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April 4, 2008. Background The discl osed enbodi nents
generally relate to processes and systens for
produci ng al pha olefins and nore particularly to a
bat ch process for the production of al pha olefins. A
conventional process for production of conmononer

rade
hoxeSESTAGKING WATH: A2t ANNIHUAB Y aHA NG A RECESSED

conti nuous process that ha§ %ﬁﬁfﬁ stages. First
butene-1 is separated fron1P € feed streamin a C4

fracti onator. The butene-2 in the fractionator bottons
streamis isonerized to butene-1 and recycled to the

fracti onator. Second®RELASEBUABREIGATIONent to an

aut onet-at. ' - e >

The rcaniop et FREHAn Aal bRy B RANE S B Raton No.
S et G, £7 6higbed 22 A prill2O0R mddelcisSnanrporbied iesein hgtrefgence.
overhead, the hexene-3 is a |iquid bottons product,

and the C4/C5 products are recycled. Third, the

hexene-3 feed is isonmeqgeeahiand Firg thexene-1 product

is separated in a C6 fractionator. US Patent No.

6, 727, 3®Ganiydaembodmmentpreldte 204311 oteshe tdokusical field of integrated
conti nuous .process. for producti on of hexene-1,
Coql,{giuﬁim@uf%éurp Qi FsFirone i%ﬁ‘%ﬁﬂ“ﬂ%’f&?ﬁesi s steps.

Typi cal netathesis reactions are described in US

Patent No. 3,595,920 (Ellis et al, July 1971). US

Pat ent No. 4,709,1 15 ( BAGKeRQWNDNovenber, 1987)

di scusses,.i nprovi ng th el ecti Vi n on S]

but one-S IO BAdelfestRaRs it sty B e REE R Biefiedhore
di ghpHakidlon@ackabies, Hao@Y ddludf méybe hitghéEih paokapes ®ptusing
pushes the reaction equilibriumtoward the heav

prstrs-in-Peskapas k) methods. o8P, IB%‘QOQSS%%%WHS&@E%%%% the

1 . di scus . r | ec;

f oRiph Y BERSOERIGR ARkl Rl BhicAln Bl dEHONoST,

t anbrasénidcRide piharoueeatal Yies intbyde padkapé,déthyidsidd-bpiside or on
procedure is applied to produce a m xture of n-hexene

c dAP &f rGhPthex e‘ﬁ@!@fe.ﬁ the migaRrigate repdypay dpare or less, reduce
k i ANA i i&id e the
e e S R E e A

ol tedridrto insioimeize et iealnestatg wioleqgyvidswchiglospeed add ctliable of
termpal olefins. The process is applied to the

pr'd n of butene-1 from butene- 2. US Patent No.
6,777,582 (Gartside et al, August 2004), describes

but ene-1 autonet at hesi s technol ogy, includin

di fferences fBRIEFHESCRIBIONQEITHEDR M Y eacti on

of butene-2 and ethylene to produce propyl ene.

Cl osed-J oop _heat. i ' .
05 pat e RERERtaR DR M BB by Dy SABICHRA R TR tation
cligsedfibwepontataciifiparying dralvitthedn svhich: gener al
distillation tower. This docunent describes the use of

a heat source and heat s{nk t.hat can be substi tuted
for thefledtls perss sedianal YIRY itBiag 8B expyple enypgdiment of a
P i 3l ; d
T EeEPyak Flier Chnc bl by B ennBRVAS Hi sl

t hndsetivefsoaketo aahednoloptiveepitlagsunp i n an

et hyl benzene/styrene distillation.It would be useful
to devel op a process for producing al pha ol efins that
has i nproved efficiency when operated on a snal

scale. Sumtmmary One enbodinment is a process for
produci ng an al pha ol efin conprising obtaining a feed
stream conprising an internal olefin having a first
carbon nunber and an al pha olefin having a first
carbon nunber, isonerizing the feed streamin a first

i sonerization reactor to increase the quantity of the
al pha olefin having the first carbon nunber, formng a
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an ol efin having a second carbon nunber to forma
second i sonerization reactor effluent, a netathesis

WO e@etiars7posi ti oned downstream fromthe first PCT/US2009/002481

i sonerization reactor, the netathesis reactor being

confi gu 0 di sproport ate the. first isonmerization
react or ﬁg?f%[ ‘a&ﬁ“’i%ée?‘mﬂ Yaleﬁ'e'ﬁ tﬁazgﬁg@ é‘%’??oeﬁnbo imefi{of a
Pr pslieh of 8 bbitbmldié R RidiMal SmulkeSid Wahectedanshigaive
fromthe isomerization reactor and being configured to

sepsmkett el y fractionate the first and second

i sonerization reactor effluents, a second fractionator
posi ti o RAGHBSdifn@nt of
PO ORI PV SR ARG SPGB b o o
pr peitich of 8 ntitldle algeint Ridknglirsgroatn vitowits réoessed fcondudtive socket
first or second fractionator, and a storage tank

oudidet candyet opiHaGt i ng t he st or age tank to an inlet of
the first isonerization reactor and/or to the inlet of
the netp f(EQﬁsSd Jr@ﬁ%%&fonaﬁ(ne@f i1PeS&ngRhi RBmple érﬁl?odlment of an
Dr awi ngs I's a schematic draMAng showi ng three
semtproness«ife iftee foysttiomof@s @nnbedopesureg;n. Fig. 2 is a
process flom1diagran1shomﬁng a first enbodinent. Fi g.

3is a ess. fl om1d| ram show .n

enbodi ngkt?g i P ey of Vlo‘gggesssfl eg?/ch}l agr am showi ng

the first fractionator with a closed | oop heat punp

10 Syst em ERR.8h & chfss otioaili vigw off the iagirbedsh@ieldRG. 4 after

15

I somerization effluent and the second |soner|zat|on

ef farmatien pha parsivation taysr pyer thesidgwals of theannulay qpening;
showi ng the tenperature profile of a C4 fractionator
accor di ﬂ} Pty o%@&%ﬁ?@fe@éﬁﬁé?xﬁﬁo@es@ diEbBFIC 6 s
graph s OwWi ng the tenperature profi

defoembaon afa cacinotidd vig and thde agarizadipeginn; of Exanpl e 3.
Fig. 7 is a graph showing the tenperature profile of a

first ctionator,.ac ord to the enpod
! oTI- g FeRisERdtel S AuhibErs PeRbaRL Ml
Pr fRrinh8oPbf Arczesseddotductivassédkenat or according to the
enbodi ment of Exanple 3. Detailed Description The
enbodi nents descri bed herein enploy a process_operated
|n a caflai s acrossegerianal slewrigae ykpiogestuie ol iCh Satter
r
SRS AR BRALY i lebBicthlanar end portion of he
orvigpre nmetathesis reactors w th subsequent
fractionation to obtain internedi ate ol efi ns streans,
aln a des red olefin duct or. productﬁ%
Bifer s

The sophRbiin adbEic|oEongv SiaerRdTRHRE Bana-E

20 of erﬁﬂé(dlﬁieﬁﬂ Lén&RSPRR ORI Jf@l‘i’éjérﬁﬁ%r%agﬂitfl Iré@8ded conductive

25

energy and equi pnent. By using a single
supekét acti onator ( or set of 2 superfractionators) to
separate isoners having a first carbon nunber in a

the: sanbRaUds A RERGTsH o SFRpRHESRAH ek

sugbddiafeht, @Hﬂétﬂé@forts&cﬁﬁl@&ﬁ@st Bingaimls vidwiftgreaessed
second carbon nunber in a second separatlon process,

cefanduptief Jocketeaad eendighverillagsl i zed. Sinilarly, by
using a single isonerization reactor to isomerize
aconpou

Someri L e ArisR Mk AR ST il hibbBiment o
c ambthod fonfoemation af the aanalai giaveth mat¢ssed cprductessocket; and
processi ng advantages w Il be achieved. The process
can be used with feed streans having carbon chains
with a variety of carbon nunbers to produce product
streans having desired carbon,nunbers. The process is
particul arly useful for producCing al pha olefins. Fig.
1 illustrates a systemthat includes an isonerization
and fractionation section 2, a netathesis and
fractionation section 3 and a storage section 4. Wile
the descrlptlons of Flgs 1 8 refers to C4 and Co6

o o R



based upon the specific thernodynam c properties to
all ow for condensing and reboiling duties to be

wa@elbaywdt Wi t hi n reasonabl e pressures such t haPCT/US2009/002481
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conpression duties are mnimzed. For systens

oper at i i,p canpai gn de, the choice of altern

f1 uid i@%bégé‘c‘ir 5|8 é‘%i\rﬁl‘gﬁ’tegvg‘ IBﬁéaﬁgﬁgr?Eeexf“f“pﬁ%es’?b%%}élr%%tt%f a
t %tﬁ@ﬁ&@ﬁ@mwgg&%ﬁ%fam% mehdirdg Hgiadvith £fecksbel Bonductive
fractionation of two different carbon nunbers.

