlased dibtie dewate dtiueture.

i ntroduction of dopants such as Al, ga In, N, Pand Sb, utilizi ng}a.
precursors sud¥had deHesEusra mapnHichde Pityrst ‘Hyl HPeidQRNELPRIRBY MYAVERIHne,
etc. In fagth j: 1§h§)“13 N EuchOGrutRYesd
conduct i véeérwi lt%%%r?fya fgcﬁjéﬁgen&b"r%gd%ﬂ?teﬁ%ﬂ 0 atﬁ Zr@ 8&80ggi}?gﬂ.e§égﬁucglx§npl ee,S e
conducti vity bavi in tHaSit. OSem forr exsunpte, Sr Nakanatra, ¢ ol @060¢ t'Ehd Blue AasaMjisdal

| attice of the ZnSi O.material such .. for _exanpl e, atam c vacanci i,n the
crystal latti 'El%e omplete tggenénterg\?%%' i HOH{TB?‘E‘TPI?% 941 5°€ ggnﬁnfﬁilﬁ t he
crystal lattiggnpdsidg alfasd! iéabr @@ K@it CRNAUSIP boRlling Clayérel 051 Fukthart

conprises first elenment 102, bonding | ayer 106 and a second el enent 114.
Second el enenprogesdingaeydsmyefosaeditol produse st fonetonaledevicge wivele SirthgpioagseinB al s

previ ously, descrihb in.relation tofirst. . i odi nent of
the inve (%oﬁ?a§HFﬁ§8§a%ﬁ%K%1h§53%%§s%?%ﬁgﬁﬁﬂ§?%ﬁégéﬂﬁgn%%g%%%g?%’bonding
surface 110 of bonUhd@rdvaiRr exddple Tan f agilhiily deepademeat @ill2onpdemgodiglensen
surface 116 of second el enent 114 and bonding surface 110 of bondi ng | ayer
106, surface Husgrawd sdborsieracententIGh 24epd 8. c| B athesgnembedimpaivea ZNPf ace
root nean square (rmns) roughness of |ess than about 1 nm In addition, the
surface 116 of second el enent 114 may be treated or formed in such a way
that the




surface chem stry of surface 116 pronotes nol ecul ar adhesion with a
contacting bonding surface of bonding |layer 106. FIG IDillustrates a
sem conduwOap11gs42¢t ure 118 that conprises first el enenPCIOB2@003%seeond

el ement 114. In sem conductor structure 118, second elenent 114 is bonded
to first element 102 t hrough bonding | ayer 106, which is disposed between
the first elenent 102 and the second el eddnt 114. The bondi ng of first

el enent 102 to second el enent 114 through bonding | ayer 106 produces

bondi ng i nt erbadégliaEr 206 etebs desitidigt balyesnf faefad@0f 4 Sid hdsiratt 202,a86n

bet ween the bondi ng surface 110 of bondi ng. |l ayer, 106 and the surface 116 of
second el emenie PreyiousryapRlsdiv glsef futhes Zngj(@ handing gyer 4l S« Spderrstpbm 114
t hrough bondi yguﬁf%%eéf 49630 nﬁat%ﬁqw&dsﬁgm@b%%sﬁ{gFth&ﬂeo eﬁhlodg as .
bondi ng wi t hout the use of a glue, wax, solder, etc). For exanple, bonding
oper ati ons mayuthieguiboee. t Flamelto At agl 2irdaa denbtBraught ©gethercad hitéchbe using

sufficiently snpoth and. free of partijcl.es an ont am nat j and that the
sur f aces flo,mgi;%%ulﬁfé@amtﬁp P‘Fe&’oefi%éntf"éa‘i??r)_ggazﬁé A 11}%[%;?}30\/\/ cont act
therebetween to bepi ﬁhhé@EﬂﬂnﬂléqmgXteétwﬁx e REABE o HiGkesa henBd WM .

When brought into such proximty, the forces of attraction between bondi ng
surface 110 aliéh. 34y fizst eletredt 3Chmiay combfiseca eapphire KAL) sibstzais e Tho kapphirar
adhesi on (bondi i nduced by. al he forces, of t i,on.(e.q. n Der
Maal s 1 or cee) PRGN FANGE o HIRr bR SR afl 4 RS OLBRAEEIBeE Yl ome
or the mol ecuk@smef thddgont :8QlesibE@sRVe 1 Drind &oixah BEbdARRENer 30618hd AW bat | on
of the nol ecul ar adhesi on can commonly be achi eved by application of

| ocal i zed Opr egrtprscursasrintethgrsaetor ¢hanhgr i ryducednnd thestlgw @6 sifrompreeyrserant i n
cl ose contact. w a hgr . el goent i er Lri r._ prqpagation.of a
bondi ng wave i &Séﬁgg’hgg Ctéloiﬁlr% %o&l%?(ﬂ%stsi ‘?azt ?égf.’e ?ﬁ@dlﬁ%#%ﬁ%&&ﬁﬁa&g N ]?/Sga'nulgl {«?f ers

