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WD 2004/ 012896 PCT/ US2003/ 023792 METHOD AND APPARATUS
FOR H GH VOLUME ASSEMBLY OF RADI O FREQUENCY

WO DEMDIEICATI ON TAGS BACKGROUND OF THE | NVENTPONUS2003/023792
Field of the Invention The present invention relates
generally to the assenbly of electronic devices. Mre

particul arly, resent invention relates to the .
DEEHOT AND ABRATUTUS GG BIGHAGALUME ASSBNRIREITh

tags. ReRaATHO MREQUENCY KDENAIFICAIEONeEAGISques ar e
often used to assenble electronic devices. Such
techni ques involve a mani pul ator, such as a robot arm
to renove integrated circuit (1C dies froma wafer
and place theminto a die carrier. The dies are

subsequent | th ot her

el ectronic ﬁ%ﬁﬁ%ﬁkﬁﬁgﬁﬁéﬁ%ﬁH@HBi%@@EﬁD capacitors,

resistors, and inductors to 15 form an el ectronic

devi ce. Pick and pl ace techni ques invol ve conpl ex

robotic conmponents and control systens that handle
Field of thedvehiéorat a tinme. This has a drawback of

l[imting throughput volume. Furthernore, pick and

pl ace techni ques have |limted placenent accuracy, and

haveThe prdaentLinyehtion Stlates rgegeralle e nhe a%@mﬁl}eoﬁ ylparcmﬁc

el.ectronic device that may be asse ed u
dpiesse M@Eenﬂ?f%‘éléﬂ?(’stﬂ%\ﬂ?r?QP‘FtDn"’?fﬁ’gm"r%sF@I g‘ﬁﬁﬂ’g}y ﬁ
resence is to be detected
ra%ﬁ é(ﬁg: ﬁd@ﬂuﬁ%ﬁ ﬁ%@%gqag%

nonitore esence of an RFID tag, and
therefore the presence of the item-to which the tag is
@{atédxjﬁtq may be checked and nonitored by devices
Rk own as "readers."” 25 As market demand increases for
products such as RFID tags, and as die sizes shrink,

hi ghp%%sgﬁﬁﬂ &N Q&’ ML oI Bﬁén R Vtsrxssémie e@bﬁom@nd

| ow “pro Uy co are cruci I n providi
dedoarer Suell liachiigatd evptveda Qﬁa&npula@tor;osudh gl ay;robm atrrnl, $0

rneeded is a nmetho andsbg aratu forgglgh vol u %P
0% iEzede! pegy PG Wal info a die
cfﬁjﬁgi;ter?ﬁg CideNk CEBseqRiflly %LBFédDoﬁt%g§'suB&?§te QW ofHTES
electronic components, such as antennas, capacitors, resistors, and inductors to
form an electronic device.

Pick and place techniques involve complex robotic components and
control systems that handle only one die at a time. This has a drawback of
limiting throughput volume. Furthermore, pick and place techniques have
limited placement accuracy, and have a minimum die size requirement.

One type of electronic device that may be assembled using pick and
place techniques is an RFID “tag.” An RFID tag may be affixed to an item
whose presence is to be detected and/or monitored. The presence of an RFID
tag, and therefore the presence of the item to which the tag is affixed, may be
checked and monitored by devices known as “readers.”

As market demand increases for products such as RFID tags, and as
die sizes shrink, high assembly throughput rates for very small die, and low
production costs are crucial in providing commercially-viable products.

Accordingly, what is needed is a method and apparatus for high volume
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limtations. SUMVARY OF THE | NVENTI ON The present
invention is directed to nethods, systens, and
wappanmseces 5 for produci ng one or nore el ece€DOBI03/023792
devi ces, such as RFID tags, that each include a die
havi ng one or nore electrically conductive contact
pads that provide electrical connections to rel ated
el ectronics on a substrate. In a first aspect, a
plurality of RFID tags is assenbl ed according to the
present inventjon. A plurality of dies are separated
ayspgRiva Of clschepicvlgvisesaiish a aeBbdthet oxerepmps thease or
lisRRsL surface (comonly referred to as a "green
tape” in the industry). The dies are transferred from
the support surface to corresponding tag substrates
ei ther directl | F It ermedi ate
surfaces. In §XP@$¥¥tg§g2§?ﬁI§$§@$Q$£&transferred
bet ween surfaces using an 15 adhesive surface
mec hdhe presentdnyentior ssdirectedan atdilerdsasptents, anll epamteses
transferred between. surf.aces. using a chin
R P 6T o0 SEtonin ceNishertadp RHID e dhai sach
idchaiess @fd BaviReneen motefAstscAls! Adhdactiel sdmaddPadethadi €
col |l et mechani sm and process. 20 In another aspect, a

prpvideralegigcal sommseiigns to FRlated eleptondcs oif eenbsirate.
' ' o - f
e B G AL Db RIDATE, is o Bt AaREHnd Blhe

pekediiegentisnatA plukdidy bOdies st Jepatedf frén taaebed Wk UhE.
Aq?grid of grooves is formed in the wafer to separate
aifgrled tQ, raavraqsﬁw sypat sEfachd cammoglereitradnte asapegresn

tapb¥ HUE e du;ﬁ?‘?p r"ffha%le@&ret @ﬁlsfé’?ﬁﬁ&?&? lﬁ{gé g?fpa)W%ﬁicé to

ccessi bl e ough the grooves I S caused
comeshandleg tighsubshatgs iedhes hipedy i vikc bug er nidre igteinakdiate
s?aged structure renovably holds the plurality of
SYi%ES One or nmore dies of the plurality of dies can

e Y GO 29 G UARGSL stk ekt
w%%%ﬁ%ggﬁﬁgggéﬂgébgiégmhngﬁa die frame, a ma%er ?hat

con‘phil SEdthr aspect, dies are transferred between surfaces using a
punching mechanism and process. ,

In another aspect, dies are transferred between surfaces using a multi-
barrel die collet mechanism and process.

In another aspect, a die frame is formed. Furthermore, dies are
transferred using the die frame.

In one aspect for making a die frame, a wafer that comprises a plurality
of dies is attached to a surface of a tape structure. A grid of grooves is formed
in the wafer to separate the plurality of dies on the surface of the tape
structure. A portion of the tape structure that is accessible through the grooves
of the grid is caused to harden into a grid shaped structure. The grid shaped
structure removably holds the plurality of dies. One or more dies of the
plurality of dies can be moved from the grid shaped structure onto a target

surface.
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plurality of dies is attached to a surface of a tape
structure. The tape structure conprises an

wepwapsash@t ed hardening material. A grid of grPOWES2003023792

formed in the wafer to separate the plurality of dies
on the surface of the tape structure. 5 The surface of
the tape structure is breached in the grooves while
form ng the grooves to cause the encapsul ated

har deni ng mat eri al to harden in the grooves into'a

grid shagg% harde er| b%n t he roo es of the
grid. r&%‘?f'@ 31 ar{l?’a% rtBet FQIBRHSES di e
PluraRg JTRES ﬁﬁﬁéﬁh@ﬂ ia sﬁ@acte loe aﬁﬁ&sﬁﬁkt&é‘v?ﬂé {00 et €
framé is positioned closely adjacent to a ace
compases insancapsalasecimrdérang madiiel. cA gadp)lf grawives i ;s fofma‘zﬁ ias

(b BT e Yordfne el b B Brirle St Bipd, @fuctire. ©
TeGahde @tthaefRtstabhed fsdechsLm hb grdllivSs %ﬁ@%mtﬁ‘é:fhe

die may be transferred fromthe die frame to th
EEQQy$R 8/ cgp H@@ma@u}aﬁ%@rdqmngmtemlmmdem ip sthenaybb‘eﬁs

or nultiple
i FIHERE A4 80k i e G Toci o e A 00 Hepect
dl es Iay abgect, [ddsshey be dai@rivdetion lafcﬁ@ﬁﬁﬁlelﬂﬂa(ﬁ acB@tihg
orientati on. When dies are transferred to a

t% G%% PresPl Joyentions o dy dig,framgyis gpsiiionesh clasglyagdigeent to a
sa}fs&t SOk ERLuDS 1Rk 'arlﬁcﬁﬁf QBI&M‘: ro‘P' @8 R U?H %Qid in
COUp e cont act pads of t |1 e t ate Xtron I CS
tlf dieHonay dodedyt adjbeent ROthe subsirasd. t"ﬁhfn diei iw eraasfpeed ontbhe

ferred bet en s rfaces in a "pads
o oD MR B U i it e e ar appche Eepied
fEoub SHeldBé Bah® t& the dIGHESy ﬂﬁ’é!&@nt Mﬂa@@h&his%‘mm@ﬁl Bie8thay be

el ectronics can be pre-printed or otherw se

tispefeged Gom bd dimireme ona gy sub or matdigsle dias ramobcizansferred

ﬁg&g&t a systemfor formng a die frame is descri bed.
waf er preparation nodule applies a wafer to a

sur f agen@bspct, AR rdy bictansRrred bRtwada BFfadds SR Ar Bhdsalp”
nodul.e forms a grid of grooves in the wafer to

oglgpiation e Wen &F%}r alci {rgnsserred de rsubsieate Jnf aciads upfie

RS B S LS LSS U

cotaciypghs bhtheglioowehtadfelectrbricg of the 4y subkigan i nto a grid
h dtct The gri.d shaped structure 30

¢ enbUABHyRBIHES BsRech il 4FT TPy gF emelsTetheen aces

il 'aeg)a@sf d@)‘ﬂﬁ” Blibkiadidd. Y V@{enddlgssare%sﬂﬁeﬁqg %dsufb%/%m-: the

gri Sha ed structure onto a target surface
“E@BMWQS%GIF@WHUS?Z@@@/MBamzs can be pre-printed or otherwise

pre-deposited on the tag substrates.

In another aspect, a system for forming a die frame is described. A
wafer preparation module applies a wafer to a surface of a tape structure. The
wafer preparation module forms a grid of grooves in the wafer to separate the
plurality of dies on the surface of the tape structure. A hardening agent source
causes a portion of the tape structure that is accessible through the grooves of
the grid to harden into a grid shaped structure. The grid shaped structure
removably holds the plurality of dies. One or more dies of the plurality of dies
can be moved from the grid shaped structure onto a target surface.
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-4 In still another aspect, another systemfor formng
a die frame is described. A wafer preparation nodule

wappkioesda wafer to a surface of a tape strucPCF/ES20051€23792

waf er preparation nodule forns a grid of grooves in
the wafer to separate the plurality of dies on the
surface of the tape strucfure. The tape 5 structure
conpri ses an encapsul ated hardening material. A wafer
singulation nodule forns a grid of grooves in the
wafer. ta se ate the plurality o ies on th )
sur f i%eS%Hf a:f Fr %FBSCQS Pﬁq}ﬁ?rufﬁ?é/nﬁ'r{@ %&P@Fg S ﬁ’gj’uﬁé@P df
deReiBbe Ir fafebgfephfifion MYILRCHPALS § Rardrape LN
t he grooves mﬁeﬁ fo?%ing ?ﬁﬁmgr%osggé%g é%ﬁ%§§$$%§mé
svetaigs (et wefehpreganatiorgmodule forats & grithaf geovésintthewafer
rooves..i nt.o rd 10,shaped hardened nateri n
RAPES g Befiodte G rEdlRRcs pEERERGEES o Phranc
seiiqareadontprised ab bRptiac@ saeiiny modtert! A HAGS sifduftibn
transfer nodule is present to transfer a plurality of
mpdale formsp gHE of gfaeues indhe Watse ta sepetate thaglusalisy of dicesni n
' r 0 . . another aspect
oy Lo Br BRCRpY BBl dhe RN ip il th BROLS TR
sanferdftthestape alphasretii theags@rEb hea ffoMmith Ptieag@oves tovafisé

reparation nodule is present to transfer the dies
the Sﬁ‘fapﬁ‘éa@gdﬁé&tm% matesial Q) hardenains ther gogyesagio aagridi e

shiRAShRIenOPRHefiaf ransfers the dies fromthe transfer
surface to the tag substrates in either a pads up or

down lnremother aecToédlee arsdenit ineentmdy andyatpes aad dipparatus

featur.es will. be readi | arent in view ofthe
cp it e by PERTTRAEET ek S BEnsiHG madDlens: Biescab B
IRk BTk eINyCht ditl AR AMENGRp & Gt thhieags QEmaaNs 78

drawi ngs, which are incorporated herein and forma

ephgrta peds pper dpwe nfanBert i on, illustrate the present
i nvent i 0 her wth the 25 descr.iption
Fur ¢ s AP Bereb gk e Hhocth i, A SERGHYY gt and

appargin eadblentle asser®hadd RFED 2@5.S Qnwafet blePahration bdule is
pertinent art to make and use the invention. FIGS. 1A

PESSBHio At AR iSE [hendlisy fram e suppask aFpicaty apmnsfer sy face. A
| j t iLnyveption.
R B prhodk® BRID R IBR it i TBLER S B0
stlzegysies iBeitlar epads myort dvenhadierent s of the present
! nve%lesoenénd other advantages and features will become readily apparent

in view of the following detailed description of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

The accompanying drawings, which are incorporated herein and form a
part of the specification, illustrate the present invention and, together with the
description, further serve to explain the principles of the invention and to
enable a person skilled in the pertinent art to make and use the invention.

FIGS. 1A shows a block diagram of an exemplary RFID tag, according
to an embodiment of the present invention.

FIGS. 1B and 1C show detailed views of exemplary RFID tags,

according to embodiments of the present invention.
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WD 2004/ 012896 PCT/ US2003/023792 -5 FIGS. 2A and 2B
show pl an and side views of an exenplary die,

wo empecaspvel y. FIGS. 2C and 2D show porti ons oPCHUS2003/023792

substrate with a die attached thereto, according to
exanpl e enbodi nents of the present invention. 5 FIG 3
is a flowhart illustratigg a continuous-roll tag
assenbly operation. FIGS. 4A and 4B are plan and side
views of a wafer having nultiple dies affixed to a

supp syr.fac respecifively. FIG 5 s a view of a
vat oF IHSy g A 2B SHO P ki e iRy 8t 41 SHrEBBIEY disy
réspedtnesy, FIG 6 shows a flowchart providing steps for
transferring dies froma first surface to a second

sur f &ES. accandd?Pghow portion nfatwibefate eéthpa elenttached

' ntion. FIG 7 sho aflo art providj.ng steps
BB i it SR a ey S i SR 2 11 rs:
sur f #0@. 130 if 25 BEROKLrE unlﬁsmangsa REnRGASASE ite Rsnige.
FIGS. 8-10 show views of a plurality of dies being

op¢iaHet-erred froma first surface to a second surface
usi n [ ' . the process of FILG. 7.
fr o 195, SR AR TR Bt Pieblh L 9688 Ruthg e
dissafifedrto antippat dvajce, 26psetbaty. ate. FI GS. 12A and 12B
are n_and side_views, respectively, of a plurality
of dPAG’S ¥ & Sivhek e we o havigg seepreted diep aéléxedria apsupport” .
stfiaasfer surface. FIG 13 is a view of a plurality of
dies attached to a transfer surface. FIG 14 is a

vi ewFdE. @ stpusls flop'that pmvidiolg dieps for teamsfearirig dies from a

ransfer, 25 surface and a f.ag substrate, F 15is a
A 1o At BERR! et S Eehidls pb e pagent
iswehgbiate. FIG 16 is a flowhart illustrating a "pads

down” die transfer onto a tag substrate.
FIG. 7 shows a flowchart providing steps for transferring a plurality of

dies from a first surface to a second surface using an adhesive surface.

FIGS. 8-10 show views of a plurality of dies being transferred from a
first surface to a second surface using an adhesive according to the process of
FIG. 7.

FIG. 11 is a flowchart illustrating a "pads up" die iransfer onto a tag
substrate.

FIGS. 12A and 12B are plan and side views, réspectively, of a plurality
of dies in contact with a support surface and a transfer surface.

FIG. 13 is a view of a plurality of dies attached to a transfer surface.

FIG. 14 is a view of a "pads up" oriented die in contact with a transfer
surface and a tag substrate.

FIG. 15 is a view of a "pads up" oriented die attached to a tag
substrate.

FIG. 16 is a flowchart illustrating a "pads down" die transfer onto a tag
substrate.

FIG. 17 is a view of a plurality of dies in contact with primary and

secondary transfer surfaces.
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30 FIG 17 is a view of a plurality of dies in contact
wth primary and secondary transfer surfaces. WO

WQOM0B2896 PCT/ US2003/023792 -6 FIG 18 is BCWUSM08623792

a plurality of dies attached to a secondary transfer
surface. FIG 19 is a view of a "pads down" oriented
die in contact with a tragnsfer surface and a tag
substrate. 5 FIG 20 is a view of a "pads down"
oriented die attached to a tag substrate. FIG 21

sho fl owchart providing steps fqr transferring

pl u\rNEP?T];g 1 grvisy g5 Pﬁ%ﬁlﬁg Of lies altagherl 42 & SppPAEY TG

s@¥ctace using a parallel punching process, according

to enbodi nents of the present invention. 10 FIGS.

22 281ehbWvis penigw off aa"prda rdaivint"yoresfntadi dis ibeiontpct with a
nsf ef%red from first surface to a second surface

irgi HoPReS MRS SHP%‘cess of FIG 21. FIG 30 shows a
f 1 owsl@r 20 By @wiigh e estf«m; don"asSaMd §R%atRBEhdY tAYStag

accordi ng to enbodi nmen of the present invention.
syhystzge. 31-36 show views of a plurality of dies being
tran r4.€ carrie substr

us; o G e v SO R s Tos n LR, iy

of Idcw frorava @ﬁstwﬁﬁtd & a scont kot ddiad al piedlll @uaching
plurality i ndi_vi dual substrates. FIGS. 40-45 show

pfﬂ"%%sa"(?f’rdén%ﬂolﬁnﬁiloid’é?e@f offhe gresentrigvatighst erred from a

BN s oyt b S R MR A

fifsd swrdidcedo aeécoptl emfaqeamingdbmﬂMHrgSpmMS af Bithgdr at e.

FI GS nd 48 Vi e of an

s FIG a0 0% st ot A b RED Besan
a&ﬁ?ﬁﬁﬂ%fﬂ“—‘ﬁhbdﬂﬁm&tﬁ@o%@%@é‘s%nﬂ ivambhon. FIG 49 shows a
flowchart providing exanple steps for transferring 25

di esFlfs$.ng- %6 shomt viewaof e pludalgy tof dies heingdppafieacd iom a
oft ik M bibsPlle FORE AL B p B aro Rl SR R0t 1 b r

trany{@s. 37 39 show view of substrate structures that include a plurality

of individual substrates.

FIGS. 40-45 show views of a plurality of dies being transferred from a
chip carrier to a substrate using the punching process of FIG. 30.

FIGS. 46 and 47 show views of the formation of electrical conductors
on a substrate.

FIGS. 48A and 48B show views of an example multi-barrel die
transfer apparatus, according to an embodiment of the present invention.

FIG. 49 shows a flowchart providing example steps for transferring
dies using a multi-barrel die transfer apparatus, according to an embodiment of
the present invention.

FIG. 50 shows a cross-sectional view of a multi-barrel transfer
apparatus being applied to first surface.

FIGS. 51 and 52 show cross-sectional views of a multi-barrel transfer

apparatus transferring dies to second surfaces.



apparatus being applied to first surface. FIGS. 51 and
52 show cross-sectional views of a multi-barrel

wo ecan®imwre 30 apparatus transferring dies to seECDOS2003/023792
surfaces. WD 2004/ 012896 PCT/ US2003/023792 -7 FIG 53
shows a cross-sectional top view of an exanple barrel
with die inside, according to an enbodi ment of the
present invention. FIG 54 is a flowhart illustrating
a post processing operation. FIGS. 55 and 56 are

bl oc iagrans of tag assenbly deyices. FIGS. 57A
and £ S |amégﬁt§nﬁf@9 IVéh @’t%‘ﬁglpieo‘i’“%W%h%
i@, adcbRiky toaaﬁfe%%@d{é?%{t%gg%&?g@gﬁt @yhpdpments of the

present invention. ow exanple views of a

waf eFlGit54ds afflomehart fhustretisg spey procedsingeopesitiog. f or med

i nt ie f di ng t . enbodiments. of th
or e SERES: 53 Aph Db 108 ek 1 SF RSy G BisS: sect  onal
Vi eWppES. 37 ALXRIPI I sklive flothPRts profiaRipthdd ﬂ)lomﬁﬂingj Cc:lie

enbodi ment of the present invention. FIGS. 64A-
framevacepuiing tofexampleranhwdimertesf the peeserddnvtestiom adhesi ve

surf , ' refrane. .ELGS. 65A and, 65B
Showt iS85 Sk G WRLED WA a5 e o0 A0 SisBs
wiilk ibdink i faddhedl iRt £diedtansd) ptiding e &abedinREB VT dhd Bretdt

.exanpl e enbodi nents of the present invention. FIG 66
IYRBWe-a f| owchart provi di ng exanpl e steps for

tran I g i es L NG [ r I 4 an
SO ARl O SEROIAG
adroodikg i angeralmodidenti o shdyrieseqt tovamtsfner red from a die 20

fra substrate. tape, acgcordi to. an exanpl e
oS Ge AP i FistBit SRbG ViR atenekte Sapanue
sG8BeshAMeld ACHAEE apEovi di ng exanpl e steps for
transferring dies using a die frane, according to

embo8lGR 5 aid 6H slyrve shenscribedwefer 06 F1GS564A-GACHMth a
ST U AP ot e R BT
pexaitphengsibodi ment of the present

FIG. 66 shows a flowchart providing example steps for transferring
dies using a die frame, according to an embodiment of the present invention.

FIG. 67 shows a block diagram of dies being transferred from a die
frame to a substrate tape, according to an example embodiment of the present
invention.

FIGS. 68A and 68B show flowcharts providing example steps for
transferring dies using a die frame, according to embodiments of the present
invention.

FIG. 69 shows a system for transferring dies from a stack of die frames
to a substrate structure, according to an example embodiment of the present
invention.

FIG. 70 shows a block diagram of dies being transferred from a stack
of die frames into a multi-barrel die transfer apparatus, according to an

example embodiment of the present invention.
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invention. FIG 70 shows a bl ock di agram of dies being
transferred froma stack of die franes into a

woredonio1dses rel di e transfer apparatus, accordi NnBCT/USEN3/023792

30 exanpl e enbodi nent of the present invention. WO
2004/ 012896 PCT/ US2003/023792 -8 FIG 71 shows a
flowchart providing stepsgfor neking a die frame,
according to an exanple errbodl ment of the present
invention. FIGS. 72, 73A, and 73B show views of a

f ' di ttached t dh
1 18" 4} Mo Aol ey DEVicki e By KR AP e
2BE0 @b PR §xa9ﬁpl£ Bﬁb@&lﬁ%ﬁ%ﬂh@&%@é %en{:%rg 74 shows a

systemfor formng a hardened gr| Int t ape
str uEﬂGS e72, Wat, sng FoBtsbowhaeveepia wiatd hdvmg ssprwatad dies

accordi.n an_ex odi pent of
aFtﬁ%GqS rtgs%lhtad}"?f&l/eentS ?f% %’f@p"*?%%ﬁg%s a4 Blgbgfﬁﬁa‘ﬂ%l@ed
ehitRbinidhes dTahslpResht @vedtighown in 10 FIG 74, according
to an exanpl e enbodi nent of the present invention.

FI G Fr@. dAohews 4 |syviemafor formingds dgrdeneg gridoin thekiapg a
di f th
S Gul o BB LE08 420 FAGERL BT S By

anrexardple shibediwsint a€ the@resantidpditiot ruct ure that includes
an engc psul ted hardening material, accordin to an
15 exd NS @i Fe bemgr meyed %?@sﬂé‘ﬁt ardepecherie rfhown dp

Fig, o4 %\&)r&‘m%%&%ﬁ P19 68kt &%ﬂ@g&&&t HRfual the

to cause the encapsula
har déliingo6 rshoes |aaﬂowd1ahapm§f1dm@siem ﬂjrngaltmg andie eiang| e

enbodi nent of Ig sent vention. FI.LG 79 shows a
%Orrglﬁggl Ry e W’?}B ‘imfawflﬁﬂ? AT Ay Pio% epar at e di es
20 off1@. RNordhodR Pfwdthie aitahed t@fanFé(ﬁies&g sﬁﬂgcé Of QAthpE

t he encapsul ated hardening nateri al harden into a
s&u@umer e inchides adi angapsylaed bardening H@’ﬁb‘@dl,l aentding to the
G, .80 shows a perspective view of

@?g&gﬁ&o en{t &\Aé’]reeantdiergII@l 77 that has been

sepaFFm}e’ﬂB sivvishelab@ iR Wisde kol Eparaté Bfds af tHeow{EASEFIG.
formed by the 25 encapsul ated hardening naterial,

Tded FWW@G ths eapansulatael ardspganstenal to haidge according to an

example embodiment of the present invention.

FIG. 79 shows a perspective view of a saw being used to separate dies
of a portion of the wafer of FIG. 77 and to cause the encapsulated hardening
material to harden into a die frame, according to an example embodiment of
the present invention.

FIG. 80 shows a perspective view of a portion of the wafer of FIG. 77
that has been separated on the tape structure, with a die frame formed by the
encapsulated hardening material, according to an example embodiment of the
present invention.

FIG. 81 shows a die frame formed by an encapsulated hardening
material that has been detached from a tape structure, according to an example
embodiment of the present invention.

The present invention will now be described with reference to the

accompanying drawings. In the drawings, like reference numbers generally



present invention. FIG 81 shows a die frane fornmed by

an encapsul ated hardening material that has been
wa@ledoaoknsgs f rom a tape structure, according to BECIT/US2003/023792

exanpl e enbodi ment of the present invention. 30 The

present invention will now be described with reference

to the acconpanying draw’Pr_]gs. In the draw ngs, |ike

ref erence nunbers generally WO 2004/ 012896

PCT/ US2003/ 023792 -9 indicate identical, functionally

S oA PSR P S SEPLS o

t
e A Ay

digit( i therreforanee dembempr oved processes and systens for
assenbling el ectronic devices, including RFIDtags.

The present invention provides i mprovenents over
current PEIAGEEPSDESORIRHONOOERITHERENTESN i ncl ude

Vi si on-based systens that pick and place dies one at a
time onto substrates. The present invention can

t r anShepreseht invertiati povidemimpaoved ysbeessekCandi Sistemsbased

e li ted as far he size of dies that
ﬁ%&ﬁﬁ%g ﬁger?HPléla e"%‘i%hmﬁlé‘g a&@ﬁ% fag5t ebhe Bregsmédnyeatiger
pkdVades OBV GHARS 0v8M &Lifent PR cB:ES €NEonvell %&ﬁﬁ | QEhridies

appl icable to dies 100 mcrons square an

inphtde] wision-taged Imtmsr ¢hat ypiied dnd splq@eoches one can\aenmwafrmb
nor e acci dent al

SDBRER” esnl HeRtioh Bt rapsFe oulibi Sicdn Gadtely”

Vii6s baskd syfemp bRSIRAted RV RsiRE @Ndlgseﬁlaﬁﬁaﬁgéf amdage

of SIﬁp|IChﬁé§ Conventional die transfer ta

tpediefs lawgep fhanhe0(omécyenst squareven heonresent
11{:\}é{1ﬁ 1Em£ 11c£'3’18 htoh 'd%e'iO(f aigfcirocil%t ls é algs are er.
ErausaRl

techniques proc

Fuﬂhdirmop@ ryldsid us poEﬁhm @nesgivhal Sxenis, Qﬁlefe-ﬂﬂvo pr ﬁibhd&es
rove inh these rates by a factor of N.

H@% Fade fééﬁié%]é?ﬂ FReHtadingg, C@‘Fﬁén%:)]roé’@é af a@dﬁ@@r@@ Fb@ﬁ can
procgas g'nfs%n@ ﬁl'v&ﬁﬁ) b@iabs 2%  GRM %en it sugphcﬂy

t echni ques s as fast as c ion
Coaedntiogaledie &anbferatapevmnclfaastmr magt es usddl roiyh’ele nplfe&,nt
because_t he present .invention allows for %]lep &mem

nyeatioR -« § T SRch; Hese faRgication GHeRs atg mess

tdeRRighSsApdocess 5-8 thousand units per hour. The present invention can
provide improvements in these rates by a factor of N. For example,
embodiments of the present invention can process dies 5 times as fast as
conventional techniques, at 100 times as fast as conventional techniques, and
at even faster rates. Furthermore, because the present invention allows for
flip-chip die attachment techniques, wire bonds are not necessary.

Elements of the embodiments described herein may be combined in
any manner. Example RFID tags are described in the section below.
Assembly embodiments for RFID tags are described in the next section.

Further processing processes are then described, followed by a description of

tag assembly systems.
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El ements of the enbodi nents descri bed herein may be

conbined in 25 any manner. Exanple RFID tags are
waele®enidsed in the section below Assenbly enbpdi/Ds2903023792

for RFID tags are described in the next section.

Furt her processing processes are then descri bed,

foll owed by a descrlptlog tag assenbly systens. WO

2004/ 012896 PCT/ US2003/0 3792 -10 1.0 RFID Tag The

present invention is directed to techni ques for

ro el ectronic devices, such as RFID tags. For

1BI gghg%?%e pur poses, the description herein

primarily relates to the production of RFID tags.

HoweYRs prebdift iftRa661 Ridiefted fo RcMigRsTBRRLANIBg bRcttdige

productlon of further electronic device types, as
deyeesdsush as e tepodobillustptivensnrpeses] e deseription herein

| G
PR R e pEBI IR RIEBCULIORoNEE fhe qeidityigh
als€ eduptHbgtot the gfbdaaﬂ@@ﬂcbfrfeﬂherwiedxbﬁlcmee&e ek, Mas8duldBe
As shown in FIG RFID tag 100 i ncl udes a di e 104

ungessteed by %Sfé}sé@(ueéﬁlil the rqlewm eﬁéﬁ gamghe teaghiges Imem
I
SnC oI falstows[E IOAE afiafil (Ul Sl RIS

accholingl 6t an bmtodiirews obHthe @xasam mvgntiaﬁl DA ﬂgmsvnhﬁi(FIG 1A

i.ndi cat ed. as RFID.t 0 100b. sho in
REft L@ i fhatee i 9P ansrefudt Blectmtin 1 BRved shedmna
sﬁ'ollﬂ'at@‘clme'l&lkﬁé’d @l@@c%rﬁc%nl'o%ﬁné@@es a?&saﬂtémfatlrlhhﬁ fhe present
descri bed el sewhere herein, die may be nounted I n

exdAmer FHS&b d@sml(éshoméetmvm\tvjmf @rmrmiaratmﬁﬂ tagaH 00,

el oF T B 1P 8 1 (s 68 if 168, B o

10£68] BeeBotitt € bhioGatdnan 1 B4 gNelased sladifomidst 108, Adis AithePr
nore tag readers. According to interrogation
deserbest isewhare heraim dlie 10 mayshomeynicd in feber & pgisans or
includes information that 20 identifies
%ﬁ@g@%@%ﬁg, ng RFID tag 100 of the potential pool
of RRFID tagB00 mepbe idcateipoin txea dptingn ladge aurdsparise]
%gg t%%§reader determ nes the jdentity of the
REFSERly RiRre B)0 sreelrt BYIHTORgU b 812R%s SeRwmeiled
by laﬁe bRt & fbaéers C 9\0%51"31 t%r ﬁ?eéﬂ)%ﬁ i Prol?é/coﬁ1 RFB%ag
reader. RFID tag 100 rray used i'n various
1@ pespoads dmsthessusignads |Eapéntqsp«ynse includes information that

identifies the corresponding RFID tag 100 of the potential pool of RFID tags

present. Upon reception of a response, the tag reader determines the identity
of the responding tag, thereby ascertaining the existence of the tag within a
coverage area defined by the tag reader.

RFID tag 100 may be used in various applications, such as inventory
control, airport baggage monitoring, as well as security and surveillance
applications. Thus, RFID tag 100 can be affixed to items such as airline
baggage, retail inventory, warehouse inventory, automobiles, compact discs
(CDs), digital video disks (DVDs), video tapes, and other objects. RFID tag
100 enables location monitoring and real time tracking of such items.

In the present embodiment, die 104 is an integrated circuit that

performs RFID operations, such as communicating with one or more tag
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25 control, airport baggage nonitoring, as well as
security and surveillance applications. Thus, RFID

wo 2g40089€an be affixed to itenms such as airl i PEI/US2003/023792

baggage, retail inventory, warehouse inventory,

aut onobi | es, conpact discs (CDs), digital video disks
(DVDs), video tapes, and pther objects. RFID tag 100
enabl es | ocation nonitoring and real tinme tracking of

such itens. 30 In the present enbodinent, die 104 is

%@ integrated circuit that performs RFID operations,
TAgerR (\e @Wﬁgﬁ%%{ 108 40 XARPHSORECII9atingy Rrofogglsyydixemplary
i&&@ééaéﬁ}aﬁ%@tda%/ MHS2RR34RA3i09Y S - BaediCREE %?oloiz,@% sheun)

accordi ng to various Int er_rogatl on pr ot ocol s
Dreeembétardy 199 tocBansyzet b entitlest Systins and Methesicor Biedtromic

U, S Pat .. 6,002 344 |sSs e r 14 1999 to
RS %Oﬁy’e%n%g(itj ‘.S"\IgﬁEefﬁi gﬁéicﬁ}%‘% l'e\ﬁﬁ i%nrg?%(ﬁg‘? 8¢ 1:@’%‘6’{3? i c
2bov.erbRr Y04 aifudds gﬁ?&lﬁ?tof%ka@cﬁ PhdOMMNVact YrBAde 885,

filed on February 12, 5 2002. Di e 104 includées a
electiical ¢qllye@f0néwﬁg%€@edpdd@rmt10éach provi de an

el ecty t j related el,ect ronic 06.

Rel a gganfJ[ %lg r on‘fcscls(,) 8%6%%%@50%(&@%@1&@&%% 4 8@5% 1y of
comacygids af IC W@ ll04.y ioémbedifteans] rehadts eleétrdriesdi & Fodide! n

enbodi nents, rel ated_el ectronics 106 provide one or

OR® PEMECAPRPiHIPR dnclyding REirreppRen pRd BpRsugpsiainerpabilities,
. Carabi Lt Lo, Cr funet ool Ly

LA SRR AOREL b ol SEISCRaPORI LI g

additipnal ozephbibitips biTlhe tdoegponditie of anjatedecitstraiicsr Bd@tadbe

el ectraonics 10 an be inted onto.a ta ubstr.ate
o S e Dt nL PebRiaBn iyt o6 dpadictas dkt s
Eikﬁm%ﬁa@ GIebhdR VO kiks iFhdedgvel EotRLcBRSINR! 968, 3099025,
5021, and 5025, produced by DuPont Electronic

pragueed Ry sDeforiddecironic Wateriagd ef RasderciNTGangls RarlheX.C.

i.al ns..suitabl e for inting related
P 3518171 8 B P DS S B 5 e
s@igitreErTicdnclugd polmetic eI donddshidA 3038 dndarbanbiraged
PTC resi stor paste 7282, which are also produced by

PBGParrisie Bess drPe Whigheteatleo prodreed diyc RukentaRlgrigonic
: Lsal . d
l\{fﬁé 1s DF Rese cﬂefnaﬂgfgqfah? NP rOtﬂgllal@%tﬁ%l%ﬁ:ohr g?eéﬂ%g’?tr %}?

0 deposit the conponent’ nateria
baoused toed@®sa pihar @nipohentparasoiad oakd lthe dubshrateh@ould be

rel evant art( fromthe teachings herein, As shown in
APPAEGIL 1q perseas Sﬁl&‘dé% Hicirplyant piigs) e the feacBings horpinc e

that Asage@RaRiaRs 1AL fC, 18 sub&lAd €86 RheG 0N ehicd Bbu

as well as further conponénts
accommodates die 104, related electronics 106, as well as further components
of tag 100. Tag substrate 116 also has a second surface that is opposite the
first surface. An adhesive material or backing can be included on the second
surface. When present, the adhesive backing enables tag 100 to be attached to
objects, such as books and consumer products. Tag substrate 116 is made
from a material, such as polyester, paper, plastic, fabrics such as cloth, and/or
other materials such as commercially available Tyvec®.

In some implementations of tags 100, tag substrate 116 can include an

indentation or “cell” (not shown in FIGS. 1A-1C) that accommodates die 104.