Resbeketiang atcylimimgal pillas process flow diagram for a
canpai gn process for sequentially produci ng butene-1

and he o1 ;!t i_i: i&folg&\%e]a%ém%h?s\(ﬁﬁﬁé %1% gi%ﬁ S Snibddiment of 2

desi gnat'ed "as ortiron o I pnent 1s used
| rrySmsiaEMig ddedtnonicBpaekeges domosd byothe adetleslo iEhtl 1i S
used in C6 service only, and a third set of equi pnent

i s shared between both services. The butene separation
system consists of two towers operated with different
pressures to allow for energy interchange between them
to reduce overal |l utpgtTAiISD DERYEHIPFHIONS consi der ed
tower 1 and tower 24 is considered tower 2. Tower 1

operates at a higher pressure than tower 2. This |
al | ons Embodigeptsraftespmplststiugtness andgnethodsalgr disridreking by way

29 to be at a.higher.te : . . .
- e A folreSha EREIES ekl dtohBiFprtugyvogitor vin
argd @it ddedn tiee R116SMNY d&triPfon, fhasepasan obexpracitianged

wi t hout separate external heat being required. The key

t qumreusssxamplesi having examplcepeciie detallsase ses forth tproNidna

! On R IR ARG Sandiil S ERAGNL MhbloBini Y 4R Wil Bl ichO AW EVer,
bypassrng a side draw from one tower to the other.

Onb o kkijled vt et thit the peeseltirea alnples mhayt Hel practided wittiont these
feed to thegiqren with the proportion to each tower
ad*AePEasRSGids qalls t he exchanger duties can be

mat ched. The main feed fromthe isonerization section

47 i's spldniplt BiBolintitsifay hcliabrming Rt oddudt® el DWeTar TSV

. ACAraffinate in feed Tine 13, which contains
buirethe-att, /Y ivan eprengm fandhrpagh siligom viso hergimadiens ivwHEPe

CA hydrocar bg ent er he | o e f fractjonataqr
asPy S RP e RonEP STt ek e o By f B2 on
bautretiRddd Bicinhér WAl B ffthaahn0natiobn ddbotto stiffapé b Eubsitate.
contai ns butene-2, conbines with Iine 25 (line 32 is

nokheusetiod mayraclade s a rerglusheg layer 9 cogemand lins the
Dk S SEET3n b AT V3L 5 FRELRD chRIR 3l O

i théthbd ARy ¥lrthaihellide furaisg 4 benduicddd eylofdriaal pillar extending
fractionator 14, and Line 27, which enters the m ddl

ofout pha plasanensk poion phtheagpykap Kigt(se P2 ﬂawowg pa
Prpdiie B tRUSHRSE df%ntaﬁﬁa Eht's 51%&?8#3?&‘1 line 16. The
materital inline 16 is condensed I n a condenser 17,
separated into a reflux line 29 for the fractionator

14 and HG ddslalcrase s&tibnabviewhbudtratiog anpnsarople £Bibodiment of a

whi ch furt t] f butene- 1 and butepe-2
+ hedon P 880 FAERE G, Cmenyes by R AnABE RS Witk Te sged
f rrtdiR e ROEERIURS cIrRbchvesillhRNGhe ktad ¥ 100 thayAHBILASEH bottom

with [ine 15 as indicated above. ,A fractionator _
r ehoil 1@ ncludieg 2 conduetverccassedsocket At S,one oparoremiddle digs 120

fr.acti,onat or ,14, A pur | j 8 istake .

t rbRA Bhapdiysre Bt sock T 18%s el R SEudliciichilar 125,
angndhaay Mid )3 weeinbdss 4 BoriduetivOpiiar b2 foemed onheond pad
renai nder of the fractionator bottons in ljine 2 1 are

r 56t |Tdg conducstygipiléar 123 aad dhe candpefaes reepssedrackehnbiiognay be
14 where they undergo separatjon.Feed line 3 1 enters
the fractionator 13 above the point of entry of feed
line 27. Butene-1 is renoved fromthe top of
fractionator 13 in line 33 and butene-2 is renoved
fromthe bottomof fractionator 13 in line 37. The top
line 33 is condensed in a condenser 39 and is divided
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fractionation and isonerization equipnent is ready for
C6 processing, or, if the equipnent isready, the

whoeihosmw7l i ne 83 proceeds directly to the frackCDOS1009002481
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and isonerization section as line 32 and tank 84 is

not U|red is not at e of th .

[ oppggitag fiachinishrs S e gt o flRedheri forgus siable, copdyetive
7Q:dublibifBetvdeh Bdjat &t Aeksqe. g ThSRRIPPBicAll© ahd ke indddad HiRW 20,
for reconfiguration of the fractionator. Alternately

f rthemiddigudins 120 veitineask o@w orghe axiddln disuR9 Bddhe épn d}e 130).
addi t | f Q

L o o Dt MR ®) SR bRk bBRpRYIE) B nd the

preegassideg and capital and energy savings by allow ng

fractionators 14 and 24 to be slightly smaller. The

top line 79 fromthe fractionator 77 _is_divided |nt
c2/ c3 | Inrremgexampicembedinents, 'thedaesslt@aﬁ%oc P&&g§fna.‘/ include

S eS%ﬁ{lg(%’idgEltof" Vv%}"eggn ThO §en¢%@ﬁﬁﬂc€or vt s @nd: g)elf‘ll:lltme lHup ?xolslu%lted
Li ne IS a side draw product line th I's optionally
i et dlited The dikd may o indudweestrafic deniagher., PlURkAMy SDRAM,

b t f th ed t
oo CRAME R e p B oL R R g DB PR
CopgiaReppdrhifd YRPndat i R éfRed BRKEONRY banalBHonPR Mider

when it 1s reintroduced. By cooling at a tenperature
cmmmtmawlhl\/boem,n@ilml/é’ralladlum%@eldpﬂlcm thgeconductive

C e TS Sy leg SO i Pl n O FAE PO EF or he

fr(ﬁ)‘ﬁﬁh&%tr@éesZ% ©erétai ns C4 and C5 conpounds and is
combined with line 48 to formthe netathesis feed

stream Either before netathesis (but after C4
i soner i Tha disstagkiasmeibed gresenisdyn Brs amnlisation prayides gpumber

P fRaRIGR Rt ¢ BTt PO GRS, 10 fonaRONTE ey Pibeket
f or15Gmdske vorciactividgillavl 2ieiag pheddsarr mfmto«kagsfeartote thetaday
|n the second ca gn if was used r