to the front whmprked bBids or the nol ecul ar adhesi on spreading fromthe

point of initiation and corresponding to the dissem nation of the forces of
attraction from t heecped lemgpt 31dicompripes gl piadesbpirae ulhesdlivh niride
cont act bet ' I ;@gj : : e at -1 he
bondi ng inter g%%?éi?g? Q%&gsgrfagg ge‘ernsct)o i rﬁaa%%s&l%? m?ﬁeg&?%\r/ag%it ?E(;(Sr:},to '30 é@dlﬁé’ 1&1?
conposi tilén afmplemdionds pafoemed o audfaae 86 of the Hieadarmiing gulllamh atedd ABstimy be

at |least substantially c rised of silicon and oxygen. More particul arly,
the conpositi®B Oﬂaﬁﬁ?ﬁgqu&%rmfﬁ@aéﬂﬁ%?@@ﬁﬁy Pﬁa@%gﬂ?W&CP Fﬁ@ﬁ‘ %é@’_ﬂi_?g nay
consi st essenfyhad 400 2h ith 'th&ﬂﬁk%?ﬁlecgéllﬁll?@nin‘f&r fré‘é‘f’%&ﬁ?in?g sxibQ@at&OT?ﬁ?éﬁBg@n of

bondi ng | ayer 106 nay consist essentially of a silicom oxide w

di st ance adj atennt tcomprisihades firé¢® standinggpliventitride isenbiequerntlyttenflat o fR0.

When stating that ortion of the bondi.ng | ayer .10 onsi st
essentially O enéenéia:ﬁ()?c&’ 1 f%@?sfﬂiassapgfuﬁ%wﬁg%vﬂﬂﬂ%%ng ﬁ?’?@ert 8. Upon

st oi chi omet I YooRfling N cSdrhdr@PBOD ¥hd 21478 Eéa!tiﬂ% pPsteRCoMbetiy S PACNY] P ag e
110, for exanple the silicon oxide material can include SiQ SiQ2 or nore
general | y Si @eplighle stibeaduetonsiiuctan 304 an bededito fraeuref the dreg Seandimgvgailoim t he
bondi ng | ayer._. e stantial |y ised.of a.silico xi de y
have a thi ckr?é%@gO@B%%ag%tafogl%ﬁlrgagr?ngrOfI gé%%@%sr ﬁllelﬁel ’ulF tHer bgﬁrwgdt?‘ﬁetﬁ%?aiabout
1 ran or | esslengdnt B4'y®hich usthprédes @ FEAdhyeE BF Salliad Qtittid® amtits ®6nd A6 borddigs

t hi ckness of the | ayer / substantially conprised of a silicon oxide may be
mini m zed in l®%88P0t o substantiall y preserve the electrical conductivity of

bondi ng hayer 106.;1.T. et - i | . . adiacent to
bondi ng izﬁt erface q%d(glefgangg)g%cfg}%%&o {1%&&3?%{%@%%@%3%@9 ﬁl(‘)“?ghr%eﬂ%ﬁ% %& For
exanpl e, the lanpodirtiiconayef stringurZri32Gs ffommeidob yheOWined reldngeny 31 # 'e@hddthin
altering the deposition aneters of the reactor, such paraneters,

i ncl udi ng terﬁﬁgI ’Eﬁréé,% Sﬁ?‘@é@ﬂ el ﬁ%?@ﬁ@r%‘é?‘w}%ﬁyﬁaﬁ%. T2 OREIMSEER t he
per cent age cqpt { Ik [ i.ng I “Hﬁﬁ“ PRI SHERS

i ncreasi ng tgreI rfﬁt?ltg\?voéagfdehlggpt&ﬁgg%él)?@gn ;S)Jrl(?égrhs%’l?%an \g/i(ggaéijer sa, g\c/%}}ge)(’)r/eas
t he percent agemposd pitypeodndzi-fypei doplngrmgiogs, |cdaddimglliogersyayaveguidmgrilepse dndy

decr easi the flow rate.of the zinc precursor and vice versa. |In other
erbodi nedls. oot M adsn PriaRcalTRE SeRSh iy kpSa V¥ By’ BgSrbD,
variation in ekhi@pleOSPNakdrh@h, &f /t DE0C/PhOBIRY LA a5BES VAR CY¥mpleid §iyrY
multiple target materials of varying conposition such as, for exanple,

usi ng ZnSi O, SPHEeray@lagi Ox targets. In addition to controlling the
conposition of the bonding |ayer 106 adjacent to the bonding interface 120,
the surface chem stry of bonding surface 110 of the bonding




| ayer 106 may al so be controlled to produce efficient attachnment. Bondi ng
surface 110 of bonding |l ayer 106 may be forned in such a way, or the
bondi ng swof2ati®0840 nay betreated after formation of thecCharsding3d4ayer 106
in such a way, that the bonding surface 110 conprises a surface suitable
for pronoting nol ecul ar adhesion to the surface 116 of the second el enent
114. For exanple, bonding surface 110 of- Idendi ng | ayer 106 may conprise a
plurality of hydroxyl groups (-OH) (e.g., silanol groups (Si-CH)), which
may pronote mol ecuf@theatHyes kifibiurt 322deh be anditiQRMiMehe Préreed 1d gratheshd be
free of surface contam nants and have a surface roughness of |ess than

appr oxi mat el yfusctinnal deyicen Hiunceessyiyf asqraneushoerliaad: ebhgtligbivputautaireye dmlight

el ement 114. : ' : | hst 02 ¢&: t.114

hr ough bondi A e, o0k 08 o KR rerBLET RRbu Zali®, BERAE I BLETEN) ik e
perfornmed. Fotongpositiphf tiecstndidgdaet 806 sdnrbecdoutrelleilt8 attay thebandigdhyd 366 a
tenperature of between 100C - 15000C to .increase the bond strength between

the first %l effelsorienly tangpaga i g liebhrsritiabgom M ghh endiepiiadel enent 114,