10

15

20

25

of tag 100. Tag substrate 116 al so has a second
surface that is opposite the first surface. An

w@oelivem128e6 mat eri al or backi ng can be incl uded pPaT/Uk®03/023792

second 25 surface. When present, the adhesive backing
enabl es tag 100 to be attached to objects, such as
books and consuner producf,s. Tag substrate 116 is nade
froma material, such as polyester, paper, plastic,
fabrics such as cloth, and/or other materials such as

cormer avai | bI e Tyvec(r .
Ar“n?iﬁ bR I@P iy @ 1@1}@6@%@ Paflseip] paiegigtion

of Hi%ll@qeasqgﬁna{%r H&gﬁﬁé@élée%he%her& 1" (not shown in
iA-1 O that accomrmpdates die 104. WO

2004F®C1738% R TPBUSRGE0 plad28ioside vibs/Af axenapipde dfe Bidch

il t at d
o 1 DRI B 2088 S tubethuPriaB PGt qaagetions
belweenherRdngsdioRics T06And 2hteAAd cRELEH QN g aq angts kge

views of an exanple die 104. Die 104 incl udes four
alennshdpuirentecopers 204a-Aate Poow aey wirelsrof centact pads may

bf ARRE Bep e oh AR APRHE. RoPE R TS B b
afi etcaibllp adm&@%mdteﬁﬁﬁdﬁhtgvﬁbn@mﬁn g ﬂ’@&ﬁe Oﬁoﬁtﬁﬂﬁ b

ads may' be used, dependl négp on a partl cul ar
28 fencha oo CHRE it Hpreayirsb byathe spserablyr progess, by the

d@;hc%%ﬁ 073 moﬁmﬁ%&' Yl?e£gﬁﬁt§1'iél§‘|sugfff ldfﬁgiL cﬁ{f’ér A of

di e. ntact pads can 'be up i f

Spely posteptodegsing @rabsmphigy' wilbbe knqwﬂnyo péreorkOskiléqaloiat then
‘gf a d}ttl onal and/or other naterial s, such as goI d and
¥ ux. Such post processing, or "bumping," wll

be kmp@n 2t0sHIMs SO PSRk bf s@ubﬁrawm rﬁtﬂﬁﬂio@&fta%hed
FIG 2C shows a portion of a substrate 116 wth die

thiepero aaqcardieg to e exenple @dmdmicm@fttbe ameseMampemlon As

B0 BE6L 20 ook RAG°A B B GR 1g8 i SRmidR e BIRRENE

coagedds\2e 06dif 8ghstratecil®. Ldhdact akhs SURSA prfvRielel&trical
Contact areas 210a-d provide electrical connections

CPlalch%%fedeléteé@%%@mle%l%eThﬂwna@maﬁ@é genfect prde Yiteact

d :
PRCTET RU, hi plSE RAHCR AL RSy UL o B a0 v
silisfratealid, gobgoodanévhanicall adaefeatcatretiiis afrhhgentent amrgmﬁnt

allows.for 20 a ran%% of tol erarfullzi for inperfe

3 g PacepetRleraiee fek el lafnacah &f S die 1460 Syl S16 | |
W?%l%'tsg}g La@lggﬁgg %weﬁﬁbﬁ BBl EGPling BERldeR doREt Y2882 04a-
d and contact areas 210a—d For example, FIG. 2D shows an imperfect
placement of IC die 104 on substrate 116. However, even though IC die 104
has been improperly placed, acceptable electrical coupling is achieved
between contact pads 204a-d and contact areas 210a-d.

Note that although FIGS. 2A-2D show the layout of four contact pads
204a-d collectively forming a rectangular shape, greater or lesser numbers of

contact pads 204 may be used. Furthermore, contact pads 204a-d may be laid

out in other shapes in embodiments of the present invention.
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d and contact areas 210a-d. For exanple, FIG 2D shows
an inperfect placenent of 1C die 104 on substrate
wai®4/oHswever, even though 1 C die 104 has beePCT/US2003/023792
i nproperly placed, acceptable electrical coupling is
achi eved 25 between contact pads 204a-d and cont act
areas 210a-d. Note that _ghthough FIGS. 2A-2D show the
| ayout of four contact pads 204a-d collectively
form ng a rectangul ar shape, greater or |esser nunbers
C pad 204 may be used. Furthernore, contact
‘fzgadsﬁgﬁﬁlia % laid out in other shapes in
enbodi ments of the present invention. WO 2004/ 012896
PCT/ 02 093642 3#tentionl 3is 2 dtedied Diol adbnAiasiRbY  RBRmbly

present 1 nvention is directed to conti nuous-rol

tea%lgaw a;nd atherHeshgiguss derdassembling taghriughas RGP tag 100.
SRIERIILANG 4285, o S50ty TbRo! AP o ofpe

aﬂt&hﬂrmbitramé 1 I6hatt i8 gagmbhnd feite @pkzateﬂ aite abllﬁahﬂya:tf tags.
apabl e .of heing separated into a plurality_ of tags.

ea@sl@fi. hsgednnhegnanuiagiared soner o MoFe tres rr@nothelmeepqsags
pﬁ)@sgsw &8r BRAIRRRILI RE, 00%&; Qngtfé{% ivk g@hgas% kheu&igchafq%s

['ustrative purposes, escri
dd:senbeem hareen ardenade twith etferaaoe etotassmlﬂyrﬂﬂ RFED tRE11DOt ag

P TRAC I hiialE fh b REPiade S Ae e BPcaghs and

ofheV bififible RYicwE) Wk Gvditd BORAEREM: t& PeREKSAMTedSik the %aeva!at
the relevant —art(s) fromthe teachings herein.

ansp Gerthe tpeehingsdrereinlv ant ageousl y elinmnates the
r est t] L oni ¢ d V|ce such.as
et P g b AR B, fithie? T oS

agb@blifi® BleCtrolay ideeRed, Guble a3 STEMbLRE, ok RAS aimal alloVhgg
present invention 15 provi des a conti nuous- roll

mulEHe plgeiEoni devices te bg aatsmblednia nardlgl dEke prgssnt FrvgREen
pltok}myq*zeemg mREs ?Jipieg%aaeg&la@@ 31200 @%@gﬁ%& ggagﬁ@%@lgp

l'ace techni ques 3 shows a
tlmm@hphmssdmlﬁy rated thom n@ntentionm) pickrand pmce tdchnignexduct i on

theREi(g éagh‘?"%ﬁc}g‘nt 0 rdl %90 i e)c()%gg]&?er |s§%§ﬁ§%1%{51? o of

chltiniStd-All ModucBEn PEP q%ﬁﬁ) 3085 T 960 a%é&ﬂm% ng, ta&&pwo
Process 300 begins wth a stéep 302 ep 300,

embdEmen 3O pviragpnhinyeutic. i KI(. éfshdwea flodghars ﬂpxstrdmx@wl
erolc%s 3% for assembling tags 100. Process 300 begins with a step 302. In
step 300, a wafer 400 having a plurality of dies 104 is produced. FIG. 4A

illustrates a plan view of an exemplary wafer 400. As illustrated in FIG. 4A, a
plurality of dies 104 are arranged in a plurality of rows 402a-n.

In a step 304, wafer 400 is applied to a support surface 404. Support
surface 404 includes an adhesive material to provide adhesiveness. For
example support surface 404 may be an adhesive tape that holds wafer 400 in
place for subsequent processing. FIG. 4B shows an example view of wafer
400 in contact with an example support surface 404.

In a step 306, the plurality of dies 104 on wafer 400 are separated. For
example, step 306 may include scribing wafer 400 according to a process,

such as laser etching. FIG. 5 shows a view of wafer 400 having example
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illustrates a plan view of an exenplary wafer 400. As
illustrated in FIG 4A, a plurality of dies 104 are

wa@eeoakgsge i n a plurality of rows 402a-n. | n a BCEPSB031023792

wafer 400 is applied to a support surface 404. Support
25 surface 404 includes an adhesive material to
provi de adhesiveness. Fory, exanpl e support surface 404
may be an adhesive tape that hol ds wafer 400 in place
for subsequent processing. FIG 4B shows an exanpl e

Vi ew of. rr 400 in contact with ex suppor t
SW?%@@C%&E thaharg 18 captagioRith sFpop) A %ml%uﬁ oW84
aQluMBtyesr 40BeAifes SRR dh&0ndfcRE loSRioRX GREE dicst @B 306

may include scribing wafer 400 according to a process,

sepacdtedrs | aser etching. FIG 5 shows a view of wafer

400 havin [ e .2004/.01 6 PCT/ US2003/ 023792
*la Bl TR Surghis ol-on 100 fre wonrE Gpphsupport
SEMEIROIY (6 Wid AGRIAG4.16F! I anonSvaREent AstBd JORidyYalRlv for
scribe lines 502a-1 that indicate | ocations where dies

"n@ls deven" Hapsderat Slterngiivglystsigp 303 mahellpwufaal nags ap"

' 10, ransferr fr SUpp n.D;surface 404
et 24 S5 SRR 180 b SRR, v BB BE Tl
ahbmativef @ipleti@asitond fnigd TENSTepartiAllie teé itetelsyesighap

308 . may. all ow for, "pads up" transfer. As used herein
thenerignittion of fanaediion nade 20y gelthiainto tggmgbsirate 116. In a

“Bads&ip? Qﬁieﬁﬁtibﬂgéxgﬁgrﬂ%t H%nﬁmoifs R0t @Y tdo substrate 116

artrcular, t erns designate the orientation of
wathnpesls 206m 2 it SacR@daway freinabg substratet Hg. slnbs t'peals @odh.

l. .10." pad [ ti t 100, .die .104 i
opPafitoirdee 100 g TUas o Bt i Ehphad 1hoid magha
202£0041 RBAY 1ok AAL tAd if UBShEalieh hiBubdtie [atR LaNMe
orientation for tag 100, die 104 7is transferred to tag

of giept308tinvavidgwipeds pridansfyds dewaidied ac gregter dekildsreiand

i: n t, Wi ag, subst rat 16 exanpl.e , of step
WBSRRbAR B AT SRR ol 3 b e o
tighsrat ie dedteibad in Hester detdibhavbinivifieletsreitedo FIGHE 1t. An

exanpl e of step 308 involving "pads down" transfer is

desci palgp BhOgroskpresesgiagas perkamed.n Diring sicp féP caseanhly

i

oTAFIR IR0 00 T SRUELE, S0 00E ERRFLLR AR RS
wathnpefesdned to Bi(@$4310 i s described in further detail
below with reference to FIG 54.

2.1 Die Transfer Embodiments

Step 308 shown in FIG. 3, and discussed above, relates to transferring
separated dies from a support surface to a tag substrate. The separated dies
that are attached to the support surface (e.g., as shown in FIG. 5) can be
transferred to the tag substrate by a variety of techniques. Conventionally, the
transfer is accomplished using a pick and place tool. The pick and place tool
uses a vacuum die collet controlled by a robotic mechanism that picks up the
die from the support structure by a suction action, and holds the die securely in
the die collet. The pick and place tool deposits the die into a die carrier or
transfer surface. For example, a suitable transfer surface is a "punch tape"

manufactured by Mulbauer, Germany. A disadvantage of the present pick and
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20 2.1 Die Transfer Enbodi nents Step 308 shown in FIG
3, and di scussed above, relates to transferring

waepanmsed dies froma support surface to a tapCT/US2003/023792

substrate. The separated dies that are attached to
the support surface (e.g., as shown in FIG 5) can be
transferred to the tag supstrate by a variety of
techni ques. Conventionally, the 25 transfer is
acconpl i shed using a pick and place tool. The pick and
| ace toql. wuses.a vaguumdie collet contrqglled by a
a5 PP achis i QY PR Bk e A il iiTe the
BRYidk Sid pasdiESroahiceyabi QRAIATH] B veRPHigdAGhAR
pgei%e securelliy/l in Is?ptrhe die collet. The p‘iegjﬂ agﬁg pl gféﬂéﬁ
ratesl deposits the die into a die carrier or transfer

surface. For, .exanple, a suitable transfer. surface is a
" bundie prsest SRR iaBe SR Boted ShTeR kb ot A
titheSReM ARLPEIRT Qfrfach o PHESTA sulheX MTE:t\¥Re 90078960
PCT/ US2003/ 023792 -15 pl ace approach is that only one

allpws dpr the frapsipmpf eorer tar faner dig. batpere any Hwo prfsent

ch scal e I I.for ver
S P PRE AREARSI RS Slakee S5 Sl
tfansfetring dieaetvesenomultiple ihleanedisie slkRcal tAansPridgTdies
froma support surface to a transfer surface. In fact,

OPREECPr 8% etftermidialet isuiace gudher dinal hubstainssufacef apdr e
laRBr IRl AIdrebey WERTs Aol WBRINS BRal aldfhdddiifibe.

transterring di'es support surtface to an
i nt efiedd shews ar flawehart 66@IPseding nepdi fos thatfvadny dies

0t B s e S i B R e
S4Bt indiRioR YT §iagBuraP B bd@niehAnst' @6 lrﬂrék%ntdirﬁr%t?dﬂ &4l by

froma support surface to the final substrate surface.

appagentetos peyegnsaskilledvim dhe relgvanirast(s)dbargd sereglse ffollowing
feri .es. ifr . first surface to a second

dés&?%lgog e ,Trhggeg%éyg [ a§heg d?sgggén‘ﬁlgdile#éﬁnt{eio“éf the present

I nveFldwashart BOOUssalitie glep HOXE Mhsté)f 604)Q PLRHBNLS dies
invention will be apparent to persons skilled in the
ajtaghed ihe suppertsyriBesag resivere Foppxammlpghe dBs aresdiosEidon.

0 rd Lhedet ail. 0 F.owchar
"EA3 froShiwi afhhel 19 81 ufigch oS Mg dT62M, THEIGPR0S,
suifes® cantheat fgaten dape” sisppeuld beutdoatetoapasdrgckilleddin ther

gxanﬂs{g‘a the dies are dies 104, which are shown
releYAE#ES t o a support surface 404 in FIG 4A. The

SUPP®A &tep 604, the plurality of dies are transferred to a subsequent surface.
For example, dies 104 may be transferred according to embodiments of the
present invention. For example, the dies may be transferred by an adhesive
tape, a punch tape, a multi-barrel transport mechanism and/or process, or a die
frame, such as are further described below, and may be transferred by other
mechanisms and processes, or by combinations of the mechanisms/processes
described herein. In embodiments, the subsequent surface can be an
intermediate surface or an actual final substrate. For example, the
intermediate surface can be a transfer surface, including a “blue tape” as

would be known to persons skilled in the relevant art(s). When the subsequent
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surface can be a "green tape" as would be known to
persons skilled in the 20 relevant art(s). In step

w®Rab4/0128¢6 pl urality of dies are transferred toP@EI/US2003/023792

subsequent surface. For exanple, dies 104 may be
transferred according to enbodi nents of the present

i nvention. For exanpl e, jﬂﬁ_dies may be transferred by
an adhesive tape, a punch tape, a multi-barre
transport nechani sm and/ or process, or a die 25 frane,

such .as are further described below, apd may b

ST B FRetlsy T NP IRRCHER SREY Rhd PPutie Spktug fap,
18Rk B RhirdMg o@ft%gt S8 sRE 8 aPBe %&ﬁ&%ﬁsﬁra@g@&r | bed
herein. I n énbodi nents, the subsequent surface can be
an Imslep 904 Atiedgamiiaed whethentha stibsuérit satfaceuis st fired e.
For e le, the. inter.nediate, surf.ace.cap be a .

st S LR st spilaqeliam ao s aiap JERs e Alesoits Goigg 19 o
bB eknaiently a8 OMs pedidekd S0fdWcHaREG00EK @¥amletdr ThEd -as
Wien_ t he subsequent WO 2004/ 012896 PCT/ US 003/ 023792

shvgn 511k Ge thespracest braceedsdo stend 19w dlogisbat 38Urassbevmay
iP$18 SRS AUEMOLNEo 1Al o A, (3 Apdl HeAhblots Of

ag substrates, anot her "substra y il
pedcedsGO GtepiGD4] whete ttley pluradicy ovhiiésae tHeharapsesed uesiother
surface is a final surface. If the subsequent surface
splsequenf, suitacs; Sters G 2d Q00amey Be repcated @p mepnp dimes as5ds
: e process of flowchart 600 is
r@%ﬁ‘g@?@é %Iﬁ%lﬁ‘;%‘ﬁgf%f\?% in FIG 6, the process
pr oc dexysoff the shepndiigtetfanftbowsfraes aBDAnalambstraiensurfades

FIG 3. If th b t f ' t fi [ .
A G 4R, TN Rl el diereip oo dgeto 1e5ds ¢BeiB0 A e
pedt@ssel Utiadckibi¥d Obeldive Smay ebd hegbdt 8N sfBsee dnfuRif otiRer

subsequent surface. Steps 604 and 606 may be repeated
sgaulipaegushy betweens first and geqoad) shufacts baccotdngter ernleediments

l i ' y0f the,intermediate/transfer. surfaces
B F5ohe Peng(e 1Rand s BLECTRL U ROML R dipS ) B

teatfbsed af Biglbrigadseb rorfrds-dows drienfabishd @otohefic butface to
Vari ous processes described bel ow may be used to

po#sf er nultiple dies si nul taneously between first
and 366 R (AILARRBessB FREH 0N nARREL HERLS: 48P
the present 1 nvention. I'n any o he "processes

adesorel ethcheneparallai dis pomylb eprodesgns franltichrieh déé tehBéct

ads- up,.or. pads-do ori ent tionﬁgfron1one syrface_ to

PLOfG§Sn @rdic frame, and a die support frame. Elements of the die transfer
processes described herein may be combined in any way, as would be
understood by persons skilled in the relevant art(s). These die transfer
processes, and related example structures for performing these processes, are

further described in the following subsections.

2.1.1 Die Transfer Using an Adhesive Surface

According to an embodiment of the present invention, an adhesive
substance coated onto a second surface may be pressed against separated die
that reside on a first surface, causing the die to attach to the adhesively coated
second surface. The second surface may be moved away from the first

surface, to carry the attached die away from the first surface. The die can then
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The die transfer processes described herein include
transfer using an adhesive surface, a parallel die
w@eghi1svsecess, a nulti-barrel die collect 20PErUS®e¥)23792
a die frame, and a die support frane. Elenents of the
di e transfer processes described herein may be
conbined in any way, as _wauld be understood by
persons skilled in the relevant art(s). These die
transfer processes, and related exanple structures
faor rformng these processes, e further described
b§ ranpigre |t1°o§e?°ﬁ5ql§ab§1§ew ofirpusleyr purfacgs.e °1Trt%n%ffé]|a{)
sudBcBGuaih 2 P8 Bani@. Surface According to an enbodi nent
of t’he present invention, an adhesive substance
coat BY5.0htshows sedlomathantr 708c pravadind estgnse e thasderiing t a
eparat.ed die that reside on a first surface, gausing
oY AL ks e A iR o Gt et e 96 bR
strfict aB6r ililieatfRGRARTbs& FbRERarfTPO0 W] POIKLFNEN réfeRts he
first surface, to carry the attached die away from

tor HEG$.i& 59, dihopgle dhe prosessi of Bewchare A0S po0limited g9 ghe
stﬁg%ygsﬁlg)gg{ig%%gz& pl7 be transferred to subsequent
rmedi ate/ trai #'

inte ransfer surfaces, or to a fina

sur f Rlogychat GD0 dsgias sithstepae. Tirktep 702 sthewscoad ke har t
700 pr.ovi di {19 steps for transferring a plurali t*yﬁof

peftiaaned o e slosply adiagentfieythe first suripee Bistihas# plyradity ef digs an
. . " . . : |
RS efeto SERHEIARAY, o ol I FIC B KRR RIS 104 s,

at®ached taad fingwgifaceh®02or Acesmdaiirhé0dhargositidted slosady to

LT e
WaRe Qﬁdsu?wrft 36fadeS or RS Bd AN edelnedPRe GLiasRl Yradicansrt
to the first surface that has a plurality of dies 10

seeoné chderet Hr mpp be Porintsraeditte, or deansfeowhrfaae, Pr Gaydhe a

| urali f dies 10 re attached.tq a fir syr f ace
s biked AhCSeabibe St SRERECH! theflt il FipT L, &
sippbftisuslitd 406 S&3nd irfRBIB0IMBNbS a ghédh tBYAGIA Blue tape,
surface 802 nay be a scribed wafer or support

asihiey gredknoym ipdie Hdusdyy, foresamRlgi at e surf ace.
Furt ﬂ?é’c%’&& a (ﬁﬁ&f%%e eﬁ@ﬁ; épé'mﬂi%? aﬁn(g ?/ %Eeong sTgace is

internedi até or transfer surface, 0
reslubst netl éhes piutaditye of dies exampltiee satppd sirfmiearahdagadhstoghown

in FIG. 4 as s ort surface 404. Second surface
S%’BH"IZ ﬁ‘é@“ﬁé‘“ﬁ t@@@é’ﬁﬁg%‘ﬁée%r"féﬁ% F??@né ébfgf}ce- An example of

this is shown in FIG. 9. As shown in FIG. 9, second surface 802 is in contact

with plurality of dies 104. Either or both of first and second surfaces 802 and
804 may be moved to cause the contact. Note that second surface 804 may
have the adhesiveness because it is an adhesive tape, or may be a surface that
has an adhesive material, such as an epoxy, glue, or wax applied thereto, to
cause it to be adhesive.

In step 706, the first surface and second surface are moved apart,
whereby the plurality of dies remain attached to the second surface. For
example, this is illustrated in FIG. 10. As shown in FIG. 10, first surface 802
and second surface 804 have been moved apart, and the plurality of dies 104
remain attached to second surface 804. The plurality of dies 104 are detached
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as they are known in the industry, for exanple. In
step 704, a distance between the first surface and a

w@emanmssurface is reduced until the pluralitRCDUSHOEE23792

contact the second surface and attach to the 20
second surface due to an adhesi veness of the second
surface. An exanple of thjs is shown in FIG 9. As
shown in FIG 9, second surface 802 is in contact
with plurality of dies 104. Either or both of first

and_.second surfaces 802 and . 804 may be noved to cause
PG, ﬁwg;%fte. 801 o H’éﬂf%ﬁ%‘é_@ ipsshiVr rBergatipched; to prepad
eSieV | )7
it AR T R S DA SR
fisshevrians 88. epoxy, glue, or wax applied thereto, to
cause it to be adhesive. In step 706, the first
surf @naﬁab%‘gglgﬂtd %io&@ﬁ%e r E’agfo\?ﬁg‘dﬁ ﬁg? radditigpalr §ap
whoe Bh Wddkdivy nedterdhl 68 afp?[f@él Ro b aGBAM terrid _esosﬁﬁﬂ?rfﬁi 0

surface. For exanple, this is illustrated in FIG

agesiypassn of themseendisorfagy is greatan thamdhatad healrsbywifasacond

f . d . dth [ |
of ofofe B SRHERE ThPRRG: RRA Btint dfwibe Bed
pati@npstEpar04 3ndofoedb esdut 0 dherdiStatie! inghesh WORZ0AAd 03886

PCT/ US2003/ 023792 _ -18 fromfirst surface 802. The
swiages) qudytognovs s firg Andaseaend s fagesanart or dteseni means

r 8 '

n S s Fafp, Be i BhoPRITRIARRES M RIIER:
7edroogi inelnte tHd wecdfaplerd,Ofistonytypenminetim gt thehniphes, t diojess,

step 5 where an adhesive materjal is lied to the
Sty et s e et g retiredEPon o pbesebend
kAdhace is greater than that of the first surface.

Not e that overlapping (including identical) nmeans may

be udete thet fpweliast TAOsis @pplicble wrdles7igdng orierdetliea phds-

di st bet ween.the fi.nst second urface an
uB.s¥ ROE S HE PRl g Gl of PRy PR Con RS foa BR8
804.f fieyrediantia NBowdhaf B30 00fayiSiadud& e BXEFPIsRp WhGeBans
used for performng steps 704 and/or 706 nay include

iRty of digs atarhes o the ifisstowrfegparepuitaindryg theickidrephens
Bl PRl Q0BT oL P TSI g
strifiae. Henvs veteh tHOfrst sirfpp bndsdobrd sunfade ef etedGpart, the
p urraillﬁ‘.gf]to ddi(iesnwﬁl Fr)ef:jlrr(iiasn_l attached to the second surface in a pads-down
manner. Alternatively, flowchart 700 can include the step where the plurality
of dies attached to the first surface are oriented so that at least one contact pad
of each die of the plurality of dies is facing towards the first surface. Hence,
when the first surface and second surface are moved apart, the plurality of dies
remain attached to the second surface in a pads-up manner.

In embodiments, the process of flowchart 700 may be implemented on
any portion of, or all of the separated die on the first surface. For example,
this process may be accomplished in one or more iterations, using one or more

strips of an adhesive coated second surface 804 that each adhere to and carry

away a single column of die 104 from first surface 802. Alternatively, a sheet
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15 up or pads-down orientation on either of first and
second surfaces 802 and 804. For exanple, flowchart

wQ o®4/8896 ncl ude the further step where the ppPar/EE1003/023792
of dies attached to the first surface are oriented so
that at |east one contact pad of each die of the
plurality of dies is fac_i]?)q away fromthe first
surface. Hence, when the Tirst surface and second
surface are noved apart, the 20 plurality of dies wll

remain attached to.the second surface in a pads-down
s ﬁ .Slvm%tﬁﬁa?qov@sw, aqe) Sichay pe ey oadhergdp gad camke

a?hﬁﬁm‘l’lﬁﬁé BoltBRs/RhHEA Ay %ﬂfsi% ij{)éﬁﬁoﬁtﬁ cd §ok he

iTst surface are oriente at at |east one
cont dbe fpleivingftwe subsedtiensofiret preseptedr ladréin yto ghodie sndrs

faci t ds the first. f . .Hence, th
crEied e oF diti T inirith pe S0 E e AL e
pidpasedl Hotvebr, deAfieseaPink &fRIns Abt 1BEAGD ottResk @ﬁmﬁﬁl@@ nd

surface in a pads-up manner. In enbodi nents, the

process of flowchart 700 may be inplenented on any

portion ob,1 pf padd UpfrdiRrseparated die on the first
surface. For exanple, this process nmay be

acconpl i shed .in one _or nore iterations, using one or

nor e Asgiepiriped dereinwith pefstepee tookliGe d, Bedemi0Ss dies 404 cans
s '
o 68 g PO LY LB 3 Y O

nsineat Wik6 0id/ 104 28190 s ROEA USEROIbERBY 916 in-tAi3 nsdnner] it is
adhesi ve coat ed.secgng guiface 804 may be used to
S o

OLgHeT & that coeEpE e fRSE VBY opulpg sksiaiey 18i ze
ar r ay1Qf 1 Hisea MG chdrPMsihidle ﬁé%erﬁﬁﬁceBQ@st%p;rgg% g;gg}e% ng

two subsections are presented her ein to nor e
defeil bt &uhde walplaesferof This petfommmice begins ngthamstaplHé62.v én

urf.ace, for illustratjive 5 purposes., Hoywever, the

B duDhs onn ok dbms s T A% pRefteh B0 s 50" Gy dom

séppbrtlsuifabadsd bixo tigamkeiteAd 6d %%J’ i 1020is Rigsc@ibBd M bfeater
reference to FIG 3, in ste%fSO , dies 104 can be

detad nwith rretegerce gt BlspdRA. 38 dde Woand ol ayhishigevide e

' " \ e e 104 ]
Ao op ey B, sl Ofl. B Aol Mg 102 mpa,
tab(ubstia | BsldwinghhaibucangLoifamgadsags tafder shefaioa. anay
fromtag substrate 116 is a flowch

i 11 ustiPat {Fgeqenisst ﬁ“éﬂ%fén’g]:g%%l?é% 186 epritey agtfaélafaegsurface-
TR L2 0B Ube HoRE g R TR,
paced or cemeddvitlo tratigferdsurfape 1202an9X perfémonre of this step is
illustrated in FIGs. 12A and 12B, which provide views of a die 104 in contact
with support surface 404 and transfer surface 1202. Transfer surface 1202 is
an adhesive material, such as tape. Placing die(s) 104 in contact with transfer
surface 1202 can include the step of reducing the physical separation between
support surface 404 and transfer surface 1202 until die 104 contacts transfer
surface 1202. This can be performed through the use of rollers, piston-type
punching techniques, and/or air jets.

Step 1120 further includes the step of aligning transfer surface 1202

with one or more rows 402. For example, FIG. 12A shows transfer surface

1202 aligned with row 402a. In this example, transfer surface 1202 has a
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support surface 404 onto tag substrate 116. Step 1102
is described in greater 15 detail with reference to

wOo-2@8/01282A, 12B, 13, 14, and 15, which provi dePCT/US2003/023792

exenpl ary views of dies 104, support surface 404, a
transfer surface 1202, and tag substrate 116 during
various stages of a "pads,qup” transfer operation. Step
1102 conprises transferring die(s) 104 onto a transfer
surface. Thus, step 1102 includes steps 1120 and

w20t Yt il adh ephEth e 1302 af G 01 nblecieve
ol gk e ok bShigtosd 6ok ELBR. odlheath, AR 0

provide views of a di€ 104 I n contact ppor t
49%rface 404 and transfer surface 1202. Transfer

surface 1 i,S adhesi ve terial, such ape.

o1 e A g s e 404 Aok Ee R oBons e 40T phoak
rés3RigGianthi NEhSRE of ﬂ%é@t e abnd SEhpetinGirtabe 40WS i teRkfer

separation _between 25 support surface 404 and transfer

swifgcra®21 2BHS. Uk i a giiew 1042 pbmaldrtof diesahe4 dransfeured dece

[ f t ugh t he .use. of
whiter o8 1965 REGREAI o STE) 104 PO shidSncREelt g4 oap
inotide. thStsedps b Pofiding e Etrorpet wdiesivieneh sheerofurfabé AndmMg
transfer surface 1202 with one or nore rows 402. For

thep O PRt sty facey404; i ddnereasing be rhyFipalssparaon bejyeen

. . . Chis o .
sEhpeptuathal A0 AR sulfile) D05, SRR TER BRATES Bt gis
104 0rom dtppot Otfachat04i eansimkinde ok sieps ofipantidiag si rujdase
row. 402 of dies 104., However, .other w dths 1202 can
o R S R A et RSN IR o e &
rét6Ze dcfos! 9Bh hd 22podir® (S kB4 BiBey, aaBMAGh, f SrOMaHBRE t
surface 404, thereby 5 resulting 1 n the transfer of

lighte prd cregiingfa tslersaaspion vt s timeadensemovad is deained. er

Tos (ERBPRTE T Tt sfel EhisterRubo® et B by
adihes{v@)is LOgliddr ontag sipdiate 510, TG ABbsicaRill bREAMIE bbhe

st eps _of pgrovi di ng a stronger adhesive on transfer
betyiern die dand tagsyhsteyie Slbport surface 404, and

sur { St IO IENR SLE T 0£ SBUH 1198, BSI TR bR OR
ontenay aitbstrhtedil@sn a 1'Paisfupd msmpp o$itp $ LOF MekidéOtheGasps of

i ncl ude, the steps of .providing a rel ease adhesjve on
plagigiie(sh 14 Boemiash wifhiag ssdate 116 adhiggoy s lissb1 04 e

fléRPGasfer surface 1202. Snapshots from a performance of step 1106 are
illustrated in FIGs. 14 and 15.

FIG. 14 shows a die 104n in contact with a transfer surface 1202 and
tag substrate 116. Die 104n is in contact with a cell or indentation 1402 that is
formed on tag substrate 116. Indentation 1402 enables connection pads 204 to
be substantially even with surface(s) on tag substrate 116 that accommodate
related electronics 106. Placing die(s) 104 in contact with tag substrate 116
includes the step of reducing the physical separation between transfer surface
1202 and tag substrate 116 until die 104 contacts tag substrate 116. This can
be performed through the use of rollers, piston-type punching techniques,
and/or air jets. In addition, placing die(s) 104 in contact with tag substrate 116
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radi ation, or ultraviolet |ight, and creating a

w0 edoeasr8I@cti on at a ti me when renoval is desipedUusih83/023792

After performance of 1102, a step 1104 is perforned.
In step 1104, an adhesive is applied to tag substrate
116. This adhesive w Il _provide a bond between die
104 and tag substrate 116. A step 1106 follows step
1104. In step 1106, die(s) 104 are transferred onto

.tag, sybstrate 116 in a "pads up" nner. Step 1106
™ Aciradban| miiealipe Belidon iy sich of Aigpey dies A with

c&%f,@&ﬁng/\jngghtgtﬁglsqq@‘@trate 116 and renoving die(s) 104
fromtransfer surface 1202. Snapshots from a

per f Bemavel of die(9t16p fiob Bansfer suifataikt02aten dndlndeRhGstepd 4

nd . FIG 14 shows a ,die.,104n . ontact with
of Piihis 4 wiimest aTESHE of (6 Syuagal ne et of Fustishefn 4,
1202, iand GRAbRGElg Met fhydicaE bdpafitioh NidedaAt irAR fok ARt abod s
25 forned on taq substrate 116. |ndentation 1402
anghtap isebstreterfé c ilismapinely, mowvabofshessidsirem shippdrisusiaen

i f . supb .th a
AL BAPS6E S BRSPS RS oG8 sRSSETRARLS
1202 that Bgessitibéliasbieerdpdties updh bR Eeatd1actidhe Puchf asr @ogir®g

t he physical separation between transfer surface 1202
toathgrmea] gnergystadiptien, argulirayiplet Hel, sk cigating rdegsggotion
SHBSE %&g, thiesir&an 30 be performed through the
ause o?%%gf erg}ﬁg?éfgﬁ-type punchi ng techni ques,

and/ b1G.al¥ shetsa die 18dudirtleansd fpdradiangfediseffsde 1002 amd

tact with trate. 116 .2 / Q1289
uBEHT 0 Se07rgs L1 s WR g it 1o Dot 28 e
subfhHABB et Rayh SR rRls abbD AN U5GH 6f f) hBékratd 406, thereb

correspondi ng indentations 1402. Renoval of di‘e(s) %04
efigbding telegtradab cosnactianse tol be Zasibn fermet Urkéwedve padsep@d and

rovidi.ng.a ronger hesive on tag substrate 116
“ﬁ%g%e%ﬂngygdg%é?m%hfﬁggSes f%fﬁZ, and i ncreasing the
physiag@t stpPEr0s; iaoﬁtgfeltl‘%ei@_ﬁdi@ﬁﬁé&r musttpag 08 2@datand
tag substrate 104. ternati veI%, renoval of dies 104
cleptrnieulfioorre paited netag substigtenl on chierl é 1 9heans easprrisgfthe

st@%so%k %&iﬂﬁn@.r?lﬁiegaecigct?om‘isi%e o?t% {aé aﬁ%&tﬂte leir6f %g&ghlg 02

that Foses®it adhesive properties-upon a release

saedn prntirpuplocess, ex s jut rodess,t dndfored theARslgspray process.
radi ation, or ultraviolet light, and creating a, .

Alrafuaasied ohl0o: 6o comrisselinis Pgn’i?%ﬂ"mr% coedictxe,

material already disposed on tag substrate 116 through an oblation process.

After step 1108, a step 1110 is performed. In step 1110, an

overcoating is applied on tag substrate 116. This overcoating protects
elements of tag 100, such as die 104 and related electronics 106, from
mechanical forces. In addition, this overcoating provides electrical insulation.
Moreover, this overcoating can provide a compression force on tag substrate
116 to further ensure proper connections between related electronics 106 and
die 104. Such a compression force can be provided through the use of heat

shrinkable materials.
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FIG 15 shows a die 104n rel eased fromtransfer
surface 1202 and transferred to tag substrate 116. As

w0 kdousiasagd ed in FI G 15, pads 204 are subst ane@EIUE2003/023792

even with surfaces 1502 and 1504 of tag substrate 116,
thereby enabling electrical connections to be easily
formed between pads 204 apnd 15 rel ated el ectronics
106 printed on these surfaces. After step 1106, a step
1108 is perfornmed. In step 1108, related electronics
106 are pé gﬁeg n tag su éérate 116. Step 1106 can
conpri se +h 2sJ20% THsiSE i ng rel ated el ectronics
106 onto tag substrate 116 through a screen printing

pr oCA&S YescAiBed RkreirtWitR t&ERES tod 10, 9 indstdp RIS Bes 304 ¥y
process. 20 Alternatively, step 1106 can conprise the

be tragsiesredrieors siprprt erthge D4 éo tagevbstiatg 11 entiadgidepnsed
etra%?e%baséﬁ 3@2 1s]r}a1}s¥e?fe§ %%%g%ﬂbsg%reﬁ) 1&%1 éﬁr ?r‘fa@ rébt is

odditél soxhatopheaRigipads 2<$4aa<pmbe favaeds thaguisttastligt e 116.
Thi s_overcoating _praotects elenents of tag_ 100, such

as oFK. 1645 arilovineilestahing £ PeHPERNTD 6f step G ipgreater
d&it ﬁﬁ‘“'g&d%' FH"GRdstet "TRM ?E%ﬂhnc%ﬁé%n@%ﬁﬁ %% 1%2 In
provi des ectrlca i nsufFati on over
stopy di60Datnengr orne diesvi(deara areniedefes ipads ﬂownarmfet dpm

SRR AU Ghio QBB AL07 BisPal S s croas TaeRes
d&@ﬂWlﬁﬁ&!fé?Qnd‘e%qu%am& €143, 0L g dpll NOMEhThie d#8eings

heat shrinkable materials. W 2004/ 012896
pRCHeUSEDOBIY ¥5re0of dig 10, Euppozt Pabtse B@Wna Teagfef srfads

1R et Yulded PR FOFReaoil Lipbiie LlPrace

s df@ "pads dowastifaab®r dddatidgh. @ “pads down" manner.
en a die 104 is transferred to tag substrate 116 in

t hi sSPRNHYE, comprises a5step 1680 o tsansfarans ditnet4 Agiopads
oA b BT, £ 80y A Mg
s@x)ﬁ@etrgtrans:fe:tmfacé or "pads down" transfer. This

per f or mance mnth a step 1602. In_ step 1602,
one Sﬁ%rléZ@ 3&6?5 4af%8 RJRGed P eRpiast "ﬁ%gr%%nsurface

f tq e €
mfds%@;fv%%?fn? SOREL P! A ol heg, BTALEL

of dice) &0k Fommpupp@s surfR:a,404 2B{rark 8 b6rfacenkR027 - 20. These
dr RS 124 and 12B provide views of a die 104 in contact with support

surface 404 and transfer surface 1202. Transfer surface 1202 is an adhesive
material, such as tape. Placing die(s) 104 in contact with transfer surface
1202 can include the step of reducing the physical separation between support
surface 404 and transfer surface 1202 until die 104 contacts transfer surface
1202. This can be performed through the use of rollers, piston-type punching
techniques, and/or air jets.