&hanes \eBmsaEstah @s(%%ack?% dieg @;&W@V%d ﬁg Ee dﬁ%}ﬁkmg
St
| ﬁﬁé@?%‘aﬂ“éﬁcﬁ%g*eﬁf&%%is G- (Eh106, GRIPIORRS. Ancher
h egitvastaghafihe me3isod ey imduderachiexingmeahagrgdonddine die stacking
furt ted.in furnace irst
R e T U Pl D A ar A
inline 47 is sent to the fractionators 13 and 14. The
| somer i g, 298 acRRE1setichal viehatlhstdting@h e24mplembodiment of a
fractionator 14 are now operating in C6 service. In C6
saropiien20q pia bettam |dm9blﬁhng4anb?éw@ﬁ§1al Wikl rez«eSS@fl C@?duptwe

i al

t he)egeettr%eluan ¥le ﬁg%r S%Jdrﬁg%wg pﬁé%% b.-l ur ned The
t drtién Q(D(Bﬁfay Oy a substrate08 (d.g.,A sﬂiodﬁ w:ﬁfaw aZ&rrdhctlve
hexene-2 and hexene-3 is taken from a | ower st

t rranplag dSiVotidh and 8 zeqestediropfigetivepe- 8o BN glayer ?s@afaenkp)g an

C t I

COBMIERY RO S0 SO g

t hﬂxcksadmpasswatxom 204 emdtadron443ad 20Bi fike iBIBMLsonleet 3ty be formed

| nes mnt fresh hexene-3 feed 32 fro
s?ttyrtag Schmals ot 1 BRI VGt PO S TG AL PRt 36
( ney é?ﬂﬁfa?t'ﬂswg%mmg'? uﬁﬁﬁd@ £Fhnar €A8 pMRIIERd TH@ndfar TSV
fromfractionator 14 is divided into a reflux |ine 29
ari2pOzantigbelplanarcer@ porfion 23 hmay imadudecropper: The top gunfege of the
fra t| nat or, 24 exene i s, taken as oyerhead rodu
| rubrRe g9 bejafiach e S Tigt bl PurBraspy e e BERCT ot
| itHe b4Bomldid'€1#8 contai ns the hexene-1 product and is
sent to tank 4 1. It is notedythat the netathesis
reactor is not involved in the processing of the C6
line. As indicated above, the shared equi pnment from
the batch process flowsheet is designed for operation
in both C4 and C6 service. Depending on the type of
eqU|pnent thls can be handled |n dlfferent ways. Fbat
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The contents of isonerization |line 134 are vapori zed
i n heat exchanger 136 and heated in heat exchanger 138

wapatibwsnt f ed to a furnace 140. Vaporized mat ePCHUSI009/002481
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line 142 fromthe furnace 140 is fed to an

i sonmeri i.an reactor. 144 n one enbodi nent i S

an equi ﬁ%%) P B AFEISE o3 U lﬁgf%’elgé‘ﬁfxenaf?oe%em of a
k Rebrtid 8066 £ffiddie ble ih&QanchR MmAakE fa Wl'ih tddkssed conductive
enbodi nent | eaves at butene-1 / butene-2 equilibrium

wi sohketr2 18papd @xconductivh mléerré 19. dbaperitonatdi0gnaybe 2 pagt of e

e BRaTRLE 123871 Cohbdortiphabf pESndias Be illrataus. the
r &Io'n@u@tfvera@iﬁmar Q‘SVOZjOr ﬂﬁJUBE’EsbckBt tHeebatkdé papiation 264, and

typically 2. . i s apparent to those skilled in

t Hee hral@d pwazoa fIntqdéltlem, thea@rtion 3GGypay !mhtd@rﬂ Ganductive, e.g.,
b Ut @Hggaq li‘a‘? 3@6%&&@3?%]&&% g¥oﬁrﬂfct1ve pillar)
i SO At onR Peactor ‘Con I 'ons stream

\AﬂbhﬂecbﬁvérlthéplaﬁﬁfﬁlldtmrﬁdmZ}ﬁ)Vhrexiﬂnﬁleeﬁmibddmaem,tthae 1
content recovered overhead with the bute gelngﬂfed

t cPOPHVéCt}V&H*r’é%T 3Qmaynbe weried) withyuespeeh o $p egH

dé Budth RS0 ay B iz &Vﬁf iRRate UBM s%éi@:t | therefore
dIVI Intoa reflux streamin li1ne 119 and
| ndnabhisglcatdacivodupling betwees theliBottonhdientd Demd ahididle di¢ h20

148 is sent into. line 150 (Jine 154 |

pr%leessgr ;1 ymetlsawsﬁée iorr{r iy ig5t tPs%Pﬂe?h th
¢ &nbédlﬁleﬁﬁ%é&%éétwe 11%1%&%6 | dgﬁeanmh the

aut tathesis féed line 15 which i's fed to an

autossetdtdndsttive waket@d10152. The material in |ine 158

is vaporized in a heat exchanger 160 further heated

inah xchan and T4

 emoer diig &1 A RASedt et EPRLIGRAEAh Sl Bl ARG of

Vapahipgeckssateerdoalfiet Porhiatien b5 niwsartdpeninkeid Ot Gn txanple

aut onet at hesi s reactor 152. Autonetathesis is. an
e RMYBAdbnERIf ancanet|ap APTHBE 449 B bstpBagdDromayss (¢ gy
I| t T [

| (SRt ol gty Bloht HEEREl, GERHelLOUAR, néilrialdg, SHEGH, Bim o
( dapeshiape aeaof tHeesmtstratee Thd hiag sbrrﬂeem&asmay bé patgeridDusang(see
sent tq a fractron r 168 pera re as a
debang EaPs @FoR > 20N ﬁa& » %Pffé’ tl ﬂf@@ﬁer %@ goggpd over the
1 §
o R sERecile diboirte Sﬁg“rﬂ@‘%m%‘mr FhATAL 8o Gl WidioRkighy
t ypaché hsedite patternitiee ploigecsist Wit 4.00g d@pe Ap@Rhg3The photo

head | 171 t t
RS TRY HEHS PP TR SedRe TG SoPka (The
1%3nd a8 150 4e0 Ly HavO BT RAR A b{l‘?lal{ﬁ aoRdEARketatbal, e.g.,

heat exchanger 174 and sent to a drum 176. The
| igippert pathd sbstate Al @-héhe [T §Mwet@rnna'p€6mwb%traﬁgn@vrfgmﬁ@

d I 178
> DRoRREBAERE 42 SR SRrlRabl Db B 00 isns
an ethylene cracker. The C4S-C58fron1the bott ons of

the fl aghoplviem dfithd improtess di¢ of FIG ank depictedsh FIGT §,0metmdre
anmpunt of hutene-1 and are recycled in line

i she BhyPriedsiipYes 450 sevearses the lrbsusface ﬁéthfsssbstraﬁ%‘*%@gosﬁown
li t el r

ovglrg fggcéw{r pﬁgﬂ%‘_ ';qg‘?ﬁvﬁn Shaps aatﬁtf’l%tﬁ cleaIB?tHE?h%’Ed Bsist Phyer
cotddensed in a condenser 174 to fornrreflux for tower
168. The fractionator bottons |line 180, separated to

98 nol 9 ene-3, is.divided [nto a hexene- LN 82
2 r oboi 1ISF i feotssscudngl vietet ey Brarss B o EIS Fatet;
OPBFA4t dHofMDSIRsivhtiéh ROXEEID SXek Fhel sidivalB f fitd drfiufar OPening
storage tank 184 and is used as the feed for the

second phase of the canpaign Operation. After
production of a sufficient anbunt of hexene-3, the
systemis shut down and prepared for operation in C6

service. The isonerization reactor 144, tower 114 and
tomer 168 are prepared for CB servrce The
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addressed by using nultiple reactors. Because the
fractionator towers cannot be handled in the sane way

w@goovhgieheat exchangers or reactors, their desPgrUBE09/002481
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chosen to renain fixed between services. In order to

t he sa wer as both th and fractianat r
ok eREEe b e cmBudment eunos rnoadhist ol fighibe
ar‘t@nﬁé@b?@eﬁ&sﬁﬁ{g' PptiVatiod Hﬁteh@l/\@rg SdlghinSte ARing, for

identic for the chosen flow rates. Because canpai gn
opaniple R paldealepodiven layde@Edamocesardvar thersurhca efcthe pamilar

r at es. bet ween,,C4 d Servi erat, ine - he
e USRI SHERE S lamite ¢ PPERRl 0. WrhsfRRids
NGhyef A0 InYa b Ot fvie@ frotd all Borizontdl stirfdcclie @B @erﬂtowﬂ of the
achleved Usi ng this approach, in one enbodi nent the