I ncreasing the bond ﬁ%&@ﬁ&ta% gé i §1ﬁ(§lr§t?@%ﬁtr9fere§&£ HEETSE 4 A 18 MRYEIRE 44,
performed to reduce the proog |1Is|ty of unwanted separation of sem conduct or
struct ur e 118firsselements402i @ntprisecaibordied istrgetpes dn bhie ekamplh ¢ire pnded stsuage The

bonding of first elenent 1 to se el.emen 14 thr h di.ng l.ayer
106 1y pr od PRITeD pAREEF Thst L PP CARCR SR SR TR £ T &

el ement and tHeSREMuSIANRY forddad AR BRI FstHhotdV81thib ¥E¥ki1 202 PRA¢HEY

| ayer 106 may be electrically conductive and transparent to |ight thereby

provi di nglla pfathed on the st sulsahte W2 ey tforagrdmpl, icherhicplhipondepositine €6V Dhe

o ot SO B e DS ALRTS ER BRLSAG S

conducti vity §nhg@nk®edd pRviously ctlined. EireChHotltaie WubRN1021 Barbétthhirisbne
sem conductor structure 118 may conprise at |east one bonding | ayer with an

el ectrical redimervayer isdpding mstarials suefnas osginraipusheoutlingd (e £, fratserides: i cal

current. Sem . [ ondi n
ayer i t b oup e i G Aol R Aok rituch 2850, ApRONC! N9
ener gi es 150 bmided amsehiddseshd phosphiies hrdbanigidngrskiyiey and afitrideNp! B isdme

certain enbodi ments bonding layer 106 may be transparent to |ight of

ener gi es bet waBbpdyments of thg Toyeplign, thefgierhivtoviofais spaell d #5 oBRpEPBIISS - tYRe

i nvention the,hondj \ R e Q£ omagneti c energies
of a greater araﬁﬁg@.bgg?ﬁe?hg}ger%org%n%nts gget %@n&e%ﬁ% are descri bed

bel ow wi t h referenklement F1458f baAdansinkBire B2 remb ocinprset s seddnd sihoatvetiaic n

FI GS. 2A d 2 iml . th i I | i FIGS |IA ID
rowover 1 tibedl bairehis Z6sibJarsia s THERRNT P el oo fisamrt e
surface ofy eaghteRfls! @&u&{lu%geascﬁ,d&pir@- ’tﬂ%? s SHEfiaedy obutheddh ddue fl sShe

el enent and the second el enent, such t a bonding interface is forned
that is di spoyekbdeenvieamytdospraoGbdndi GginPayers. I n greater detail, FIG 2A

illustrat i cond t 200 th ' irst el 202,
bondi ng | ayer 206, SSHEbATENE AR S100nrl v bR a5 A8 ol Enen
202 and seconfirtBéredI@hént 229 cOMpriSRER fhiEplRIoRbictsiBcedlt TAKHEViBEsly d@é'ﬁﬁ&?, and

materials previously described in relation to the elenents 102, 114 o
FI GS. 1A-1D. the thiadiphpienoltaie subesy may epBIPDEE Mghy matsrialsdmpan dirngussrridces

210 and 7 . CO S ' r e .o, I: [

ol ati on o tRbHoRErhgh & ChpbdiReRsRRT el Bl EnSEORRIES R,
The bondi ng |myecodfitsemmyteritgs furh e thGuP, AlhG] orch€aRNtZnd0Q bbadih@ layeis424ust ur e
219, and the bonding | ayer 215 may be forned on second el enent 214 to form

structure 2215ubmgeentbdengsiied oat Bthel esrmnbfep ol Biodtes gpeondodemenit 414.
conprises fir , i .

bondi ng | ayerﬁtji% ﬁ%gét&gﬁ%ﬁ%ﬁg@ ud#gggg%gﬁgﬁn%@%?l g\‘r egggéllgggﬂéeggzséﬁl ﬁfglg@

t hrough bondiwgh keoped slmt dihd t@ produecoduedting 40dndStgturatd@d feaopriréOa dirssposed

bet ween the first el.enent ,and second el enent 214 and, npre

particul & |y,Ph8§?tV\RE%18 SP‘H‘@“%‘??ﬁdi %d’%?/g Y 1R F?Fé’nﬂé’ﬁaﬁoﬁgltﬁl‘é;?@rcelﬂé‘.‘ The
met hods for bggdj riﬁlir@}ﬁhk%éwl'iﬁé s8BR11a8gh. 2 28 MBYmE QAP o SRulap QfbcdilRe skt hods
previously described for bonding the elenents 102, 114 of FIGS. TA ID.