FIG. 13 is a view of a plurality of dies 104 removed from support
surface 404 and transferred to transfer surface 1202. Removal of die(s) 104
from support surface 404 can include the steps of providing a stronger
adhesive on transfer surface 1202 than on support surface 404, and increasing

the physical separation between support surface 404 and transfer surface 1202.
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provi de exenplary views of dies 104, support surface
404, a transfer surface 1202, a secondary transfer

wGaohacsId 702, and tag substrate 116 during var@DUusS2003/023792

stages of a "pads down" transfer operation. Step 1602
conprises a step 1620 of transferring die(s) 104 onto
a 15 primary transfer susface and a step 1622 of
transferring die(s) 104 onto a secondary transfer
surface. In step 1620, die(s) 104 are placed in

face 1202 _and renoved from

h f
AN Elae%rlt@et{%yupm REEFaRg 40 CER eGP er
sfbps (Hf%réifldilr%‘lafr@ﬁgées HRROLE oRU&H, p?Sﬁ APbct %Oft-l rtﬂﬁ‘tsfo‘sa'é's 1t

surface 120 12A and "12B provi VI ews
aghesiveopropertieowpanct ra}ﬂatsmacgmppsnch as sypdsameto4hermah ehergy,

nsfer a 02 Transfer surface 1202 is a
AGROS B AAVERF 1ERC 2 R 5 eilétsr 3efors Anadiiss
réfoeid @tredqM th transfer surface 1202 can incl ude the
step of reducing the physical separation between

su p pdiier stepr630.a stem 16dis Ppﬁm@r h@@d@é%l(ﬁ@(z) Uk ark
f b
IS8 RIS MOS80 B AR D i 570

IpstepHicay, dlts@ nm gteeslacedrig /ceﬁtaau With gécond Gandflr bifRe
ity of dies 104 renoved from su?sgort
®

ShET 5 foBroides oh Sremulibotew & eHanares stk e 20
a@ﬁ%ﬁ%’tac@(vﬂﬂ' tBfnSter é\% hce D@L &'9&85{1&2 Waﬁﬁglgﬂﬁﬂgﬁ
0 esi‘ve

i nclude the steps providing a s nger
Phaving @n@b é04 suedndape \xfim(ﬁcdnkiany toams feut pmtﬁade 1502 tacichad,

t bet
&5 P &R dhe hSiGh i ariion HeR s st To9wS Mpand
208 ﬁﬂ?a%@ @2%’(@%@@@@4’ QA2 rans s sﬂf&d%rl@% | @ls¥ean be

renoval of dies 104 from support surface 404 can

perfermgsethronsh the wpssofofollpns oniptehigpeapurshimgectaitives,iand/oon
pport surface 404 that loses it adhesive properties
gon a release action, such as exposure to thernal

ener ¥ext, puasticat it® l’$tep0I622| dicy) OdLtard r@hdved aR6nCERdtck NY
a rel ease action at a tinme when 5 renoval is desired.

spifacer 128 do camgplgte the Feusiprte Q@Onéarpfélran@‘pmfaw ﬂ17@2‘[ dgG.
987 S0 O8RS PRl o,
aBd eptheB2@e tohinefespd 1@ decandarplranser surfaconvext Asideeribed
hgr%?o%do% ¥rans etrJ %&r ace ILgOfZaa%d secondary transfer surface 1702 are
adhesive surfaces. Thus, removal of die(s) 104 from transfer surface 1202 can
include the steps of providing a stronger adhesive on secondary transfer
surface 1702 than on transfer surface 1202, and increasing the physical
separation between transfer surface 1202 and secondary transfer surface 1702.
Alternatively, removal of die(s) 104 from transfer surface 1202 can include the
steps of providing a release adhesive on transfer surface 1202 that loses it
adhesive properties upon a release action, such as exposure to thermal energy,
radiation, or ultraviolet light, and creating a release action at a time when
removal is desired.

In step 1604, related electronics 106 are printed onto tag substrate 116.
Step 1604 can comprise the steps of printing related electronics 106 onto tag
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1702. FIG 17 provides an exenplary view of such
contact, where die(s) 104 10 are in contact with

wo e@adizee surface 1202 and secondary transfer BCF/is1963/023792

1702. Placing die(s) 104 in contact with secondary
transfer surface 1702 can include the step of

reduci ng the physical sepgfation between support
surface 404 and transfer surface 1202 until die 104
contacts transfer surface 1202. This can be perforned

t hr oug e use roll.ers, piston-t punchi ng
SPRSERT Etﬁt @ﬂ 8?reerr3natlrrg PRFsSs, ;z%p Jebar%%tn@nt/er a
tBdrBRl & s) r
R Q0% P Rs S LA, SEAD YL, PP CHIBbALS I step of
rcmfa\nsg eondgtive omiciad 2lreddy@ispoidl bs tag wibstvatef118 tHiomgh 04
g{aﬂhas been renoved fromtransfer surface 1202, and
apg 8P BFGPE transferred to secondary transfer surface
1702 ésp dee6,d ge AeonBi®ive adBR i Eﬁd%%(ﬁ 8h t8HEfRERe

1202 _and secondary transfer surface 02 are ~ adhesive
146 £ Bleis StepTROPrises napphiing fan dingsostppitoadifesiven thataeeyfdests

te f
eI 4 Sha1iAhentilE BCalSRL RO BomBlR M,
"vhagis" adhdésiv) shlgch S rvtat:leaol@ﬂar tieNdelbVi@t &S] NAnisBRopic

ysi cal se arati.gn between transfer surface 1202 and
aggf&}’ﬁﬂ aF?Pdt“P R @HCIE] ripa @e srgly  divestion.t or Faerefoa, ythey
f psu 2
HERARbu] oS kictftal [AMAHBACLE] oo WARIDACHENGR]
conmahg padsu2Gdanel £RO@1 theatonicsH® withowdhesing &onnecting
p?{lﬁgﬁerti%ﬁ upon a rel ease action, such as exposure to
@rgy, radiation, or ultraviolet Iight, and

creafyh REpa1 608! ARK A bRNrdsfefrell dHRo ve&gteeubs&sr@rr% i §
desi red. 30 I'n step 1604, related electronics 106 are

"prdsrdosa” apanger. aghe ahisotrepieadhpsive 1sstee plaved an ¢amsubstrate

I s_of. printing rel d eIec roni cs 106
8T Sg BB ARSad gsB el St eh g
padibst raaa eoktEpdndtnpudbmants OF @€lRteR dldbtdoR ks PI0BC ESEBp 1808
ink jet process, and/or a thermal spray process.

Cmnperqﬁétlt steps,of Hleipg disti 104 casigst med tag substrats 146 and
d t
rfE 8005 108 ok KRB Ph B LA o 200°C8 P srop

1606 Ple&iﬂgagﬁre(s) dio4dendutati with adhesbstatd $1@kac @rd:hﬂfé thag

subst 16. Thl st ep, conpri ses ap l yi ng
steRi orfa Plasicgh senssation s secon ary transfer surface

1702 and tag substrate 116 until die 104 contacts tag substrate 116. This can

be performed through the use of rollers, piston-type punching techniques,
and/or air jets. FIG. 19 is a view of a "pads down" oriented die 104 in contact
with secondary transfer surface 1702 and tag substrate 116. As shown in FIG.
19, a punching member 1902 can be used to punch secondary transfer surface
1702 at a location opposite of die 104, to transfer die 104 from secondary
transfer surface 1702 to tag substrate 116. As describe above, other transfer
mechanisms and/or processes may be alternatively used.

Removal of die(s) 104 from secondary transfer surface 1702 can
include the steps of providing a stronger adhesive on tag substrate 116 than on

secondary transfer surface 1702, and increasing the physical separation



electricity in a single dinmension. One such adhesive
is commercially available "z-axis" adhesive, which is
wawedokokasoswn in the rel evant arts. Anisotropi c PCT/US2003/023792
adhesi ves conduct electricity in a single direction.
Therefore, they 10 advantageously enable electrica
connections to be establigshed between connecting pads
204 and rel ated el ectronics 106 wi t hout shorting
connecting pads 204 together. In step 1608, die(s)
104 are transferred gnt ubstrate 116 in a . "pads
RS SoraiE RSt SR 17 G HaREGTHE | Hy ehihatively: on
rdrB@a$ WPdiéAl 64 fba %éc@n&;{i;/s&a%af&féq a8 9Y0AES Aud th
el ectrical connection between each connecti ng pag 84
stgpgl of proveip® adelegseaidbenivet on efconédrattmastet eofacerli’o3 tHH6.

St 1608. [ th t .of pl.aci di 10
RREfs v RO et o il Fise Botiot SBtE SOABYS et s)
eddy [ faaimiseCcOngianyiolet #BBE ahd THatins @ L1 adtlodCH Ntime

die(s) 104 in contact wwth tag substrate 116 can

vibge repeval fredesired. sFKp 20fis ¢ stbweohy "nade dpwys piderted die 104
' secondary transfer surface 1702
SRR L LA eleen

€ 116 until die 104 contacts tag
substrate 116. This can be perforned through the use

f [ ' 5. hi t echni , d/
243 Vet o, PerlPRE SRR ROE SR down ori ent e

die 104 in contact wth secondary transfer surface
1702 ,and tag, substrate 116.. As sho in FIG. 25 19, a
punc I‘]A’fcﬁ'&rd et P T@B‘% ‘gg RUBGh prog &t (\lla‘mtbﬁ ﬁﬁﬁe’g‘e’@?ﬁ?m’ﬁpya
sédoad siufices siichas @ puddidp@tis MigrRadkboRpMRAYidstialhedits
104, to transfer die 104 from secondary transfer

adirplf getace.7 Fhermymel dpps Jiss mpwiiple 16 recaptod dslesi Tivaindwe,

o0yt P2 s TSR T8 B0t FUSASHEER e
asecenstading dansf the fisr firtee  70R1GAN madBariiod | pidehdshae

steps of providing a stronger adhesive on tag
a%t%tsi? F%Pvéﬁnf%e dihEAmdhe fisst sErerpgrptor thy gerresposding aeceptor

, : casir . :
s OB h R L0
hundreds of des; franebel O fand tammlsubatstyateo 1thé.punch tape,

.Alternativel renoval.. of dies 104 from secondary
H@%&ﬁ_@?&“éﬁ?’%ﬂ#@“ﬁ@? é’&rf‘_tia %de the steps of
proviRGNgL ahéved aafswahesi 0e pRIViGRE ARGRT tr tFANSHRT: a
surface 1702 that |oses its adhesive properties Upon
phirldy eofsdieg drdnory, fissishrfags txposorml suficdrersing a parallel

punching process, according to embodiments of the present invention. Note
that steps of flowchart 800 that are optional are shown enclosed in dotted
lines. Further structural embodiments will be apparent to persons skilled in
the relevant art(s) based on the following discussion.

Flowchart 2100 will be described in relation to FIGS. 22-29, for
illustrative purposes. A perspective view of an example punch tape 2200 is
shown in FIG. 22, according to an embodiment of the present invention.
FIG. 23 shows a cross-sectional view of punch tape 2200. As shown in
FIG. 22, punch tape 2200 has a plurality of cells 2202 formed in a top surface.
In some embodiments, punch tape 2200 may further have a plurality of guide
holes 2204 formed in the top surface.
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5 energy, radiation, or ultraviolet light, and
creating a rel ease action at a tinme when renoval is

waele®isnexss FI G 20 is a view of a "pads down" oPCENSI®A3/023792

die 104 attached to tag substrate 116. 2.1.2 Parall el
Di e Punch onto a Support Surface According to a
paral l el die punch procesgs; of the present invention, a
10 second surface, such as a punch tape, is aligned
over separated dies attached to a first surface. The

punch, t ape has |tiple. die receptor hales, "divots,"
or & &’Q efx&pnmeegé'i}ownamsﬁﬁ iéep far¢ @2BP Ay R kqrmied
flon€a PHRG: j [ i & re ' 2@ 4 Of
e P DR 232 TR S LS (e P304 RBARRE e a6
inattashed do ndopioghsurfiee of guiclotapt fredyi2362. Punélatpeitoily

.correspondi. receptor 15 cel| of .the punch tape.
200 it P GIR0Ig 7S R Bpvon i, o1 HisDaPHD rehdREnd
thivagbs el Tagdinglifes 5 GAR e 1) B Diicd hiskillds 2 PRALS ia)ge
into the punch tape, instead of nerely transferring

badie 280% may ke made from plastic] ox Frows other flovibleaen napiliexible

hdi sferri a .plurality of dies
PGS RhaeDRpt 200t WERZOE bl A< or PRl O oHheF
afilaesilel rebteri2l0 Adtonadhively, purbeasse 2200G04ydbd 8 cdriventional chip
enbodi nent s .%g the present invention. Note that st egs
CRTISF 12§ \iEh Ay laBlsoin; the indisEy.opid/ eary dee siRslRrpicsscrumshd
tdpgd, dotted lines. Further structural enbodinents will
be apparent to persons skilled in the relevant art(s)
basedetn 2202 afeodpenwinng tapi sxfeseiofpundt tpe RA00 aRd @ wit| |

be d | bed i lati to F . -29, f 25
PR (R 1F% PP SR AT U oA R Ak | CBreit i GHIsdon ar
feX AP &m P PRIPaI R RE offifed ﬁnoféﬁ?%ﬁélch Rapd $5dy22302, having

according to an enbodi ment o present “i nvention.
opg end paveserblg adhesive sapesiBddi diwl opeiiegs ofaydernréfotmaph or

. ' 2 h 200 h
BRI Poe S800F Breri i SPPE PR * 1
sone Veldaopies@int guid® Uoks zzenanz}Zg@ndmye U] rtﬁ&Wa?;hcﬁf'bﬁgﬁ

pl ralit%/ of guide 30 holes 2204 forned in the to
pupgly igpe2ZQRd0 Ay Rpen 4289 Botter Anb e Bos s punclpigppd2(tie

PSPPI LB 1R PRI SRR BN O
useite aligH punchotbps2208 witlpesizBRd4. is attached to a bottom
surf 95 h fdigclillggign ttﬁgte fo*iﬁ)d S, Zp%%gh tgll)'len CZBOE) agedgsggged as
receiving dies from a support surface, and transferring dies to a substrate.
However, in embodiments, for example, punch tape 2200 may receive dies
from a surface that is a scribed wafer or support surface, or an intermediate
surface. Furthermore, punch tape 220 may transfer dies to an intermediate or
transfer surface, or to a substrate surface.
Flowchart 2100 shown in FIG. 21 begins with step 2102. In step 2102,
a support surface is positioned closely adjacent to a surface of a punch tape,
such that each die of a plurality of dies attached to a first surface of the support
surface is closely adjacent to a corresponding empty cell of a plurality of
empty cells in the surface of the punch tape. FIG. 24 illustrates step 2102.
For example, as shown in FIG. 24, the support surface of step 2102 may be
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2302 is typically flexible, and may have a variety of

t hi cknesses, including 5 thicknesses ranging fromb5
worRdog/01239l1 mi|s, or other thicknesses. Punch P@p®s2003/023792

body 2302 may be made from plastic or from other

flexible or non-flexible material. Adhesive tape 2304

may be any type of adhesijyge tape or other adhesive

material. Alternatively, punch tape 2200 nmay be a

conventional chip carrier as are available in the

sthor et A s il oA igne oGty ARREEAS BtBHAR B0,
A%208wand FaGed) %tpluﬁﬁﬁ)nop(ﬁe% F‘@4ab&}E LT rt§ glrs%é)g{ suRHRE h

tape 2200. Plurality “of cells 2202 are roma

494, .and| anpihep plusgligy oA dies tI0AD aghatreherhtat thp eutfaskyo 28080t
havi d .ed by. ' L. 304. Th
OB s Ty oo CRERlRretdioBT 0 el ohE disseheadiren

tPatnehpty R 22806 dinch apen266.chi ng, or by other process.
When present, guide holes 2204 may penetrate all the

oMgiso pmshe perdiaaraush24@peasitioned ladjabat tom

way

rfac . ch. tape 220 . Of be ope
s BReRY AR SoclipfBoth PRREYE Whogt®iay B e 50RREL,
ibentiots eButichingd apparapisn402tiapladea?dBody 24042ariug gﬁl@zﬁity 30
In_the discussion_that follows, aqunch tape 2200 is

PHRERS eSS 24PR cRIRAE Tarakerr RANS aresifppise to Sody 204,

: . r
G ARl Chin e Q0r 212 AaT WERhY BS s st E e .
deliies infludmgaa Slat fateet Inating puachéy nteatbemwa?406 extending

support surface, or an inteynedi ate surface.
iR oropey P56 reline B Whsg oty Vs ReRBineqRaEbE 2406
ekBhERFRAIRER AkiallgSthkfedioal € Piihin@CoHpatiust 24® may be
substrate surface. Flowchart 2100 shown in FIG 3’1
coftguned i additiondpvays02. I n step 2102, a support
surface.is i i gned gcl.ose dj nt to a surface of
a pu%%%telpa%g(% asﬂu ?hest %étthee QL‘%algV e(?fg 198 %Y L?}IBPII!{ oGty
trieheerrat inde beely adicdnt] &drrespoddanedptyt dells HORPMet support
surface is closely adjacent to _a correspondi ng enpty
swdace. dfor sxynpleaasi 3¥19W§f1ﬂ 38Ge¥htall died ofsplpmglityhef cgesf ?&’(fe

RO aRIEY ohARTeen el Sy she LRtdsBh R bR R 220
of trepclR R 8200 by MACEDRAARHARRS 28CT/ NSABORAORIFAR 25; 27

support surfac 4, which is positjoned c| osel
p%ﬁg&ﬂﬁaﬁs&m%ﬁ &@Vfg @Qwardo to push each of the plur:%/h'ty of

dies 104A into their corresponding cells 2202 by pushing through substrate

surface 404. As shown in FIG. 25, substrate surface 404 substantially flexes
to allow punching members 2406 to push plurality of dies 104a upwards -
without substantial damage to support surface 404. Although not shown in
FIG. 25, plurality of dies 104a become attached in cells 2202 due to the
adhesiveness of adhesive tape 2304, and remain in cells 2202 after punching
members 2406 are removed or retracted.

In optional step 2106, the punch tape is incremented relative to the
support surface to position each die of another plurality of dies attached to the
first surface of the support surface closely adjacent to a corresponding empty

cell of another plurality of empty cells in the surface of the punch tape. For
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As shown in FIG 24, a plurality of dies 104a are
attached to support surface 404, and anot her

w@bkamnalispy of dies 104b are attached to the supdEHUS2003/023792

support surface 404. Each die of plurality of dies
104a is positioned closely adjacent 5 to an enpty
cell 2202 in punch tape 2200. FIG 24 also shows a
punchi ng apparatus 2402 positioned adjacent to
support surface 404, according to an exanple

dlnen of th resent _inventjon nchi ng
e’é?iﬁﬁ?ataﬁss oW 211 %&‘Bu%ésp‘gmll}oweﬂ%p@ Q?‘Fd%ﬁelplfi}?‘éﬁdl £pd of
pOHAGRHANGodEBRE LR '
at t achedot 0 bodyn’%ﬁ%ﬁkwﬁfﬂ?%ﬂ dﬁg P%Eﬁ?%@gﬁnc éen
2004 of puich tapsy 280 zsn§10$e§1fpadjcaéempp Ieadndhbmfpﬂmuahtmgf dies
lﬁrgth‘b including a flat surface having punching

ers 2406 extending therefrom or may be a

rol | iNoge Biab the/ BRcERY bE endtrhhtRUNGlHcA%a g@@b@@ SeBAPS to
extendi ng outward radially therefrom Punching

SunYHr itfaee %mewhbteanycwfqrgu@n@daf ipanetdtipe 2806, suppyrs .

R 880 Bl 55 108 B0 e, P

mpeﬂgppmﬁm thgseestghynts edlatrelto aist10g ob ittsurfacd d@ce.
For exa as shown in FIG 25, all i es of

pl ur & %P OI@E stfired10fp el digs é’fs‘ihﬁlﬂnpﬁﬁécﬁ’ligﬁl}'t}’b@f figs are

t
SHfABSLAENS L REnP K0 SHHAPCLIETRAY S eogoR
cetesponding i@ty 26l1s. 2(Fap usxaimipieg asmhbwnl mnFRZl% paaching ed

RN S PSS 5 e Pl b e, S0
c8lub3b2. atpduraiiyrdrasiss 404h b@&nﬁ"@ff%hbcﬂ i 'c@ls 2302 §Whe) Lit e

surface 404 sSubstantially flexes to allow punching
aﬂ@ﬁb’éﬁ@wﬁ@ﬁwﬁl@etﬁwm@#ur ality of dies 104a upwards

A nghgnaHal Hhoatlo IR R S5 el Foercditny

sdidmtibey @Hﬁheét h@dfdie@i tb Mhé ehpport? d@2acd URve ekl @ransferred
adhesi veness of adhesive tape 2304, and renmain in

fiog} the Pipport seuface t9ifhe MuAgh tapenthiets thaomtianal stepro¥kdS, or
ragt t

Z:iﬁgéragﬁgﬁ?% gﬁﬂgﬁg teh@)gﬂ{ eﬁ‘{tf&h&%qgultlﬂ% 1teli2 O%g atr?a ge%ulred

tepwichiphurakitgc diksefrah oaa et tp Iaudstaéﬂ doyth@lf alﬂdhe§ attached

t%ﬁ? hed o the ? first surface qof the support

%5“6 agg aeytrapigiered ip thesegop ﬁwé%cﬁorla.qﬂ@erém % o8l |

0 | f
R BRIl 8 ek B BN SR n S 8y 585788

substantlally equal to one out of every N dies of a total number of dies

attached to the support surface. Thus, in such an embodiment, the support
surface may be positioned closely adjacent to the surface of the punch tape,
such that each die of the one out of every N dies attached to the first surface of
the support surface is closely adjacent to a corresponding empty cell of the
plurality of empty cells in the surface of the punch tape. Hence, the plurality
of dies are transferred, but not all dies.

In an alternative embodiment, the plurality of dies transferred may be
all of the dies attached to the first surface, so that further iterations are not

required. For example, FIG. 27 shows a plurality of dies 104 attached to
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-28 exanple, as shown in FIG 26, punch tape 2200 has
been noved and positioned closely adjacent to

w@banalaspey of di es 104b such that an enpty cel PCT/RE2183/023792

of punch tape 2200 is closely adjacent to each die of
plurality of dies 104b. 5 Note that the process of

i ncrenenting punch tape 2200 relative to support
surface 404 neans that any one or nore of punch tape
2200, support surface 404, and/or punchi ng nechani sm
2402 may, be ved in order. to properly sition these
SUIROHe Y99 e et Feis ea%sf{laola Bis s of oy pdiassnuda,
cbﬁ‘es@@fu{ﬁﬁ@ g §%@Pir121§191%h t%%el 200e SASOJho%%P@*I@I be punching

plurality of dies are si nul't aneousl'y tran
nfechanisrh 848 iasor plusality etpnnching rodrolsed 94 dhato@mtespond to

PR 3B 5 Bt e inasioe R A ey
plhdl ﬁklhﬁr& o slbpsrt 5@dhcd 400 alinBedf ﬁfiﬂ%ﬂfty o€ Qlids 0%
Plurality of dies 104b becone attached in cells 2202

myed {180 gerrespemding oellseX2 of parihdape R 00agmubagepuslys | n
ti , 6 2108 can .b :
PP e SR SRy S mBlRRRaf MR R Sserbet ne

heteprpaetapslivabrae bodysadsaprardrpaasiedh @ik ofid@Monke Hence,
pg{lﬁpport surface tq the punch tape. Note that optional

alj¥ of digs, 104mey beqrgpsterned i perrasporshind aele?i02 Wik e

I bl o i B LR Bk LelIE 07 & BUREE, Plithtpold
pandhagh etbcRinism ¢rhisodimests may foec altamaed rwitts hdhiased tape
n, ot her

th f ds,. f ; | th
USROG S Ioh oGy ot ool oCARTmGH dles
184 e Plefi®Y aR @dh&HRShAM %%:Xlg&ﬂﬂ)atlraﬂs%r ARE Al lor ﬁﬁ]oerg Vigle¥ N

dies of a total nunber of dies attached tot
feligypesr by eufinal cleansfiuef, therpluradity af déssbbdt berthe punehing

[ rface b aositi.oned cl osel dj acent to
R LR PR B B P e BF e R B e
des viitteeiaepady tup @f peked o britir@s baihl peRGRd o thigs Jiopst

surface of the support surface is closely adjacent to

a cofPedsHREs-HE Ahpramnie stepot 106k suppertusuaface y0dfmayrbey
. i t t h
bS8 O, ST By 08 UIEL ) A GRO°Bupd e
2260 anay hb serobat overdiriudichespe 22006 gdbvatical isb yhad bmgiyedie

transferr ma e 30 all of the dies attached to the
HEPE caly U2 aBSradiaver dreoRin by SFRLib S SHPRTBIRCe
404. Dies 104 in the column of support surface 404 are punched into the

empty die receptor cells 2202 in step 2108. Support surface 404 may then be
again incremented by one column, and punch tape 2200 is again advanced, so
that the next column of dies 104 of support surface 404 may be punched into
further empty die receptor cells of punch tape 2200. This procedure may be
repeated until support surface 404 is exhausted of dies 104.

Example die transfer embodiments using a punching mechanism are

described in detail in the following subsection.
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required. For exanmple, FIG 27 shows a plurality of
di es 104 attached to WD 2004/ 012896 PCT/ US2003/ 023792

w0 2®4pwsport surface 404, where each die i s poRCT/US2V631023792

cl osely adjacent to corresponding cell 2202 in punch
tape 2200. As shown in FIG 27, punching nechanism
2402 has a plurality of puy Pchlng menbers 2406 t hat
correspond to plurality of dies 104. Hence, when
punchi ng nenbers 2406 sinultaneously 5 punch upward

into ort surface 404, .all die lurality of
di es Zig'gplar e ggﬁaaﬁf%f @W@E@%ﬁw{‘?ﬁgﬁ%ﬁ tenngSebstigte
punch tape 2200, simultaneously. Note that the punch
ma chaheccondidg etot araeibedinefib o the prsseateirentiad a BeAGIK:
%@ﬂggilcabje to both pads-up and pads- down di e
s gk simylizgequsly fﬁ%feéleﬁ‘i}yd@@f @i Rdwraliyzofidigs fiem a

ﬁfsﬁﬁﬁfa@é ﬁfrgctl}n&ﬁo QQ:"O{I%%)%C dh rl\gte%ﬁ‘la bhshal We&@Bé&%@ds

facing 1n or "out of th espondln cell's
Wbyt thedfirsFsurfave ismo sepportruniabe thgt aecheniepmaesihdied Femtas

e altern th adhesive_tape. transfer
Lo ditn Bine et alog b R B L i BhaEiong el pigopber of

SQediRicaidvRRs, dhcklhERFITI O 1hgnce, an adhesive tape may
be used to transfer dies one or nore times followed

by a StepfallQZ amchfzé% of ﬂomhm 3180 isaypoof thei @msi[eﬁMfobylie

5 ani adhesi t ape
08 SRS AR IR e d AR S S
etétesurfaag] anupbaratd ’dsed @¥heletdid dufab8i PIG PGS Ehtes
into cells 2202,. For instance, in an exanple step

%@@mpm&st&@m@hma%@hawﬁpz Efetram?&r@némaédf Wlww4

0 t n Punc ape
355 rna@jf eb‘?ﬁ%% fof © & WSk SIER. 7y g BefigeS
rdunetityog dagaibstiatt pertiphy (idi. gag %sﬁﬁeﬁpmaﬁd)cel I's 2202 are
20025 Wbt #50: P wichivs orchanispord0hbet acuitaba o e
t t | 2
ﬂ;{ﬂgﬁgﬁg%roﬂgﬁf)ga pipkg)ft ﬁfséfgra}‘ea g)'oﬁtlfnj&ie ?}gﬁ%ncf e, ﬁleg 1(8)% !)1'? an

dppesiteneuface ofsuppet swifanerdOdanth plmmhﬁbdm’&pmm mspport
ggt t he next%q%olunst f dies 104

vanced
%?f% POl posﬂﬂc}“ﬁg S1058Y 3lidreRkiophA stgaje SReHE
280R1 stickl kit bRGERE Q04 6£tHeHRhItHOTE s iAPBsAY Q&ﬁa kS ta
procedure may be repeated until support sur ace bE

Si“?“@%h alfst @@Cléftagj Festraigdl16Ebesrpontactipesas 2a0rs fued 210b for
SRR RR BOAG FRShgmem or e decor bed

Note that an underfill material layer 2804 can be optionally applied to
the surface of substrate structure 2802. This allows for each die 104 to be
underfilled when attached to substrate structure 2802.

In a modified step 2104, all dies 104 of the plurality of dies are
simultaneously transferred onto the closely adjacent, corresponding tag
substrate 116 from support surface 404. For example, as shown in FIG. 28,
punching members 2408 may be moved in the direction of arrow 2408 to
transfer dies 104. FIG. 29 shows substrate structure 2802 with each of dies
104 attached to a corresponding one of tag substrates 116a-d. Underfill

material layer 2804 provides for an underfill material to be located between
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WD 2004/ 012896 PCT/ US2003/023792 -30 2.1.2.1 Direct
transfer from support surface to antenna substrate

waecwantisng t o an enbodi nent of the present i nvRCL/US03/623792

punchi ng mnechani sm may sinultaneously transfer each
die of a plurality of dies froma first surface
directly onto a correspongli ng antenna substrate. In
enbodi mrents 5 where the first surface is a support
surface that attaches separated dies froma wafer,

oieh G J07 s suphag Ol A Bl aedl aifhi B
uhada i1l HferiaPl SR8 28007 e Fthed 484ri0dd tH&deﬁWin%ZQeQQo

support the transfer for die froma suppor sur?'ace
to alsilbstreaner, ayfenabtyi oSREBRY tagh 108imay be papdily orenpe, as

econd surface n,sub ate.i s us t he

i AT B B8 e s@rt 3 b aeoin B IcD e ey b
siibse@iEntly sepenad tesread A Dhirality oA Neh@tud REDaéd 100. Wote
dies 104 froma support surface 404 to a substrate
that (hiley PGS 88D anth 20 shewy theeansferpofudigs 10¢ drectlsgo tag

: red [s £ t - As
SRR 118 R SR Froni, AP Bl o
shilled & ihe yelotant hi(s) drvehinegekinge hereddiBot thivatansfe® of dies
ggslti ned adj acent Lo dies 104 on an_ opposite .
107 dirgetly By tag syperatess LG mag alsgbe assomplishedfiped rade yp
ofidRdiosupport surface 404 is positioned closely
adjacent to a surface of substrate structure 2802,
such that each die 104 of the plurality of dies is
cl osely adgj nt to t : Each tag
substrate§¥%%§has Cgﬁ?ﬁ@?“gﬁégél%ﬁkghéﬁ 210b for 20
coupling to contact pads 204a and 204b of each die
104. . (o Lal ol can be
opti e e aR i oA o Y el it
asteandtsurfece) 8G¢h asTiingh adde@2O0 io raligaeahovitr epkiddted iche04

un%ggfi I Ifed when aht ched to substrate structure 2802.
2HP05¢ D8 Ff'tesd’rfgf%p cepipn celf; 02 ip pupeh tape 2802kag 3ty
c@tfres‘ﬂbf(ﬁngrd?e 1@@{)&%5@%&?&1@.0%@/ IR g{lgﬁg fﬁféﬁ%ii fn

cl osely adj acent, corresponding tag strate 1
uhdesfill sngsgrinls Puneling medituisnF40260x antphied t@mosh twndie m04

FI G 28, ' nb 2408 b din th
fighy Rufio ooy 2402, Bt DR ey GaoRrtFa 6 SRR 29
sehame 38025t Mat@isStnabfdrUbey 28RDeVof NigAGHCIRking1 €8s addP4

attached to a correspondi ng one of tag substrates
hyndggdsgof dysa.epdn bg transferred simultaneously from punch tape 2200,

—

mstead of merely transferring one die at a time. Furthermore, by applying the
underfill material prior to transferring dies 104 to tag substrates 116, each die
can be easily underfilled on the respective tag substrate 116 during the transfer
process, providing numerous advantages.

FIG. 30 shows a flowchart 3000 providing steps for assembling RFID
tags, according to embodiments of the present invention. Note that steps of
flowchart 3000 that are optional are shown enclosed in dotted lines.
Flowchart 3000 will be described in relation to FIGS. 31-47, for illustrative
purposes. Further structural embodiments will be apparent to persons skilled

in the relevant art(s) based on the following discussion.
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30 material |ayer 2804 provides for an underfill
material to be | ocated between WO 2004/ 012896

WOEDANBRNO3/ 023792 -31 each die 104 and tag SPUBUSADEFH023792

116. Exanpl e underfill materials suitable for

underfill material |ayer 2804 are further described in
the follow ng section. ILRythis manner, a plurality of
RFI D tags 100 may be rapi%ly created, with fewer
process steps. Tag substrates 1l16a-d shown in FIG 29

or 1 BTt P0EREm wih tab S0Pt Py eisfens”
ar8NEndRrred W¥nl BQubpRD aﬁﬁge @% 2 h§ScatQéd @hf B mu%a%} 8

substrates 116 in a "pads down™ orientation, |
cidle agpehsibda ona fist pafaerd the khipl @ariérmsot fhet eathediant the

oY b gl RS i § PP BE el Peri el R 3Tl ™
re@6REdRh i t5H %ﬂeﬁbo@dfr%a&ﬁl With rebfec®rtb ek kO Burfabel. Bor

Underfill Material Enmbodinments According to a parallel
exfimeley the Bhigraserdsrie Btpuseh tape, ch s punehispa 2266 shoven in

nd ce, 200.. i s al Lgned
PRES AT MR TR T BhcRBE2ARARG: 5dne RefL i Sl

sdcand celacEiRarand 2022 2 0RG$ . 2pant b3 kg kdGhdhesom dids
correspondi ng die 104 placed therein. Each cell 2202
1§48 et Abi et s fapred o e Sepondbedeic202a parh&Hihg

FARGAANLSMECA021 04 B! 16ah %E’agfplgénigiﬁ}é?e&e'a‘%n%i st B sb 60",

punch tape 2 onto corre ng tag substrates
cadls 22088 tanelt 22026 thyuatyupec@8 QR scribredt irs onmtireewise mgwn,

. t dies.  includi d _hund f_djes,
A aNeE 804 BASR PIRGP R Rtk ety oot R fap 00D

may B0 trad¥etrB8 188 dir@fandRERNY cbNADSR! dldMD00R nslbea flned
time. Furthernore, by applying the wunderfill materi al

apiogin in §1GB add ft 33, 19g sidivdienacalyt Doteethaismiogtiesare showwrs,

S5l o S TP A e PRt

ispbpidablaig anymafbesSofdsant ages. FIG 30 shows a
flomchart 3000 providing st ef)s for assenbling RFID 25

t ags0 e otlitngn tundeiblommateeiat ¢ applicdeinpr sa@dnecll of the
' [ ; st.e f. t . are
PR R, (80P Ll L oBmRl i L%y 2B0 hiRkir
34020iscdppiicd 306 irsd 4rdd deeordiesalisi 220da iand 122024 t® BulistnfilGS.
Furt her_ structural

oSt AT Sy BUPOSEy EULLNCr st el
portions 3402a and 3402b. Underfill material 3004 is used to underfill dies
104 when attached to a substrate, such as a tag substrate 116, for purposes
such as environmental and hermetic protection, among other reasons.