Copapsiveiiasslayey ;Qefrqan dee basionparga 620 8ud top wrigeomayde
0 r
£ SRptsl By Pl Snned dih i RAT TR heRpUASE.
f q1re1fehﬁ1t1@ﬁy,rm hokigontal uefaCés. pr ocess i s oper at ed for
5, 333 hours, feedlng 1,010 kg/ h hexene-3 to produce
937 kg/h hexene-1 . onal. 500 hours is allowed
for thelltg mt%oeﬁmsam@ O{tf ft*ledswlt/?eenﬁteﬂ@? ARl 4 shown
t f I lendi f
a0, M T BB A, L ond g R 207 1
f rsaxtzdwabhmbswatuanblytn @@/msypﬂe@cnt%nsntdgd@gc firomh the metal via to

depent an e /| C 6 ct nat r. An exa f

p O FOG7 1R qprng oBE B Of e F B iFe
EXABRIR c%-deieer &h hn e;tahﬁplé Ramedinkse, thé fililig JfAs hianat or
and i sonerization systentconponents in the batch

praperisg nedy st atithsa @gpositionoé aalmnpcei:werdtf aegpuidpetive material,
fromthe ¢ Nt nuo (o]0 C ous
oreoetppRG Ty s ge BlTiehs RGRBFBRmdy e SPALT eo

i soneri zation reactor systens conpared to just one for

t he canpia @imener of the Mmetdliéa eal ibopeaddrmatiby dépusiting, e.g.,
total installed cagltal cost i s about 35-45% This

ns@k%céroe kDGI YronsPet s materiak Sei APPSF QYRTaedesied amiTier
Qﬁ:é& Yreh ﬂ?aéﬂhﬂﬂhé ﬁ{éSSu\erE@J 5 bf‘ eH3 dﬁ)gd Eh@ thetmnffir
odlnen own 1| n ose oop eat punp

[ sopﬂﬁm(g {Theeleained area hey be nlpﬁoadsthtrdnghef phatolethograplhict he

ca roces icted i.n Fi The over al

oo G 9GSt o e GLpeiob s coppfun ) G B SREL Pk Hge Afier

| thPFGRRUDE of ﬁleas@hﬁ%ﬁet&lhﬁfa hRt bdedGayRPhid a Bhotd- 1‘%@1@‘ layer 750

transfer fluid within the tenperature ranges of

f r(dqtqsan@tmthe@hpmhdm@apmmtm@ pEsess) onayHgt retrtwed e.g.

|d a be aIt r nat ed and
" amne SR ey RGO bt o B Gupia B dfieng, o pagrer
oflafé? S wp@buw tbéﬂntel BEmAinbfake §RUNA@Lr The eamtee layer may
condensing or steamfor reboiler. The heat punp

aszr@‘cqnaﬂ@cﬁlmttomlatcnbcqnpat;frpmrfhffwmg o thersupbsipate, ﬁée bawgier
?}} %lgo;]giieﬁo%ea n?%n%ag S@gco?%rgd { &gh% Ql?f;troplatlr‘;f process.

vapor in vapor |ine 202. Vapor I|ne 202 is conpressed
i n a COFY. @ss alcradf4edtional yiew s thiccinviftecess tivsof FIG. 7 after
nperature at which the vapor condegses i s. above t

tefﬁﬁ‘éttamfea P SO IS CB A i doRation o al via
' S %g%ﬁﬁa&@&ﬁtgle %ﬁ‘r%tl%%S p 0 sdeliRBndidivaRIc N84 Ypformed on

lines are reco ine 212. Line 210 is cool ed
i thabhdkatdesuchereg ekchtdvdng fﬁheecwswdafondwmersgcm@éﬁ may

exch rr. 213 allo for .co he duty. i

© SBUAPEinEaE 6f heSHBERT FIRG! 1 Bepthptat s CHPEYiATH BT end
fluied 73d) %sﬂx%t fop Ieghﬂglega ew@hﬁdtﬁgmeest NTS PPReAARESubstrate
the contents of line are gondensed i n exchanger

213 and a 2 phase m xture fed to reboiler 206. This
effectively limts the anount of heat transfer fluid

that is condensed in the reboiler and thus the heat
transferred to the reboiler. Line 212 is condensed in

the reb0|ler 206. Cbntroller 236 deterntnes the spllt

o NN N o PNA PN o PNA N



The working fluid for the heat punp used in a canpaign
node of processing typically is a hydrocarbon or

worRoovasw7of hydrocar bons such that the boil i ngp@DUS1009602481
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t hat hydrocarbon or m xture falls between the boiling

nt of the first carbon n nber and the second ca
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oper at 1 D kB Rding Y Thuls R sk ET DRGER LR, B

angpichigy 5'@-450 RlTonk.S TR Phdkgeintidg ey @ntihoé hnt(ilfthé blﬂ)strate
fractionators in the isonerization section operating

| meFrifp Sestastialis 9eh vide baopLPerHen BMeanak viae Hopaer
[ n

E ?neﬁ%g E%gg?t%ég@rr% 49 %otégﬁogﬁo&e?@tﬂg height of the
pmuhlr et vit§ e.ga, 10-k3 mi@ond, hﬁwtocbf expotdie Teamay be
transfer f|UId In that c se it is possjble to adéugt
t Frehies R BY SEPIH chbredpRving af%leﬁﬁﬁai, figmiysing a global wet
Praaféid %téi’lf otxiﬂﬁké L Helstb&fakd Hfaf%nai%%es%%ﬁgﬁés;t)ect to the metal
require nt o eat punp I1s that to run the
C ovi exeds Som, ansopghninfg marouhged Bsthetilen sideevaisafdhaimmdar metal
tower due to the integration of reboiler and condenser
hed® duties. A closed |oop applied to both towers
woul d integrate both reboilers in series within the
| oop, thieimdx@tiep Gefsie Rsifasioh B BRME&SsedxdindGétivedsotké may be
conpr essor and expander di scharge pressures
aofeonmgmgbaykm%pasetwa@ﬂg laygr §$(b@@§§hq)ema¢rﬁ06$5§d surface except

ment. s C
ole AR P ey eeofiefcanlhodveIBRRDS AT (oL R i

I Sdeﬁﬁited Bithic rnﬁfhehﬂ rpfeedtide 850,33&1@16 tliz rhytabvib aeedsab h)@%lxposed

The fractionation tower, could be desi ned to produce

f c(b}'é?é'aﬂ’ﬁpé thysideyval bpassivationpf the gpanlpa bV hm qrﬁer or the
gg%%d &)Ql'dgcgtl\teos AL ABLEHEES L Sod i tll’é %Htéc V\l;l t‘»ﬁ@ln?etal via.

an exene- another part going t i fferent

f rlachieanamplerenttiodimonty de depgsitipuof thg blacltsedaepa]sm@eryhgcr 830

grade). Ip this case oth t depent.ani zer of th .