Att achnent ofscwiicondwdter spoptuga)42 whichicoinprisesg raultipmdiongoHotopettaiosoleaeshl. of t he
el ements 202 and 214 may assist in producing bond interface 220 with a
desired bond strength for subsequent processing. Further enbodi nents of the
invention are described with reference to FIGS. 3A




and 3B. The enbodinments illustrated in FIGS. 3A and 3B are simlar to those
described with reference to FIGS. 1A-1D. In these further enbodi ments of

t he i nverwODani1/ms42reast one of the el ements may be thi nret/tsaaonsdshé zed for
subsequent formation of a further |ayer structure. The enbodi nents of the
invention described with reference to FIGS. 3A and 3B begin with

sem conductor structure 118 of FIG |ID (db,- alternatively, seniconductor
structure 204 of FIG 2B could be used in an identical manner). First

el ement 302 and segofigthed eRBodimedd, Mayrieprpbdetieial b folreh sibcolt486E8an be
devices, and materials previously described in relation to the elenents

102, 114 of Fragded tnmuihijungiien phajorolsse samaErtdd4 ofia £RiQ hording ke iel

el emrent 314 S : ' ' : f a

cer conduot or PRSFar B RHSE ERAE RS RE LB L bR BP ) cecl AL Gun

FI G 3A il usinaGes. sEie foarnid sdicell nslyrcusiptisem3@als stictomesnd sesng typsg, as

el emrent 302, bonding |ayer. 306 and t hi.nned seegfgnd el enﬁnt 314' .. The, phant om
regi on 314 r YFWEEY deschibedsr ingomg) erbodpmpsits dhepoudh sitheq!! drayRomPrise Por to

a thinning proaRs S YSEANT Ot Lhbild taen &L fiad ﬁﬂ}@ﬁaﬂﬁnﬁ%&s herymd Hcnred
second el enent 314". The renmal ning thinned el ement 314'" may remain attached
t o bondi ng | ayghin306 multijennglon ipboiveltpic selar dedlctrug@eesafueh atkibatyHayas$ rage
process. The thinnin f secon | ement 314 to, | eave thinn el.epent .314'
may be perf or Bt ‘%F %gﬁr&s %f?%&y’E‘OWﬁY?i ’%é%?é‘?dol?e e Oﬂgliare‘r&ler%ﬁgg‘s’&%%ﬁxn in
the art. For gxafIPlsucties Ohdt Aulkpantig gﬁ@ﬁﬁ@ﬁai@' PR NEelld 1hay Andih@ Trirtiek

el ement 302 using the bonding | ayer 306, an ion inplantation process nay be
per f or med &t hr vughrs laytscad S8ctyfes Sed ek, dbe peampl 1unneh jynctienise entgedeptize of
weakness within.the.second element 314, .the.zone.of weakn bei ng orjented
subst ant i al | y*$HPEY Ibéi?k tsbd%s{?ﬂfggré %’fé?ﬁ%orﬁll%vé%ilaryefs' ea%é(raglx%/’?eﬁa%l %Igor art

i ntroduced t oplafRioR@0dUEdens, Silfijuaétibhephd@¥oltdo kolexa@iip bhed adilyarpfayeResh bal |
mechani cal , and t her nal ener%i es (including conbinations thereof

b may be
i ntroduced t ofoyeding Sideremple, BtS- Fetent ApBowption Py N%éO/Bb%%I‘%dVWb\)Y&@%d Thi s
t 5] i1 hi | : : f
woaknoss | emHy' 2l ZNERS Hallalddh B CAEST M RAERicH Dkl SR ©
314*) bonided 2006f016316%Adenblided Joyy BoNADER), laay €r.S3Watent Mfplicitioar Serial

enmbodi nrents of. the invention, the_thinnin f second el enent to produce
t hi nned el emeM$- 1_3@%'57@’&3/ vgucth atap ofilid o Upy t%@ﬁ%gy n@?rﬂg‘é‘g,et ] ﬁé% npgat‘glt
met hods, | aseg 11cfa{1%rpﬁ&%fz§ﬁ&ﬂﬁ§nzo@z/o@¢m? Aggfaﬁ'&féﬁed BEcchiPE Dby pns of such

nmet hods. For exanp chem cal nechani ca ishing (CMP) processes may be
used to provide tha futtharrzenplkene bt ilBEtated withcreferanice agarh dal Fieht4\-4€. tthe

invention, laser |ift-off. be. utilized.to.thin seco el nt_ 314. .For
exanpl e, the SEHAYP tgﬁg‘ﬁ&a%rﬁ?}“@% P%O.é’@g"ﬁc Lga[cgllrl 8531?88[1@251 ﬁggfl‘%ﬁ é&é of
conpri si g t Wie OfuARIRLOR LRLIARbBaVNRIR! Eell BRudtASE! 2 Westibed d¥BYe, beanabgor bed
in one |ayer of the heterogeneous structure rel easing thinned elenment 314
from t he renmafubstifgtegorith ghtosmidingoeldmente waeh ag 1far exaseple,dighé eaning dusiepat ent
No. 6, 559, 075 i d M 1.2003.1t 0, Kel | al,.~Thinned. e 4' my
have a thi ckn@“g?sxﬁo .forln%aglgwee m%ﬁﬁs&l&{ ?% 4t1 I Ztlpneelggwjlduﬁgﬁy‘%é e?nétgggt han
about 100 nmeldhéRs Bl bd Saldoddd t, entihgt diffeekN@agel@igtishe prdidned epdimptof My
be | ess than about 50 mm or even |less than about 20 nm FIG 3B .