In embodiments, underfill material 3402 may be any underfill material
conventionally known to persons skilled in the relevant art(s). Underfill
material 3402 may be electrically conductive, or electrically non-conductive.
For example, underfill material 3402 may be isotropically conductive, i.e.,
substantially uniformly conductive in all directions. Furthermore, underfill
material 3402 may be anisotropically conductive, i.e., conductive in a desired

direction. For example, underfill material 3402 may be a Z-axis epoxy.
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in the relevant art(s) based on the foll ow ng
di scussi on. WD 2004/ 012896 PCT/ US2003/ 023792 -32

wo-kawoiesed 3000 begins with step 3002. In steppGD0003023792

plurality of dies are transferred froma support

surface to a chip carrier that has a plurality of

cells accessible on a first surface of the chip

carrier so that each die of the plurality of dies

resides in a corresponding cell of the plurality of

cells and is 5 r ssed in the carrespanding cell wth
3 fr € el BRag) 402

r es pat A0 eghodiEnent, Ge amgunt oF ungerfill agtena) Hwlighl |11b
gcardenez"zo!z %aﬁ‘ be léegﬁkgrfmapgonﬂ%y&h a%?m&ggﬁhﬁédqgﬁthg %gﬂga

am)lmmrelseprpseylt f Forstxanpte, Fi@cHhehave fisst aﬁi)momhdnd&ﬂﬁ)ﬂzb
d how t and d.d 4

mpleB 502 204 AR sbich: oHed 3B G tetBiser b arrdian

e)etgﬁ)c?saolﬁrkff 02 sdkBndricEdd 22004 SRCDIPHALE dnckiddexanPle,

104b may be transferred into first and second cell$

FIQ.Pesheing frstome agwr@nyldprfdbmg@nabé@za@ad 3Retehasie been
oS08 8 o A5 0 R e B Sy ot

pﬁmcﬂnrtslﬁeamcm Foarte@alﬁple§m ardet 16 eamrdindetilsmaidAZB 4800 be
02b one at a as_shown in FIGS. 32 and 33, or
ﬂg? EYEReWIta the tqno%fa%af PGS tape320: @ “SAeRRACE PIPRESS he
r e I
R e L A e e S R
Adsaqmsegekrplata 360D %, paasedwhnigma ltbp safaee |oaﬁk)um<sh taymgp 22 6kl

sefafiroin sniilimaae o nf bilodhalfle R crapals o

eXx82 uh@erfiNRhAteMall ?WOQ i ish&Wn MRtheSRERNEI Cah I & e %@d

2202b to substantially 20 cover each of dies 104a and
Fi@4¥0, wideuld] amtariat 340Zamas seplertitaipellr 2302| bafereexqgiiedgee

ofReh 3807, i R o She Ry g ARGl 2oz e b8

aﬁjﬁbﬁtbyéﬁlﬁeeg%blelénﬁﬁt%mag substrate 116 for purposes
such_as_environnmental and hernetic protection, anon

ot hef rtBasewsrly rofe KGR ﬁérﬁﬁs a Uheigitt pf |cagltdipi 504 3302

R 2 P e
Umﬂmé'ﬂ]l mlateﬁéD%Oﬂaﬁllbe rahantrrgl lﬁzﬂf bfythedirilthe toif Wies cedl 2202,

LS S B T SR it L

of glgtsﬂr?g Pééioo?gh ﬁﬁ%’é}gfrl %Iﬁa‘ﬂéﬂ/al 8804HIrbERt fouRbIAICHiE $64 WABS
attached to substrate 116, without having excess underfill material. However,
the present invention is applicable to higher and lower proportions of underfill
material 3604 in cells 2202.

In optional step 3006 of flowchart 3000, the first surface of the chip
carrier is positioned closely adjacent to a surface of a substrate structure
having a plurality of tag substrate portions. For example, FIG. 37 shows an
example substrate structure 2802. Substrate structure 2802 includes a plurality
of tag substrate portions (i.e., tag substrates 116), also referred to as a web or

array of tag substrates. Substrate structure 2802 includes any number of tag

substrates 116, and may be shaped into any size column, row, or array of tag
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mat eri al 3402 may be ani sotropically conductive, i.e.,
conductive in a desired 30 direction. For exanple,

wanaeniishd material 3402 may be a Z-axi s epoxyPCEAIS2003/023792

2004/ 012896 PCT/ US2003/ 023792 -33 In an enbodi nment,

t he ambunt of underfill material 3402 applied in each
cell 2202 can be controllgd, so that an anount
required by the particular application is present.
For exanple FIG 34 shows first and second underfil

Bl 11 RRE e v bR RE AR et BOCR LS. Hrithes gg%né e
b@ﬁi |s§pa¥8t@@ Ain@ Qe bstn}g-@h%fégt Pg F sSR! SructrdCo

shows first and second und materi a 3402a a
2802 b28ﬁa°‘/,ear1de%8ﬂ2da p‘ﬁﬂhse'altessbnmhm 2862 maydes fégdakated into

terli is fl rleven tb eto surface aof
PRl Saplst, soiTEeY 1Bt % hEF SERet gD for
swirgare dthlctuy@ 802 akn 34@3&’/&11&1@16/ dskd %" tfhsey 81ds Wol rdoh e

top surface of punch tape 2 ‘squeegee"” process

pagchtape B00, sdich tppicallysis aksh émlﬁlrm@)smrpl e squeegee
3 2
hee s L TR MR G e B P

280th $ibsgrafel sltmttutermfmélhdéﬁaﬁlef arai seddfilPagisabdttakest1 168! |
02a, for exa excess underfill nmaterial 3604

1%‘% wWhIrHdag guhsgﬁsdééa inclpdes an antgpn bl4grandp) gyidesigple
3%2%% rédcbha %t &bkt %Ff%zrrent 5%%2 LiEehd 914%%5% A8 hole

re squeegee 15 e was a
390ﬂnrnat|vely underfill material 3402 may be applied

34 S T GA TR BE Aot e RS s G vith

pﬁﬂélﬁlca £ 2208/ dei‘fexﬁm R %ﬁfdeq{olé§7§9@0ﬁlﬁ§%%@& Rt §ﬁ1he
2202.  Underfill material 3604 fills a remaining half

hetes 2384 whpwhtin giGt B2 te girovideo glignment W(t‘nhds boles 8202 rpdint

t 3604 2 t
oflag G224 R i i e or PPt wRn Baisls
sirSctifeeZ8MNh With Yidtartpd 20l e FoP4xnhele, mathatip dhgrﬂnent

substrate 116, wi thout having excess underfill
C%tf@ﬂl}dél alighpgerpaeh tape R20R Mgt fish waaeli gmingsspaced pegs

REAKERR Sidplilots 33 | QYSIRLOOEHAD Bl 20z
usﬂng [a sﬂﬂﬁﬁi volieel hmmg@rabe(Bﬁ}@@ tht hetefiodkswitls puil abeleo 892N e
186 oo} oo sl el a@oTRFOREL. havi ng & pl ura ity

g; t ms@a{oﬂ@ttﬁe fa@rshtfa&sof 10 butAER £200M g positRIneys
closely adjacent to substrate structure 2802a, according to step 3006. Tag
substrate 116a is positioned closely adjacent to cell 2202a.

In optional step 3008, a second surface of the chip carrier is punched
proximate to a location opposite of each cell of the plurality of cells to move
each die out of the corresponding cell such that the underfill material covering
each die contacts a corresponding tag substrate of the plurality of tag substrate
portions. For example, as shown in FIG. 41, a punching member 4102
punches the bottom surface of punch tape 2200 opposite to first cell 2202a.
First die 104 moves out of first cell 2202a towards tag substrate 116a.
Underfill material 3402a contacts tag substrate 116a. As shown in FIG. 42,
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exanpl e substrate structure 2802. Substrate structure
2802 includes a plurality of tag substrate portions
W@ pooe/0128v@g substrates 116), also referred to BST/EHSWe$023792

or 30 array of tag substrates. Substrate structure

2802 i ncl udes any nunber of tag substrates 116, and

may be shaped into any sige colum, row, or array of

tag WO 2004/ 012896 PCT/ US2003/ 023792 -34 substrates

116 FI G 38 shows substrate structure 2802 of FIG 37

er haV|ng 4 een se d i nto,_separate

s Siben 41 0 ruyas firsh dio IO el e SIg0H4: Comesoipes

cgl{i%%ﬁ}pfggsﬁgg@u@lbstrate structure 2802 may be
separated into strips by sawing, cutting, by |aser,

and hyOptumt stop GO&8,stbs . firdt srface of eacibdisuibsittacited to the

o bSHHE s ihen e S0 ook pRSe ol ok Frgp i i

cRtERallPr dBRplel Nt a8t fehdl- ofid GorRFpsHIRKS c@nt‘ébte\fla@f of? the
portion of strip-shaped substrate structure 802a

cautspeRding tag puhstratee @OQX?mmiﬁ,uﬂ@é dig 164 1Saﬁ'da®ed aa dag ag

S\%é&?.{ec}qu §uc%1]t}§ Ogtggtjp% a984a arc 6160%%(%%12 I%gééle(? gCg gac@

es an an enna and a

aﬁa@ Qmob-tag tag lsbstratee] I6kEbFirstcdiy dma aflayabé aftfkdhed k¢Ra@nd
%lde hol e 3902b. Guide hol es 3902 be used to
S%I:rs gis @é@él@ P ApRety Of eaysr '0p gxaEple; 1iep 3@&%‘%}’ fnghile b

s{eB S TRl E MRl NG iST0ea BYaE, 4BH W b Qb1 HE

es 22 omn In rovi de
c@ue:spendmg da@ ﬁﬁ:@@atarid615Agmradbdae hmi@ﬁll mmmozena;sm

t cal tically ali stra
fagh Gt Po tsgertl Gretibsramnchlp sudblss s bigamsiable
ultR& A (TA) hghﬂ cﬁ:@f@é‘ﬁnﬂé‘r@&‘ (mlj HghtGur e, g)%seﬁren;umﬁb Lape
2202 usi ng first havi ng spaced pegs t hat
othgt medszcmbﬂmn@mrub Hrblne‘s z204n a&nwstlalsogmengn electron

b e g R e T s

uﬁ&@ﬁﬂlmaenMQei Al S HEON SpilieRhy BE @s&Y e BihZ&Eable
FI G, 40 shows the top surface of the punch tape 2200

updsril mpderialifen@dmpds. osel y adj acent to substrate
St UG U S JARn:, 2008 ddf'l&dglfmﬂﬁ{% zg)z datfles underfill

substr at ails pos tI one ose acen
n2P@2d 3402 topdritantdr strin. SB@&ontmcsmg,ounﬂieﬁul hateiabB40he

PR AT AR e N0 T TR 4
tdg0M@strate 116, leading to improved mechanical and/or electrical coupling
of contact pads 204a-d of each die 104 to the corresponding contact areas
210a-d of the corresponding tag substrate 116. In such an embodiment,
underfill material 3402 has a thermal coefficient of expansion/contraction that
dictates the amount of contraction when cured. By selecting the material used
for underfill material 3402, this coefficient can be tuned. Hence, the thermal
coefficient of underfill material 3402 can by tuned to match that of tag
substrate 116, or otherwise. For instance, underfill material 3402 can be tuned
to contract by a particular amount, such as 2 times or 3 times its mass, for
example. Underfill material 3402 can be alternatively be tuned to apply a

particular force over an area, such as 50 kg/cm?, for example.
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each die out of the corresponding cell such that the

underfill material covering each die contacts a
w@oernessondi ng tag substrate of the plurality BET/USZP03/023792

substrate portions. For exanple, as shown in FIG 41,

a punchi ng nmenber 4102 punches the bottom surface of

punch tape 2200 opposite 40 first cell 2202a. 30 Fir st

di e 104 noves out of first cell 2202a towards tag

substrate 116a. Underfill material 3402a contacts tag

substrate 116a,, As shown in FIG_42, WD 2004/012896

PCT/ £%0 G¥7aR):3 g conteastion, of Hindgtfik Hiﬁ‘éfinah%ﬂﬂz nGRegause
C

b ARG yld ot SATRY Bprfasi
21 Qa-dtcreating acuffwient alchtrigalecdnsecondohedratmntdi¢he resulting

corre ndi n ubst r at o that the at | east .one
a88hE OB A 108 J AR Rufacl g ion DGef be slingaly o
udiforh a6 theB ¥ dolinc8s B MAtRSs §@ MaRGt laRR0ared nldyecome into
corresponding tag substrate. For exanple, first die

caigaet| betweanadivat tB eeethers gkamplet eontact gpads u2Matd and/or

da- . ot I | ed
oGl Aces PR RS B hof Bl it EhiBincts BPHRAES b pugpeg
cdfivativiny T indthmeheshtdcd ph@204aubehd/at eodtd@anrédd 2 0a-d)

variety of ways. For exanple, step 3010 may i ncl ude
maphayp one Op MHe PEMPsIErkSS) Peaks: 81 afhusqwhen soriastarnds o

2%@{3&‘ CHmEFEY ¢ ilﬁctlxgﬂh Q;BPttaQteargé(;s% ler‘ﬁ—l%iP AL G, ﬁgﬂeolﬁumnpasy

strate 11 A cur abl e un mat er1 al
stokes, ok asdks can patte]lytdreompldtyly penettite or akotestdntat lageas

rabl e,. el ectron am.curahle, ultraviolet (W)
20 erEting B EEAPHRY SRBHC Ry CBHICA GPRSCHOM b esbur e
cur al) enofef ex@hp®!, fyRE ehbsUhRR, eulRHBN | Ahteriblen262
heat, an acousti ¢ source, an electron 15 beam UV

inclugies , eleRtridagiit , coaduptive pmiseipheresrayo beprapidei eddectrical

needed. t o re .underfil] feri 3402. t wo- part
QR hy THE CmidPRBreh Pl oh iRl e RiepE o
combmbiidl/alldyorofe xangi, € forl exampRIDOUieARAt whehlr ti@ngfthe
underfill material 3402 causes underfill material
capftpstabls BRderil anatsrials payspk thepyndeshill rmateriplgto gaafgact.i ¢ |
I; / c C rease . Lot a
REHGE el gy LR AN Hia ToBERORRAR o0 sy °B6E
iendased pressuie Gusésethdinigrosphdregiodfsan aneatiehbaaleeaid/ die

el ectrical coup]in of _contact pads 204a-d_of each
w4 Sty ond e J@B%f&le% shartiglé sabele coareheads 104d tor
cbhiSctGRaE espemdi ng tag substrate 116. In such an
enbodi nent , _

Afier die 104a is attached to tag substrate 116a, die 104b can be
similarly attached to tag substrate 116b. Alternatively, dies 104a and 104b can
be simultaneously attached to their respective tag substrates.

In the example of FIGS. 32-42, dies 104 are oriented to be mounted on
tag substrate 116 in a pads down fashion. FIG. 43-47 shows an example
where dies 104 are oriented to be mounted on tag substrate 116 in a pads up
fashion. For example, as shown in FIG. 43, first and second dies 104a and
104b have been inserted into cell 2202a and 2202b such that contact pads

204a-d face into the cells.



10

15

20

25

underfill material 3402 has a thermal coefficient of
expansi on/ contraction that 25 dictates the anmount of

w@oovaomspé on when cured. By sel ecting the nat ePCHUS2088023792

for underfill nmaterial 3402, this coefficient can be
tuned. Hence, the thermal coefficient of underfill
material 3402 can by tuneghbto match that of tag
substrate 116, or otherwi se. For instance, underfill
mat eri al 3402 can be tuned to contract by a

articular a suc ti.mes oQr nes jts
ﬁass' u@?@@ngﬁfgrﬁﬁ 0 %rfa%? %%QO: is pegitioned) cﬁ%&kyzadéaaﬁnbde
t#) SBERAL 1164 ¥f %s&%%&ﬂﬁ@?ﬁz‘é As 835k @ 4\§m&ﬁﬁh
over an area, such as 50 or exanple
taﬁGWDO123@®ﬂEM1xmﬁﬁ@@Gb@23mﬁmncﬁaﬁuﬁﬁﬂzekaanedkihma
f under f i erial 3 can cause

R e rpting B Pty dADAE R el 162
sGEH fHas PAREHN Un&eri1a8402a s8BtantidiP3NE o 642856 3n outer
sufficient electrical connection for operation of the

efgsefi dip r1u94a s gavity 4¢Bht Asshoyaniin PiGu 45da awrhcerof disntdet
o 8 SR T ORI BHECLE0) s Spbfortig Sl B i M e

suﬁh@ofmgmm@ﬁratbewteen t hem In anot her exanpl e,
contact pads 204a-d _and/or contact areas 210a-d nay

be ndRCUMP SBOWS Arsikgle St hek attashed [meraxily 08 tam pthstrate
t
13676 ol ¥y FRO! 46, M5! G0 Srraii Wafiole, RBARCCHAR- 045 apa
204§ dies POk e, nqieddesricatiyccoupleddo signaly afoing aabstfaeed 31610

e e compboaiages snd Shec B O bias Bl lebicaly

c@ﬁplé‘@%'c@hﬁbﬁ’aﬁﬁ@@tw@taﬁd PD10RI SAT1GE saeﬁléa@&tuéft%ﬂﬁrst and
210a-d, creating an enhanced el ectri cal rmechani cal

seenAedle¢tinal Fondaniorhel/02x ampl €]02bn  dior e¢mm;lﬂam¢ieqtr1cal

HRAE (4707 b8 el anghEd d7 R o VanPEcdepPilipn ppapess

selaBiae Cflﬂd%théﬂleSUI@ﬂﬁb@b&ﬁf@&ﬁé&ﬁadﬁmfdsbﬁ)m edeh 8lel N0RTand
other netal, or conbination/alloy of netals, for

centashsreas 2148 e dhe systage efiihe sgrrespendiag e wbstease L16.
underfill rraterl al causes the underfill material to
contract, pressure is created between each die and
corr gslpﬁ)nMW@ -Barpl Dipdranafee. The increased pressure
causes the mcrospheres to forma contact between the
di e d e ] I
coupl & ooy SRR o e el i AuBh 2 bR o
dies 104 may be transferred from a first surface to a second surface using a

multi-barrel die transfer apparatus. FIG. 48A shows an example multi-barrel
die transfer apparatus 4802, according to an embodiment of the present
invention. Multi-barrel die transfer apparatus 4802 includes a body 4804, and
a plurality of barrels 4806. Body 4804 couples barrels 4806 to a gas supply
and vacuum source 4810. For example, a gas such as air, nitrogen, or other
gas may be supplied by vacuum source 4810. In embodiments, any number of
one or more barrels 4806 may be present, but typically multiple barrels 4806
are present to increase the transfer rate of dies 104 by a factor of the number of

barrels 4806 present. For example, tens or hundreds of barrels may be present.
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After die 104a is attached to tag substrate 116a, die
104b can be simlarly attached to tag substrate 116b.

wa\Rdoeoavé vel y, di es 104a and 104b can be PCT/US2003/023792

simul taneously attached to their respective tag
substrates. 25 In the exanple of FIGS. 32-42, dies 104
are oriented to be nounte gon tag substrate 116 in a
pads down fashion. FIG 4347 shows an exanple where
dies 104 are oriented to be nmounted on tag substrate

Fr o B i 45 - baeLirans i aapireios d302 bavies
Nesnty 518@1&&@4866 Q Oﬁ(ﬁslit onéd Q98 &? ?\%O&QS 3 %é%%& to a
4a-d face in e cel

contact pads
frsioant foae SO ﬁmmuﬁ@@ 68 ﬂ@»mmguppcsvmﬁacs KO the ckbiGple

oL PR aTeiob Se BiRuond B0 et ekt SRl Mot

thé emelmxosllﬁovéﬁa r&tpe@ttve dlane4 %%QQ g&a Bibsdeshs. Mulsi-
proximate to a | ocation of cell Bato nove di e 104a

batrel GansEes|app s #80A receives drer@sqob@fﬂustogmgethdammn staelsi dfy

[ uch t erfil
PR HEFEHRT oF Bhat el Ay Bl BT FIG, BT bl et
teautfer appagiges 080Xisehddhesittondd oawi zI yecéﬂ@gurfd& SheWacdnd
FIG 45, a surface of die 104a  and a surface of

YHaes: £ isheWaas dnsfer sufise 1292 in s example afyFIGH d8R. Multi-
M sk 4 hg atus WRH c%fts El%gﬁugsuﬂﬁlt 43§ id ﬁﬁaabatnl: !3%80%6

shows a Si e die 1 attache cavi
authssacandsurf@el16. As shown in FIG 46, in the current

ot a1k B PRy BoblRrEint S5O0 niaviies sl iteats
tdahbferridp! @es Aa%c&ﬁﬁigstocﬁﬁérﬁ%dlﬁéﬁsofztgé?r&@ﬁit 204087 #lre

104 having been electrical cou to contact areas
iHustrativg @UEDESes, ofeps aef ﬁg‘wgharfaﬂ%oolmybbe flirtter denatibed in

R, B it e RSB S S o BIe e,
E&rmdvleﬁ Gty seruvtapdenthopRsdnts Wil B A5RASHT to g@ﬂs&%r &dliedand

ot herwi se formed between contact pads of each die
the gelgyant afar baseda paathe ofodlowing mscwremac elhse tsteps are

&Qgrfbggﬁp hlljlg’&{)@,g substrate 116. 2.1.3 Miulti-Barrel

rans ccording to an enbodi nent of the present
i nvenFloswwhad 4L9|00 rtegirtsywinli ste@ 4902 esIn1ép wag2,beach hollow

b%rrér?ﬂ(bff aglglru?a ity o? Hz)l?o f gl%ls ?surgp 1?:(? 1r§ gargllgletg %nr%spselcjztrnfreaglg
residing on the first surface. For example, FIG. 50 shows a cross-sectional
view of multi-barrel transfer apparatus 4802 being applied to first surface 802.
The plurality of hollow barrels are barrels 4806. Barrels 4806 are hollow so
that at least a single die 104 may pass into barrel 4806 at a time, and be stored
therein. As shown in FIG. 48A, each barrel 4806 is applied in parallel with
the other barrels 4806 to a respective die 104 on the first surface.

In step 4904, the respective die is caused to move into each hollow
barrel in parallel. For example, as shown in FIG. 50, each hollow barrel 4806
has a respective die 104 that has moved into the respective hollow barrel 4806.

In step 4906, steps 4902 and 4904 are repeated to create a stack of dies

in each hollow barrel. Hence, for example, multi-barrel transfer apparatus
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wa@ewentisng t o an enbodi nent of the present

mul ti-barrel die transfer apparatus. FIG 48A shows an
exanple nmulti-barrel die transfer apparatus 4802,

Mul ti-barrel die transfer apparatus 4802 includes a
body 4804, and a plurality of barrels 4806. Body 4804
couples barrels 4806 to aggas supply 25 and vacuum
source 4810. For exanple, a gas such as air, nitrogen,
or other gas may be supplied by vacuum source 4810.

enmbaodi nents, an unber of ., one or.noye barrels
45 SRR FOVR as By MR B e Pt B b foopest

O&tiveadits & BREBATdIO 48 i t@40f
AR R TP A HATIANN (RSIE gl Sl

eprEBlenes shoom @I58, enoygls diss 10driwve dwved ilareaet barrdy

A B S TR Y LT TRl

K802 ihBXG. 170 ificlupdsitnal didsyl 04f blaan eelbsdABREs iy RREdEIaaped
mr separated dies 104 attached to a first surface.
mypber ofdies K medudingtens buwrireds, thogpands, andreieie monodies. n

the &3l @0solidk! fom 4dh nbAGD HALL le 88884 Sin paratlcl

posi tioned so that a respecti
obtr tlel set®0é susfacw euntih thee stpelc tafvdiediig chOldt HOMoFUPHRY] tis
ransfer apparatus 4802

S S@s&%ﬁ%\%ﬁ}é Aagﬁrgt%{:l leé‘l’rlﬁgg{p : lg Jéﬁ g~ 1 Reth ¥ nsheaetess-grtiongl es
vidWs &bl Rt E@ﬁéf@ryarpggra{%@ Fe) %eﬂlgoa?gliéggms h&oﬁ& G
t t 4802 1's 't hen

48B, multi-barrel nster appar

syidanes 89Ae dAs\shown 8 FUGRASE wnfl 2l bafikls 48960oiimuktidbdred e

' f ur f 02 in.th f
e A 0B 0 Bipositht 3o 1D b SeO R fhce
804pBairtls 4806 deiosh didd4 08 LRtilGHey frelsiBstRATalI§ldSp1ERAGS dRE

the second surface. FIG 49 shows a flowchart 4900

18todn @they veordsmbrarrelst 430 ¢agy deposih netyinre amepnds of dies 104

i i t f h t i ti
oL hrkale 804 SR 8 ke BE SBF HouheBY BV s
suaiaceb@04f, wntlfoe runde 9a¢ iob @bre bafralsr £506! 818 dcar Gy |cbfngté@élf/ el

transfer. a ratus 4802, as shown in FIGS. 49-5
dpﬂﬁ@aé’?,‘heéﬁﬁir structural enbodi nents will be apparent

to PpReahilubihbd b@fmbfhaldlfh JRBEEYAILs Bl iR BF 8l 904

the foll ow ng di scussion. ese steps are escri bed
to stictetherieto. Jair swamplepsectral ur&6O80bagly e aniadheshieetppe} 902.
of a rality of

g i PepeE PRt 8k .7 Ak abroee aoalibUee foe
pfivéde the adhesiveness. As shown in FIG. 51, second surface 804 has cells
5102 formed therein, in which dies 104 are deposited from barrels 4806.
Alternatively, as shown in FIG. 52, second surface 804 may have a
substantially planar surface onto which dies 104 are deposited. Furthermore,
as shown in FIGS. 51 and 52, dies may be deposited in a pads down or pads
up orientation. Barrels 4806 may be reversed end for end after collecting dies
104 in order to change the orientation of dies 104 before being deposited on
second surface 804. For example, ends 4808 and 5004 shown in FIG. 50 may
be reversed after collecting dies 104. Alternatively, barrels 4806 can be left

un-reversed.

i NRENUHI903/023792
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residing on the first surface. For exanmple, FIG 50
shows a cross-sectional view of multi-barrel transfer

wappanmsas 4802 being applied to first surfaceP@DBS2003/023792

The plurality of hollow barrels are barrels 4806.
Barrels 4806 are hollow so that at |east a single die
104 may pass into barrel 306 at a tinme, and be stored
25 therein. As shown in FI'G 48A, each barrel 4806 is
applied in parallel with the other barrels 4806 to a

respective die 104 on the fiyst surface. In step 4904,
t hep}eﬂb%sabpélgl%ea Yagug, aaibe yserolpstrm 4908206 496 fiow

%6 1d8ds ih An@ALALE @a{nelstoae%mk&n RSa $hQMh %&ué:e' zi%ioﬁg
| e

each hollow barrel 4806 has ar spectlve
shreen ﬁtﬁ&@ddltnmltlmmlesw@m appatadls 4804bmr FEIS. 448@5 48130

p s 4902 an 490 re repe
o 807 o e S5 210wV chec Aonlis Qi pare e,
at@é@gf(lﬁi 13} cdﬁdé bivabamk ﬁf sﬁdt@ﬁﬁﬁ%fne%@ﬁﬁd@tb‘dﬁeWS% to
004/ 012896 PCT/ US2003/ 023792 -39 4802 may be noved

mpye peppgctivierties ¢ intoclie barel()4806.i The weounml ¢ sagiii6) waer

4806 ect the
56 SRBEbLY B R 30 SBAES, o A70G, FGCR Sy LS
b5 @ppl&ﬂcmtg'fanddl esmbOd dieaved ouVErh arnels 388 WhtdascoR] surfh366
to create a stack 5002 of dies 104 in each barre

84gd'or sxapRlesyngyug souee hglhmay, apnlbursts ofmesitiye gressise
tdgllfn‘é% ﬂlg%ld@'iilésqoggﬂtﬁ IRALSs y i ncl ude any nunber

es 104, 1nclu g tens, ndreds t housands, and
evenBaoels 480ésmay Ibe mﬁguzéﬁ% allzbweion‘ pmpeeapﬂshdaﬂd)ﬂ oW

barr el arecip d.in parall el Lothes cond
vidirentirdfPHG! R Grorasetoudral o of Su e
bhrPel 40BSK AN il by ifdRe)] S‘Jc%ﬁhngf & af %ﬁi%hﬁnen't:lo%e preséd

52 show cross-secti onal 10 views of nulti-barrel
Invenindyt e Baaph 430t mgy heoectinginkyg aapbbwndn FoGv 83, wusay be

0 r faces ,
A QBYLUARET ST MR P bl inhiel et sa80.
irBe eti®PQisidnt BY (il BSschDthviehtigiar AllteBlatiPdly OasS@eMGn FIG.
surface 804. Barrels 4806 deposit dies 104 until they

%,r WiesiopsuEfaes a303 mas pase arhenneli 894 foumed fmopg Remore
oHAE sGLEL, BR0%HRR dEPR BT TR Rl

cmntrdid:evﬁcudmexpr@mmrmbhdﬂs%ond surface 804 and/or
unt i nor e barrels 4806 aﬁe near or_conpletely

depl A0 TBeY b made i a eiah AStinoRr oy applieabls
nRtRs| F@ﬁ&@aﬁlﬁla%ﬂ@fsu‘g% i bRl Atbes, or needles similar

to hypodermic needles. Barrels 4806 are configured to collectively hold any
number of dies 104. In an embodiment, the number and length of each barrel
4806 will be configured to have a cumulative die 104 holding capacity of at
least one wafer worth of dies 104. For example, the cumulative holding
capacity may be on the order of 50,000 to 100,000 of dies 104.

The filled multi-barrel die collet can be moved, robotically or
otherwise, to a die dispensing station for tag assembly. An empty multi-barrel
die collet can then be positioned adjacent to a new wafer of separated die on a

support surface to repeat the process.
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to stick thereto. For exanple, second surface 804 nay
be an adhesive tape, or 20 may have an adhesive

woraioe012bg such as a wax substance applied theP€r/US1003/023792

provi de the adhesiveness. As shown in FIG 51, second
surface 804 has cells 5102 forned therein, in which
dies 104 are deposited frgm barrels 4806.

Al ternatively, as shown in FIG 52, second surface 804
may have a substantially planar surface onto which

O ] SRR S B A, b
19EtePades 1/ 880 AL MintdPedch gllogg@‘%gﬁemd Hlesééé?(% g56d

end for end after collecting 104" n or
depeatighies fiemmarke holdaw barrdf For esaniifld, roefhaniealbsiunigres and

osited pn secon urface. 804, For ex Je, end
58S hhiabBee SRECAY it &iccagoiatiy b ABTRME st
aQak bezbird §ysleas ankOfhrthéY thedHAR s Gnd Tr&%ﬁe@ iy 4RARed a0
be left 30 un-reversed. WO 2004/ 012896
okt (hs2padrgoad dy peragns| pkilld dnrbibdi rebavent art(shcivorm thay

el e}, steps 4904 and 4908 to nove dies in and
ou?ﬂ%gﬂggﬁ}els 4806. For exanple, a vacuum source 4810

is shown attached to nulti-barrel transfer apparatus

4804 ,in, F B, ~a 50-51. Vacuum source 4810
2Rt 8

may bé ap & ransfer 5 appar at us
4804 to cause a vacuum or suction in one or nore
bar r lodidf}5ta en embuédintens p€did pesdit aavebfidn,i nprilitg of

barrel (s), 4806.. The vacuum or. suction be
ERR N gf?ﬂﬁiﬁmr& ot 1L SWERGI HHg %‘Cﬁﬁ?tyfgamei’@é (ifer
t5RUT The ARBLOANEYr FhBPtapbss ARRLY ﬁge&fg ¥&@hia86hfl %o rﬁ‘a}’c?tgs 4

dies 104 out of barrel's 4806 onto second surface
dizs of Eearrpier suohgbatiheysmay be cadlyGramsferrag pd the bargstt sirfate.

.Livie pr ur 10,t o..nove individual dies 104 .out
T ey Belgetd Bapy SeclfeBn vl doRo i M dRsEm e
salfdceyof difeddlyaparfirapPflrtatueh a9h subRGHINTISRUMElid &iQe

FIG. 53 shows a cross-sectional top view of an exanple

op ¥fes tapegddheprependinvenioon 3lipsvsdfer fesvss srqtinad naoufanturing

[ : e i_nvention Barrel 4806 y
ST Bl el S B B Sy 10015
pravassds. orFoot bexmpiglapesa tPpickielcodBafiondly phaess, adisgrogt h

R R S Vers B e e
plofL Rl AAcSMAERRE PROGicTBYe MRN FrafseRal RSl B39 ifRldRY

In one or nore
surface to the final destination surface. This two step process allows for the

dies to be flipped. According to the present invention, dies can be directly
transferred from the die frame/wafer tape to a substrate, without transfer to an
intermediate surface. Furthermore, the dies can be flipped or not flipped by
the transfer, as needed.

Note that the die frame/wafer tape of the present invention is referred
to below as a die frame, for ease of description. The die frame may be formed
according to processes of the present invention, some examples of which are
described below for purposes of illustration, and not limitation. FIGS. 57A
and 57B show flowcharts for making a die frame, according to example

embodiments of the present invention. Further embodiments for the die frame



corners to allow gas to pass around dies 104. Channel s
5304 may be used to control the vacuum or pressure in
wharnei23961806. 20 Barrel s 4806 may be made fr oP@EHUS2003/023792

nmetal, plastic, or other applicable material. For
exanpl e, barrels 4806 may be barrels, tubes, or
needles simlar to hypodgymc needles Barrel s 4806
are configured to collectively hold any nunber of
dies 104. In an enbodlnent t he nunmber and | ength of

h b 4806 f d to hav
of et Bvenianom pmaking (s diams ttopionst fugsionne
WAB R W@ﬁﬂo%ﬁrs@h@ §k1ﬂ19<ff in R reR¥AARHE ba§e?eonctﬂg"of%1%\h}{§

holdlng capacity may be on the order
disgussgoo Birthtimasre] BEGS. Tofearid 634 shaw bxdnarle éllowuthms for

Al be no roboti cal | ot h a
idefing R ing YR rane dhoring 4 sSamplf phoatinis o e
prasbitl mPartie Fugther &ﬁbb(ﬁhleﬁ@nf& h%sf%ﬁlr%?&ieg 'L@ﬁ‘l%dthe die

adj acent to a new wafer of separated die on

ﬁ@l}ﬁ’p@f thes presee enyentioapwil be ppprest ¢e PersuB :sbtqud on zae 6
ragd%npﬁgggéjeggéﬁl%%lscué&?%%r ! h at ot h er nec h a.n I sSne

Oor processes nmm natlvely be used in step

4904 FIG. $BAISIBovel zeﬂO\tfd'laﬂDS/E)OI proadigraiplel seops Far fgking
a d.in step 4908 to deposit dies fromeach holl ow
1nW¥@H

¢ flame, FEsprdinesiomnes gfi of dhe presens dnjeation nflowchart
5&9@5 GRSl b fa%mah HRIRF fiﬁ%%&ualg%f P!;cfsesss &4 eRt r1ﬂt°t§tf’ah\/8

forces, adhesive materials S pressure s
parpsés Florechante108 ﬂuegms v thostgr @més slastapfﬁﬁ 0ben tingehapad

der er sqns ski Ied | evant
e ds RergRiTH B Pt oSG apind soltrekfep oS Brsrer
iMEh Elrsd sHEceFSRE wAFEOT @bfl gxa{rﬁ’plé NFRIORAGRAL arP Ex
present invention, a plurality o 10 dies 104 ma be

waferrd$08r Asgheven i K14k §8ta Hug thaped gmomgS%m lehis beén fommed or

in A¥8ihce bEREr s808 ol 8l o b AP ifr BB ot PaseORTES
Fetl eharhﬂal tHeh@ypttirey nhg shagdd ¥roby@BSHE iagUbd QpCPrBﬁnIa@élﬁ et
surface. ~Dies may be transferred fromthe

eﬁ‘t‘%rf@/%ﬁ@l;hteéﬁbéf £8 infesraindepinel dice suchuast digel Odprthat is
L8h A5 600k SUIASEH SO IR oM SR
Fd@v é&t mmg1 stapbd groolver5 802 ie subiseqtibil e dout rosf dliptival, rwd is
c%%t?r@gﬁ%eﬁp ait%%ﬁsf{/ere rgr P deln?sS rltn% s?}llageudbz;o%% 65888 nrgezliyr le)g
formed in other shapes, including square or other polygon. Furthermore, ring
shaped groove 5802 does not necessarily have to be continuous, as shown in
the example of FIG. 58, but may be instead be non-continuous, and for
example, may include two or more separate portions formed in the surface of
wafer 5800.