e Wieried afi TORK b BETTTORENY BURE o CHaRIPLS e PEiYe

c FRALOMatRES bt BhttdtRELMPough a lithographi

p#?l??gg%e:y%ﬁ% %)&y{lﬁg not eglllat hat f getél to autuogrreat ét ﬁ%rg |pslc

cqubckshbe a tower side draw where overhead is the high

purity butene-1 . A nunber of other methods of

i someri on and t at hesi n.be a

ot o T et Tk PS5 pBERE B0RY REG pAY eFeltolmed

PrigcRistiviiyide odlﬁngbammcaqelhmmm e. Qeﬁﬂmmv@ﬂt}&nﬂeﬁot
service. Furt addi ti onal processing steps . and/or

aI qoueiige they theb@é@@@@swﬂl%éamééo ®he pmﬁsqeﬂ g, jah s stage,
|
LB IS PL A U6 ARERSEnRILIL 40 OLEIM ke

r e(aeJ; tiereedss&l duridacttverdocketl 840 aibma g bb @seal 3ssd sjttom d1e
Dependi ng upon the feed quality to the aut onet at hesi s

pent enchig i f Chss pertinaal vikw SLdorid TOrSRAL IS 4 6ekp
' %%Xt ﬁﬂ%ﬂk‘gy{nﬂﬂe&' c%gd?&f\)éﬁe'ﬂir%b% ?en]dlﬁg%u@%@fﬂ?en;ﬁana% end

to yle ene an 3 cou d be Tncl uded
Thjoenaddf the otal A awitldieelial D@sd shosinap RiGul dhayfiaclude a

exa i nvolve line_75 or 82 of Fi ene
pr@gﬂeebve.mﬂerégewaﬂn@ o itpaeteinee pingtal Q2 an example
aut onet at hesi s reactor to nmake nore hexene-3. A
further exanple would be to incorporate the process of
US Patent No. 4,709,1 15 (Jung et al, Novenber 1987),
where the netathesis step occurs in a catalytic
distillation tower. In the canpaign system this
varlatlon mould nanlfest |tself as a catalytlc

T o " o o, o -



exanple, a G0 al pha olefin can be isonerized to a
nunber of Ci o internal olefins using the isonerization

wee@p/131hhe i nt ernal ol efins can be then react eRICTMIS$1909/002481
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ethylene in a netathesis step to produce a range of

ower carbo nber a a ol efins
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aut onet at hesi s process The separation of 1-hexene from
its isoners was the critical separation In the

W@ 00i18medus process, a two-tower design i s useRCT/U82009/002481
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this separation The sane two-towerseparation system

used in the batc rocess f eparation of
L rattEngen Mt R s Rnfn GES ¢ BRI S BPfls pplaner ond
VasortiSi€ 3§ Boviefifig RUoetiéh bEOARPEaFico RS a bhiSstSENBO6, wherein

two-tower separation system applies to separation of
1-outienseoffthoanmlay ke aresextensied fropea pecpnd surfece)qf thegypstrate

c osi tion is aiven in Tabl T .
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The 2-nethyl -2-pentene fromthe autonetathesis reactor
was al so carried over to the hexene isonerization

w@ewbiiame7ivher e the i sonmerization activity of tPET/N§009/002481

10

15

20

25

30

catal yst produced its isoners: 2-nmethyl-1-pentene,

4- et hyl - 1- pent ene, 4- | -c/s-2-pentene an
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Tabl e 12 - Energy bal ance summary for the canpaign
processNote: 1. In Autonetathesis, toweri is a

depr opyl eni zer and tower 2 iéoa depenteni zer. (i) * -
depr openi zer condenser is - deg refrigerant (ii) **

- depenteni zer re-boiler is HPS. (iti) (c) 1000 KW CW

i nt erchange on DEC3 to reduce the refrigerant duty. 2.
In &4 Isom toweri is BS1 - higher pressure and tower

2 is BS2- |lower pressure tower. 3. In C6 Isom toweri
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Since energy integration was not done, the utility
consunption increased. Furthernore, the elimnation of

wale@oopieni zer tower resulted in increased puP@QEUS2009/002481
fl ows. However, econon1c anaIyS|s showed t hat capi t al
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The butene feed used in this study is given in Table 1
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integrated two-tower systemin Fig. 2 in order to

el athen BB agpgrieivtsenseat i on tower and associ at ed

equi pnent. In the autonetathesis section, a gas-liquid

separ at Wélo ARy with7 CFR.
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product and recycl'ed to the aut onet at hesi s’ reactor to
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r. ration for
R R S e
operation was conduct ed enploying the sane equi pnents

as shown in Fig. 3. In the C6 isonerization section,
the feed m xture was separated using two distillation
towers as shown in the flow diagram The first
distillation tower (butene splitter) produced 93%
hexene-1 distillate product. The bottom product,

2- hexenes and 3-hexenes were recycled to the

i sonerization reactor. A small bottom purge was taken
fromthis distillation tower to renove the heavy
conmponents, C7 and C8 fromthe C6 isonerization
system The depenteni zer acted as the second hexene
distillation tower that produced pol yner grade
hexene-1 from 93% hexene-1 feed. The specification for
t he depenteni zer was 65 nol % 1- hexene in the bottom
product. This specification was rel axed so that

28&3- hexenes were carried to bottom product all ow ng
pol ymer grade 1-hexene to be nmade as the distillate
product. The flow rate of this product was |ow as
conpared to the distillate product. The depentenizer
bottomwas m xed with the other bottom product and
recycled to the C6 isonerization reactor. By enpl oying
t he depenteni zer as the second hexene splitter, the
nunber of stages in the first hexene splitter was
reduced from 150 to 100. The details are given in
followi ng tables. Table 14 - Butene |sonerization
React or Tabl e 15 - Aut onet at hesi s Reactor The

aut onet at hesi s reactor performance was based on
experinmental data for high selectivity WO cat al yst.
This information was incorporated into the HYSYS
simul ation. The conversion ang selectivity were
determ ned for the autonetathesis reactor feed given
in Table 2 1. The autonetathesis selectivity for the
mai n reaction (C2+C6) was 85.7. The selectivity for
the side reactions (C3+C5) was 13.3. The selectivity
for the |sobutylene reactlon mnth 1- butene was 0.15. A
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FIG 3 is a cross sectional viewillustrating an
exanpl e enbodi nent of a portion of a mddle die

WO pwbaslicngy an annul ar via with recessed conduckPCwEsS2009/002481
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socket and a conductive pillar; FIG 4 is a cross

sectional viewillustrating an exanpl e enbodi nent of

an in-process die after formati on of an annul ar

opening; FIG5 is a top viewaaMy he in-process die of

FIG 4, FIG6 is a cross sectional view of the

i Whatisebsmgdes:of FIG 4 after formation of a

passi vation | ayer over the sidewalls of the annul ar

opening; FIG 7 is a cross sectional view of the

i Nt pr ocgﬁgplgurgtu@t;oﬁbﬁsmg after formation of a

conductive via and the planar end portion; FIG 8 is a

cross sect i ohsubsiraleingadinga Gondystiye @ssulay wadrvmeg regessed

Ao QIFRELIY infy %%ﬁ?%?&%taﬁﬁﬁl%%'o‘ﬁ% SRR Larelck G the
I'S"a cross sectional e rocess di

Fhﬁbg&uafter formation of a cyllndrlcal conductlve

pillar over the anar end partion of the via; %£?

i's a high-| e‘\‘/%‘Pn‘{f’FBV\‘F Wargqoa(ﬁnng fggeFeapsdRptipR cpfigure aa

(ment, a nmethod for formation of the
annﬂpgr“%l@gagé th recessed conductive socket; FIG 11
is a high-level flow diagramillustrating, in an

e anple enbodi ment od for stackin s.usin

U} ar TR SRt 0 SEEL bt P G S S, e
C%ﬁﬂﬁétiv‘é%ﬁhfal‘ MaSncliléz ¢ o[]pgeﬂ %@t%lﬁﬁﬁ@t@grlﬁ@r 1ncludes under
ilTustrating, in an exanple énbodiment, a method fo
f drumgt meteriaf. t he annular via wth recessed conductlve
socket; andFIG 13 a cross sectional view illustrating
an exanpl e enbodi nent of a structure formng a portion

of3.a di'Bhd dppati@hd ¢F Aaivi B, Widréin @hd SRS Sk GRS E pl@ar end
socket and a cylindrical pillar. FIG 14 is a block

diRegiemsaviering ernertiomobmtopsarfateofdhp seisiaiet of a syst em
i ncludi ng el ectroni c packages fornmed by the nethod of
FIG 11. DETAI LED DESCRI PTI ON Enbodi nents of exanple
st4. uct UTtesappachtisesfddltm 3,durtiéréndtudiaf iangnbyctiveycytihdrical pillar
annular via with recessed conductlve socket and forned
c sAtRRdingut fiom Hie planar epd perdion of thspnnplarvie f ol | owi ng
description, for purposes of explanation, numerous
exanpl es havi ng exanpl e-specific details are set forth
td.pr ovrlcbeap@atdmmmf@hnuhdrdmdziamhh copdoétiexaipdacal pillar is
enbod ﬁf It will id nt, however, to one