i | lustrates skEpfucHydestied dighieutpiteolphuenhihe deswisd icalos hpg agx bespremidad bg02,

bondi ng layer . el epent ' : I stru 2. In
sonme enbodi rrerrl}fk gr%)f) t ?Leegrﬁ%\sfglﬁtl on,th(%tjﬁéﬁaﬁ%?qﬁggg%élﬂg{l% Sge%lfgegl tes %‘512&&”6&{%% c@%rpri se
further devi cehoider oft rategials iiliveé dos tthid) didividsal alight emittayg e¢lermentsict Optially For
exanpl e, further layer structure 322 may conprise further crystallin

materials, suEHsBECH ?rtﬁiph@ndg’érﬁabf@ﬁd@ét g¢4 Iaaéléﬁ34s%1]PWpfhﬁr%nlﬁﬁl?rF§ o€t g
lattice strucihsgeeSy teﬁﬂ&ih@'é%ézfn&ﬁé tNeshbife L@ Ha&y thidlighngd sﬁb&{ﬁ%nloﬁ(éof" :
The further |ayer sttucture~3 may conprise one or re sem conduct or

| ayers suitahl@)for device formation. For exanple, further |ayer structure

322 may nprise sem.conduct or. | ayer structu sui tabl e f.or praduci ng
i ght em¥t i ng di qYBECMERE AT greiheds and pEpees of Ge Pesedinyaien miayie Wi o
devi ces, m crigehand MeFBMBATUIGRb of DFEMmEtS utilRig KoM 18yerd tAbiASFbEbsAENt
314" may conprise a pi-nitride material such as, for exanple, gallium

nitride (GaN)elecamehlly gondustive apd ppiéeatly drapsparge2 Spely methods iané shudtyes Aow
[I'l-nitride material such as GaN or indiumgalliumnitride (I nGN) suitable
for producing a device structure. Additional enbodinents of the invention
are descri bed belowwith reference to



FI GS. 4A-4C. The enbodinents illustrated in FIGS. 4A-4C are simlar to
those previously described with reference to FIGS. 1A-1D. In the
enbodi merwe 20f1/d6843%. 4A-4C, however, additional el enent #Ccaris2tonsadsto the
sem conductor structure formed utilizing the nethods of FIGS. IA-IC In

ot her words, one or nore of the elenents to be bonded in accordance with
enbodi nents of the present invention may ldonprise a bonded structure. The
enbodi ments of the invention described with reference to FIGS. 4A-4C begin
W t h sem condile tiahsmsiksiore bLibah Ektrads dﬁﬂqshotoas aabss zﬁb(hﬁilmgalta'yetgénd,, thus, may

sem conductor, structure 204 of FIG.2 uId be us i dentica

manner). FI G bayged fq ¢legtricallyand pptigallyr Ewomzn%ﬁﬁmieg'e RiShonded
structure, such as t 8 (of
LG 1D) . Second ol Snam IR Ot R A iR ol O e
surface of a ifnuerttiloa; siabenipast ebd®dinidigs faver hivesly elxemples afesmipeinpents ef ahelevi ce

PGB i3 ooRvaries SOt eeenobete isphr o 46 ndiot Gy el TR des
FIG 4B illus
el ement 402 a&{u%ﬁ%@ %Qx%&?ir':&eh;%eixt%&béﬁﬁféﬂé £¢ aNBALd olde WitBintaedidpe Jrapier 424

at abonding interface 4 bet ween. The bonded structure 402 (first
el enent) is imseltionhdndted vasionhmodidicaimnsell éheimventins, t&ﬁddﬂgm th dlase showmy er

424. This proces repeat ted.nu S _unt i esire ture
o otucen s e AR STl Befy SaMR Rt e ﬂ?m%qt% P 41

that conpri sesilia bbédisd appaemNto 4Bdke (SEMECCANAUEL R fEdnk UBE WeBerilfidnOf Stk 4B)
attached to a second el enent 432 (conprising bonding Iaé@r 434 and furt her

el enent 49%6) mpdifipsions rige lalspeintendal so fall yoran dlee iseapsr slabhe agPendExadlpmsES
Non- | nbod
of "the | nventSRtpand REEd U 88 R {ity 4h BBl ebleh BT s R oot s,

paraneters (e.g., materials, structures, etc.) are for illustrative

pur poses only, and do not limt enbodi nents of the present invention. Wth
reference to FIG IA first elenent 102 conprises a silicon carbide (SiC
substrate. The Si C substrate is placed within a MOCVD reactor chanber and
utilizing diethylzinc as a zinc source, silane as silicon source and oxygen
as an oxygen source, a ZnSi O bonding layer 106 (FIG 1B) is forned on
surface 108 of SiC substrate 102. Bonding | ayer 106 has a thickness of
about 50 - 500 nm During growth of the ZnSi O bondi ng | ayer 106, the zinc
precursor is reduced and the silicon precursor increased such that a

t hi ckness d2 of the bonding |layer is at |east substantially conprised of
Si2 (and may be at |east substantially free of zinc). Second el enent 114
(FIG 1C) conprises a layer structure including a lll-nitride materi al