In step 5704, the first surface of the wafer is scribed to form a grid of
grooves in the first surface of the wafer that separates the plurality of dies. For
example, FIG. 59 shows wafer 5800 after having been scribed. The scribing
of wafer 5800 has created a grid 5902 in the surface of wafer 5800. Grid 5902

is formed from a plurality of horizontal and vertical grooves 5904 formed in

the surface of wafer 5800. For example, a first groove 5904A, a second
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processes. For exanple, in a typical conventiona
process, dies are individually transferred fromthe

wadoe012806 an i nternmedi ate transfer surface by BCT/US2003/023792

pi ck-and- pl ace machine. The dies are then transferred
fromthe internediate 20 surface to the fina
destination surface. Thisyfwo step process allows for
the dies to be flipped. iccordlng to the present
invention, dies can be directly transferred fromthe

die f [ waf b h f
spbsg 0N, L el et R Biegoonsr 90Tt ddcb0d an
aBCindidaReA FOG. ot Wlltﬂlﬁ Red 5@02 r5§1&sta!' ﬂﬁﬁ{lﬁf ﬂf ARaDEEAET-

25 Note that the die frame/wafer tape o e present
sifoeenef wafer §80Gfrewhish diesol Weteyresidea Horexangrie, FIGo59

The, di e f
TR st TG B8 dnad B & b FREGANG 6 Al TRl resighe
veiRANRle S90S, Mbicthataefured ©F @lck D64 aRRel R \WhdwH iPHIR 3385 d Of
illustration, and not limtation. FIGS. 57A and 57B

§ﬁo§\9flomharts for making a die frams accordi ng to

exa ]ﬁgpso ' t [

Fur {Tﬁier nfsao [ n%% s écug{lﬂ \H%V%f% 6%5%8‘1%8%

sRGTH WSFDG360,2379 Bhaped %rﬁvaet MZpirﬂsgabvésnmhl &, 5%&5
the present inventi

1yt TR G of o o0 FeR vty RRPIBIAR B periO0

t I I
s bl D00l SRRy P B
thm@itémessmé adliesf wafen§8e0). dhesHoman® FIGc 6@ rvwkifg6d0d has

F BECARRERTS Pt F bR FRRRstpLS couiaowhor

sﬁdx@al fnﬁ@@@% Ghfdrhehide s8Rt bé eBNtd 900 WnldroR&eRPBATY ﬁﬁe

persons skilled in the relevant arts based on
tl@!P%@é%@fcﬁPFaW@}eel n. FIG 57A shows a flowchart 5700

P Corth o0 s P TR BB nd o TR e st s B ot
xﬁfm rsalssnantﬁny FTO0@e Winle| shgeddgs6vd ataﬂdths ekaWWek Bf Rl @id. on
5&) for illustrative poses. Fl owchart
F&é H%afsn r\ﬁ%%rﬂplgt epplitiitaple matesip @ﬁb@t hag brz‘i:rng)phed
e ﬁé&%?facegtg 5 god @réﬁggﬂtﬁfl@rﬁﬂ gﬁé sﬁalf)r ﬁg%?ovgf%@

ar ound Uralty of | es
gSQﬂVﬁaé%O‘locbf e 596 e$olldf-ﬁ:lblemm‘i)iah6l(ﬂ @bsﬁﬁh@ll}oﬁﬂs fifg

GHBTR S B o200l I e s S Pl
6\1\@1 ﬁfay&ﬁpﬂle%@@@s%o AdkRd $elow heAirAtd BF waASsahH Waher
same level as the surface of wafer 5800 (as shown in FIG. 62), or even to
slightly protrude above the surface of wafer 5800. Solidifiable material 6102
may be a polymer, epoxy, resin, urethane, glass, or other material, for
example.

A variety of processes may be used to cause solidifiable material 6102
to fill grooves 5802 and 5904 when applied to wafer 5800, without leaving a
substantial excess amount of solidifiable material 6102 otherwise on the
surface of wafer 5800. For example, a vacuum source may be applied to the
opposite surface of wafer 5800, or to a tape, such as a blue or green tape, to

which wafer 5800 is attached, to cause solidifiable material 6102 to be pulled
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For exanple, the depth of ring shaped groove 5802 nay
be approximately equal to the thickness of an

w0 nioe@raped circuit die, such as die 104, thatP@BHUS2003/023792

formed in the surface of wafer 5800 (not shown in FIG
58). In the exanple of FIG 58, ring shaped groove
5802 is substantially roupg or elliptical, and is 20
continuous. In alternative enbodi nents, ring shaped
groove 5802 may be forned in other shapes, including

.square or, he ol ygon. Furthernore, ring shaped
P e8ssd oleltor Hmbonetambrdmmionta dob oS may direct
LERLEODMAY the BRSO atP 5360® @?ﬁ@ﬂ@&lﬁ%ﬁ%blg hfaterhd 6}@45

may be instead be non-continuous, an or exanple,
being appbedide blaw, forcepor pushesdidiftablepmaterialnGl (Rantregrobves

f 25 wafer 5800...]Nn step 5704, the fijrst
08 B 0 ooy B Bt PRy SR o e
tg RO viefack df el 58 inSH shiaCRahg tRBiowAE®h thhed s ilméingsg

separates the pluraliay of dies. For "exanple,
3ROl e 5888 Gansas salidifizhle mytemiebml (2ctpinbens. or Thwick” into

i.pi r reate rid,5902.in the
GO0 ez, Bla 390eL SHRAAIAE BRERMCH T Wl e st
adliitioakli wyysoto Hill igfaveal 5880 daride 5904 dhclaiREVEP ‘G9@4gee”
formed in the surface of . wafer 5800. For exanple, a

PPRIOYy SRPUNEYTAROT HeRSHiNNe NDSiPRl04FRPERBWEG or chemical
REJ4itsp2003/ 023792 - 43 groove 5904B, a third groove
5904C, and a fourth groove 5904D of grid 5902 are

i ndi datsteg J708FthE, sokidifiabilet inbterigh istab8d2torlesdaemtaa ring

| ural i f areas t.he _surface of wafer 5800 in
RiftiHaiehe® pdoin the HIE sht GRavemiad o 289 s
haRleBé® atdal an fthé Srolie® okOhE RdtRRord] 8 BRI 8ms eCRRd
die 104b that reside 5 within grid 5902. Note that

instencayr wsthefexample 0O FIGH e 6hand Rowolidifialfle GnatsBaladid? is

Fl G . 60 sho a.cro ecti.onal vi f.a.
ol Rongeh S B B EiniR T R oot S0pd g B
59b2ped @ eoweddir, aid hardeasE mHadAaisamsnRA0BY cdave a
thickness or depth of depth 6002. For exanple, dept
S8 %ﬂﬂﬁwwaiéb&m hardansdby arcyting progesse tanke.crHdidigble

e N TN A S
roga, enetBdd] gias, onother akataid, HOQ4amphel cBokGSaH0 Gdaterdd)
A B0 ke B Db e ST, P
by heat, by allowing a sufficient amount of time for solidifiable material 6102
to hardened on its own, by applying light, or by other ways described
elsewhere herein or otherwise known.

In step 5710, the wafer is thinned such that the grid shaped hardened
material removably holds the plurality of dies. For example, FIG. 63 shows a
die frame 6300 formed according to the present invention. Die frame 6300
includes a hardened material 6304 resulting from the hardening of solidifiable
material 6102 in ring shaped groove 5802 and grooves 5904 of grid 5902, as
described above. Die frame 6300 further results from the thinning of wafer
5800. As shown in FIG. 63, wafer 5800 has been thinned to form die frame

6300 of a thickness of approximately depth 6002. In embodiments, die frame
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woboothessvaf er to substantially fill

t hi ckness, for exanple. 15 In step 5706, a
solidifiable material is applied to the first surface

groove and the grooves of the grid. FIG 61 shows,
for exanple, a solidifiable material 6102 that has
been applied to the surface of wafer 5800 to
substantially fill ring shaped groove 5802 and
grooves 5904 of grid 5902 Sol i di fi able material 6102

stantially fills h roove, 6102 and
MDA kSmad or spimisd ofase a4BRERRt oBBPRONERAT £ 2 02
g ookl ok ne 185Q0MRSmES. aﬁhﬁyetec*aﬁé met ﬁs?q U&fo@f:ﬁas @er

waf er 5800 to the sanme level as the surface of
i gowsy asprokiovately reqEaIGo 62 Jess dnanedenth t6902 s tiegframy 6300

ve the surface of wa Sol.idifi bIe
<P oIRs g% 1pnbratiai i abenigs 502 dupier word
dits §0D 2BE be GhaABSrendve® HORT ofBRIRE 6802, FoF exa%ﬁal@xag"ﬁﬁbﬁn A
variety of processes may be used to cause solidifiable

inEle rﬁ’a’arhesfxme 63@9 femqvaplydoldsglie 802A am dp S0 6302y and

0 st ant |aI
:GRRbEE: 4R’ e pfthllionk e Mol 6 SRR
sappottreructhivs inahe sidpewdtiap shdped grdvae 588 B grid §90431¢1me
9Wgrce may be applied. to the 30 opp05|te surface of

tsrof5sptpvably hodding @aﬁﬁel04§a@u?e@§g%\ BP21eDigs YMemay be

"R o e DG b e SRR Pl 333 i

oRCHf Uﬁﬁﬁﬁ@’ 0237 9idm etiferi surfacg o6 alie $rabB083@N dnid HHbthel n
i DR 7 R e SRl B e

fgredd Eohd ﬁ*ﬂ'l ﬂeﬁﬁhﬁfe'\%e‘cﬁe}%eé $04 bR ﬁ‘ﬁls?éi’fgd' ®%h strfachlipW

force; or push solidifiable nmaterial 6102 into grooves
esmmmdsjulsgoapad&ﬂoa\nmrimtanenbodu ment, solidifiable

mat e pI|e 10 1he su e of .waf er
Ta0o Nl 4Rt} S gSE‘h‘P%?# SR, S%ﬁita“é’f‘ilﬁg %2y
cmmenﬁma@for \wieewlsé 8&6@%@@3 Foktheitdrabhdte MRk Qblidkakid 02
to nove or "wi ck" into grooves 5802 ‘and 5904.

gl P Oals) selented spithat itedaws nebspbplantiglh adbere ta die 104, so
ﬂ?a‘fi cqlés' 96‘@' %ﬁ}ﬁé Qi1 e)F Aaoxgerdoﬂ?(ﬁs %83%11@%0%9,‘%4& are thus

I ncl udi ng i on, spraying, vapor
rﬁmqmbl}thahd}thepdmm cal dep05| tion, or chemical 10

depo I n st 5708, _.the SO|IdIfIab|e material is
c aﬁ Sggét% ﬁg‘tvg)hagt $7219g)r0V1 ing example steps for making
a die frame, according to another embodiment of the present invention.
Flowchart 5720 will be described below in relation to FIGS. 64A-64C, 65A,
and 65B, for illustrative purposes. Flowchart 5720 begins with step 5722. In

step 5722, a wafer attached to an adhesive surface is scribed such that a
resulting plurality of dies are separated by a grid of grooves that extend
through the wafer to the adhesive surface. For example, FIG. 64A shows a
scribed wafer 6402 attached to an adhesive surface 6404. Adhesive surface
6404 is held in a wafer frame 6406. Wafer frame 6406 may also be referred to
as a wafer carrier or tape ring. For example, adhesive surface 6404 may be a
green tape, blue tape, or other adhesive surface type. Wafer frame 6406 holds

and supports adhesive surface 6404 in a taut fashion so that scribed wafer

t he ri ng BECEPE03/023792
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shaped hardened material in the ring shaped groove,
and into a grid shaped hardened material in the

w@emevesIof the grid to formthe die frane. FoOPCT/US2003/023792

i nstance, in the exanple of FIGS. 61 and 62,
solidifiable material 6102 is 15 caused to hardened in
ring shaped groove 5802, and in grooves 5904 of grid
5902. In an enbodi nent, the hardened material is
formed by causing solidifiable material 6102 to
hardened by a curing process. Hence, solidifiable

bttt wRY 8P aecrssedndiropiseaifercnlabpe e ssribed. Waferctf0gdag
+HP02 RO SpBPBIL i £ DI RS RS e
16402 walyr 6602 nWhéari @02t katcribed caubatdgtoovésa s deh ektand

[ f , .1 ncludi , LD I | ow
Gt sh b0 nedte pitkee 4R iR edaPhofmest el
aRlifdividuallh atidaredo Adhdshd saWlee 4042PPICY 1628 dhbERt cr&s- DY

ot her ways described elsewhere herein or otherw se
s¢ctiond. view of @p S@nwle tshrsbedaivefer | G02hhavieg] thwae hliesh 404

s 1 O S0 SN i3 BRBR o LR A By P

fati purpbesze o 30GstiatbMe end@GeOrdd RehithGod. NEFIE. €640 shows a
invention. Die frane 6300 includes a hardened

pergbestivaviess ol amostien phap example seribrsh waler 940D pttached to
o 4100 GaaOSL P AR 015,00
5MM4off grah®908300 further results fromthe thinning of
boenit HERRGG b5 STHA BoRFahs PBlob U ecs TAFLRARS of
ST OO S0 ) By SRR o 858, 0

sglrdifishile maateria) Gld2eisaapphipd kmessbaf wafar @Rt pdrtialggoal

to th 6002 | esser,.t hi ckness.. Thus, c e
coftpleRFLAl E36em 3204 efRet diso L04p pio sho &8 IR o
selidifigsie hitafalde i f0192rodlies Jo0ANBtHBEP didse i abihyan

hol ds dies 104 in correspondi ng openi ngs 6302. In

egbpdimonb rsgdifigblgi raaferid £ 102 mayebeapyilied suelrtha dolidifable

RS SR8 T Frese i TR e B A0 B rateBib g 0
bamaen aeDuwaldye 6602161 dhfer 5B ahd af inep @05 5 GLORBafeDl €

fra 300 provides a .support structure in the shape
ffame:@ﬁg- %\i%éep@at BrcrbogEent. 04 diiabls maoualith §2 may even

EERRPABA0) WIRITV AR Jrall0b80)4s hion HHG. BSRP ARG this
is not fequired. Solidiﬁa%le riaterial 6102 may be applied in any manner
described elsewhere herein, such as is described above in relation to FIGS. 61
and 62, or otherwise known.

In step 5726, the solidifiable material is caused to harden into a grid
shaped hardened material in the grooves of the grid. For example, solidifiable
material 6102a and 6102b shown in FIG. 65A is caused to harden into a grid
shaped hardened material, such as is described above for hardened material
6304 in relation to FIG. 63.

In step 5728, the adhesive surface is removed so that the grid shaped

hardened material removably holds the plurality of dies. For example, FIG.
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10 renoved fromdie frame 6300 by pushing, poking, or
ot herwi se forcing them out of openings 6302 from

we@pdaohmor2ssaur f ace of die frame 6300 ont o anot herPCT/US2003/023792

surface. Depending on which surface of die frame 6300
that dies 104 are forced fromw |l determ ne whether
dies 104 are transferred ;0 a surface in either a
pads up or a pads down orientation. 15 Note that wafer
5800 may be thinned in step 5710 according to any

5 IS A s P Ees s Boh B Tyl of Adba Betste
61¢1lat Hatdedeg %ﬁ&ial%‘i&b@at ?snﬁgﬂe&!rllt Y)e%qa'%g rcff?e§ 4iRa ens®

that dies 104 may be easlly renoved fromdie frane
maBoel H304arie nrbﬂmgt On‘enbvafi)IdWSthM tHiedeied. m2@riEl 6304678
ovi di

fl 57 I
R Baas B 1 AReRhRA RE et e, SRR duofeat
dekrib&ie apoRs e MoteniheNbi®Rive SlreEhed04 §hAZObMirkhoR® or
described belowin relation to FIGS. 64A-64C, 65A

deipehed b, pepbing ichemicelw dissadvipgr growberwisel tomotiagtit Brmalic
gl@é with step 5722. In step 5722, a wafer attached
0 an adheS|ve surface is scribed such that a 25

r es uNotathaptier @drhé Y30 mdiy & fafded aPampaliedp by padgddwh of
{%O;lees that extend through the wafer tq the adhesive
faghiong dor exqgpplexHopehart oM 4RO fEPE ST feheps EPer

764004 30k 3564 it ﬁoﬁ&faﬁdmsdfﬁé yr f@g@}g&g% 6@@5@@( 6t

surface 6404 1s d in a wafer
dies a%pﬁdlot@ peefprmérse obstep 6722.r Blahist the pads af dd/es‘ B4 may be er

t F 6404
o, PGl i o™ BN aRE SR 40 nSFPaES Py QY

oﬁéﬁtgtmstsy@@[edeer frame 6406 hol ds and supports
adhesi ve surface 6404 in a taut fashion so that
scri Bbe shaceire \wd #io04r0q X806 RETHUBR008/0237aRs. - For

B Y 1S5SR8 S BRSPS

gf000k sxbravwows fok G h§dA) beantanafich &S 4 Bﬁmﬁli 68 jigl @4
of wafer 6402. Wafer 6402 is scribed so that grooves

redighly BQldefie frameceR9R Wwhew begrep psado fardansierang LﬂifPSacf@T
oG, MPS I b 0 SRR Byrtah ) ol
allowsr tledatlding af dies 204, ofitharlatixea mpieen saniovakolf dﬂ/ae‘ HI4 6402
o S Rt AR 2B on P 1 ©
that in some embodiments, the ring shaped portion of die frame 6300 may not
be necessary, and is not present.

Preferably, excess solidifiable material 6102 is not left on the surface
of wafer 5800. In embodiments, flowchart 5700 may include an additional
step that is performed prior to step 5704, where a layer of protective material
is applied onto the surface of the wafer. The protective material, for example,
may be a photo-resist material, or other protective material, which may be spin
coated or otherwise applied to the surface of the wafer. Thus, in an
embodiment, flowchart 5700 may also include the step where the protective
material is removed from the surface of the wafer. For example, removing the

protective material from the wafer can cause the removal of excess solidifiable
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for purposes of illustration, and not of limtation.
FIG 64C shows a perspective view of a portion of an

wexaaplsecri bed waf er 6402 attached to 10 adhp&i/U82003/023792

surface 6404, having a plurality of dies 104 separated
by grooves 5904 of grid 5902. In step 5724, a
solidifiable material is gpplied to the scribed wafer
to substantially fill the grooves of the grid. For
exanple as shown in FIG 65A, solidifiable mat eri al

mpheriah o 2R Biodpied5ie & HoonbaReRa et e 5.
i) 5708 Bor ERAwple; S@Mefj'jé(b(ﬁm ?k@ﬁrﬁ{e‘r@d g%@%ﬁfeﬁf lok- s

grooves 5904 bet ween di es
mag|hiaws & solrvblet apptiest ﬁhaﬂetosmansmmc the paypesttive thagamiah fromathe

di.f i .6102 t t |
ek st 300 maheRiols St Phkens! gl e Tbovedom o Buby,
omegwaﬁés@at £ KNk e fo feasdhs akllcdh {HREEV AR @Rs 6504 of
wafer 20 frane 6406. Note that in an enbodi nent,

sol i BN ifmIcc 630} maydie BId2tontignsdetedies dfetade Sabseiadnt y
alfebilich YR TR A9 suBRaB0R MR (oh B dhtmpedis,

SRR, nmh he aabmler @dgreen ampe, ManmesmediatC furbees otirewmher e
hereln sych as |s descrlbed above inrelation to

kpgvesor dascribethelagvhegs heseine pLymax bR Herthto tiansten diss dp4 4726,
ﬁhraede%ahrtrﬂ Lapl.g dgagfé g&laaéuws&a elflofaf ﬁlaﬁlg%?g@

grid shaped har terial in the grooves o
aldovwlfor Poecisextaansfos of dipksi diof |e&:iuh1ele baxhesel thé 1@208a oA dids

6102D, sh in FIG_65A i to hard t
rew&&yiré%“gahﬁatf%e@ TSR Wb Beoioe reinpn ol
drbevgretat. Tand %ﬁ Q)Eﬁb:ﬁ':md)%%gfher [&p%%l%élﬁtka‘?i‘onts%tgﬂﬁa

63. 30 In step e adhesi ve surface i s refoved
may nphbg rqqnee@rq ldcaé%mﬁ]e@cuﬁmlﬂeheoldmt er ial r em)v abl y

hol d Far. ,.exa Fl G

Do0a BioBERhaRE A Ao larb 58, 5FVigiS AR S fatperfig o
pluraite 06309 tb haturfhesuditS a ldiofatbeadcefmMydto dhbciess be

surface, 6404. Hardened material 6304a is present

thsrarsahingpeion obotedhat skps @b Floarchak O6PY it ezooptional are
sﬁvﬁ?@rﬂﬁ LG 'dgﬁ‘e(félfmeqI %n fﬁ&dexSinle@e @%Eﬁlgéd% Cf@l%ﬁ
y hol I'nt

renovab shape
tof FEie6 76 3011 luatsathe q:eqmsesb eEum]m\se-ucﬂNatl eﬂbbdﬁn@dsh@ﬂl be
aﬁc’p%&gn Ct% Sé"r%)gns 1113 in t e re (Iievant arts based on the following
discussion.

Flowchart 6600 begins with step 6602. In step 6602, a die frame is
positioned closely to a surface of a substrate tape that includes a plurality of
substrates such that a die of a plurality of dies removably held in the die frame
is closely adjacent to a corresponding substrate of the plurality of substrates of
the substrate tape. For example, FIG. 67 shows a system 6700 for transferring
dies to a surface using die frame 6300. System 6700 includes die frame 6300,
punching member 2406, a die frame jig 6702, a first reel 6706, a second reel
6708, and a substrate tape 6710. As shown in FIG. 67, substrate tape 6710
includes a plurality of substrates 6712a-c. Substrate tape 6710 may include

any number of substrates 6712. As shown in FIG. 67, die frame 6300 is
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det ached by peeling, chemcally dissolving, or

otherwise renoving it fromdie franme 6300. Note that
waelc@4hraoe 6300 nay be formed in a pads up or PEOESHONOR3792

fashi on. For exanple, flowchart 5720 may i ncl ude steps

simlar to steps 702, 10 704, and 706 shown in

flowchart 700 of FIG 7, jfgr flipping the orientation

of dies 104 prior to performance of step 5722. Thus,

the pads of dies 104 may be facing toward or away

f .om adhesi face 6404, di whi ch.
Db FMECTIP B PUSERN dt rotiriorh ! CHPTEH FBSaT [ oDl e

65601 RARIJABIBIL9IS 28RVAN 118 98SstrafcOhpe 471 (ﬁgﬁﬂ%cﬁ a dib804
portion of die franme 6300 formed in a ring shape in

nyayriys piesbed frogr disvizars8 G304t avaibitoate £7hD loflisnlgstrate tape
hani .such.as a clanp or jig, to reliably hold
ST A PRt el

di a en being used for transferring dies,

for hexasp! 6604 ThRe P@iet iOnraabfefe® biitdMheb3RQell0hMRE N
a grid shape in grid 5904 allows for the holding of

cofresponding syfsirateffam thedie Egme. iAs shewn i F1G@167d dies] 0fdus

[ e . tru I f die. fr 6300
b, BndiBRGl ROBf aRChigte JID R RURHIEE of laBlifad (9T B
ststrate fage 93‘7&@.3 dFop cextainie, afs shioemf ima$m.66k??@im94 neiy bbe
necessary,.and is_not present. Prefera excess
puRt eé iﬁrqr%swe@wm é%qoawhﬁb@moya%thowéfdee L0t onte Sibstraie e

r I ' : t VAEE
72 3 xRl o BIRL R i 2DEMRD e neaf WRERA die
104 frotmedie 5720k, 6300 ent substaigte 67t2a. pindhisldriendbodimhents, ather s
appl i.ed onto,the rface,of ..t fer.. The pr ctive
niigRabfy Thaope dfehdt SRyt A% B de, Bepd o308 &
siBstete @12. or other protective material, which may be
spin_ coated or otherw se applied to the surface of
t he WMulEple dRsusay bentransfe h dienframé pHUctoanbsiBIORPemy

A B WIS Lhiet oy RGPS Pt BB ot

infse10¥,i a8 ghd e in the exBaple V€ FIGL 6T, sistrbfeaipd 678 Owadeickad
cause the renoval of excess solidifiable WD

a Al 12guestatsy €820bay e 3vualy aumizadt SpheratGEg 67H
T s SARAd 2 B g o b e AL B Bt i o
6iayn BeGi 6Ter Swstirdeh 620G mlay snpply Gnbstraaytapa 6Bl (atosdbacend
refaeﬁ) %:Zb?,g\gﬁl%ﬁ rrgée?vets qugsltfc’a%g lta?f)% 6t7q‘8 pé;‘? ttuergitnlgv 1rstnglgde gelcgllnd

reels 6706 and 6708, substrate tape 6710 may be incremented to move a next

substrate 6712 into position to receive a die 104 from die frame 6300. Other
mechanisms may be used to increment substrate tape 6710. Furthermore, in
alternative embodiments, substrate tape may include an N x M array of
substrates 6712, where N > 1 and M > 1, instead of having substrates 6712
serially aligned.

In step 6608, the die frame is positioned closely adjacent to the surface
of the substrate tape such that another die of a plurality of dies removably held
in the die frame is closely adjacent to a next corresponding substrate of the
plurality of substrates of the substrate tape. For example, shown in FIG. 67,
die frame 6300 is held in a die frame jig 6702. Die frame jig 6702 may be
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surface of wafer 5800. The protective material may be

renmoved from 5800 by 5 other ways that are known to
w@erngomnsckilled in the relevant arts. Die fraper/63m03/023792

may be used to transfer dies 104 to a subsequent

destination or transfer surface. The subsequent

surface can be an intermegj ate surface, such as a

bl ue or green tape, or internedi ate surfaces otherw se

known or described el sewhere herein, or may be used to

tranifer dies.104 tq a 10 final destination surface

moyesh lafsrally Segts it substraier ey fHHL to apsition Hirenedoie 104
ofr! tﬁ%e}f{toé'ubﬁfa%: 57’9,%[1@1?% §los@te ¥785: %1F 126X gig&lcu?s .the
of d ly held in di e

because the location I es renova
size afre dG3104 is wel dknowat the dickinananjig 6762 inag be egiositioatd by

f.di [ t.. Thus, [ tical d/
o wifth 5 JeSB ot Fist 1 Ty RERE psitBeed &y dnapiia
ah@ot Oat ReREHACHIA Blp¥ wAli@FBasto @RterrhhethSlociBors HOYS
a flowchart 6600 providing steps for transferring a

dist UFer exagpplss injiee sntbedimentr foae 00t AP midkios sizednde, die

dj di t f. the present ipvention
BRI R by UV, o Eierbo Ry Bav B e B -
gBdoRe S9DHVI0 peide kisestt ik 10atihledokitios For tneREe NFote BHGHe
wll be described in relation to FIG 67, for

Presertdpyeatipy i 3pnhopblele ansizeifts: st ructural enbodi ment s

Wil | O: i | it r nt
vt s "D EB SRARARER dldis ik ERRgs Shlo AF Sty ek 4
c6BSPohding websivhtehfrah ape 6fe0Ramd. N TatLn 66O hanaerdi plutaliayre
I.S,. positioned claosely to g surface of a substrate
B i S IR R T T
stiliahted 6912 oPbuRuPleUhR 5790, Oln iR RRkYmPR! & 14:Be
the die frame 25 is closely adjacent to a
ngbeieeipog dihstraisithe tombinatidnstrnay pé created tiy 2 flag vy rapad es

of. the.substrate tape. For. exanple, FIG 67 shows a
fassélé)tnelr?\ fgxyﬁ'bs%pgﬁﬁﬂ‘gﬁgf%wepﬁ%m)fHfrgégss% a surface using
di e NotdTehab 2QMipIOYEE Erhfed A300 NEAHEHE DIMLE ith 2OHEKE IR
punchi ng menber 2406, a die frame jig 6702, a first
which digsy Bl may be randerradlo a grimtionsurfaces stdies E04 mpe

i 7 e.tape..6710 30
b frtlsfciSa 08/ hd Bk 6 aRraRtLB3OE Lk RSN, SPmes
usiape pandiiingrmechamidnydevacamy/das Bbete, ahd s sthephRshddish? .
As shown in FIG 67, die frame 6300 is WO 2004/ 012896
dﬁféﬂflﬁﬁ%ﬁ&f@@ﬂ@ﬁs@%ﬂ oraothgryasg Kapen ciserappel B84 o

sRows it f18%6n1 6082bviaing stpl Forfalferdlefa HIBIRy of dies to a
surface using a stack of die frames, according to another embodiment of the
present invention. 'Note that steps of flowchart 6800 that are optional are
shown enclosed in dotted lines. Further structural embodiments will be
apparent to persons skilled in the relevant arts based on the following
discussion.

Flowchart 6800 will be described in relation to FIG. 69, for illustrative
purposes. Flowchart 6800 begins with step 6802. In step 6802, a stack of die
frames is formed, each die frame including a grid having a plurality of
rectangular openings, wherein each opening of the plurality of rectangular

openings removably holds a die, wherein corresponding rectangular openings
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6300 is positioned closely adjacent to substrate tape
6710 such that a die 104 my be punched fromdie
WO e@a®1B300 to a substrate 6712 of substrate tBEEUS2003/023792
6710, as is described below 5 In step 6604, the die
is transferred onto the cl osely adjacent
correspondi ng substrate fg;omthe die franme. As shown
in FIG 67, die 104 has een transferred fromdie
frame 6300 to a surface of substrate 6712b of

R kB S BB B
chIBHRY épbﬁenli}@s d F of éﬁnﬁé‘ TFIBNES MRSt §t§éke%fjfﬂe %%?69@0 r

exanpl e,” a punchin chani sm 2406 may be use
Stk OR02ingludes 4 pﬂmraht\yobfehé frames 63WD Bort itlustdtise patmses,

67.1 In.furth nbadi gent s, h
sk G wlobin hEhaREnTE g Faiien Rotfs AL RS Gaehas Gk
nEtB&l §fatve B fdote dMIrhinBd 6301, €8s ARV dYo¥BSERA IEIFihom

die frame 6300 to substrate tape 15 6710 in this
Oaethinstudes harlengsl BBbBial KR4 shaped rmtthe fapeof grid 5902. A

oS B8 B0 sl RRES 50 4 T b PRy

holdiipubsdie attels @Vik2frided 630@ Herdlighéd/ sarthan QQﬂ‘espondmg
Substrate tape 6710, nmay be increnented accordl ng to a

OpEngst G307 dym eqlumasin thg é‘l«?%@@%\@% showipingIG. 69)- | n

FI G

oo e BB R iRl
Iesstbener eitlemb ayfethé ph@alitgyoft mlmhmg tof thesdesﬁmho&enmfmde In

ol R R OO S TS e nLHR e a9 6903 i one or

RS ichiuthsti8 ﬂhscc@smt@ndduﬁfaém 151550 T4l irkayf bEMEBMERAL in
O her nmechanisns may be used to increrfent substrate

npegus Wes fiogr sthdy A%02%, Fomexaniple ap showe 1refriﬁ>d69mnc or

te t ' I
D Bl bR Yade Gl B8 P 6\ FeREbH effmgy of
ob@mngs%wu s btaélt 69020 7A Dundiffig Alehperd4(BRidhes tﬁroﬁfgﬁ RBtack
6608, the die frame is positioned closely g acent to

6PPRtosmpyediss 164 ﬁiOﬁeﬂ@aﬁaqeﬁtaweewthap@ of gp%nmgﬁaﬁ 02ripstaek
6?@?’[0%6 ﬂe&in‘a{ﬁ&%{ lsﬁr}‘aésjgfa neg'mélrﬁg%rﬁdaglnq syp%é}n%g}ﬁ)%d % €

rane Is C a next corre

pesibeit matigglefliet HBI a’iOi tnxhelr Aniytnnnter Sﬂb&idhﬁigemembeﬂs |2606
substrateta? exanpl.e, shown in FIG 67,

Y RS BOP ARG P40 4 PAMBiB eathes 24087038 sheva mrtaﬁe

ekdrfpl6 (ORIATRY, RNV 2004 {0 686 Rk, US2003/ 023792

Other processes for transferring dies 104 from stack 6902 may be used,

including the use of a gas or vacuum source to apply gas pressure, elecirostatic
force, pick and place devices, and processes described elsewhere herein, or
otherwise known. Amnother example such process is described in detail below
with respect to FIG. 68B.

Note that the destination surface may be a substrate tape or structure,
as shown in FIG. 69. Alternatively, the destination surface may be a punch
tape or chip carrier, such as shown in FIG. 22, any intermediate surface, such
as a green tape or blue tape, or any other surface. Furthermore, dies 104 may

be transferred to the destination surface in a pads up or down configuration,
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-50 noved laterally relative to substrate tape 6710 to
position the next die 104 over the next substrate

wWGIh2/0130€ch as substrate 6712a or 6712b. BecauReT/Ukz®03/023792

size of a die 104 is well known, the die frame jig
6702 may be repositioned by the width or Iength of a
die 104, instead being reppsitioned by an optical 5
and/ or other registration systemtype which has to
determ ne the location of a die. For exanple, in an

dFP%{ﬁEI'% S Pt AgR B2 D sBGoRs ErgiTS tiseed i 9
dpokifisn \r%?ﬁleirﬁtugfthaﬁ hotHs0AY &i1i380ht &%e@il@@ﬁtﬁ‘ﬁnﬁe@%o

d|e 104 into position for transter. "Note at t
ipp slgelntand pllews d@ﬂtqlseuwfﬂrmdbhﬁeﬁrmnany size die. 10 In
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provi di ng stepsfor transferrlngapuraltyo di es
argidshaving: plaealiiy phrpetangulac kpevingdi whéreinmash openg df ﬂng

ot her L ment, f t he i nvent.i on
pﬁ gl stgL ?ﬁ) %%I owcha g%sé"d“?ﬁéf E%ld%ptal od:ﬂ%tl ‘gl?eéem
csﬁespﬁmﬁﬁg bpadiigd of tHe tileefurhdsie $he dtaklkt d¥e hligdddus taltoftimn.
errbodl ments will be 25 a par ent to%sons skilled in

Asrigowa R aHt 7Gries cxuarle tn dieHeanmes $29Rpdop! die Semestask.
sggmgé@ﬁ@eﬁ%gh%w 2 Bﬁu Ol R 7661 ald Ak oy

l'ustrative™ purposes b beglns
colupiin %@(ﬂolrﬁ:&ﬁﬁs a diesteapveid Zheld nstaa(:dpeﬁfngdmeeachr(ﬁ\’r(ﬁs
|s f #&f dy each die franme including a grid having a
4%of 30 rectangul ar openings, wherein each

0 p e n i GteBl 6810 cREHIhENdW YoafRbl bL5IAMAULABS hollow barrels is

applied to a respective column of openings of the stack of die frames. For

example, as shown in FIG. 70, a first column 7002a has first barrel 4306a
applied thereto, a second column 7002b has second barrel 4806b applied
thereto, and a third column 7002c has a third barrel 4806¢ applied thereto.

In step 6814, dies removably held in the openings of the respective
column of openings are caused to move into each hollow barrel in parallel. As
shown in FIG. 70, dies 104 that were removably held in die frames 6300a-
6300d are caused to move into barrels 4806. Dies 104 may be caused to move
into the hollow barrels 4806 by vacuum, by gas pressure, by mechanical

means, or other means described elsewhere herein or otherwise known.
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openi ngs renovably holds a die, wherein correspondi ng
rect angul ar openi ngs WO 2004/ 012896 PCT/ US2003/ 023792

WO 3i4pi28pde die franmes in the stack are ali gneRCT/NSH03/023792

colum to forma plurality of colums of openings.
For exanple, FIG 69 shows a stack of die frames 6902.
Stack 6902 includes a plugplity of die frames 6300.
For illustrative purposes, stack 6902 is shown
including six die frames 6300a-f, but may include any

5 e f 300. d i bed
Doy 5t 168 SR 1 GiSErF PENEANESHE A ePeRied il adned e bR
cO3@ths ANeRR bfidiest 4T frefdRBfin i hniR20Fror ’é‘xagﬁééle,r%é stog19f

ogenings 6302 are present in each die fr 6300, each
ane 6B/ blay betwsbetitedyuntilding of Guore Dif dafrela BO668 Became full,

al.-i gned t hat rr ondi openj ngs 6302 f.qrm

1 BCoT BREPSRA 605" vt SRERRS eI o58i 196
hbve defiRn &R Frond stdtlecgozmovabl y hel d in an opening is
transferred fromat |[|east one col um of thedgl urality

of c&r GRS 031, tthdiediomi prehi rlosiubrapleis deposigachento the
WA P B MR el Rkl b ALRY WOARRBLEPH LHAMShack

romone or nore C

dspicfedc Ehuf) diss I0Mfromholiew bafels 4806 athyibe depodiRt @us thays
from.stack 6902. For exanple, as shown in FIG 69, one

dgsingBoRoF datgh Sfacs WeHDEr dicsabil impobew apelsetp0boare

’ _ . . 5
SRR I SR T AR SO MR i) R RE
diesvE04dihewe 1@dn ftrapafetraé r As pdestiiee eodvenmliast 10pamiynys

6302 | t 90 he dest i ti f . A
BRRad g Bty B 2o P omC S binents B AR by gas
pEdsfgt Or By 8thkPhedls destiiiia clsBRYierdHEReH loP{fchEWﬁQ Wddn.

e

menbers 2406 20 may operate in paral such as

punc Henge, rdipriene ¢ ay bagisechiwa viarietyhef waysatopiransfst
' h t f die t fer,.. h
45, S B8 SRR, Ll 5 L S b

anpyf e oiperldie traitiad dhddBartdififs H6®@ pLfceded ASsciibed dEbKRBre
source to apply gas pressure, electrostatic force,

hereak toRropIdsc BT geiapead dign frapsfer areshanisas candppepcesses.
efei r e . -
FEUAS PENERISRAR, Bang b BRORE il osRN, uf RS BFlyine
subsettionssfoe custretive Erp&88. Note that the destination
surface may be a substrate tape or structure, as
shown in FIG 69. Alternatively, the destination
surface nmyl.d¢ a pumbbFrame Formed in a Tape Structure

In an embodiment, a die frame may be formed in a flexible, planar tape
structure, similar to a “blue tape” or “green tape” used to attach wafers/dies.
The tape structure is fabricated to include a hardenable material or substance.
A wafer is attached to the tape structure, and is separated into a plurality of
dies. The tape structure is processed to cause a hardened grid structure to
form in the tape structure, which removably holds the plurality of dies. FIG.
71 shows a flowchart 7100 providing steps for making such a die frame or die
support frame, according to an example embodiment of the present invention.
Flowchart 7100 is described below in relation to FIGS. 72, 73A, 73B, and 74

for illustrative purposes.
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tape or chip carrier, such as shown in FIG 22, any
i nternmedi ate surface, such 30 as a green tape or blue

W@ 2pe/012896 any ot her surface. Furthernore, di esPAQDES2003/023792

be transferred to the destination surface in a pads up
or down configuration, WO 2004/012896

PCT/ US2003/ 023792 -52 degending on the orientation of
stack 6902. Stack 6902 nay be inserted into a die
deposi tion apparatus that holds and aligns the

respective die frames 6300 |n a stack,_and allows

di es %W%‘@rtt J(ﬁWs %gl?segltﬁ f?éﬁpe?f% ?‘Féﬁph@rozd &t Wifer fhst
SRR Pb R4 8 4158 7 63 00tabe sFRAM, i N
AT F.ig’ EAIS I piched G0 Sfhoe M abS sEihS. For
erangpleyas desaribietl | above,afiGy 4B phoposewaleF|400 attichéiows am

st.em._7000 f transferring.di froma dje fr
TUBHE AR sliliney S o F ShowiR if FiGn dhe a2,
pRESIe Gffifest T04aNn @ERRsdERRMboiméMewRf@%00ts hipyaad PR
As shown in FIG 70, nulti-barrel die transfer

s rfashien asedapegiiugise helsurfagd of theftapastrettare and/or

i T SR S AR BT o 5 S VAL
td thertahe sndtuf@ uThdtapk srictaeisiebdMd il furfieadétad 803wy

i ncl i}ge an%/ numher of die frames. 6300. In step 6802,
a st Rter 18?&@ ﬁ’ég‘?"é’e? Briveged E’aﬂﬂﬁ voafer for gigrate the
ki | a

PR ot o i, oY RPIab Sl R QSERIDGED:

sheves waigu o0 attasbed rgssuroo¥2(12) of atepasratate 2200 heroeding

PR ARRRER Sool Butil PRt

iy &fzﬁlhluﬁlityt dratichi ®afdnasueacSBIRA-WaRt 400 ﬁlaglgb%ggﬁ)a?ﬁt@& fnto

6902 are ali %gid such that a plurality 0O ums 7002

agtherality ofedies B¢ lon teps Wrvetro G200 acdondles @ ady eomentumbl y

d.J i I h _of, .di 20 fr 6300a- d.
oo RGN, WO ol S SR TR A
sivoingpWsbameshanicsl ogRhiied dichige," R8P6GE ¥Rh&ghesMTRE

openj ngs, of the stack of die franes. For exanple, as

SERERIN Of wafes 40P reatesigrid $P02 of gioavernPP4 imwefaridpat

b 4 i : 02b
oo, S2p6Shlidure?00 i E8 dBIE T oye JE6 WMo M nforled
ot solidifiglde unaterflQBat drasbeacdubéd tb hander by 486i6as aqephigash.

theretq. In step 6814, dies.renovabl held in the
F81b & tgpe ﬁtﬂxggﬁr% 2%(@)’01%11&5(, gmlude a materi%ll that can be caused to

harden by the application of light, including by application of ultraviolet (UV)

or other frequency bands of light. Alternatively, tape structure 7200 may
include a material that may be caused to harden by the application of a solid,
liquid, or gas, that reacts with the material of tape structure 7200 to cause
portions of tape structure 7200 to harden or solidify.