KYerticay Witk respechiora l?lﬁ%l‘?o ‘és Latent exarrpl es may be
practlced wi t hout these exanpl e-specific details.
Exanpl e enbodi nents may i nclude form ng a conductive
arfaul arTH@pp@rauust dfeclaim | vq@vemshasubamtgrwwpmpf @ Hrecangthe
SI|ICO here nafter IS e.,used to

E Q?I’il?%ﬂ’é’ﬁr G587} %ﬁt’é’e\ﬂl%fj’c (Bcﬁg? §ted to have a

recessed portion surrounded by inner walls of the
annul ar_via on a bottom surface of a substrate. The

met hod Thsyappaedtusdel dairmd. rghesein drraséive warfpepafithe diegaelades
a ec portion of the annular via to
qgrghﬁ?E%ggggl @%ﬁggctive socket. The nethod nay
further i nclude formng a conductive cylindrica
pillar extending out of a planar end portion of the
annular via (e.g., on the top of a bond pad structure
on the front side of an adjacent stacked die) FIG |
IS a cross sectional viewillustrating an exanple
enbodi nent of a portion of a stack 100 of dies
connected by using annular vias with recessed
conductive sockets and conduq%ive pillars. The stack
100 may include a bottomdie T10 including a
conductive recessed socket 115, one or nore mddle
di es 120 including a conductive recessed socket 115 as
wel | as a conductive pillar 125, and a top die 130
that includes a conductlve pillar 125 fornmed on a bond

D Y — Y L I A N I T I T




socket 210. The portion 200 nmay be a part of the
bottomdie 110 of FIG 1. The portion 200 may i ncl ude

wa2@ahsterat e 206 (e.g., a silicon wafer), a coPC/Uu8100%002481
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annul ar TSV 230, and a recessed conductive, e.g., UBM

l ayer 210 form ng an UBM socket. In exanple

eﬁ%odi FR%Poigﬂﬁhﬂﬁ?$on 200 may al so include a

backsi de pasfimatd PEbndAbtivedtthutar R shvitath #Q8ssed portidaM
socket may be fornmed by the inner walls of the annular
visarronndeddut inoen walls efabe atnulrevia abstbofiem spofgce ghesubstrate;
annﬁlar TSV 230 may include a planar end portion 235.
THEannul ar TSV 230 and the pl anar end portion 235 may

i ncl ude coppkminEecdndpcsw s ovtriidithe Sedessadgioetiomio form
be an active surface (including integrated electronic
deagandugtiversockd. bottomdie 110.FIG 3 is a
cross-sectional view illustrating an exanple

enbodi nent of a portion 300 of a mddle die including
arg. annuftes methad off thim 8¢ edhseth therfomting vé tieamkdtctREGnankir
a conductive pillar 310. The portion 300.may_be a rt
ofVig Heludeg fpraiing a Piapar efd pqriton govering WI%# Rp Sekpce of
iqgégﬂﬁug e substrate 206, the conductive annular TSV
230, the UBM socket, the backsi de passivation 204, and
the bond pad 208. In addition, the portion 300 nay

i ncl ude_a condyct.i ve, e , _CO r lindric illar
310 (P P T gt O BRtier B s Dttt pelive
PidyliRfiicdl PEIEE Sn WEplahatenRl for@én SMHe BAIIAOAa &dendihB out from
exanpl e enbodi nent's, the conductive pillar 310 may be
vehe swmiratgi t h respect to a plane of the substrate. The
conductive pillar 310 may be sized to fit into the UBM
socket, therefore enabling conductive coupling between

t hig. bot ARBledirénid baciaipd coirpekiagdi € 120 when stacked by

positioning the conductive pillar in the UBM socket.
In an exanpl &fiestdisdneAAmE: t he conductive pillar 310

may be align ' £5% '

030, Thr e | I Eubteldl hVind SEERRES GRNSHsEINE Kﬁ%vén
exacipdmgarpladi erd ponfonawvetingd poreioa of b irdtGrfaéd ef the
formati on of annul ar openi ng 420. In exanple
erfB¥M®nt s, an annul ar opening 420 may be formed by
removing (e.g., €f ﬁgﬁd&du&ﬁ)lerlgyeq rc)fvg'lr | or€ils SiCddcond

etc.) the substrate nateria . 0., con, froma
r isncfashaftbe antestraces supfoandmigshe ainmlar T ;randg shape ar ea

Fr e 5T phot o rBbvater page s e Rt Rt tphin the
h@nhRP TSV ft3kEsRbnd RE fePHE ualE vhht) 1aDed dbARrednS a

t
bond pad | ayer 440. Litho?raphy may be used to Eattern
t rongunsive soelsit on akiottomasurfagg of hedustahenvimgein Thebekm o

resist erve as, a_tenmporar ch sk during the

reiHre A Sk e AndsisBrl SRt o Ty T saiMave. been
formed by plagdcoad aiecarmifiged Falfiveab @id fist die.if the sleqRRlc
on the substrate 410. The TSV etching of the substrate

meppckagenihersecandrilie Arviopasondudize cylindiical pijlar fsmed @ptafop
f i | 50- .m i. .
s S A L

t Hatophetenduetvs todkayef thd Fdstalareri ng t he top surface of
the substrate 410 is shown. Also shown in FIG 5 is

the ring shape area 520 cl ear of the photo-resist

| ayer 45 e1Eltian %b%k%‘gé:fipa iny BF, LR ith&Wg%fcohﬁﬁctive pad
in-process die o I 4 after formation of a

palgiosedt bawebmthersubdtbatownd thelptarai eed\podrtisn of thehrmnular TSV.
annul ar openi ng420. Accordi ng to exanpl e enbodi nents,
the passivation |ayer 610 maysbe forned by depositing

a passivation material, e.g., "al um num oxi de, using,
for exanple, a pul se deposition |ayer (PDL) process,
over the surface of the annular opening (sidewalls and
the bottomarea 620). In a next step, the passivation

| ayer 610 may be renoved fromall horizontal surfaces.

o a1 o L, . - ~ AN



glass or silicon wafer) may be adhered to the top
surface of the substrate using an adhesive |ayer 820.

wab@ohzwskyri ndi ng may | eave the substrate 410 RET/HSMW09/002481
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t hi ckness of typically 50-150 mcrons. The
backgrinding may continue until the substrate materi al
is substantially flush with a bottom portion of the
nefal VI elbfivRNEpackhe S8t NE WiReEia SRsubetiate Ghdlvdes
socket 840, sone portions of the height of the annular
mestladonvi a, e.g., 10-15 nmicrons, have to be exposed.
This may be achi eved by sel ectively renoving the
substrate naterial, e.g., using a global wet etch or
dry. et Chhe dlectrorkepidRegsohdhinl B windréiniadleasteness thd fifst die or
respect to the nmetal via and faorm an opening

suhe seread didpcludes infgeated plgalroms deVigss- t he annul ar

netal via. The next step before formation of the
recessed conductive socket may be form ng a backside
passi vaThedledteynisr pARAgovalainhil eviidreie theaemied S nmfchrles
except the area where the recessed conductive socket

i £OPB®he forned. This area is depicted by the nunera
reference 850, where the netal via needs to be exposed
(by renoving the sidewall passivation of the annul ar
TV i rTlor elestranie packege eftdaise il ,oviredeio themorsondwntivg Agyer
ta he.in a conductive contact with the nmetal via. In
arneRdeHA %acgﬁlgsam 100 (& deposi ti on of the backside
passi vation | ayer 830 over the selected area may be
performed by using, for exanple, a photo-active

spin- orThfi déatrmid packegsyefslainnybrwhenein thefirshandthiersesanddlic

t hrou | i raphj c..progess.. The f i.on . -

+ e 8802 s helaff SRR BB oak e P hesPa flesp Red inco
seheebndtelive siRReSHfIth Girsd dEofddu gl /@ ndat Ve ddnnectipn, betiBddn
over the area not covered by the backsi de passivation

| dheposhigtiverpdingrisaleniarpidhesecapd dig apddhe gendugye socket of
iQﬁéB%%F% TSV formed by the conductive netal via and

th socket (i.e., the recessed conductive socket

840) and may be used as a bottomdie. FIG 9 is a

cross sectional .view of e in-process die of FILG
Ser THResamiorags ol dam Luderandit e 3PP Aigy wbsisin