| ayer structure suitable for producing a | aser di ode device structure. Such
a device structure may include p-type and n-type dopi ng regions,
wavegui di ng | ayers, cladding |layers and quantum wel | regi ons. Exanpl es of
such structures are known in the art. See, for exanple, S Nakanmura, et al.
2000 "The Blue Laser Diode: The Conplete Story," Springer-Verlag. Upon
bondi ng of second el enment 114 conprising a | aser diode device structure to
ZnSi O bondi ng | ayer 106, further processing may be preforned to produce a
functional device. Such further processing may include back-end-of-Iine
processing including netallization, packaging, etc. The previous exanple
can simlarly be perforned utilizing enbodinents illustrated with reference
to FIGS. 2A and 2B. In these enbodi nents, a ZnSi Gbondi ng | ayer 206 can be
deposited not only on a surface of a SiC substrate 202, as in the previous
exanpl e, but also a further ZnSi O bondi ng | ayer 215 can be deposited on a
surface of a Ill-nitride material |ayer structure 214, using the sane

met hods as outlined above. Elenents 219 and 221 can then be brought

t oget her and attached using nol ecul ar bonding to produce bonding interface
220, as shown in FIG 2B. A further exanple is illustrated with reference
to FIGS. 3A and 3B. In FIG 3A first elenent 302 may conprise a sapphire
(Al 2C8) substrate. The sapphire substrate is placed within a MOCVD reactor
chanber, and a ZnSi O bonding | ayer 306 is forned thereon as descri bed
above. During growth of bonding | ayer 306, the flow of zinc precursor into
the reactor chanber is reduced, and the flow of silicon precursor is

i ncreased, such that a thickness of the bonding |ayer is at |east
substantial ly



conprised of Si2. Second el ement 314 conprises a galliumnitride
substrate. The galliumnitride substrate may conprise a free standing

gal | i um nwornderosathstrate. Prior to bondi ng, ion inplantrariuseoios3qes f or med
into surface 316 of the freestanding galliumnitride substrate to froma
zone of weakness oriented substantially parallel to surface 316 at a depth
of about 500 ran into the bulk of the gallBirumnitride free standing
substrate. The second el enent conprising the free standing galliumnitride
i s subsequently bonded to first el emenCLAMRIS whi ch conprises a sapphire

waf er, using bonding | ayer 306. Upon bonding of elenents 302 and 314, a
heating process of between 1000C - 1500C is applied to sem conduct or
structure 304wib: QL.08hedR:fracture the free standing galliumnitride
substrate al ong tRe zone of weakness t herein, |eaving behind the thinned

el ement 314', which conprises a seed layer of galliumnitride and is bonded
to bondi ng layer 306. Upon fo ion of thinned, e] enent 314' conprising a
thin gall i%um nitride s @lqt%%g?tf%?nfﬁwgn%?en?‘ﬁwcg){%E?tﬁrreecogﬁ’fsi “formed on
the thinned el emento3ilithg  bARIAIIaPer@l dabtbib@tbitidlfoieided 85/8R0, silicOn bhd S
exanple, the further |ayer structure 322 conprisés a Ill-nitride based
light emitting diode. Sugigem ohiagsurfasaiof tai drgsdpde! 8tfrsictlementramyg acsneprd se
p-type and n-type dopigg rqgions, cl addi ng | ayers, wavegui ding | ayers and
quantum wel | regions. EX8iples of such structures are known in the art.

See, for exanple, @spd¥aleaiy Bondihg Abyer2B@Ween The Bhtelchanerand tdesecdhé

Conpl ete Story," Springer-Verla .%urther | ayer structure 322 can be
additionaldy further pr@@@§§eax?o produce a functional device, if

necessary, as prevj | tld ne e light t i ptting
di ode devi ce can H%ggﬁP ﬁg tr&o%ﬁﬁgghgy%g%%ﬁ%ﬁhgqﬁgéégqu%% é%%@% %H%
conposi tion of the bondboigidgainesrfa3eGsiagnhdboreiomg lagtl dispdsed dbiwmen tleefilsondi ng
| ayer 306 to be optically transparent to the light emtted fromthe |ight
emtting diode. A furthdfmextangitee sesond ¢lg@eRtat ed with reference to FIGS
4A-4C. In FIG 4A, a first elenent 402 conprises a bonded structure. In
this exanple the bonded structure conprises a further first elenment 102,

whi ch i nclsudes basz subfhe miethod @2 clanint Iy fartlidr compphing oelettieg eachnfdled first 02"
formed thereon. The first hotéyoltaic subcel | 10%" ma b& formed on the
base subst r at @ee angythe¢sgpond, elrment to gamprisy, at, 15gs Pnﬁé%d’s G S 2

net hods. ZnSig3pendi-iGukayes 146 sirfetglgposi ted on the first photovoltaic
subcel | 102" using nethods previously outlined. First photovoltaic subcel
102" can conprise one or nore layers including materials such as those

previously outlined (e.g., |LlIl-arsenides L-anti.moni vl -l L ,

Hi - phosphi des and T xtu ésmteh)é’ldeotﬁc(??lghghwgés%?mf%nggn ﬁjl?(sao,o n%nﬁé%yeéroélgtﬁgdes
and phosply desir@bélomiest aESEM e selaMenttintral sdesnd) slethéntzonpriegspodi ment s of
the invention, the first photovoltaic subcell 102" may conprise n-type and
p-type doped | ayer®maHg angl’;ﬁ banding logerca a swafapnel e ficgfiolgment) enent 114 of
bonded structure 4 V. | Se. j . nded to
208 0 1 ayer 106, THEMEBASARORLbREIR, BERUAS BRApPUOE b i 48