All or a portion of tape structure 7200 may comprise the material that
can be caused to harden. For example, FIG. 73A shows a cross-sectional view
of tape structure 7200 as a single layer structure having the solidifiable or
hardenable material throughout. Alternatively, FIG. 73B shows tape structure
7200 as a mulit-layer structure that includes a solidifiable or hardenable
material layer 7302. Layer 7302 can be fabricated into tape structure 7200, or



col um of openings are caused to nove into each holl ow
barrel in parallel. As shown in FIG 70, dies 104

wao bai/ovespe renovably held in die frames 6300a-pPGB0SIH03/023792
are caused to nove into barrels 4806. Dies 104 may be
caused to nove 30 into the hollow barrels 4806 by
vacuum by gas pressure,_by_nechani cal neans, or
ot her neans descri bed el sewhere herein or otherw se
known. WD 2004/ 012896 PCT/U82003/023792 -53 In step

68 6, st 812 and 6814 are re eat each
%F 8%36‘2 816 » Ob FRYAY oo §%P§c9F“ oéorgxample the
soh @aab1e o haRRn I RRerial 8la cﬁore%%?ﬁ%teﬁgll& rfag%xy
arre

6814 may be repeated until one or nore of
ansb@atcctamecs@mmfmmoo Tapé |strs¢tamk7momay sfmﬂilmmlmtladb af
rbltrar have

gié& tapg edyrg ?roﬁlins %&%at%@% Eogrpg@eé%&@ua SHPPE™ 1 om

each Nwé |ty S18s9 @102 snalenosi fngg Bén%éi'férhﬁ:d Wrsfra&ﬁre(s)
until the stack of dies contained by each ho

despribed hesein s atharvisal frpwraleipH emeyl be Trenformed éy th@éSalfnleom
g’gclztln%wop Ql'iff&[iﬁt %Q&%EHVFQ e)g%) qg’ ' % %&%fe%nt g%ar%aonl@gd?]ﬁ

sti hati on or surface,

nteyl penfiora rstepls S7 143 %lda'V B0410 Aderekahpl‘é sueh wilfet lprépagation
surface. i of .dies, 104, or until _an arbltrary

R TgpRen fReiogh if REVTh A0S LibalRSH. o b AloRgrepaation
nﬂcgil%l?eg{}vﬁg"'inaﬁ@é’ ﬁ’wﬁb@%ﬁﬁﬁtl(ﬂpﬁ ud&BPS b}glgﬁilgfz[ QA¥er to

arrels 4806 rfeans vacuum
tapes Strq@tlgs si208, end/try may hieclude anwaﬁbe ssu:rlguﬂmmned@mr ﬂ;r

her or ther se. known. die frane 6300 may
S@%H%I%%ﬂ? ﬁ% %EB?Sﬁgﬁrgﬁg ransfer 15 dies to a

targeh sey r7f1@6 £a phtdbh RERDIBe sBiGule’ tﬁﬂiels%%sﬁﬁythfb%gh

combi ned with any of the other die transfer
thiosmeanesseisthe saids seused & hardse inth adgrid shopbé steuctirer diom

[0 nha tr nechani sns_.an
cknPE kIS4 oEIARGEHIC Hndel 3990 B SRR T Bl e
tajxess:mmﬁml 7200 t}twe if adckayble ghro&}g'lb%ﬁf&vb@ 5904 ©Pkrid 5902 to
|IIustrat| é&)oses 20 2.1.4.1 Die Frane Forned in

hgrden Jat pRICKHee erSoiiiOﬂ@rw FIg. dftea hardemingragerie
S&S&EE@QOE 'i‘raﬁsﬂfl t§§'hg}(§mn%e%§ﬁ{ TAPRw2d dJ %'leg)taféget% wﬁfeghbar

 ue tape' t ape” "use
améta@p sfrdcptes 7200h®ue ap‘éleslmcrauon of diek $04,dardeamipaderit7404
0] bstance.. A wafer

RN P A TR
Thi§, ofidils Wt dpetsiu@bire 7200 that are accessible through grooves 5904
and in peripheral areas are caused to harden, shown as hardened groove
portions 7410 and hardened peripheral areas 7420, respectively. Portions of
tape structure 7200 that are not accessible to hardening agent 7404 (due to the
application of hardening agent 7404 being blocked by dies 104) do not harden.
For example, FIG. 74 shows an example portion 7430 of tape structure 7200
that is not hardened.

Hardening agent source 7402 can include various sources for
hardening agents, depending on the type of hardening or solidifiable material
in tape structure 7200. For example, hardening agent source 7402 can include

a light source and respective optics, including a UV light source or infrared
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dies. FIG 71 shows a flowchart 7100 providing steps
for making such a die frame or die support frane,
according to an exanpl e egbodi nent of the present

i nvention. Flowhart 7100 is described below in
relation to FIGS. 72, 73A, 73B, and 74 30 for

il ustrati . 004/ 012896 .
o Bsro S s Braicsh thits s Wﬁﬁwpegﬁ? i@ light-h Barep
e%ﬂlﬁﬁle R ®k8hir(cl Bdteridl Wi%tfyet?]e 5 DAbtor&RIMNAEES. an such an

lurality of dies is attached'to a surface of a tape
egbpdimant.chardening egeahiied may bedight, sech abtivg, IRFlof otkkB

shows fer. .400 attached to an exanple support
ﬁseglﬁ?nﬁgg)aﬁ%ﬁfﬁ “shown in FIG 4A, wafer 400 includes a

5 pl wigkhdiyeB] hati@find Qdent kburkH 240 EEREIENREL BB Nuid
wafer 400 is attached in a simlar fashionto a tape
supmly derpnplying or spreyinee gds erhiaquidpewards separatet wattt ¢00

a Lye.materi appl.i ed
a%‘fﬁgaﬁégﬁg 0 a Og'r \gg{ffva er E’S%I&/epbn%mt ’gir?é @%rtt?c%?p@_xy
oThewd-pprty 8pei; toreactiveitlte setédpeating epdiytih@ipétatediih tape
bel ow. %&) st e@ 7§04, .agrid of grooves is forned in
SEREURaf &10- ¢ J18e Apdering rgentt souspesr and hyrdeming agsnisnare he

aé%ﬁdcaﬁféeco e $o&nt RRENRI gfo%dgﬁ a E&? s le, FIG 72

ows wafer” 400 attache surface 7202 of a tape
st udt dree fia@@07468cis cheichy fotnmedan Thx atip fenenivdd fenied of

t he.. t ] i on. f 400 i t [
SRR Jouehal 20 SoxPlydoiddee phedt Gatisr 1ab0 Thiy
ohe of 810a¢ ategd it BF the Fullity & diby 104 cHi BSMAP4 £BmiBPSrid

structure 7200 according to any conventional 15 fer

shangd stuetere efcinfibege d460 aotowrdiargst swfici H§GOrS swparaadic ng
) W n | aser. chani cal chem cal
ﬁé@@ﬁ.’“ﬁg’ ?tﬂgtﬁ%dgﬁ %earr1 & ﬁ? %ﬁgssggﬂ%esmgglﬁ%%\qq of'oframe

7460 BrholDBy & deafr@se i 6002982 sedwit OPIR Y 5098% 102 iWBEiRs
400. Tape,structure 7200 is a flexible structure that

MAyR s dicsirpme ddell toga sestratsl 472+ ilasheexrmnde PAFIG.HEY,

- | oys. t echn 20 F
IO R, O L B N
ﬁlto_kraiti]iecfaa_nndolmﬁé)an sedritly dfayajsmnblpdhifg&)}?ﬁmb]higg,ltﬁ}oms(t%%) of
i ght ,..i n¢l udin app]icatiop o rayi ol et
2 gp G by SEreE G e RGP o1 GperbeA SRRt 1 ape
ST I Ui Ehaf S8R dBRYharddhel Yas A30BhES b a% Iﬂgfo ﬁelglgﬁoﬁedie

caused to harden by the application o
frame 7460 when the respective die 104 is moved from die frame 7460.

Die frame 7460 may be used in a variety of ways to transfer dies 104
to a target surface, including any of the ways for transferring dies described
elsewhere herein. Furthermore, die frame 7460 may be combined with any of
the other die transfer mechanisms and processes described elsewhere herein to

provide for enhanced die transfer mechanisms and processes.
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wQq 2@d/01289har den or solidify. All

liquid, or gas, that reacts with the material of tape
structure 7200 to cause 25 portions of tape structure

structure 7200 may conprise the material that can be
caused to harden. For exanple, FIG 73A shows a
cross-sectional view of_tape structure 7200 as a
single layer structure having the solidifiable or
hardenabl e materi al throughout. Alternatively, FIG
73B shows .t struct.ure 30 7200, as mul ti-l ayer
structurezt]ﬁg i ncl gdeg THIE Wﬁ‘iﬁ’ﬁbﬁéeﬁngﬁg%@ﬁ‘%‘ie@
materi al | ayer 7302 HapdgpapleMaforizlan pe fabricated into
tape structure 7200, or WD 2004/012896 _
PCT/ Us2203m088#R4t, = dRe ‘ﬁ%ﬁaeb&agpﬁee%eép&{ 'aeﬂl'an&{] tape
e

sprayed onto tape structure 7200. For exanple, t
SyBetie sinalr do 61 bivgrtdpsiaty terermt lepé aliseddy abechawafers/dies.

] i_al. .or ljed to t .
BTN ARE AL ER Qin RO PR ek Rl
or BubstgiRe ahatiapdshs. tAMeaferdiel AtaEed 1O thO kRN stARWOE,I Ad is

I a%er to provide structural support. 5 Note that steps
e ge%}pao 2P al.ﬁgyf 6@5-p$h$ gm Byeppratingtthe wetpy into dies
| r e 0
HSERL) BEALAM ABCISE KU IR e
released truntesal kaydersx@npteete a haedered prEpsthatire ronmagutape

t 1 d 7104. An | e such f
st 0T ety £018 FaPLRY a6 ke nod TPRegdet oS
tabelstictrd @la9When BE opBESALYPRRIERT IF0A, 16 fsmllg}o%ﬁart

include a wafer application apparatus, for applying a
T0R% eroridingt Heps Hr rmalting eudi2 G0dicafrahororndiy suppom dieanze,

f sj nqul at i,on apparat us f.or . .
aé\goﬁgi?lgt {lon gﬁ sty g’lﬂ‘ a?)ﬁpaﬁﬁﬁ? r??s%&f“é‘?m off s present; sysntiqn,
Fedvehait 10600 &vild et Hesaribéd RRW aRaGeRiibh Gb UGSt NALed Stor
.accessi ble through the grooves of the grid is caused

IHustRRYBHP9S§80 a grid shaped structure. For 15

exa E . e Syst 400_f.or
aus R 000 bR i e 2 S K SEhSBG. At ot
campessi HIpdurtlity oofy Bieg rio eiashdddda clurfdtd 6f 2903e tsbructure,
“g%rderi into a grid shaped structure, As shown in FIG
Te, helpR FIFHC e GERPTISS ATy esansidaied relgasshle Bardening or

hBRICARIN REtREE nFoFé&ﬁlptlmé?W@rdgsct:r%Q@ AR ﬁx@.@i§ l;%oﬁgsgwi%gd

tape structure 7200. e to the location o
400 rdanhicd tp argeramplel OxppRO sucfactvist. t ApshostrinRIGr éA7R6Rr

L TR R WA T
stnkile@lyOdttaghQionees tap9 Afructure. However, in the current embodiment,
the tape structure comprises an encapsulated hardening or solidifiable material
that can be released and hardened.

For example, FIG. 77 shows wafer 400 attached to a surface 7706 of a
tape structure 7702. Surface 7706 and/or wafer 400 may have an adhesive
material applied thereto to adhere wafer 400 to surface 7706.

Tape structure 7702 may be a single or multi-layer structure. An
example multi-layer structure for tape structure 7702 is shown in FIG. 77. As
shown in FIG. 77, tape structure 7702 includes a layer 7704. Layer 7704

comprises an encapsulated hardening material that can be released and

or a portion PET/USIE3/023792
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and in peripheral areas are caused to harden, shown as
har dened groove portions 7410 and hardened peri phera

W@e@a®1284@20, respectively. Portions of tape sPCTIUS208023792

7200 that are not accessible to hardeni ng agent 7404
(due to the 25 application of hardening agent 7404

bei ng bl ocked by dies 1049¢ do not harden. For
exanple, FIG 74 shows an exanple portion 7430 of tape
structure 7200 that is not hardened. Hardeni ng agent

SRR 40, e R Bl 1™
r§10dskdifbinARy @ 778k Sdrdaardedd, Wibn! APSp& ol iy _raﬁpll'ze%lgg '1%}%9 r

exanpl e, hardeni ng agent source 7402 "can inclu
794 hthesepsrationand stregpecfilayer 3704 is Syrtlien dbsedbedybelowy

I'i ght. source or-J.nf.rared W0O.2004/ 012896 . .
poy GaBt HTgas sl & M eni bRl bEoRY alsohy rigid. As
sh@ield the exdhaile Babe@iRfenbt FIE XD OGPE Sriclurk 790 caf@Flude
exanpl e, the hardening mat eri al may be a photoresi st

arteedaye| 7708 foraddpd giuctarbawpagntlthohglr tenilaygr Zgehis 404
e e R 0 r. f.requency hand
QG dbogr R A Wl 8 Ry sl BEREL 9507
eganplentbel dmremmmlay e agpﬁ;fér, @g@]@inﬁr,fwﬁub@g&b)t?ﬁgriﬁ{) %
prayi ng a gas or liquid towards separated wafer.
8@% ¥ ébf‘gals?rr ﬁ%‘?h?létl"/i’z@é.m%]ﬁmgg%n%l 1stigya P OHISH FUH#fdat
S@ﬁ@ﬁ_gqycgﬁbgﬁﬂ&p&ékoﬁof a two-party epoxy, to react

mﬁthca correspondi ng epoxy incorporated in tape
st r udn step 78090 gl bé grdoxeslanthn gvaderan tfommadr toesspanid the
ar.deni.ng agents ar.e applicable to e present
P_F%e}ﬂmfoﬂﬁ?s e a?frﬁagceagfﬁ_@stt B Sueatahd Hioson 66
biackig 8o YsutRETRA. thN@pdli Brubtud™en TAELrdé&VelBE cause the
accor di ng} to flowchart 7100 renovably hol ds the

eptappEpled iagienigiganateal. toThauden indhe gorovas ino di @id slowedf

Qe ' 1 d,f i d
D8 PR B 5y Py A R R 0O
chugs-bational Hi€w of SwEBONS0 Beidly eddattd aitB séfffretdiad 104 on

i ncludes an exanple grid shaped structure 7500. Die
SW?W 70§ g6 trrestHEER %Z)O?a aghordipg dgran pxnply embodinent ofin
. _ dive 104 i . q :
R R e e R e R e S e e
gohowed §PD4i (sinblrlydo postedvinipy FIGps@)chi ng nmenber 2406. Die

AN e U
structure 7702 according to any conventional wafer separation technique,
including scribing or separating wafer 400 by sawing, laser, mechanical or
chemical etching, and other techniques. For example, FIG. 78 shows a cross-
sectional view of wafer 400 being separated into a plurality of dies 104 using a
laser 7810, according to an embodiment of the present invention. FIG. 79
shows a perspective view of a portion of wafer 400 being separated into a
plurality of dies 104 using a saw 7910, according to another embodiment of
the present invention.

As recited in step 7604, forming the grid of grooves breaches the
surface of the tape structure in the grooves to cause the encapsulated

hardening material to harden in the grooves into a grid shaped hardened



10

15

20

25

30

20 a gas, and by other ways ot herw se known or
descri bed el sewhere herein. Note that each

woem4lmsgened area 7430 may or nmay not tear frpoT/Ubm03/023792

frame 7460 when the respective die 104 is noved from
die frame 7460. Die frane 7460 may be used in a
variety of ways to transfeg_dies 104 to a target
surface, including any of the ways for transferring
di es described 25 elsewhere herein. Furthernore, die

fra 460 may be conbined w ny _of e other die

o1 £ PRACTRmi S FEORRA FAOLELES. Ho St D euriers iente
OMi enha [ S .

8 e T, 98000, SNRBEBRIN bR hce s

imdigateds200 braagz 7820. Asqufficigntdhrgachi 2P raumers o snEake}706
| easing..F | at ed le Material I .
Lsh IR OE SRR s roh B8 e D oReeieE B pe

184teribt tsub@ant BlIRA il eddh @oobd Y04 aread 780 8RN KRBy
used to attach wafers/dies. 5 The tape strucCture i§
vigihr andadenfht eecpssaryutie relepse rrc apffigicat ethount b€ @nedpiselated
' . 1S ens. A.wafer is
Rl o RANEE ob M oAU B hmlole o .
ceeafd aibmhadlt Y320, tieh wSpeclinebRadC?E @hy SeRpabpbhing 4 RRer, a
wafer into dies breaches the tape structure, which

W@P@a%%%sctrﬁéhéh%‘é%%%%ed material . The released
Mt e1H@S. PAGLHENS dith heR! Lrokeall! HEABHND ATh 0h Ui

on the tape 10 structure, renovabl'y
pettiatizlor tcpmpletely ddls artespectivaigrobee 59041 RreadhaB820 releases

truct b ' I I 76 .
BHsE P ratieine drom GuF g ity SERaEE FOP: bkt
8461hl 3801 Carf BePd BasOh il BsofilH PR IbIHaBRBE ther&C PHALAGHIO
an anot her exanpl e enbodi nent of the present

thewpatgriplancapsulaisdcindayer 7604 map be riJeasdd ot rifband, deblepoxy, n

I ter F 11-82, r S illustratjve :
o B 800 Bl hlesBy SR ren bR A G 2 vt
of tvegs. 7 602 examplef Bi arl BAbodi6RA hafREIng Mbidrial 7802 Rddises
i.s attached to a surface of a tape structure, wherein
hea hmpels dheravabightais orheR dgnests @ prlegied Bag ergcombination

S rean r g . ial . For . .
Og%%% g?glgostﬁ%escr id eﬁ’a%%@%?@éghgbi%?&é&\%f‘@r%nébls
héaied hy thegieeticular veaferescpamtiien sulppiqud, sach dsthe héfdendated

cludes. a pluralit

o3t Q8lheb With, (e ieain P Lokt 78 P sctigtr ot Sorpgotd T

another embodiment, hardening material 7802 hardens when it contacts or

mixes with an epoxy or other material.

In another embodiment, layer 7704 may include micro-encapsulated
spheres or beads that contain the hardening material. The spheres or beads are
ruptured when the particular wafer separation technique breaches layer 7704.
The hardening material is released from the spheres or beads and, and hardens
when heated, when contacting air or other gas, or otherwise.

FIG. 80 shows a perspective view of a portion of a separated wafer 400
on tape structure 7702, with hardening material 7802 forming a grid shaped
hardened material 8000 around a plurality of dies 104, according to an

example embodiment of the present invention.
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simlarly attached to a tape structure. However, in
the current enbodinent, the tape structure conprises

wa@poogieapsul at ed hardeni ng or solidifiabl e nmatBCT/852003/023792

that can be rel eased and hardened. 25 For exanpl e,
FIG 77 shows wafer 400 attached to a surface 7706 of
a tape structure 7702. Sﬁrface 7706 and/ or wafer 400
may have an adhesive naterial applied thereto to
adhere waf er 400 to surface 7706. Tape structure 7702
a sin i -1ayer structure. exanpl e

ol RBr gt e, 20 and Joof By Bty e tained A0 strig e

I
S e, f sl nf iy S obi i i

SewnmpsgtdﬂﬁmmhaﬁEEWM Reit eranglle,tdhaiafer gefpeationl maddd

2004/ 0 6 P S2003/ 023792 ar dened.
g Pe\éf’ Figps %@2 cand7 ey FETRIE oR ‘gap °f PERRAEIOB,
nffdledis tﬂﬂ@ﬁer' descritRligasestion” P03l BY&bw! Fib waRkd F@%&ﬁ@ﬁ
when a proper agent is applied to |ayer 7702

nsdaleampy Anclinde 8twafer eprdication epparatdsy dar arsplmgtmmafer to

S 0 uct ure 702 pi cal
WIRSSIEREE 70 ey SE R ShEMES o §areh Sl irsRtab for
sq)ammge@mm@hgrmatw@ér &l aufazz 77080 end Fdrusibaihng’ d@Zacean

include a tape |ayer 7708 for added structura

740 pdie, walex ﬁl@a@m%aep%% may7ipgluds lasst 781 @ gud/pegaw

7;?(?%1]% .708 may be nmade froma variety of
mat’eri a For exanpl e, tape |ayer 7708 nmay be a
papeifn s@p pZﬂOﬁmﬂIq tape Sinsturaafserenmived i sal thaatheggm?ds Shapad

HGEFa Bpieliapiee 10y dobe AnEaraty ok gk R Srstioacb

Hame100 tH40fhs baetd aetgcrreti R @abe%tﬂuemrérmaafaeroraﬁgft&gged

to separate the plurality of dies on thé surfa
ex4reple &péaosltm@ﬁtqf rthe piesentunventjonhdape epuatire Br2awhy by

t.he t \De structure in the grooves to
pgegg%élstg?rve e ‘éle?SS?fl ﬁl Isﬁé?ra‘eYﬁ%ng material to harden
in tiDee GaME\8E00 igthes frakd tecoRBRet Adwdardened Digtaht al
in the grooves of the grid. For exanple, FIG 78 shows

8300 mayshe yead: moh yprigy sttﬁft@mﬁ@@h%efpn@t?é%eﬁusfﬂeﬂd
1ﬁéﬂcﬁ’n Aty ?%ﬁezwagg g‘é'r? ﬁ'lalﬁsgerfrﬁéj rdle%cc?esz e% 81 e he ein.

stru o~ an exanpl e € of

Fuhiberpioes edit frawe 3 0@ mayThe compiedtwiln aaf o@aﬁhe rOtH@Qile

creates grid 5902 of rooves 5904 (simlarly to as
t@ﬁg%gnpﬂl%pisgrs @g)processe% described elsewhgre herein to )Il)rowde for

enhanced die transfer mechanisms and processes.
22 Post Processing

As described herein with reference to FIG. 3, in step 310, post
processing is performed to complete assembly of RFID tag(s) 100.

FIG. 54 is a flowchart illustrating a performance of step 310 in greater
detail. This operation begins with a step 5402, where perforations are made
on tag substrate 116 between tags 100. These perforations enable users to

separate tags 100 for individual placement on various objects.
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20 Wafer 400 may be separated into a plurality of dies
104 on tape structure 7702 according to any

weewemsponal waf er separation technique, i ncPCOUSZP03/023792

scribing or separating wafer 400 by saw ng, |aser,
mechani cal or chem cal etching, and other techniques.
For exanple, FIG 78 shows a cross- sectional view of

waf er 400 being separated’into a plurality of dies 104
using a 25 |l aser 7810, according to an enbodi ment of

h ' ion. FIG 79 h [
he B gaanvent o PG 1ol o e perapecti e
TRlsWid Edndpries @h&Sink gfﬂoﬁé? P[hgeﬁeﬁtad’f ré3td e1@E0R1E IAQ@ ah®

anot her enbodi nent e present Invention.
diedd¥t ed in step 7604, forming the grid of grooves

b hes t 30,.sur f f.th t t in.th
or ootbeep o e iR op 48 F0 R Pt A RarLini
shdatdnarden in the grooves into a grid shaped hardened

WO 2004/ 012896 PCT/ US2003/ 023792 -59 material. For
exanpt #ep 4408 wowdhesivecechingfis #plisd ty Biganbstzge 1¥urFlise

; 7 i reached, An.ex e
o bR T INIh 0L R AR aRlaaR B SRCETBiS,.
ad sarfstuner produdiseach 7820 occurs in surface 7706 al ong
the length of each of grooves 5904 so that the
encapsul ated hardening 5 material substantially fills

3gachTys devenE9MppafBhgach 7820 may have any w dth and
depth necessary to rel ease a sufficient anount of
ul at ed Dependi ng on the

. har deni. terial.
par t 1 BGITAF 0L RO Het UGS ASolhe Sompapasius.
FRee a5 ard B 28, ark Modkesingaink & t@xfoe%%hasz&ﬁgﬁagﬁls@" that

opening, a tear, a_rupture, or a scrat n surface
erpp . tha ekmigsss degerihed hg@ireach show a rel eased
hardening material 7802 that partially or conpletely
fills a respective groove 5904. Breach 7820 rel eases
3dar déradsd/niedsseinbly X@@atis om | ayer 7704 of tape
structure 7702. Hardening material 7802 can be a gas,

l'i qui i Qhi nat Lon_thereof .. For..exanpl
el S H0 nf COPRL ' M DERS S AT
apperaas 660@asenibdaaggil 2 "palxyph" hons, & becribédbérdin.
r deni %91 material_ 7802 may be caused to harden in a
Tyus iaseepblyapparuis 558 vestarmy e stepsats davpiderdnkmein with

ragkgﬁangGgﬁggkig% 7802 hardens when it neets the
anbient air, or en it neets a selected gas or

combAssenildy apparatus 5500 includes a support surface supplier 5502, a
support surface collector 5504, a wafer preparation module 5566, a first die
transfer module 5508, a transfer surface supplier 5510, a transfer surface
collector 5512, a second die transfer module 5514, a tag substrate supplier
5516, a post processing module 5518, an adhesive application module 5520,
and a printing module 5522.

Support surface supplier 5502 and support surface collector 5504
convey support surface 404 in a direction, as indicated by the arrows in FIG.
55. These elements are spools. However, other suitable means of conveyance
can be used.

Wafer preparation module 5506 performs steps 304 and 306. Thus,
wafer preparation module 5506 applies wafer 400 to support surface 404. In
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of gases. |In another enbodi nent, hardening materi al
7802 hardens when it is heated by the particul ar
wowedoen1separ ati on techni que, such as the heat PENESHDER3792

20 by contact with the beam of |aser 7810 or by the
action of saw 7910. In another enbodi nment, hardening

mat eri al 7802 hardens whem it contacts or mxes with

an epoxy or other nateria I n anot her enbodi nent,

| ayer 7704 may include m cro- encapsul ated spheres or

o5 UL B80T PP D AR ab BREREUP LR CORPPn
wabRadd | Gafte %ﬁ'ﬂﬂa&ﬂ@n tﬂi&ﬁﬂf@ %§O$ ?%’ gx‘h %%ﬁrgﬂted-r»bﬁh suitable

hardening material is released e spheres or
nigghanismanehd ssrllingamglementswiveh ak Mtnésb, when contacting

t;h t
per s st e oy aauR, 808 uRester, o B dbraamarorioo
s@ifaceafdd 5ttraneley GG fate Q&oz Wittt RaER i &aﬁ@%%bahe 4808
forming a grid shaped 30 hardéened materi al

Perfesusdstep plﬁQE al At:eprd;nglm st 1D transfon metidule 65)08amcludes

SRR TR e B0 0a S ST s RTE TR peter

m0E0R A5GB GF4inchyle e mitiehiot sk, by pahdtl wéw a(lﬁhlu-barrel
descrl beg1 herein or otherwi se known, an

UARIPOH WeehapiPm, [EIOR fedicsti et aRdeothel compensn n@ssomated

e ol S0 o A B (e T AL TR,
Fpstapa transifermédute 8508xalsosintud éshelem elet 63 fmrhekéasmg die@) 10h

3.0-3.2 below. T waf er eparati on nodul e nma
B (SRR S 4§‘§p Pitkags divatos, £omPaRent Gndp Jegiation o
dwadt®r to tape structure 7702, and/or may include a

waf er singul ati on apparatus for
s epadzanstay/ Sirfage saprliey YSAE andf Gansder sufdcacellgaton 554hd

ooy TPRE RGP 206G kool by Mo T 060

55 ofrh&@eealmh@ts 8 spé HONEver! Sttt AREDIS Infdafié B ®nlvSyance
renoved so that the grid shaped hardened naterial

caebNs$8i v hol ds the plurality of dies. FIG 81 shows a

0 2 SHAC R slodas e SATg L0y,
strifeee pi262 etot tag rsubsttaieohl 6. Tdhes, Stecownd dicetrahnéz rﬁ@dul@6514l5
pgr‘%oerlm%détepd|1IQ'OQSo chordlgtglgrp Sedcon rcheo%Jrrtt]laesg?e\:lyI n?loedurlee (5115)%/4 ijncludes
piston(s), roller(s), air jet(s), and/or punching devices. Second die transfer
module 5514 may include an adhesive tape, a punéh tape, a multi-barrel
transport mechanism, and/or a die frame, and other components associated
with these components, such as are further described above for die transfer.
Second die transfer module 5514 also includes element(s) for releasing die(s)
104 from support surface 404, such as heating components and/or radiation
devices.

Tag substrate supplier 5516 conveys tag substrate 116 towards post
processing module 5518, as indicated by the arrows in FIG. 55. Tag substrate
supplier 5516 includes roller(s). However, other suitable means of

conveyance can be used.
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Die frame 8100 is thus forned according to fl owchart
7600. Die frane 8100 nay be used in a variety of ways
wao eooiosassé er dies to a target surface, i ncludpPeyusawy3/023792

of the ways for transferring dies described el sewhere
herein. Furthernore, die frane 8100 may be conbi ned

w th any of the other die,20 transfer mechani snms and
processes described el sewiere herein to provide for
enhanced di e transfer nmechani sns and processes. 2.2

Post _Processi.ng As descri bed herein with reference to
FI G Past Hrﬁceéﬁlag mpgigle %&étper ToFBE £5sath ProgessENS Remions o

d6RABEEhSeRSHRR ISRl 16ELP3149(S) 100. 25 FIG 54 is a
flowchart illustrating a performance of step 310 in

gr eatdhesivie applicatidihnmdolees 520 applise gidhesivd tohtag sibefpate
02, where rati o are made . on tag.substra
1% gt RteBaID® B ot 05 TRp crnere SR g o
5570 iRARRE al §riygs H&QeJ&ramﬁﬁbylag%T atiBh ARENRE 5590 can
various objects. WO 2004/ 012896 /U82003/023792 -61

epploytogher ssiaide deviesh te pgrfaronthisstémspect ed to ensure

o1 o EHalTE B8 plirspelibeSpnBhiP SRR A rBE e e SaBs 10F

a1$d &plied @ overRbIinELIS taptiubsteate 016, @aﬁ% S8 1908 aadd
arranﬁed into 5 sheets, In step an adhesi ve

blé)ckif s, iSIngig (and @Versoatng wodale r5§t2% luci@desvﬁre@n printing
t
ﬁg@hKQ %%gﬁbﬂ%lﬁioeﬁ%ngg; onsu%ﬁ%mpgg %%@quégﬁﬂ?

5 3%25 emrb Emplyypethet sis@bleldevides, uchsandn inkvieny itlenmiab sprhg o
di.rect ed ssenbly apparatus. FIGs. 55 and 56

eqfpmEt, ﬂﬁgﬁﬂﬁﬁﬁﬁﬁ?e§mo tag assenbly apparat uses
that enploy the techni ques described herein. 3.1

" Pad " ASS, aratus FIG 55 illustrates a
padzP‘iL‘ﬁﬁD e/g;gFl b p%%ﬂaé@(’&% 5500. Assenbly 15
appar atus 5500 assenbles tags in a "pads up" manner,

as JeREridigdsthassal Hads dOWS! as8SEB! gtapysa@ﬁ@%@@ UR sy
perforns the steps as described herein with
apparatus 5600 assembles tags in a "pads down" manner, as described herein.

Thus, assembly apparatus performs the steps as described herein with
reference to F1Gs. 3 and 16.

Assembly apparatus 5600 includes a support surface supplier 5502, a
support surface collector 5504, a wafer preparation module 5506, a first die
transfer module 5508, a first transfer surface supplier 5510, a first transfer
surface collector 5512, a second die transfer module 5602, a second transfer
surface supplier 5604, a second transfer surface collector 5606, a tag substrate
supplier 5608, a third die transfer module 5610, a post processing module
5556, an adhesive application module 5628, and a printing module 5626.

Support surface supplier 5502 and support surface collector 5504
convey support surface 404 in a direction, as indicated by the arrows in FIG.
56. These elements are spools. However, other suitable means of conveyance
can be used.

Wafer preparation module 5506 performs steps 304 and 306. Thus,
wafer preparation module 5506 applies wafer 400 to support surface 404. In



reference to FIGs. 3 and 11. Assenbly apparatus 5500
i ncl udes a support surface supplier 5502, a support
waohacsIcol | ect or 5504, a wafer preparati on nmediUs2003/023792
5506, a first die 20 transfer nodule 5508, a transfer
surface supplier 5510, a transfer surface collector
5512, a second die transfgr  nodule 5514, a tag
substrate supplier 5516, a post processing nodul e
5518, an adhesi ve application nodul e 5520, and a
.J.nting nodul e, 5522, S rt surface suppljer 5502
adilion, e toRdROdy Pedd s dhe piraliohobgis Ihen t
f e . y , - ndi y -
AR SR b A R e
msohanidshseandesaribing implemestsasich as taer(Pe used. Wafer

ti | 506 f t 4 d 306.
e P, RE e oo s S G aemE Kl H & eiBporh 0
siir€acs WoRAab tiranbfef a6ecd0202) W02 G684/ &l 88%Fer module 5508

PCT/ US2003/ 023792 -62 addition, wafer preparation
PeriItIsestes 1626 e pagcardisglyh firsh| die dtansfpr ofodlee85080mchides

A A8 e RRPL RS20 e

miodplee S0 Mmaysiucldasm| aBrEiys )tapd;id ?tmdﬂ eipt) ansheiCbarrel
nmodul e 5508 transfers die(s) 104 from support 5
trapippE dRechaush o/ PEROFETS, 3 rardic fapw, anphefher compopenis

' 0 0 11,02 .
2RoBiatel S Ges R Fens Shon BE LRSI ERitEN oY for die
trpnsferorFisy diertoinkfer rm)ilead 08jabto(inpludandérment fahiclogsing

devices.. First die transfer nodul e .5508 may incl yde
) o e ot SR‘Pé’Bg, s %aﬁan‘i‘{%‘» SHER. 85 DGHiPE icopRpARIL and/or
rddiafdaRR icedrechani sm and/or a die frane, and ot her
conponents associated 10 with these conponents, such
as aFustftyansfee sufessonmpplier $6\eadffost dinsfer sarfadeecollector

sel Lt} Bl Ry S PRl s i BRIl poprs i

FEEI f@CeTHRS clanaits afe BRRld. NTISAERENENES s@iBlOmeans of
radi ati on devices. Transfer surface supplier 5510 and

convgnaicscaB e isede col | ector 5512 15 convey transfer

f 202 i i : i
o ocetrh BF s B HARE 6% WARAACUET) 10 dferh Woner
siifaveVIS0? totseemdstyi trabfe supfcs 1262. c Ghugwaew@ die transfer

module 5602 performs step 1622. Accordingly, second die transfer module

5602 includes piston(s), roller(s), air jet(s), and/or punching devices. Second
die transfer module 5602 may include an adhesive tape, a punch tape, a multi-
barrel transport mechanism and/or process, and/or a die frame, and other
components associated with these components, such as are further described
above for die transfer. Second die transfer module 5602 also includes
element(s) for releasing die(s) 104 from transfer surface 1202, such as heating
components and/or radiation devices.