ST 4945 AR e B ARG RN o

c andulat viaeofght sepnd Heveuch thaFth@ métalpiilhr isaligpoegticiato the
nuner.al . 920.. 1 n_.gan exanpl.e odi nent, the formation of

CHEn g otk Op e B orSbe T aeiel W onGReITn g Sen the
t NRethOFilBL AfNhO toddiR VB G keVbRhe IQBNAIRE €SS Of

formation of the conductive pillar 920 nay start by
first depositing a thick mask |ayer 910 over the top
surf ace~of ,the substrate. i;ncl udi t he n

ot ont elbstonld AR G A B RERE A BRpg fttudes one
I ¥Ridre @ddifieniliiedkcomedted ayBE sAER b AQhawctive @3lifdedal pillar
whi ch the conductive pillar 920 is to be fornmed. The .

t mfemraef thegrdditinahgisk dispgsed im 2 Gonduptipe sekghin arpangular via of
hej e conductive pillar 920. The hei ght of the
cghgg%??égkgillar 920 may be sel ected such that the
conductive pillar may fit into the UBM socket 840. In

an exanpl e enbodi nent, the conductive pillar 920 nmay

be aligned with the netal via After selectively

renovi ng the mask | ayer 910 fromthe area consi dered

for formation of the conductive pillar 920 (e.g., an
area smaller than the area of the center portion

i nside the annular via), the conductive pillar 920 nay
be formed by selectively depqgiting, e.g.,

el ectropl ating, a conductive layer (e.g., copper,

sol der material, etc.) inside a hole fornmed by

sel ectively renoving the nmask | ayer 910. hi a next

step, the nmask |layer 910 may be selectively renoved to
expose the conductive pillar 920. Formng a mddle die

S Y 1 o~



the first die except for further disposing a
conductive cylindrical pillar 310 on a top surface of

wo b@9gszsond di e, extending out of the planar ePdI/psio0oon2481
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235. In an exanple enbodinent t he conductive pillar
3 nay d .t the recessed conductive

S o a ool B itiselip ph EBeiO8e BEGRRE RAmBINGE i o
FI G 12 I S acdufieurifll agiramié IcUslikat i ng, in an exanple
enbodi nent, a nethod 1200 for fornation of the annul ar
via with r ecessed fommingenaveulavthkangh-sthetrate visdd S ayithsa
at_.opera 1210 mhere the 4 O
£ i e it pafionspYenal ShitbR A st AE Af b Rd with
arpoRfientl cFth@ Rl AT SN2 @xpo%d Qp@;fe@bh@ Burfa30f thee fubksite;
passi vation |ayer 610 nay be deposited over S|demalls
of the annul ar opfsminrg adencomfectiysAgiea Fovsmg nogtionspof the
gg%c rﬁ#slus%g%g£ th%%uﬂ&f%@e sd%?bufnh n&qﬂe suc?{arsfh 'aﬁ% leavmgI
Viracebsdd peatibo inyiid. thd hmumtmv at ate'é&ﬁbnzta;yrﬁacmhmdﬁemd and

pl anar end portion 720 coverin ion of the first
surface, e.g., tofcRosy@e anuntiﬁrgbLgﬁggﬁ’?‘a‘?‘ethﬁfS“éﬁedi portion
e:}g ﬁ*ﬂg au&tv% st)utatonsd%cfu%ﬁﬁs&atc%tﬁlefﬁremle Uh€ bottom

e annul ar openi ng 420. At operation 1240,
t hearfacdsf nhatﬁestZtlicf)bmg tthayset:dmdmmﬂicbyf ﬁermbstrage aedg. ,

backgri ndi ng a et chin bst t.eri fr .a
second sur f 888§ P“?ﬁésggﬁgﬁﬁ % P&@Fﬁﬂ? %UQY%EMhe
SUWrso4e q’ﬁﬁ‘ucﬁﬂg ?J}ﬁug?Q %ﬁ’ducﬁ'vé‘cylﬁglrfcgl pillacd £8p stulﬂﬁEe 8f the

portion of the net via 730 extends out fromthe
secormdl digsticicthaighe chadustive t:ylatdelCAtLlOllath ¢izefl te fit into the

paSS|v tion Jay be renoved, e.g., etched
vRpdug P@ﬁ??ﬁ%éfﬁﬁgﬁFglghd an inner portion 850 of

exposed ends of the netal via(operation 1250). At

operation 1260, a second paSS|vat|on Iayer 830 ma

dédosi tBre wohed af ploim 28nfusther meludenemoatiguring the %‘15%/ dig énd
S

et ahE g R e LR BRPLRRRENIMA o socond
arcﬁalssﬁttddatmﬂhd conduckine Sodk&t bitheffirdtlée toeforh awoadu@lve
may be fornmed. At operation 1270, | ayer of a, second

c sRanetiopdemgea tha onducyve cylingr Cﬁlawllwféﬁaff@an%e@rang the
S f area to forma conductive UBM
sg% &&ﬁugf8§@%§f?§ﬁ§§gggss sectional view illustrating
an exanpl e enbodlnent of a structure 1300 form ng a

portion_ of a die.i [ a via 131 recesse
cofduct T REemEted of © ]% éq aﬁ’gthﬁr Wﬁtd (?Epoﬂsmtﬁ 3 togrdcel%‘éedqhe
Thesckiof SR Ei%ycmﬁfihé QIcBRE dRSush Bt h thetdt IpiiNGdf G topidde is
1310 including a planar end section 1320 in conducting
c ahsrmscd ini 4 @rtdoqtdvqcmmketm @0 aamdarawp |0lf thersee@shdie Théorvi @

| aﬁ?&fi n%é’g}ﬁ?‘%%ﬁh"ﬂ@ é’\gc e %1518 Plllfg ec[g%@uc@i{(/éal%aa(evof the

passdndadion | ayer 1370 may be patterned and utilized
to serve as the etch mask for the recessed portion

into the solid cylindrical via 1310. The backsi de

p Si Vv 0 L.at 1

e TIOAhBIEEGhA2 TR Ao B AR Qg e o
bemSﬂeZaGdltioﬂaIfdlés forthe sackBiVdipodiag a%dﬁ)diicané Ic9]|1ﬂ1c1t1cal pillar of
S|ntlar to the UBM socket 1340. hi exanp

erﬁS’@d’I f theadditiqnabdies i e pRRABICH YO SqpkEt IB@nﬁaPtﬂabfnaaofdheesecond

zkuding electronic circuits. The electronic circuits

nay i ncl ude DRAM SDRAM PCRAM Fl ash nenory, imagers,
etc. FIG 14 is a block diagramillustrating an

exanpl e enbodi nent of a system 1400 i ncl udi ng

el ectroni ¢ packages forned by the nethod of FIG 11
Accordi ng to exanpl e enbodi nents, the system 1400 nmay
represent a nmain frame, a desk-top or a | aptop