mat eri al s, struct us@slirgnte depibogdihy pesr asthp sond bshdingiyei.ned, and, in sone
enbodi nents, may conprise GaAs or GalnP. Second el enment 414 to be bonded to
bonded structure 402 can also include a further el enment 426 conprising a

third phojsovol tai oy Suboghd . ;o 8Y1 A Y1 dSRRAD Wmpfifhel MofuslipfAL asel tai o
subcell may conprise nmany materials, many structures and doping types. In
sonme enbodi mepdreentdgetchacdnmaton bbsilicdrhia théboullipg ttyew ®l inaicasesurbxielate wethie
conpri se nateri%ls.suag as InGP, AInP, or InGN ZnSi O bonding | ayer 424
i s subsequent P3PINEIBEFREY on further el enent 426 to produce second el enent
414. FIG 4B illustrates the bonding of first el enent 402, conprising the
bonded structure, with second el ement 414 to produce structure 404.

Structure 404 conpf.i sesTke fietherd grhdeiovd) fusthsr sabpeking foanylating paegiowfof

el ement 2, ecqnd phot oyol tai.c subcel.l 11 nd .a {hi ot.ovoltaic
subcell 36, BraxpaPikalyeh Rl 6 BF S uinec e RS BbE al deBh by Syt
structure 404onygHsed o£8NPsH &G8e.2a mul tijunction photovoltaic solar cell.In
further enbodinents, a further subcell (i.e. a fourth subcell 436) can be
bonded to multijunction photovoltaic structure 404 via ZnSi O bondi ng | ayer
434, to produce a multijunction photovoltaic solar cell conprising four (4)
subcells, as shown in FIG 4C. The fourth subcell may conprise materials,
structures and dopi ng types, as



previ ously described. In sone enbodi nents, the fourth subcell nmay conprise
InGP, AlInP or LiGaN. It should be noted that further auxiliary |ayers may
be i ncl uowo 20irdoB427t he nmul tijuncti on photovoltai c sol ar PCEIUS2803BGr €S.
Such auxiliary layers are omtted in the figures for clarity, however, it
shoul d be understood that the photovoltaic subcell structures and

mul tijunction photovoltaic solar cells md§-include further auxiliary |ayers
and structures including, for exanple, tunnel junctions, antireflective
coatings, back sidg refTiechetimdasfctlshr & wherein stachinglthy éirs . eldnentphd shof
prior art photovoltaic subcells, nultijuncti nég&%%gvoltaic l.ar cells and

S
auxi liary | aysFendalfmpe P REEDPIRCT FUIRPIESES ARGRIN ﬁéﬂ@ﬂ?ﬁﬁ$§ﬁ$%§?9%
Serial No. 10 ' i dNBYoel, 2002 by Wanl ass et al. (U .S
Pat ent Appl | céfér%glﬁ%éég??@éﬁ}gwﬁh%&%%%w01%2768 A, published July 27,
2006), and U.S. Patent Application Serial No. 11/445,793, which was filed

June 2, 2006 by Cornfeld et al. . S. . Pat ent lication Publicati No.
2007/ 0277873 Al , pf;bl i sﬂl%ﬁjmﬁzleéﬁ%g@% L %6%"7‘5 ‘?Oéigfsﬁﬂgca‘ﬁ?g’rm@%ﬁ%ﬁsgo%eaﬁ%%
il lustrated witheERESS £1AGRe 843N cletheht f6SForfiA-thfaned BlehithSbe ¥Elewt @nt Beah | ght

recei ving photovoltaic subcell elenents 102", 114, 426, 436 of the

nul tij unct i onioplsoimplaitatincprwetssr adeder ligtoffipredess 2 mschpmica) itHBBINGHBOESS can
be substituted mﬁﬁ% L%ﬁﬁ% enit%%n el enents such as, for exanple, |ight
emitting di odB¥ 4R PIPBPIRCESY 'ght emitting structure 404 (or 412).
The individual light emtting elenents can be selected to emt at different

wavel engths to provide the capability of producing.a desired Ii&gt out put
col or huel0 The des$red et srethndeot slaimpe’, Pl EAMPRSIRG Py ngranpfier dhieEsi on

fromthe sepapat ' Ny enents and t hrough the choice of
materi al s utitﬁ%ﬁﬁékgpk?ﬁ%k%%hggthal light emtting elenents. Optically
transparent ZnSi O bondi ng | ayers 106, 424 and 434 allow the em ssions from

the separate light emtting. elenments to conbine and pass through the

structure 404 (or %12).AERBEINARTOSIICUERCRBRESIB8D structures of the
present invention ?E%t@@n% eghd PscepabPbiemahd aehment of two or nore el ements
utilizing bonding layers that may be both electrically conductive and

opti cal | y& r anspar aritast Sue honding daiger aiiposad b weere snd bpuding ¢ogettendlnd §siton of
bot h el ectrons and photqgns acro a bondi | ayer, . and, thus, ..may be used
to electrically and othEQFWnggﬁﬁw%ﬁ?%gegﬁwﬁﬁﬁﬁeﬁbiﬁ@ho@T§ﬂ@ﬂ?§¥aﬁﬁé3
enbodi ments of the invephiiQnpHasally RedpARIAGT AlR, Bifitod Add éxyighe scope of the
i nvention, since these enbodi nents are nerely exanpl es of enbodi nents of
the invention, which is defined by the scope of the appended clains and
their | egal equivalents., An ui val,ent senbodi S . at