Second transfer surface supplier 5510 and second transfer surface
collector 5512 convey secondary transfer surface 1202 in a direction, as
indicated by the arrows in FIG. 56. These elements are spools. However,

other suitable means of conveyance can be used.
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can be used. Second die transfer nodul e 5514 transfers
die(s) 104 fromtransfer surface 1202 to tag

wemgntade 116. Thus, second di e transfer nmodub@r/ES143/023792

20 perfornms step 1106. Accordingly, second die
transfer nodul e 5514 includes piston(s), roller(s),
air jet(s), and/or punchi devi ces. Second die
transfer nodul e 5514 may | nclude an adhesive tape, a
punch tape, a nulti-barrel transport nechanism

¢ Len dub B HoRER 3005 Gumes T BIPGRenD ageds bt
pAReMtd Bbdile 8544, A0 BEate 2By RGP s G FIGI%‘ sf % subs Le

5514 al so yncludes el enent(s) for releasing

sumgdierf r 903 ipgdedas solldrGpe 40dwesucivtias khatablmgmeans of
oS once%ts angle/ or radiation devices. Tag substrate
sup Py a%gig gOnveys tag substrate 116 towards post
pr oc @nEt ne MadibenIABR. 56419 ﬁﬁﬁf&@ﬁf&@sg b4t B8mAEdcOMErY N
FIG 55. Tag substrate 30 supplier 5516 incl udes
trppyfpresuriape 1 dag sWshale EG t Eblllse thiehdie winsfer module

vevance n usged. 004/ 012896
SERTERBRGE 683185 "R opliBiS IE P Winsfar ot 5610
irﬁﬂmfe_e rpigtor(e Ip?&’(s)p BICRYS), rt@ldmg i%@bigg% Sdevit®s.CThie tiic

erein with reference to step 310. esi ve )

trapsies @8@‘1”182635 dJupenshsls apwiticeye fapsedinyach épeag multi-

S mocPaniBM! SHAGH t 4:. T r is
bél?gpfrgrggﬁlési vearélg%l Icati 8%10%?%6%%/&% g1§2]8ar?§fc%ﬁddg}shteg
cempenjents, askioasod withattibees¢ongpcapmtsj suah ias rarenfidtilee d6&ZiBed an

I t her it e.devices_to perfo this step.
a@gl%n ?%lrn g%eaﬁan%grer ?ﬁ?ff‘? n‘ge %ﬂﬁfeé @Bg‘ﬂe pg énqu)t §iSP eF“&f s
cRhRal(5)0Bt fedeadf didBX APRbh @8cARaIURLSRALLRR 05 sh

substrate 116, pursuant to steps 1108 and 1110." Thus,

appeating sompenrenieatos sadigiipodsices 5522 i ncl udes screen

pri Nty - 10 nent (s spraver{s). weve
pri nf“.dﬁg“%enéﬁpgf\/ggﬁ%%é‘%"%‘ﬁige ﬁ@%uf‘lg’he%é‘%‘%s@ n{{,'g I%‘E?étf?li‘ﬁer
156lipuadabst tdeiepd666. FU@Brfasn &is btols, diRésve ApEEATRIn HHNAY

[ and/ or gbl ation_devices., 3.2 "Pads Down"

e %}%?Mei}g Rowasyet-uieveyersgitiesive gpplisaien anodydel §626% wprt
cRADRS IS BRI dvicts 2P foriSRETRLY

Printing module 5626 prints related electronics 106, pursuant to step

1606. Thus, printing module 5626 includes screen printing component(s) and
sprayer(s). However, printing and overcoating module 5626 can employ other
suitable devices, such as an ink jets, thermal spray equipment, and/or oblation
devices.

Post processing module 5556 performs the post processing operations
described herein with reference to step 310.

Note that "pads down" assembly apparatus 5600, and other assembly
apparatuses described herein, may also be adapted to transfer dies directly
from a support surface to a substrate, as would be understood by persons

skilled in the relevant art(s) from the teachings herein.



15 apparatus 5600 assenbles tags in a "pads down"
manner, as descri bed herein. Thus, assenbly apparatus
WEeooho12s86 t he steps as described herein with PEfEsS®ITE3792
to FIGs. 3 and 16. Assenbly apparatus 5600 includes a

support surface supplier 5502, a support surface
col l ector 5504, a wafer prgparation nodul e 5506, a
first die 20 transfer nodul e 5508, a first transfer
surface supplier 5510, a first transfer surface
ggjleg%gﬁug 2, a second die transfer nodul e 5602, a
second transter surface supplier 5604, a second
transfer surface collector 5606, a tag substrate
suppl W8ile56@8qusa etbbditheatise of r tha spreseniDigubi@idp0 hlve deen

ESt 8 2858  dfulEbesimiseTag hudbnchise been ssigsiinr ey
s01E LG Re, SHER 0t SmiBERR. ANYiS e %ggér_eﬁwof BiSors QchiRgt ifthe

5504 'convey support surfac In a rection,
Teheyieplatidy they vieieusichangss iim fFinGand Sktaillbas be ahslehictein

q er,. ot her suitable neans of
B3R e FRTHE piB S b BReomuraiRod s thi rressibe
peedtonnshoaldpst BO4inditell B Gy I8Uhe abdle WREShed exem lary

pp?les waf er 400 to suppgrt

%ﬁﬁ? ration npdul e 5506 a . '
@@éﬂt&o‘w shpuidch o defanad 1089 6n ROTUSRE 08itlD 2857 Atlowikd
it . par ati on nodul e 5506 separates the
%?%Fa ?ﬁ&%ﬁﬂﬁ¥%§ﬁ§04 on wafer 400. Wafer preparation
nodul e 5506 is inplenented with suitable nechanisns
and scribing inplenents, such as laser(s). First die
transfer nodul e 5508 transfers die(s) 104 from support
5 surface 404 to transfer surface 1202. That is, first
die transfer nodul e 5508 perforns step 1620.
Accordingly, first die transfer nodul e 5508 i ncl udes
pi ston(s), roller(s), air jet(s), and/or punching
devices. First die transfer nodule 5508 may incl ude
an adhesive tape, a punch tape, a nulti-barre
transport mechani sm and/ or process, and/or a die
frame, and ot her conponents 10 associated with these
conmponents, such as are further described above for
die transfer. First die transfer nodul e 5508 al so
i ncludes elenent(s) for releasing die(s) 104 from
support surface 404, such as heating conponents and/or
radi ati on devi ces.
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WG 0faca896.202 in a direction,

First transfer surface supplier 5510 and first
transfer surface collector 15 5512 convey transfer

arrows in FIG 56. These el enents are spools.
However, other suitable neans of conveyance can be
used. Second di e transfer frodul e 5602 transfers die(s)
104 fromtransfer surface 1202 to secondary transfer
surface 1202. Thus, second die transfer 20 nodul e

6 e ep 1622. Accordingly, second die
ﬁ%%zﬁggéﬁigﬁgEPQ%SGOZ i ncl udes piston(s), roller(s),
air jet(s), and/or punching devices. Second die
transfer nodul e 5602 may i ncl ude an adhesive tape, a
lpunch majhed for assdrablingomplinelity ofradipdraquensytidentifivatord/ or
(Egggﬁss, and/.or a die frame, and other conponents

crere SRRt hese conmponents, such as are further
descyd)bed tr%ﬁsféﬁﬂ]g% Oﬁlﬂlraua} S didsapsih ﬁ@up;?ﬁ'?&fﬂﬂlcgtcﬁa chip
transfer nodul e 5602 al so includes elenent(s) for
cpgienthat bay adplaedly afuells penestiblans distsurhecef thoollip such

. i ¢ radi ation devicgs.
BT G SO DA SuRDSE B B 20 SR o
off thndiralitysuficEACend is tdesseti o todregRAURY cBR GahdERiCt
transfer surface 1202 in a direction, as 30 indicated

tpihein¥ syHReiAdd n FI G 56. These el ements are spool s.

Howevy@r , ' f

used o 00T SebLER TR s T B UARE LR BF
cslibtotsnltantmilp pbvarcad6dis ic drweyssgoadingwblt rate 116

t owar ds post processing nodul e 5556, as indicated by
the arrows in FIG 56. Tag substrate supplier 5608
2l ncl gdesdtidd sdi#ih 1, vy @bmpREAEr suitabl e neans of
conveyance can be used. 5 Third die transfer nodul e
5610 (®r ansfusegeaing the firsiearfaecrfitbedup danripr tof caassther

o,tag.substrate 116, Thus, third die
PRl b’ B 1 BT S B us lD e BB Rg v,
thddhiglcadiier. t ransfer nodul e 5610 includes piston(s),
roller(s), air jet(s), and/or punching devices. Third
die transfer nodule 5610 may include an adhesive
t ape; WS, . T l.Lransport
3frechg%|ég%1 and/%?ﬂ%rld?’el@sglﬁ gﬁé&&?%{é{pgls%&f rame, and
ot herpplymgparetertricatiy aonicahddtive tlider ik sextaiimas eshs,

such_as. are further descrjbed
ce OP the plurality of cells to substant{aply cover each die.

4. The method of claim 1, wherein step (b) comprises:
applying an anisotropic electrically conductive underfill material into

each cell of the plurality of cells to substantially cover each die.

5. The method of claim 1, wherein step (b) comprises:
applying an isotropic electrically conductive underfill material into

each cell of the plurality of cells to substantially cover each die.

6. The method of claim 1, wherein each die has at least one contact pad

located on a first surface, wherein step (a) comprises:

as i ndi cated by P¢EUS2003/023792
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wo cowmosseondary transfer surface 1202,

above for die transfer. Third die transfer nodule 5610
al so includes elenent(s) for releasing die(s) 104

conmponents and/or radiation devices. 15 Adhesive
appl i cation nodul e 5628 applies adhesive to tag
substrate 116, pursuant_go step 1606. To performthis
step, adhesive application nodule 5628 includes a
sprayer. However, adhesive application nDduIe 5628 can

enpl oy ot her ita devi c s to perf S step
Pr | nEEE T oo e Sl SHLPRCRE GFFLE8T05,

vt Bl @badt Ond EGRact $9d ERESout HHSy celf | Nti ng nodul e 5626
i ncl udes screen printing conponent(s) and sprayer(s).

However, printing and overcoating nodul e 5626 can
Wpl l.e deV|ces such as an ink jets,

7teher n%‘%? %/Ofscxﬂpp her SomPIngb) ati on  devi ces.
Post (@r oc @asitibainpBek et 5586: HehE ShiFRafrt® cR/SIY adJacent

processi ng operations 25 described herein w't
to @ pefach of aspbsitatgstgictire hying 2 plarality aﬂt@g ddwtrateammmj y

appa tus Eﬁ&ﬁn%é‘é‘é%oﬁﬁ %ac@é?ﬁl%blh%} r?:@rr?%lusgeftgﬁ di es

desc bedp er €l S0

latiatie blbp()srcé poeach call plﬁﬂretphﬁ*hlllitfya)(f CellPtoanGreatl aledut 85
woul d be under st oogﬁfﬁlﬁper sogns skilled in the
thefogspndig qedhsugh anderfl pmaterdal keyesing, thepfyst

s%@%/o%ga%e B&Tt’a&?é@@ﬁés? 3192 1ng B8 O GRDEL A 9P

| e various enb presen ven
tmbstheportldascandbed above, it shoul d be underst ood

ot (P ¢ ALRIRE FE CRIUE T8 o4 e GAE 6 SpEFEBRUDERE | oc

shstraeoIhateheEMabdst aid @011?213@15 adVé¥ daO &ieGBRESBally oduBlc
and detail can be nmade therein w thout departing from

tq pdeashpig eorgpsponskiegpeonirict patkof the eerréspendilhitag stibstrate.
present invention should not be |imted by any of the
above-descri bed exenplary enbodi nents, but should be

8def i Mad nwthod dftlACH MdRRAGEstY geg cbh@riéqt | owi ng cl ai ns
and their _equivalents. 1 W 2004/012896
PCT/ clipegtheypdergifl material covering the first surface of each die to

attach each die to the corresponding tag substrate.

9. The method of claim 8, wherein the underfill material is an anisotropic
electrically conductive material, wherein said curing step comprises:

flash curing the underfill material.

10.  The method of claim 8, wherein the underfill material is a thermally
curable epoxy, wherein said curing step comprises:

applying heat to cure the thermally curable epoxy.

11.  The method of claim 8, wherein the underfill material is an
acoustically curable epoxy, wherein said curing step comprises:

applying an acoustic source to cure the acoustically curable epoxy.

such aBCTIE8100310R3792
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-67 WHAT IS CLAIMED I'S: 1. A nethod for assenbling a
plurality of radio frequency identification (RFID)

wo agg/01secpri sing: 5 (a) transferring a pl ural P€US5003/023792

dies froma support surface to a chip «carrier that
has a plurality of cells accessible on a first surface
of the chip carrier so tgiat each die of the plurality
of dies resides in a corresponding cell of the
plurality of cells and is recessed in the

Gna T80 CBh AR ahetabep R TR PRI Pl Hlch

b68h bublctdhexplichbin kid elrin£RED Sorfriqubstant i al |y cover
each die in the corresponding cell. 2. The nethod of

cl ai applyiniantefesiron bapn isdung the(ayctrogbeayeeiable dposy.f i r st
surface of the chip carrier to cause the 15 underfill
material in each cell to be substantially flush with

18he fThe stetisod §fat@md, wheRen GRiuRd&&IlIThAérial 3 anfMBayiBichod
of claiml, wherein step (b) conprises: d applying an

(WM Bght wayel spetiomirain enesti Vherainderd suring stepaeimarisdsnt o
each

substal %ﬁl?lln%m I f&vté):b‘ﬁ{eeg%ﬁ{@{ iéé% 19 aﬁ’?ﬁgyﬁ%t ag)(lle TPEE ai m

1, wherein step (b) conprises: applying an ani sotropic

lectrically conductivye underfill material into each
1gvel I H‘E}Pn% dpfisiaim; & yhgren e uader§llapaienial it ammfrpredoy er

SO v G ReurthE IRLN G0 GhEL Tk IRk fiont P
(§%)@%onpf?§§%;mgbplfﬁﬁg’anegg%%%%%?%é%? ctrlggffy
condapplying IBAtEht fo dure B light wavdlengtleaahble epdxyof t he
plurality of cells to substantially cover each die. 30
6. The nethod of claim1l, wherein each die has at

15 eastThe Aetiisd fatdimB dheteat Mk @dd@Aliandibig is Sprelase.
wherein step (a) conprises: WO 2004/ 012896

cpgfegsorn Ay ioran 92id cuges stesermprifgsieach die in the
corr i | ch . the first surface ith
oo EPRPRE ehble nAVER iRl ol ipbndl [33Ehatld

to cure the pressure curable epoxy.

16.  The method of claim 8, wherein said curing step comprises:

causing the underfill material to contract to decrease a distance
between each die and corresponding tag substrate to electrically couple the at
least one contact pad of each die to the at least one corresponding contact pad

of the corresponding tag substrate.

17.  The method of claim 8, wherein the underfill material comprises
electrically conductive microspheres to provide electrical connectivity,
wherein said curing step comprises:

causing the underfill material to contract, which creates pressure
between each die and corresponding tag substrate to cause the microspheres to
at least deform to electrically couple the at least one contact pad of each die to

the at least one corresponding contact pad of the corresponding tag substrate.
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w@b@smeiagi@d] acent

7. The method of claim6, further conprising: 5 (c)
positioning the first surface of the chip carrier

structure having a plurality of tag substrate
portions; (d) punching a second surface of the chip
carrier proximate to a |ogpation opposite of each cel

of the plurality of cells to nove each die out of the
corresponding cell such that the underfill materia

overjng the first 10._surface of_each die contacts a
tfor AU Srs o g BT B G iE o e PFA Boitionsg
oS RSB e RAICKIrOBR alidhsH Inbridd, Fasfk E&m&ﬂﬁné:i rst

surface of each die To the corresponding tag
substat e psior tohwiep (cheeparatingsbe sustateshneote foa aof each

| €. I i cal . led t t | t .
ssh0 sl G B B e ot o FES R BT WGt ag
substrate. 15 8. The nmethod of claim7,. wherein step

%e) conprises: curing the underfill material covering
1Phe flihe seethad efcdamat vharshin tiealyralityaftagibstzattipelitions o

i S A

partionst witguein stepl (eodonipei@ed:y conductive material, wherein
said gur.ing st conprises: flash curing the underfill
mat e EMINE %5’ St ﬁ@tqﬁf“l‘?ﬁ}’d{e Yithdheclip sarmigher ei n t he
underfill material is a thermally 25 curable epoxy,
wherein said curing step conprises: applying heat to
28ur e Tihh enethst ofedldip 10uwhbilesn spbaljgnidglstepltenpriseiiod of

claim8, wherein the underfil] t er.i is an .

acou &elcg?ﬂl?;{?fyc%gﬁlﬂg ghee%@ﬁ%‘?‘}te ﬁﬁ‘i‘é‘iqa e 1%%8 C%B AT st ep

conprises: 30 applying an acoustic source to cure the

acoustically curabl e epoxy. WO 2004/ 012896

2pCT/ he orthabe pipm 20gwherzin spibmeehanisallp plighing sted,

C&Qﬁﬁ [,n the underfill material is an electron beam
abl'e epoxy, wherein said curing step conpri ses:

app! wliggng theadhgicdaiaet Usd@m fixet whised hivigg ehR6d f)%g thgam
.curabl e epoxy.. 5 13. The nethod of claim 8, erein
H%tFFéO“&Wé‘? $Raced helessinithg chip caFictil travi ol et (UV) i ght

wave bR ife B SRR uHE SLddnd FdefitiiIiddpRledP
pegs that interlock with spaced holes in the substrate structure, wherein the

first wheel and second wheel are synchronized.

22.  The method of claim 19, wherein said aligning step comprises:

optically aligning the substrate structure with the chip carﬁér.

23.  The method of claim 1, wherein each die has at least one contact pad
located on a first surface, wherein step (a) comprises:
inserting each die in the corresponding cell such that the first surface

with the at least one contact pad faces into the cell.

24.  The method of claim 23, further comprising:

to a surface of a substrat ePCT/US2003/023792
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applying W light to cure the UV Iight wavel ength
curabl e epoxy. 14. The nethod of claim8, wherein the

wanaeniishd material is an infrared 10 (I R) |iBgL/US2003/023792

wavel engt h curabl e epoxy, wherein said curing step
conprises: applying IRIlight to cure the IR |ight
wavel engt h curabl e epoxy.-415. The method of claim 8,
wherein the underfill material is a pressure curable
epoxy, wherein said curing step conprises: 15 applying
a pressure hetwee ch dje and carrespondi ng tag
su bsfcr at ePoFioning etﬁ%t SB%%%"S‘W‘EG elyp SAIrisT @B%h/’ adJ%em The
td Bl Rde 8F 2 Shifthr T8 %FJ gseﬁlu i £s
cau5|n8 tﬁe undgr};11 I materia g?bﬂigﬁ? 2%?9?%%§H§F§ase
agd di st ance 20 between each die and correspondi ng tag

substrate to.electricall couple.the at | east one
cont WDt pRIPRE ot wriasS PhibeShin Gyl pmaate to 3
10221 61ESPRA0H bagoptﬁeba@ﬂng@@ce&fto R GaEH @S BANGHRE tag
substrate. 17. The nethod of claim8, wherein the

coirspending cothingy 4 edrraspenling eayityis aghefaerof eabtrgsponding

h rovi.de el ectrij,cal
EANRER YR REPERR Subt D L bidpoann
el mgastahaalmtﬂmé bdg inThé edrtadboiding Oty Betweeihah Glter
creates pressure_ between each die_and corresFondln

edgrpicagh tieand apgllod daecarrrsperdingeayier 2 speh that the diasit
I I act
THEGOoF AR f LA iRl MR Bl P SRR AN
wmthratsadhcmaﬂheﬁoﬁdmpommng gpabgdradg tag substrate. WO
2004/ 012896 PCT/ US2003/023792 -70 18. The nethod of
claim7, wherein the plurality of tag substrate

2s>ortqﬁ@%netmdJf%ﬁlﬁ@hSMEﬁc&ﬁﬁﬁeqﬁgﬂre are aligned in
series, further conprising: (f) prior to step (c),

sepaf@t i nglectiealiybnipting ghestt least aneeohtactpad of sedndid to
CHBE PhEbarabp it iohidclBhg b s TR feasBondifioe

swhetei n the plurality of tag substrate portions of
the substrate structure are arranged a single colum
of tag substrate portions, wherein step (c)

280D ith Ekind dr IS W2l @) Bordlistg! ure Wi th the
depositing an electrically conductive material between each of the at
least one contact pad of each die and the at least one corresponding contact

pad on the surface of the corresponding tag substrate.

27.  Themethod of claim 25, wherein said depositing step comprises:
printing the electrically conductive material between each of the at
least one contact pad of each die and the at least one corresponding contact

pad on the surface of the corresponding tag substrate.

28.  Themethod of claim 25, wherein said depositing step comprises:
using a vapor deposition process to apply the electrically conductive

material between each of the at least one contact pad of each die and the at
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10 20. The nethod of claim19, wherein said aligning
step conprises: nechanically aligning the substrate

w@reowo1289€ with the chip carrier. 21. The netpPodUsf003/023792

clai m 20, wherein said nechanically aligning step 15
conprises: aligning the chip carrier using a first
wheel having spaced pegs_4hat interlock with spaced
holes in the chip carrier; aligning the substrate
structure using a second wheel having spaced pegs
lthf\t interlock wwth s %fed hol es &E t he substrate

T Ot R SPARREIESOR A Head oxfhe sirégoe R Hs CoRRRPORdmgiee
siberlte. are synchroni zed. 22. The nmethod of claim 19,
wherein said aligning step conprises: optically
aligning the substrate structure with the chip

ier. Th thod of. ¢] aim.]l,. wher ei h
e M miEatalatnio, Wsrin s Boight! o dieduammonmeisisy
egu:ﬂft@ BEIf oM BEEhDIIALEERPorIMIPEAIIS Rbereld R8T (b)) BIMBASH:

ie in the corresponding cell such that the first
sur f 48bng grampining half of thgdeighhef tho nelhearrgspending tosearint o

dtiJ‘\%itﬁ?ﬂéund_%&\}%ﬁitS% e nethod of claim23, further

conpri sing: 1012896 PCT/ US2003/ 023792 -71 (c)
positioning the first surface of the chip carrier

| osely adjacent . to a surface of a substrate
3g)t ru hﬁl‘%etmi‘ﬂ’éal%‘ b ifgtharcompEsingag substrat e
portic@ns; @ W: I 0 e
chip (@gr r ipél r P%rsgépi ﬁg% gﬁ a{t}%tﬂ% ﬁgﬁﬁ%@gg Pgéri:le%)? 812161%%;511‘8@' I
aghchiel do tHewsnppart surfate sethasthe plurslity of dich aci sepaatedahd t he

or.r nding cel] into a corresponding cavity in a
a@ﬁﬂnggagﬁqﬁ#ﬁﬁW%ﬁﬁonding tag substrate of the
plurality of tag substrate portions such that the
underfill material substantially fills a gap in the

3dor r ddworthatpicdanm 30, bthee eomprisiogit er  edge of each
di d | f . [ it d h
hat Whe” @Btl o & A AR i o s&lipace. o

the underfill material is substantially flush wth a
surface of the corresponding tag substrate. 25. The

3fet hddeanethadpfiplam 1, fiyihes spmpastpe:i si ng:
(©) prior to step (a), forming the plurality of cells in the chip

carrier.

33.  The method of claim 32, wherein step (c) comprises:
forming a plurality of serially aligned openings through the chip carrier
that are open on the first surface and a second surface of the chip carrier; and
applying an adhesive structure to the second surface of the chip carrier
to cover the plurality of serially aligned openings on the second surface of the

chip carrier.

34. A method for assembling a plurality of radio frequency identification
(RFID) tags, comprising:
(a)  positioning a support surface closely adjacent to a surface of a

punch tape, such that each die of a plurality of dies attached to a first surface
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(e) electrically coupling the at | east one contact pad

of each die to 15 at |east one correspondi ng contact
w@aw4pomsphe surface of the corresponding tag PCT/US2003/023792

substrate. 26. The nethod of claim 25, wherein step

(e) conprises: depositing an electrically conductive

materi al between each of_+he at 20 | east one contact

pad of each die and the at | east one correspondi ng

contact pad on the surface of the corresponding tag

bstrate. 27.. The thod of claim 25, wherein said
Ogg‘ﬁégl?mﬁr%“é?eeﬁ Cg%ﬁfgffngéém to ﬁPPﬁFﬁpﬂﬁglflﬁ Engpyeealkef@a) | y
phedlfy et emsttyreeﬁ@ﬁﬂ tfﬁé s&%ﬁ%megﬁgb% %Ee;tali‘lﬁ at 25 | east

one contacft pad of each die at | east one
cor r 89ponsimudfanesnskydtansisathgrach de ot Foelitf of dies into

coLre ndi tag sybstrate. . _The nmet hod of claim
thgeclo é%&Fﬂﬁgﬁﬁﬁgﬁﬁa f?ﬂﬁ&°§f§ﬁmégﬁﬁﬂwe%§Pﬂh%%ing a
vapor deposition process to apply the electrically
conductive 30 material between each of the at |east
39ne dbpngthodpiglash 3dawherdinghepliraliteofdies i sRpdantpilp896

003/ = 72 one Fre ndi, n t act
A R R LA R e S BT b PR R RRRY o it
swihes of dtegup@Bt suffuee,waidaeifl seb (&) intprides: Wher ei n a hei ght
of each . die is approxipately 5 equal to half of a

hei gReSIBINIRg e sBPRELBIaE AgSde P‘Iij?‘g%@rtéP Aurgace ot the)

pERIERADS eith thdtiehdH & o%‘tl{e%iom& gﬁe@?}& s a‘téaﬁlee'a‘j% t of

the cell corresponding to eac I'e wmtht erfill
finsh s@nfacalof ti®@GupFdvesureitch daclodelycddaoentltp af dortehyding

conpri.si.ng: .10..(c rior ta ste a),.separating the
e*apgf%;ﬂﬁf@%dﬂur&llé/sgffe Fetlidn i Rub o Bab et
support surface so that the plurality of dies are
separated and attached to the support surface. 31.

3Ghe Hbe msthodiof clagm ﬁﬂswl,lerﬁi;nrstdpdﬁ) g@n?isjes;i ng: i 15 (d)
Sl a2y e bR Pt F it of RbiSdtRRe"

pLasFunshing potiohs B d Scohdsiitaee of fhk supditBuiicd, Réherein a

plurality of cells _in the chip carrier.
punching porfion of the plurality of punching portions corresponds to each of

the empty cells of the plurality of empty cells.

37.  The method of claim 36, further comprising:

(c) incrementing the punch tape relative to the support surface to
position each die of another plurality of dies attached to the first surface of the
support surface closely adjacent to a corresponding empty cell of another
plurality of empty cells in the surface of the punch tape; and

(d)  simultaneously transferring each die of the another plurality of
dies from the support surface into the closely adjacent corresponding empty

cell.

38.  The method of claim 37, further comprising:
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wop@aiomnsss t hr ough the chip carrier

20 33. The nethod of claim 32, wherein step (c)
conprises: formng a plurality of serially aligned

the first surface and a second surface of the chip
carrier; and applying an adhesive structure to the
second surface of the chip,carrier 25 to cover the
plurality of serially aligned openings on the second
surface of the chip carrier. 34. A nmethod for
assenmling a plurali o] adi.o frequency ..
GentDt i coaeane irga o) atigh o GHp Oy g atpohed to
ROKIph b0 B e Briot RPQET (aF HEVARR %1 AG a
sur gce of a% punchI{%%e, sucﬁ t hat eacﬁhgﬁiag?gg
sptfegeal ity of dies attached to a first surface WO
2004/ 012896 PCT/ US2003/ 023792 -73 of the support
surface is closely adjacent to a correspondi ng enpty
30el | Thé nthdd dfcidilmt 34, YheRiPéth 6 d13hé Plutdify spikass 2f
the punch tape; and (b) sinmultaneously transferring
leagiconegpatagipadiecased.oms firsy swiacej sthermomprising: cl osel y
adj aggnt S ing. enpty cell.fr t he .suppor
N SR N RS A T
spifadeab ithay tiaf figt @8facs obeHeR ldddfithd bliral@d Ualict BicoNBward
of every N dies of a total nunber of dies attached to
tReWPP9TE §4rfaceyr f ace of the support surface, wherein
step (a) conprises: positioning the support surface
cl osely adjacent to the surface of the 10 punch tape,
48uc h Thi atethwalodf cihiim 3@ whheiroeseh diet ofdhe plueliyy bf dieeBas at
attached to the fjrst _surface of the support surface
1At @R 55RO 65 BB o B y col | o
the phura ﬁwtocsftep%gp, lo¥ief®id the bRrdiG of Hiek 8f e
puncﬁbtapg. 36. e nethé% g? cIa?ﬁ132, mheré?%agtep
syasace so st thealirst susfagp pf sach dicofithanplnialigy obdibaifricsmavwemvi ng
rallty ubstantially co- planar punching
ﬁ%ggkgg%%bkgug%gicond surface of the support surface,
wherein a punching portion of the plurality of
4i)unching portions corresponds to each of the enpty

el | § 1Bfthpd forgssenhlingn phprabityntyadie fiequerzy idsptifivaen
(RPID)8hsOforfii@ig: 36, further conprising:

(a) positioning a first surface of a support surface to contact a first

surface of substantially each die attached to a second support surface to cause
the first surface of substantially each die attached to the second support
become attached to the first surface of the first support surface;

(b) increasing a distance between the first support surface and
second support surface to cause substantially each die to become detached
from the second support surface;

(c)  positioning the first support surface closely adjacent to a
surface of a punch tape, such that a second surface of each die of a plurality of
dies attached to the first surface of the first support surface is closely adjacent
to a corresponding empty cell of a plurality of empty cells in the surface of the

punch tape; and

that are OPENUSW03/023792
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(c) increnenting the punch tape relative to the
support surface to position each die of another

w@bamnalispy of dies attached to the first surfarPer/vs2003e23792

support surface closely adjacent to a correspondi ng
enpty cell of another plurality of enpty cells in the
surface of the punch tapej:and 25 (d) sinultaneously
transferring each die of ?%e anot her plurality of

dies fromthe support surface into the closely

o 5. SPUHRERAEL PR ool oy ST
tfﬁéw&gﬁeﬁmmﬂ%é tycEREdh g g?%t% cfgﬁ)urﬁ@éj (d)

until “substanti al |es attac support
surface prior to step (a) have been transferred from

Saner IR ARhlo0 ISR, nbei gy O FoRPOtERGs hae A
| eas bp;ﬂ?ﬁxg‘h%’iﬁl@ﬁfhglﬁ?&hhﬁ@tﬁ‘h@ﬁngﬁ pﬁlrﬁl'lt'y%tf sOB4EAnEGRy co-

further conprising: (c) prior to step ( orienting
Plgrar HInGhiaRiPoTtiass tolp secopd swuface of theofinst su$>pmfc sefacsp t hat

1§ raI ity of d| es
"yl b pReLi bt 8 el B BlncBPrbO Rrsoirtodioy
toéachlodtiia Sdpty\vhity &f the pREditdbLerptytcsBs. p! urality of dI es
has at |east one contact pad | ocated on a first

surface, further conprising: (c) prior to step (a),

4811 enhl ARG R Rapk oflh the support

surface so that first sur of each die of the
pl ur &)i t y isfenémmgftbepeichwape re]llﬁvé toothe filst ssppopicsutface

B el iy P e oo i) the i surabe o

HIGORRNY Supb & surffbe ARSIyt ddpRERGo @ cBﬁE:@bnéﬂﬂgf ﬁgﬁy &t cﬁ‘

Q£ port surface to contact a first 20 surface of
ageibertrdwelit ofyerpdy hellsiin the wafsbeef ﬂlgpanféﬁapm dnéupport

surfage t r.st su face st t
each@zl e g]frg'ﬂ%ﬁg(&lsiy m%nﬁg n%‘?é%%aﬁ d&%fﬁ 03%?6’ “yo
diek lﬁiﬂ’ﬁh’&ﬁ ﬂrﬁt Silfi}ﬁblf burfdce $it6 HiRGRosely ddMRehd dodlesSunaRRY t
surfa increasing a distance between the first

egq@ﬁiﬁ‘&lltof §]&q qrg{glger Rhygality of empty cells.

44.  The method of claim 43, further comprising:
(2 repeating steps (e) and (f) until substantially all dies attached to
the first surface of the first support surface in step (a) have been transferred

from the first support surface. |

45.  The method of claim 41, further comprising:
prior to step (a), orienting the plurality of dies on the second support
surface so that at least one contact pad is located on the first surface of each

die of the plurality of dies.

46. A method for assembling a plurality of radio frequency identification

(RFID) tags, comprising:
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second support surface to cause substantially each die
to becone detached 25 fromthe second support

WG 0facxs9s (c) positioning the first support supP¢EHUS2003/023792

closely adjacent to a surface of a punch tape, such
that a second surface of each die of a plurality of
dies attached to the firsjs surface of the first
support surface is closely adjacent to a
corresponding enpty cell of a plurality of enpty cells

in the surface of the 30 punch tape; and
2004?%1289@%%/%3@3@@#@%‘3@% 011-*‘7%1?. 69 054 ﬂ%\g_lﬁ)‘?aéﬁ_eousl y
st b s 18RGH dlitgs besﬁﬁ@g%f&ﬁ?‘,l ity of dies into

the cl osel'y adj acent corresp Ing enpty cell fromthe
f i r sib)suppositiosing haupport shpfacdtiesahpadjecknbio the sinfacd bf

heoShits Srflventyel SRR brelidie o PR ot Bfefed 6
fipdt 3RV MENEUDPoR BEATARNS TbRIPaFRERAD D Seifedpsnddlg hhe
first support surface, wherein a punching portion of

S’@W@ﬁ&?l fo il plugaligy obigs élﬂhsﬁgtem@ﬁiqn@;?&ldc orresp ;) nds to
cor 169 10y BRESef S ind BRnRIEESht bl i SFREY

ontoIthe tlvkely adfacgnticogespordihg Big subarapsiftcin thefppb lsairicee
to the first support surface to position each die of
anot her plurality of dies attached to the first

49011 a%€ u¥inod (%10t & WBURBAL, RYLEAE.E) osel y adj acent

to a correspondi ng enpty ce er plurality of
enpt yppgings punching nsachdmoe hefing hehypality of tutseintialydcol 5

1) simul taneously transferring each die of the |
ol PSP PRy 630 S8 e SR oPoT Steiepien o
pEkibiRCFortibh 6f IROLERRG RV YuRMiACSHiot o SRARL td Wich 8FPT Y
cell of the another plurali tﬁ%of enpty cells. 44. The
theeanpi colfs of the pluadity plemptziceldonpri si ng: 20 (g)
repeating steps (e) and (f) until substantially al
dies attached to the first surface of the first

48Uppaht nsettiddecieldim 4, GRtheAdorh@iendeen transferred
fromthe first support surface. 45. The method of

cl ai fang thepnder&ill regdpsiali si ng: 25 prior to step (a),
orienting the plurality of dies on the second support
surface so that at | east one contact pad is | ocated on
49he flhe sietlsad dfatamof6, @helein the plurality of dies is all of the dies

attached to the first surface of the support surface, wherein step (c) comprises:
simultaneously transferring all of the dies attached to the first surface

of the support surface.

50.  The method of claim 46, wherein the plurality of dies is a portion of
the dies attached to the first surface of the support surface, wherein step (c)
comprises:

simultaneously transferring a portion of the dies attached to the first

surface of the support surface.