conmputer, a personal digital assistant (PDA), a

cel lul ar phone, etc. The system 1400 may i ncl ude one

Or NnDre processors 1410 one or nore RAM 1420 a

oy e A AN o o o o



conductive annul ar via includes copper, and the
conductive | ayer includes under bunp material. 3. The

wappanateos of claim1l, wherein the annul ar vi aPCTUE2009602481
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a planar end portion covering a portion of a top

surface of the substrate. 4. The apparatus of claim 3,
further including a conductive cylindrical pillar

exjgendi ASn&kdd for %Brkﬁﬁn@ hABREtrewid p@él{afgé,(lﬁe ﬁfetlicm_%comprising:
annul ar via. 5. The apparatus of claim4, wherein the
conduct i ve cstthingrisgbsdtras fromra figst susface @4thefubpirate spfam an
to_a g}ane.of the substrate. 6. The apparatus of claim
1,2 HEF 8PH"P#1e substrate is a part of a die and the

top surface Rimidpea Attbpidshtation fayenowstsidesatisbf dreenafilar
the die. 7. The apparatus of claim6, wherein the
acApep®Esur f ace of the die includes integrated

elect roni ¢ dgihtee Sunufhr TREAAE ABIPEs? biuci 0l HlafiaPsuch
conductive annuPar via having~a recessed portion

s uhataumeatviays formed, thalntealofia inctudamgaiplanarend pontien covering
bottom surface of supstrate; and form ng a

c GrRRIEER 9Ethedirels %?P %@ spbstrafeandcxiending o1 s first supfeny

& GRREIH SuR BELs ofthe Aif1FRpRAREO! claim 8, wherein
the tormng of t conductive annular via includes

form ng a plthireringthd sposttatoby coveinggsubspetetmatariaffrem a

t f th trate. 10. Th t.h f claim
o Sep g s RE i dmna o TG e LSRR IGTI o Y RirgPe BhfRa t
Pi 4l fer that APoRIGTGH thE Rt :x@éhdRTout F8mARBYERINd SuFFace of

extending out fromthe substrate. 11. An electronic
pabk dyenadoupstraté;ng: a first die including: a substrate

havi ng an annul ar_thr h substrate via (TS .
el Uding a Bisne Bkt daRit o bdbGr ik imhebbeliomagn ipner
f i gostios bf dxpeSeddnds DE tiserastal vih et th sesRIseics bivteltibyiged
covering portions of a second surface of the substrate
suupgiaieli ng t he annul ar TSV and an under bunp |ayer

di sposed in ' '

t he second gﬁP?ﬁ%@féﬁﬁgfﬁﬁﬁggggﬁﬁa%nggﬁ cgﬁ%}§ﬁ¥gg&§§d
a suefackief the sulshiakedun@undingohd mmesporfies of tife expesediends of the
di e, wherein_the bott8n1surface of the first dieis, . .
{ HECtabBa et HEsgersed prve SuTBNRdedhy innepvel s ofdhematalvia i
argahaednpgel ative to the first die in the electronic
packagé, the second die having a conductive

cylindrical giatihgm ldyer vfd serond congucsive isateriad onttherecessed
secondédie, wherejn tq% conductive cylindrical pillar

i Ared O 3 PpPuGiye SOkt conduct i ve socket of the

first die. 12. The el ectroni c package of claim 11,
further including a conductive pad di sposed between

t B$. subBheraethod of claite 241 further methdpng formimgof candactive

oI S AR BRT BRI s

ela@@ttfeﬁgﬁzdaas!mgﬁo@ﬁe &drdubtivelsockéter ei n at | east one
of the first die or the second die includes integrated

el ectronic devices. 15. The el ectroni c package of

clai m [ el n ' 16.
ST o UBBER SRR TR, A Yy U SRR
nayytiaddent pillee incydss fomeing despitabactsipimap asd porioh of the

| ayer. 17. The el ectroni c package of claim11l, wherein
t HBetrl ¥idt and the second die are stacked so that the
conductive cylindrical pillar of the second die is
fitted into the conductive socket of the first die
form ng a conductive connection between the conductive
cylindrical pillar of the second die and the
conductive socket of the fir die. 18. The electronic
package of claim 17, further including a top die,
wherein the top die includes a netal pillar sized to
fit into a conductive socket in an annular via of the
second di e such that the nmetal pillar is disposed into
t he conductive socket of the second die to forma

. . - . "



first die including formng a conductive cylindrica
pillar on a top surface of the second die such that

wao b@aswsduct i ve cylindrical pillar is sized torP€T/USIony/a2481
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t he conducti ve socket of the first die. 21. The net hod
of _cl ai

i %" andtisReted ghatam 4 HhereleERnE of e Dyt is performed

CQRAHEH hég o@yﬂé adr g&ﬁke BF {h!e%ﬁbgfaté é&té@waﬂq Bh&udtive pad,
fitted into the conductive socket of the first die to

f ovlmreindba anrutdinapeningnecoricontrigevitieths conductivapadt i ve
cylindrical pillar of the second die and the

conductive socket of the first die. 22. The net hod of
cla m 2fhe hbthbRRF claiif RUdwREreH ®PARigNHe firdt PAssVRio@M&Yer over

the stack of the first die and the second die such

t rsadevenllgof the arinulag operfing nsludsp ferming thedirsippsaiyation yer over
conduct i ¥ r f '

£ e hrtReS R E b Do oA oo RaRhifq e TRE AR o
pilhyerrfronnd bohiemoar@ucsf the asmdkedpeaingt he second di e.

23. The nethod of claim 21, wherein the nethod

i ncl udes connecting one or nore additional dies to the

StRC K b? 8'o?glaﬁ'11 %gnglﬁ&reinvtﬁe (ﬁ}fét BHNC@@E npitiljlﬂ nd:l’ﬁdes
oné  of |t|ona ies i n a conductive soc
an:oﬁrim,ltmrsemrﬁi @hdtidteveseatenal idéledédan vhdeebinop rriab«mal and the

fabricatin }ectr n|c package, the nethod
6W%$F§?H§*”@$Hﬁ Kohstrate froma first surface

of the substrate to forman annul ar opening; formng a

first passivation |ayer over sidewalls of the annul ar
oFéni ngA systeticomprismgannul ar- opening with a first
conductive materi al ﬁ t hat .a net al gia %§ fgbnep,.

the nmetal vi %\Pﬁoﬁ‘&ﬁsﬁ’dﬁnﬁg’ ipgAnglegironicPaskpes BRmEd DE Stk ne @
a fe¥alityost dés, Wherdin hleast 8hé aitofAhe plifaliy B lied iR @l a
extending on the first surface outward from outer
edgesssesk canductaverigrlaet fomess orpan amulagivig anfle substrate

by renovi ng r

of the supstdm mt%}%l% lq%Iugl %&t%és%%% {aggér)r?loa%gg ggrq%n%{'?ﬁ%&?age.
netal via to an extent that a portion of the netal Vi a
extends out fromthe second surface of the thinned
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swbsmﬁate, form ng a second passivation |ayer over a
portion of the second surface of the substrate
surroundi ng the inner portion of the exposed ends of
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inner walls of the netal via is formed; and coating a
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cylindrical pillar vertically extending out fromthe
first surface of the substrate and being sized to fit
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paotkedn of the nmetal via.27. The nmet hod of claim 24,
wherein etching of the substrate is perforned over an
area of the first surface of the substrate coated with
a conductive pad, wherein the annul ar opening is
concentric with the conductive pad. 28. The nethod of
claim24, wherein formng the first passivation |ayer
over sidewalls of the annul ar opening includes formng
the first passivation |ayer er entire surfaces of
t he annul ar openi ng and then renoving the first
passi vation |ayer froma bottom surface of the annul ar
openi ng. 29. The nmethod of claim 24, wherein the first
conductive material includes copper, the second
conductlve mat eri al |ncludes an under bunp naterla
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