within the scope oi&thigh?ﬁ%%ﬁ?Féﬁ%ﬂ?ﬁh8@%38$g$§%%§ﬁ§%§#?géggggﬂé&gﬂgghe

i nventi omo i nscagieti éleBnti @nipecatIbaWOnasth dese dtlnethrd)@rinted stizkuraand a
alternate useful conbinations of the elenents described, will becone
apparent to tlyestgRiurd.ed in the art fromthe description. Such

nodi fications are also intended to fall within the scope of the appended
cl aims. Headi ngs and | egends are used herein for clarity and conveni ence
only. CLAI M5 What i 5]l.cl aThedtrigurelofAclamt hodwherinf &beast ane rd the Siestietanetuict or

structure conprjsing: providing a banding | r at | east. substanti al
conprised of #idyéhe §F‘fqnéoﬁ135’ﬁ8tg(‘}5?9’@8ﬁesoﬁ ‘%P"@égf steuctye lé?‘ﬁluég’&s?t depst (S’f“ga

first el epent @cﬂgo SRR fFRDk BLEREAINSnPRPONAhOGilRK SN BRyMREN t he
first elgggntaaﬁ I?kg secoﬁgée eneﬁ%; and 3??%éﬁi%g the’ffrst elen%%% and

t he second el enent to one another at a bonding interface using the bonding
| ayer di sposed betyeen e first elenent, and the second el enent. 2. The

net hod of claim 1, 'urt%h‘ger S%‘f%ﬁei%tji ﬁ@)‘négi g@?feﬁbﬁ'é@a?:thle%s? %}Wa%tlagfrelﬁent
and the secondeglieflBNEortdcENRAd Ql%n%arér@%&l%%ﬂeth@fﬁ@t dRUICEE afid [t ketoBd @
bonded structure and a | ayer structure. 3. e nethod of claiml1, wherein

provi di ng t heclbonai egng eytenallyand eéectinallsceupitd s one asathgribrayigh 4he pt least

el enent ggp a sqgggdgglenent conprises: formng a first bonding |ayer on a
surface t NG TPSI"8 e ent ; forning a second bonding | ayer on a surface
of the second el enent; and



bonding the first bonding |ayer to the second bonding |ayer. 4. The met hod
of claim1, further conprising fornulating the percentage concentration of
silicon iwotha/dossrdi ng | ayer to increase proximate to tRreThs2@iong416
interface. 5. The nethod of claim11, further conprising formulating a
regi on of the bonding |ayer adjacent to the bonding interface to be at

| east substantially conprised of silicon20xide.6. The nethod of claimi1,
wherein attaching the first elenent and the second el ement to one anot her
conprises attachi ng.t heThd staicteb efElatm andhthim sdesnonedfdre firsttetenome amdhot her

by nol ecul ar adhesion. 7. The nethod of clajim1, furéher conprisin?
thi nning at |Gasieconb elmanhComprises @) erpgendysiprt R¥crs 8RR &) &VEREC (8% orm a

t hi nned el ene ionic inplantation process, a |aser
lift-off proé@%ggég%ﬁg%ggﬁkégpﬁﬁﬁﬁ%ﬁﬁang process and a chem cal thinning
process. 8. The nethod of claim 7, further conprising form ng another |ayer

structure on the thinned elenent. 9. A sem condyctor structure, conprisin
a first elenent anbta sbostictiregERkim gnﬂﬁ%ﬁe”} %‘ggatS?B]ﬁeeoétg‘ﬁ&{i%ﬁﬁiq%%ané °

di sposed bet ween. and -Randt %19&@5@%5‘[0?/5}?&{: kiittlell @k @ MR crAfiehd demegcond

el enent, the at feast one bonding l'ayer at |east substantially conprised of
zinc, silicon and oxygen. 10. The structure of claim9, wherein each of the
first elenment and e second el enent conprises at |east .one of a j.ce
structure, a bondetfstr % LP?IEC%IFI% 03 PR, é’st“&ﬁﬁeﬂlﬂr%‘? Fmicoiycio rsutc%éirrg of

cl aim 10, Vme&ﬁh-axﬂis%ﬁ a hRAgjuien photbheitdié sshr RIerRMghanditinestaragsd el ement
conpri ses a bonded structure including at |east one additional bonding

| ayer at 1(east substantially conprised of zinc, silicon and oxygen. 12. The
structure of claim9, wherein the at | east one bonding |ayer is

el ectrically conductive and transparent to light, the first elenent and the
second el enent being optically and electrically coupled to one another
through the at | east one bonding |ayer.13. The structure of claim?9,
wherein at | east one of the first elenent and the second el enent conprises
a sem conductor |ayer having an average | ayer thickness of |ess than about
100 mm 14. The structure of claim9, wherein at |east one of the first

el enent and the second el ement conprises a photovoltaic subcell or a |ight
emtting elenent. 15. The structure of claim9, wherein the sem conductor
structure conprises a multi-junction photovoltaic solar cell or a |light
emtting structure.