51. A system for assembling a plurality of radio frequency identification

(RFID) tags, comprising:
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die of the plurality of dies. 46. A nethod for
assenbling a plurality of radio frequency

wo deavifspcati on 30 (RFID) tags, conprising: V¥CT/US2003/023792

2004/ 012896 PCT/ US2003/ 023792 -76 (a) applying an
underfill material on a surface of a substrate
structure having a plural44y of tag substrate
portions; (b) positioning a support surface closely
adj acent to the surface of the substrate structure,
such thatfeﬁﬁgggie of a ?Iur Aty of dies attached to
a 5 R Y Bnga Rl Pt I rsypROTE SIrfce il v

H @ t o H .
;§?’ur St LA RRPRC M, ARSI B Refhic bl

sttt fpem sdguiiy cachalisdiche phuplispofidids & tofsfeved o residb it y

of _dies .. ont e cl osel | acent correspondi ng tag
a0 Brg%proélfi 855 gl%tfﬁ}f?éﬁ‘érﬁ %’oc?ftcgﬁélﬁdgé gecessef lrﬁg’.e The met hod
cofregoatig 461l witheresiebt t6 tRPAkEsurfeEPMises: appl ying a
punchi ng mechani sm having a plurality of substantially
co- preRaforpppbigRn yweetillonaterial intosaconell slihé phealisy

f : ' unchi n ortion of
o i By B et BE B B B RO eonas o cach
of the enpty cells of the plurality of enpty cells.
%5 4 The net h}%gl aof claim46, further conprising:
2ur i rideskiendertm ol WEherGomprisy®: The nethod of cl ai m

46, wheh&le bRER! ﬂ'i?tﬁls hééﬁegft? BHeSisf s%f%&i ofthe %1&1? o7

20 attachéd to the tirst surface o e supp
tg gavise the, undkeil binatesitlep ) cetldnmpr isstesantially Bust wie dies| y
all of the dies attached to the first

f%%%n ﬁgﬁggﬁgﬂﬂgcgﬁﬁbort surface. 50. The nethod of

claim46, wherein the plurality of dies is a portion
of 25 the dies attached to the first surface of the

S3uppdie sysiemhad elaimtiéys itherscomprisole: conpri ses:

i mul | .. ferr] tion of.the di
St FachBRE PSSR ARSE| D0 R LR Bk bRt ace.
adfacént to Assfsic@MalsobstraesoiblukdTehvinddd plupdlity ¥ @F sEREhQ

frequency identification
portleo%s. y

54. The system of claim 51, further comprising:

at least one punching member that punches a second surface of the
chip carrier proximate to a location opposite of each cell of the plurality of
cells to move each die out of the corresponding cell such that the underfill
material covering the first surface of each die contacts a corresponding tag

substrate of a plurality of tag substrate portions.

55.  The system of claim 54, further comprising:

means for curing the underfill material to attach the first surface of
each die to the corresponding tag substrate so that the at least one contact pad
of each die is electrically coupled to at least one corresponding contact pad of

the corresponding tag substrate.
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(RFID) tags, conprising: W 2004/ 012896
PCT/ US2003/ 023792 -77 nmeans for transferring a

w@banalispey of dies froma support surface to aPCTOE03/023792

carrier, wherein the chip carrier has a plurality of
cells accessible on a first surface, wherein each die
of the plurality of dies_ yg_transferred to reside in

a corresponding cell of the plurality of cells and is
recessed in the 5 corresponding cell with respect to

he f4 Hest sur f ans for applying an underfill
Str?at er iS5 SYFIRES f%ga&rﬂ Sgeﬁﬁrg‘g? CEMREYrality of cells to
substap [Habtadﬂe)puﬁélﬂﬁg meAGBr sﬂluspuﬂéh&sf@seeeﬁcr S3ReOHF fY
cell. 52. The system of clai'mb51, further conprising:

chip e seymatedo aleention lofpadhsceHmf theaplutatityt dfeetls tost

f f t th d
A R o OB S BB E el o A S For Py P it
stifece dfiar @irrespurkiagea@fublstite O ke platfahtyedf tapsibsttte system
of cl ai further conprising: 15 nmeans for
pogqns |SB{?I‘ fg‘@f thg andgrild magerial a@@ta@naﬂﬁ 8llg pigpp wethe i er

c@fr@ﬁn%h&mg%gi’ yﬁ%eéno ie{r Jd%g ‘8{ Q%Chgiug a1 d:;% eévglil §f the

structur ng a plu
cpupapoodmg cBity, The sw}nsthz& rhofirst batave of cachutié feY a surface

ris t u |ng menber t hat
o eineE P inafEBa stptale frubHeh e B er
cBIre3poNBing th S@Sﬂréggatl on opposite of each cell of the
plurality o cells to nove each die out of the

correspondi ng cell such that the underfill nmateri al
OV ery ce of each die contacts a
52br ré[lsl,%%X%thg Ofcgﬁm 5§u%§@?a‘f BB bl urality of tag
subs ticaihe fpaldetritaBy c&ip1 P theltdedy SieeBrpdct ﬁé@éﬂ‘eaéﬁdle
further conprising: neans for curing the underfi

19,84 1695t 4R PO eEPRERE SORAT Ppckon tharshafce affthe @Hcaspmcbng 0
dhepepsLesponding tag substrate so that the at |east
oérh:sgzl contact pad of each die is electrically coupled
to at | east one correspondi ng contact pad of 30 the

SR BRBOnd gt S ORI SR, 200% 01209

means for attaching the wafer to the support surface.

59.  The system of claim 58, further comprising:
means for separating the plurality of dies from a wafer attached to the
support surface so that the plurality of dies are separated and remain attached

to the support surface.

60.  The system of claim 51, further comprising:

means for forming a chip carrier having the plurality of cells.

61. A method for transferring a plurality of dies from a first surface to a
second surface, comprising:
(2 applying in parallel each hollow barrel of a plurality of hollow

barrels to a respective die residing on the first surface;
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-78 56. The system of claim51, further conprising: at
| east one punchi ng nenber that punches a second

waeiacsof the chip carrier proximate to a | BCHUSIN3/023792

of each cell of the plurality of cells to nove each
die out of the corresponding cell into a correspondi ng
cavity in a 5 surface of_ s corresponding tag substrate
of the plurality of tag substrate portions such that
the underfill material substantially fills a gap in

t he orresponding cavjty. between an outer edge of
each® e ;&ﬁ‘g“%‘% %?qspgthpﬁée tOIBP YB3 h@ll%b"f‘ﬁr‘i} Mmand
patagl t hat the first surface of each die and a surface
of the underfill material is substantially flush with
a sul$ace refeatingstdis (ebardabponilieagh haltpve bdrsdl camteins 37.

T stem of .cl ai.m 56 urt her conprising: neans for
S@F@S?ﬁﬁeﬁgﬂl}Qreg?)tﬁwlflﬁ‘gn‘?rﬂéera?mfeast one contact pad of
each (@i e deposting i patalleNedie FWonPSRAMNIBE HaRBE 36 tead on
the surface of the correspondlng 15 tag substrate.

e

sepnd spdacousitib thestack pAlies santained by eachdwlipwiteimebis means

@% ' the wafer to the support surface. 20
S@]%li 292%1?%%1 of claim58, further conprising: means
for separating the plurality of dies froma wafer

hed to the. .support surface so that the plurality

6215 t iide e dsQisdiian e VAR ¥Pritl calpEEdied  to the
supp %fé;?lyig%r 4 PE8um 3cb® a EH'? 81?&’ ?f &b %Hééiz ?hr?%lﬁ cause

furth nprising: neans orm ng carrier
thearebpregtivhdied moaet irtty a oécondlehd of &ich hallowtbhaaedl. f or
transferring a plurality of dies froma first surface
to a second surface, conprising: 30 (a) applying in

6par almhg meRsdotelin®y, Raefd] stéf (B cBnpfigdki ty of hol | ow

barrels to a respective die residing on the first
sur f aeastifys thevamonRee. PCT/ US2003/ 023792 -79 (b)
causing the respective die to nove into each hol | ow
barrel in parallel;
64.  The method of claim 62, wherein step (2) comprises:

applying the first end of each hollow barrel of the plurality of hollow
barrels to the second surface in parallel to deposit the respective die from each

hollow barrel to the second surface.

65.  The method of claim 62, wherein step (2) comprises:
applying the second end of each hollow barrel of the plurality of
hollow barrels to the second surface in parallel to deposit the respective die

from each hollow barrel to the second surface.

66.  The method of claim 61, wherein step (b) comprises:
using a gas pressure to cause the respective die to move into each

hollow barrel.

67.  The method of claim 66, wherein step (d) comprises:

modifying the gas pressure.
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(c) repeating steps (a) and (b) until each holl ow
barrel contains a stack of dies of a predeterm ned

woeovber28dand 5 (d) depositing in parallel a di BCT/DS2003/023792

each hollow barrel onto the second surface until the
stack of dies contained by each hollow barrel is
substantially depleted. 62y_The method of claim 61,
wherein step (b) conprises: 10 applying a vacuum force
to a first end of each hollow barrel to cause the
respective die to nove into a second end of each

hol | ow barrel. 63. The nethod of claim62, wherein

68t ep THmERSWs1 Ha8 L, mféilyg Eﬁ B)Rempisdum force. 15

64. The nethod of claim62, erein step (a)

co n’p MSW meghpnipaligroetie cfuise e resmbotfe diathmowt irduveach

hk&ﬁ { the plurality of hollow barrels to the
secon&nsurface in parallel to deposit the respective
die fromeach hollow barrel to the second surface. 20
65. The nmethod of claim62, wherein step (a)

@omrﬁ@é%etll%b?ﬁcﬁmﬁ@lt méheesir gepl (Dregmatisessach hol | ow

barr f rrels to th

sec o‘r?J L?jg@ éd%! %brr@éaﬂf) a(%é}l% the %%Jaée"g%y% |H St Ruoveduig cagh | o
hdllewb‘arre}n each hol I ow barrel to the second surface. 25
66. The nethod of claim6l, wherein step (b)

conprises: using a gas pressure to cause the

*esp [ Ve, w barrel. 30
O L P B R D o RSy (5

conprissgsn elestydstitid fogect theagrshpressstivedie WOn2004dt0 12896
V\ﬁ%rélef\[s O,é) e823792 -80 68. The net hod of claim 61,

er ety ) (b) conprises: using a nechanical force
to cause the respective die to nove into each hollow

barrel .
71. The method of claim 71, wherein step (b) comprises:

using an adhesive material to cause the respective die to move into

each hollow barrel.

72.  The method of claim 71, wherein step (d) comprises:
allowing the die deposited from each hollow barrel to stick to the

second surface.

73. A system for transferring a plurality of dies from a first surface to a
second surface, comprising:

a plurality of hollow barrels aligned to be substantially parallel, each
hollow barrel of said plurality of hollow barrels being configured to contain a
plurality of dies in a stack

a vacuum device coupled to a first end of said each hollow barrel; and

wherein a second end of said each hollow barrel is applied in parallel

to a respective die residing on the first surface;
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5 69. The nethod of claim®6l, wherein step (b)
conprises: using a chemcal force to cause the

WO e@pocasee die to nove into each hol | ow bar re¢T/US®03/023792

70. The nethod of claim6l, wherein step (b)

conprises: using an electrostatic force to cause the
respective die to nove inko_ each hollow barrel. 71
The nmethod of claim 71, erein step (b) conprises: 15
usi ng an adhesive material to cause the respective die
to mopve i.nta . each hol.l ow arrel 72, The od of

cl ai nY eI Seid VAP fEvicq @p @%ﬁﬁ?‘i“é‘gbfor%ﬂ tp éﬁflrgés&qﬁ‘é ofij e
sdenash heltbv B%IQ@Q&SQ %ln'd%%p@&ﬁfe%e {o9n&¥d It dafd §ddbnd 20

second surface. 73. A systemfor transferring a
%ﬂlﬂfﬁﬁlﬂﬁﬁchdml]@%@rteﬂ orpaalidlrand surface to a second

a1 ondBrre SRR eSh P s RGP dnaei b B bgelis o

dpplisceto thé se?eandi sukdee ad Qépbsaill éshOM VR A BbH BRI A6h
nfigured to contain a plurality of dies in a stack

}%9%9&’&?&% 9 theeseeonghivafce B nerdllet.st end of said each

holl ow barrel; and wherein a second end of said each
hol | ow barrel is applied in parallel to a respective

. e riﬂ&isgtﬁstmg ofieldit e’ 3f wheteirsthe fiast end WRa2DOh hbAR6
81 wherein said vacuum devi ce

PCT/ US2 379
bei'ﬁfﬁf S agp éF B@ﬁfﬁf?%ﬂ sface tasdgpgsit said resperdive fie femgaidach
daeh hoswPRdrts o iR s@&iﬁ%l%uﬁ@éediln &Eﬁafﬂ tive die to nove

into said second end of sa each hollow barrel in
parallel; and wherein said vacuum force is nodified
nd ach h rrel . is applied to, th

B oty i o nald, BBre ity SecpRd Sbet s ek bo e

taaketlis apsited thald RVoiPdRbe RIUPodiNGiSREMRG VS Hie i?&ﬁ séu@

parallel. 74. The systemof claim 73, wherein th
eﬁ?hg‘?ﬂoé‘hléﬁr@ﬂ tashiegeenadisurfagd iowarabel r el i s appl i ed to
the second surface to deposit said respective die from
sai d
76.  The system of claim 73, wherein said respective die is one of a

plurality of dies residing on the first surface that corresponds to said each
hollow barrel,

wherein said second end of said each hollow barrel is applied in
parallel sequentially to each die of said corresponding plurality of dies while
said vacuum force is applied to move said each die of said corresponding
plurality of dies into the second end of said each hollow barrel to form a stack

of dies in said each hollow barrel.

77.  The system of claim 76, wherein said each hollow barrel is applied to a
plurality of target areas on the second surface in parallel to sequentially
deposit each die of said corresponding plurality of dies on the second surface.

78.  The system of claim 73, wherein the first surface is a scribed wafer.

79.  The system of claim 73, wherein the first surface is a support surface.
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waemanmsend of said each holl ow barrel

10 each holl ow barrel to the second surface in
parallel. 75. The system of claim 73, wherein the

the second surface to deposit said respective die from
said each hollow barrel to the second surface in
parallel. 15 76. The systgm of claim 73, wherein said
respective die is one of @ plurality of dies residing
on the first surface that corresponds to said each

hol | ow barrel; wherein said second end of said each
hol I ow barrel is applied in 20 parallel sequentially
8b0. efilsflidin B ctifth 93 SORGEARRIALNG Blritcald drinRlmddifs
while <said vacuumiforce Is applied to nove salid each
Sdﬁ@eof said corresponding plurality of dies into the
second end of said each hollow barrel to forma stack
of dies in said each hollow barrel. 25 77. The system
80f ciraé Bystdn oNBIRIE 78, WRdrSineRCLcHR] LRWCO R 4 Qlbstrate.
applied to a plurality of target areas on the second
surface in parallel to sequentlally deposit each die

S 1 p eSO AT ST R b s ST P bt g

ahfierisd substediesce is a scrlbed wafer. 30 79. The system of
claim 73, wherein the first surface is a support
surface. WO 2004/012896 PCT/US2003/023792 -82 80. The
8§ystéﬂﬁdﬁoéﬁaﬁhﬁnmgawh@ﬁ@mﬂ(DHEW§@E@nd surface is an

inte di . 1. The m of. ¢l aim 73,
wher ns RringBHR8 Shined elbtve IEE R ShPAReQr oSt
aspad amui:ﬁhtgloaicires &dl,médhﬁ e frst SuefaSelOSthe afafert NCl udes a
plurality of A antenna substrates. 10 83. A nethod for

i or g asattung harest suEfAg oidhayater i formys ﬁidn‘zf SHO9VeAg
v,
R AR (B Ve e Eplalfy UERIEL caRE R 2
gmdmﬁmﬁaﬁbwuh¢hammggxmh@gmbvat surface of the wafer to
forn1 grid . of surface_of the

waf ef® tha?p@gﬁgg Pl Tl Imtﬁ}?ail‘“; il{?sflaﬁf sgrface of e vaien

td MStanﬁally fill the ring shaped groove and the grooves of the grid;

@) causing the solidifiable material to harden into a ring shaped
hardened material in the ring shaped groove and into a grid shaped hardened
material in the grooves of the grid; and

(e thinning the wafer so that the grid shaped hardened material
removably holds the plurality of dies.

84.  Themethod of claim 83, further comprising:
® before step (b), applying a layer of a protective material on the

first surface of the wafer.

85.  Themethod of claim 84, further comprising:
(@) after step (d), removing the protective material from the first

surface of the wafer to remove at least some excess solidifiable material.

86.  The method of claim 85, wherein step (g) comprises:

dissolving the protective material in a solvent.

i S appPCEBUS1003/023792
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15 grid intersects wth the ring shaped groove; (c)
applying a solidifiable material to the first surface

wooosheswafer to substantially fill the ring BEEPS03/023792

groove and the grooves of the grid; (d) causing the
solidifiable material to harden into a ring shaped
hardened material in the_g{ng shaped groove and into a
grid shaped hardened 20 material in the grooves of
the grid; and (e) thinning the wafer so that the grid
shaped hardened material renovably holds the
plurality of dies. 84. The nethod of claim 83, further

8Zi9np"Iih% inkhoer didiln @Rﬂ{e&éﬁét?gﬁ@ @%rlnpﬂ&@l ying a |ayer

a protective materia st surface of the
waf esping®atiffhthedasten ofipotectivainatedid] off thetfirssudfaceufitsd ng:
\{a]% after step (d), renoving the protective nateri al
dmthe first 30 surface of the wafer to renmove at
| east some excess solidifiable material. 86. The

met hod of claim85, wherein step (g) conprises:
8di ssdheimgihedhel ghaint ¥ thereimthe protegtivienmateriadlivephaoto O

/ 03/ 023792 -83 87. The net hod of
r%%%%#&%%&g%%gggF#$§%égm%%%%bonprises: spin coating the
| ay etapplfyirprthe phétovesistatiReriahbn G iResdrface bf By age of
the wafer. 5 88. The nethod of claim84, wherein the
protective nmaterial is a photo- resist material,
goher aing SdER & dairPEP L ; lhg.the photo-resi st
mat eri al  on tﬁe ?lrsf%ﬁﬁgﬁﬁggygﬁx?ﬂgn%gfer. 10 89.
The neithog theffirst urfac@df thekefeitma dedyed (depthconpr i ses:
scribing the first surface of the wafer to a desired
depth. 90. The method of claim84, wherein the
980! | diht ndTh&l SRIAR 4, wWhereih B lsy B able WIS b a%%cﬁﬁnér?)
conprises: 15 applying the polyner to the firs
ve\grdimelep ¢F) conwridesi er to substantially fill the ring

shap ggpl%n%ocﬁg pé‘l%& Poethg HRRYE ac%fof ttlpeewgf%rir t%' substantially

fill the ring shaped groove and the grooves of the grid.

91.  The method of claim 84, wherein the solidifiable material is a curable
material, wherein step (d) comprises:

curing the curable material.

92. A die frame formed according to the method of claim 83.

93. A method for assembling a plurality of radio frequency identification
(RFID) tags, comprising;:

(a) positioning a die frame closely adjacent to a surface of a
substrate tape that includes a plurality of substrates such that a die of a
plurality of dies removably held in the die frame is closely adjacent to a
corresponding substrate of the plurality of substrates of the substrate tape; and

(b) transferring the die onto the closely adjacent corresponding

substrate from the die frame.
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91. The nethod of claim84, wherein the solidifiable
material is a curable material, wherein step (d)

weowpoizses: 20 curing the curable material. 92PCHUS083/023792

frame formed according to the nethod of claim83. 93.
A nmethod for assenbling a plurality of radio frequency
identification 25 (RFID)gjags, conprising: (a)
positioning a die frane cFoseI y adj acent to a surface
of a substrate tape that includes a plurality of
substrates such that a die of a plurality of dies
renmovably held in the die frame is closely adjacent to

9. COr{eaaand bNaintO3 i cOhpliliggP! ural ity of
substrates of the substrate tgpe; and 30 (b)
t r andfkr r iingreminting the sultstratetiapes | osel y adj acent

corr ondi ng. substrate fromihe.die frane. WO
2004?@?28@’@5%8’%@%%‘5%%%%&1%%?%? tofﬁeei‘%’i%%%*h%f
sabsiate @8 sddirthiteinoG@N®E bsh Pirality 6F dich frEdvRBLy Hagh fhke
substrate tape;, (d% positioning the die frame closely

digiframe i clpssly adiacsgt focrexbeorrasponding sitbsirate 06 theapwalityic h
Jrlad ug{ggg!@ﬁ{e s%&ra%taﬁe'%&r ality of dies removably held
|ntshe e frame 1S Closely adjacent to a next

cor r gspondiangfesitipsthe ad@hafdid bieto phaisladel ydjadehit next
substrg}in%s gf the substrate tape; and (e) transferring
COHESPORETESHOHAES Bendhe ¢ fi@mssel v adj acent next
correspondi ng substrate fromthe die franme. 10 95. The
met hod of claim94, further conprising: (f) repeating
95t epsTheansth¢didf claint94, &)rthe® 6omptigingret hod of cl ai m 94,

further canpri.sing: f) eating steps (c), (d),
and 5) uﬁ%%ahﬁgft%m ég (é* a]i.l({lggm urality of dies
renovably held in the die frame have been transferred
to a corresponding substrate of the substrate tape.

997. ke methebel dainc4ifirles comprsing:n step (b)
conprses: . ' e die o .he osgel y.
adj addnt & Sge(rgtels% gtﬁggl @8 @E %%ﬂeitug&t £ &dSofthé plurafity of
dies removably held in the die frame have been transferred to a corresponding

substrate of the substrate tape.

97.  The method of claim 93, wherein step (b) comprises:
punching the die onto the closely adjacent corresponding substrate

from the die frame

98.  The method of claim 93, wherein step (2) comprises:
positioning the die frame, wherein the die frame includes a grid having
a plurality of rectangular openings, wherein each opening of the plurality of

rectangular openings removably holds a die.

99.  The method of claim 93, wherein step (b) comprises:
applying gas pressure to move the die onto the closely adjacent

corresponding substrate from the die frame.
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fromthe die frame 98. The nethod of claim 93, wherein
step (a) conprises: positioning the die franme, wherein
W b@461289¢ r ane i ncl udes a grid having 25 a plRCHUB1093/023792

of rectangul ar openi ngs, wherein each opening of the
plurality of rectangul ar openings renovably holds a

die. 99. The nmethod of cl@im93, wherein step (b)
conprises: applying gas pressure to nove the die onto

the closely adjacent 30 corresponding substrate from

ie fr WO, 2004/ Q12896 PCT/ US2003/ 023792 -85
161(80 ﬁ%?ﬁ g%tlraaﬁfe%ﬁsﬁ hhef Besp drdepiinaioppuidices t o

cénpi§shd-nation surface, conprising: (a) formng a
stack of die frames, each die frame including a grid
havi Eaj a ﬁbmmg astyclmf @eframagwlaeh die ffieanierigelpding argeidn

|
h%vﬂ%flﬂ }tg %Vﬁfﬁnﬁﬁ’bﬂg‘aﬁn@ﬁ%ﬂ‘%" T e’\ﬂf?é‘iﬂg&%\e%%g%‘?%"s pondi ng

plueditp Botdcah ARSI AEES eém&%lﬂa&dé‘é @&R@BRhéMint he stack
are aligned in a colum to forma plurality of

censnpRinpecipanianopeninga of fis)die framss mrthc sgckaard jatigned

I ni om at ast one colum
o PR Y G5 £ o o SR oot anf e s on
s urf gne. ﬂr@nsféﬂ:mg'ﬁﬂ& @ﬁiohﬁlﬁiy%feldqhahlmpérﬁﬁg frofmedt @dagt St ep
(b) .conpr.i ses: 1) ap ing a unchl ng nenber to a
oxg ¢alymp of therplee 16’@1‘??’&‘6@“56‘? thet slingtigp §¥4e8¢- of col urms
of openings of the stack of die frames; and (2)
punching with the punching nmenber so that a die
10 noThdingtholiHflebkiird 106, whereiatstepdb) eommmizesti ng of t he
f|rs£ colu of og@qﬂgsi‘ﬂ%tra ferredt? t he
dest (Hat i BFPIEGE AABECINGRETpRE o fot e P of Apshimes of
HM;ﬁikﬁh@ @c@ﬁmﬁﬁ)of%?éxﬁﬁﬁ%%f%’é@édl@cﬁ%e frhed; @RGAL I Ng step

(2) until the firs um of openings Is depleted 20
of d{@s. m@@hlﬁgwthr’éne ﬂv@uchmg wiegibar S0Bat avie mncmvabtye p
hél?él} % fas 8%‘%1&%% ??‘P&Re 1rst gol%%%ho O%Qngggsng tansterred t%f a
the destmatlon surface.

102.  The method of claim 101, wherein step (b) further comprises:
(3)  repeating step (2) until the first column of openings is depleted

of dies.

103.  The method of claim 100, wherein step (b) comprises:

@) applying each punching member of a plurality of punching
members to a respective column of openings of the plurality of columns of
openings of the stack of die frames; and

(2)  punching with each punching member of the plurality of
punching members so that a die removably held in a rectangular opening of

the respective column of openings is transferred to the destination surface.

104.  The method of claim 103, wherein step (b) further comprises:
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WQ @401 280@S ;

menbers to a respective columm of openings of the
plurality of colums of 25 openings of the stack of

of the plurality of punching nenbers so that a die
removably held in a rectangul ar opening of the
respective col um of opengggs is transferred to the
destinati on surface. 4., The nethod of claim 103,
wherein step (b) further conprises: WO 2004/012896

PCT/ 003/ 02379 - repeating ste 2) until
t he g?ﬁck TPRe ﬁ%%t%@ lfghe é'aﬁ}e(éi g@s@phalgr, @zetqbsﬁ The
digt hod of claim 100, wherein step (b) conprises: 5 (1)

applying a hollow barrel to a first columm of openings
of the plurality of columms of openings of the stack

di 2 _di bly held th
B s ERSE i, B S-SR DGRBS (o move | nto
the W) | owippBineed hollo®) barRNeRh KRY cSluBRS g;émﬁgsdof(tg os:

|

until the hollow barrel contains a 10 stack of

PhFaliyof calummsiof ppepiesseS the sagk dfalinbrinew barrel onto
the he stack

cont ai nedr&%{lél %dle%%ﬁ&%ﬁ g% ;de%n tIBS ORI é% fdrib‘é)lmﬁe
oﬁepbmdgsibméx&umolﬁ)@hollmebﬁtdl step (b) conprises: 15
(1) gﬁol y| n ara k) each hol | ow barrel of a

pl ur eaH’@ﬂ 1)ar¢ ) gmtibthg hplleybarelrentagisan of
sRRROF BIS; 291121 t he pI urality of columms of openings of
the stack of die frames; (2) causing dies renovably

heI d (#h t Kepoyieng Ch%fr@rh thdn]aaoltoessbaneﬂlon&) the aésvinmtiaf

[ into eac rre aral l el ;
SRR R G P bR v e 1Slovehne iseRi0l | ow
barrel contains a stack of dies of a predeterm ned

nunber; and ;’2? depositing dies fromeach holl ow
186+ r dihegpgthod ofelamsiOOnwhesin steue) sompiisesi | t he st ack

SL bglt(gﬁl i thp#)@iﬂgg BP{% Oe%@]égoﬁévg \garrglrorf%lplurahty of hollow
barrels to a respective column of openings of the plurality of columns of
openings of the stack of die frames;

(2) causing dies removably held in the openings of the respective
column of openings to move into each hollow barrel in parallel;

(3)  repeating steps (1) and (2) until each hollow barrel contains a
stack of dies of a predetermined number; and

() depositing dies from each hollow barrel onto the destination
surface until the stack of dies contained by each hollow barrel is substantially

depleted.

107. The method of claim 100, wherein the destination surface is an
intermediate surface, wherein step (b) comprises:
transferring a die removably held in an opening from at least one

column of the plurality of columns to the intermediate surface.

and (2) punching with each punchi PQI/Ds20b8023792
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107. The nethod of claim 100, wherein the destination
surface is an internediate surface, wherein step (b)

weowpoizses: transferring a die renovably hel d POI/ES2003/023792

opening fromat |east one colum of the plurality of
colums to the internedi ate surface. 30 WO 2004/ 012896
PCT/ US2003/ 023792 - 87 108y The nethod of clai m 100,
wherein the destination surface is a substrate,
wherein step (b) conprises: transferring a die

renovabl eld.in an opening fromat |east one colum
o hﬂl%ﬁ?ﬁgaﬁy pESJaigt Togp| ths depfanabign syrfageds a5 109.
shB&r A% tRAiRktef (B dBhbPiBes: Wher ei n the substrate
includes a plurality of antenna substrates, wherein

st ep tdnpieonngs dis egmovablynislé in amopeaing oo enieastlohy hel d
i h_an ening.froam.at | east aon columm of the
B %Pﬁ?ﬂ? pi}*rg%logﬁ?}gmgﬁ?%&’ﬁ Sgl?)sl%ia?spondi ng ant enna

substrate of 10 the plurality of antenna substrates.
110. The nethod of claim 100, wherein each die has at

108a s t Therfaetbethe bl tinp AP, wherain the sobsteate ingludessapliimtity of

%igﬁj [ reln. onpr.ises: transferring a

I e ?E@n%\tf%s’y@eg?%tsﬁﬁ éaﬁgoggptpélﬁl Sn‘g fromat |east one 15

col unraneferridpea dik wéradvabyy dld GoAlsRRitedrdhat Bagbheat i on
at the at |l east one contact pad is in

surface so. t (

OBRET thﬁ/ﬂ’i‘ﬁgttﬁ of gRlumpp griogrrosigproRd g antepna TstrAtstOf od
€ H Rk B AR lLpseach die has at |east one

colrjlt actygad eqn\gﬁggl%sgllé&gn a first surface of the die,
wherein step (b) conprises: 20 transferring a die

bl d. i ing fromat |east |

P R e e St o R eashf et ot erp Srnatimpd e

16€utdd 6 o FiRe s@tack 888k did %fii&gﬂ tsg_ﬁ ‘(bﬁ%ﬁlﬁhé&es away from
(0]

t he destination surface. ) e net hod of cl ai m 100,

f ur t Heansieomngra &ip nemovably kold pr amepenmgstapaylodst one
S 0 e B GRS

one contact pad is in contact with the destination surface.

111.  The method of claim 100, wherein each die has at least one contact pad
located on a first surface of the die, wherein step (b) comprises:

transferring a die removably held in an opening from at least one
column of the plurality of columns to the destination surface so that the at least

one contact pad faces away from the destination surface.

112. The method of claim 100, further comprising:
(c) prior to step (b), inserting the stack of die frames in a die-

deposition apparatus.

113. A die frame apparatus, comprising:
a grid having a plurality of rectangular openings therethrough; and
a plurality of dies, wherein each opening of the plurality of rectangular

openings removably holds a corresponding die of said plurality of dies.
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a grid having a plurality of rectangul ar openi ngs
t heret hrough; and 30 a plurality of dies, wherein each

wopeamsof the plurality of rectangul ar openP@mES2003/023792

renmovably holds a corresponding die of said plurality
of dies. WD 2004/012896 PCT/ US2003/023792 -88 114.
The apparatus of claim 113 _further conprising: a
ring attached around said grid. 5 115. The apparat us
of claim 114, further conprising: a holding mechani sm
that holds said ring and allows for positioning of
said grid during a transfer of said plurality of dies
1R 80M3RiafpdRhtds 8 é1hivn P13, fﬁﬁ%&%&?h;ﬁﬁgzopem ngs. 10 116.
The apparatus of claim'11l5, wherein said grid is
subs taggi adtpehedpiraumdrsaid giidd wherein said grid has a
t hi ckness substantially equal to a thickness of a die
of said plurality of dies. 117. The apparatus of claim
1133, TWeepiritus af elaigi | h, Gk bs@prign@ol ymer . 15 118,
The apparatus of claim 113, wherein said grid
conprikokkingmechanism Hathalds saithriapandallosvsifespositicuing of
AP ratu f..cl.aim
S O ne A o B8R iy S ARRE B Pl 555
redtargalar byperdfigsdi es whil e said plurality of dies reside
in awafer. 120. A nethod for formng a die frane,
conprising: (a) scribing a wafer attached to an
hegi : . ' ' of
B T S L R L, Ner B MR
apd whhregugpind gtk hasedf thicknesstshistaialliy eyl sus fhackeesydf)a die
°?%ﬁhéh€%1a fg]idiflable material to the scribed wafer
ARt #&F1y fill the grooves of the grid; (c)
causing the solidifiable material to harden into a
rid shaped hardened material in the grooves of the
137 i d:Thgappa@us df clpiarbla, mdetdire said Bad compdses Rpolynea. t hat
the grid shaped hardened material renovably holds the
plurality of dies. WO 2004/012896 PCT/ US2003/ 023792

118.  The apparatus of claim 113, wherein said grid comprises at least one of

an epoxy, a resin, a urethane, and a glass.

119.  The apparatus of claim 113, wherein said grid is formed around said

plurality of dies while said plurality of dies reside in a wafer.

120. A method for forming a die frame, comprising:

(a scribing a wafer attached to an adhesive surface such that a
resulting plurality of dies are separated by a grid of grooves that extend
through the wafer to the adhesive surface;

(b)  applying a solidifiable material to the scribed wafer to
substantially fill the grooves of the grid;

(c)  causing the solidifiable material to harden into a grid shaped

hardened material in the grooves of the grid; and

(d)  removing the adhesive surface so that the grid shaped hardened

material removably holds the plurality of dies.
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-89 121. The nethod of claim 120, further conprising:
(e) prior to step (b), holding the adhesive surface

wowadh/owssaupport structure. 5 122. The net hod PET/TEB03023792

121, wherein step (b) conprises: substantially filling
a space between an outer edge of the scribed wafer

and an inner edge of the gypport structure with the
solidifiable material. 10 7123. The nmethod of claim
122, wherein step (c) conprises: causing the
solidifiable material in the space to harden into a
ring shaped hardened material that supports the grid

1§h.apqﬁehﬂ}ﬂﬁr&¢1£ﬁt1ﬁzlbiﬁinhe¥\é iingl® 124. A nethod for
e

transferring a plurality o i'es froma first surface
t o a(e)secoridr wutdpa(dd, hotdingthesilhgyive(smyfapowith asnppgt t he
stzrﬁ ond surface to be closely adjacent to the first
dce that has a plurality of dies attached thereto;
(b) reducing a distance between the first surface and
the second 20 surface until the plurality of dies

183nt d6e mehwdadelyim 120 Whersinstep (b) ceroprites: t he second

surf ' ness of the second.surface;
o Bl 200 SIEAFOGE: Ol IS SERRE RS
asdind Aaer, edgbof elrysuppert stphaiirewithythe foltHifsh1é aixeiral.
attached to the second surface. 25 125. The net hod of

claim 124, further conprising: (d) prior to step (b),
pl ¥ j i t ond surface
128 YhBheAlbaARERN VIO R Slier! @) LniRE

so that the esi veness o e urface is
gr eataringihe selivhfiatdé matdnial fni the spaseitd lexden 3@ 486 The

T R Sisan e e uapondpo s Thpe hrdgnacmateris  op
withln. orienting the plurality of dies attached to the

first surface so that at |east one contact pad of each
die of the plurality of dies is facing away fromthe

1§h.r Sty rﬁ@ﬁlg&"f"c?r'transfening a plurality of dies from a first surface to a
second surface, comprising;:

(a) positioning the second surface to be closely adjacent to the first
surface that has a plurality of dies attached thereto;

(b)  reducing a distance between the first surface and the second
surface until the plurality of dies contact the second surface and attach to the
second surface due to an adhesiveness of the second surface; and

(© moving apart the first surface and second surface, whereby the

plurality of dies remain attached to the second surface.

125. The method of claim 124, further comprising:
(d)  prior to step (b), applying an adhesive material to the second
surface so that the adhesiveness of the second surface is greater than that of

the first surface.

126.  The method of claim 124, further comprising:
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W@ enoftacas9s wher eby t he

5 127. The method of claim 126, wherein step (c)
conprises:. noving apart the first surface and second

attached to the second surface in a pads down manner.
128. The nethod of claim 124, further conprising: 10
(d) prior to step (a), orpenting the plurality of dies
attached to the first surtface so that at |east one
contact pad of each die of the plurality of dies is
faci toward the first surface. 129. The nethod of
cl ai 25%128?“\%5}%?91{%1%“@&3 ﬂ’Eé’i"H?ﬁ%’g diepattagher g thepar t
fQuifi r i
o aird ap aRdopaeand isdpaEor BRI o
isfacigewaydram gedastqurfae;ner . 130. The net hod of clai m
124, wherein the first surface is a scribed wafer,
wherein step (a) conprises: 20 positioning the second
190r f a&e nidthdBo 1G] 26, JBeREEAp éc?tc&ﬁl ri&G! | bed  waf er

that has the plurality of dies attached thereto. 131.
The mavHegianstt the Arvhsurface apfh sgcond swufesef Wherebg thef ace i s

! r f. [ . [ .25
PR e R A a1 R Pochl et Bl R 5 R it

to the support surface that has the plurality of dies
tached thereto.. 132. The nethod of claim 124,
Weher ditg meteodsefecdwim ks fgther pRmprSng:nt er medi at e

sur f age, er e . ' : Lt kQniNg
the (ot er g & QoiZlefRriclinEAERILTEY or SRaANRABLIOLR, | o
fusippdade souhdtat Eeasthate doamct fad of bavhadie b thefphdtakls of dies
.a%t ached tﬁﬁr ﬁt&? gﬂp 2004/ 012896 PCT/ US2003/ 023792

15 gying sawargdhic His AHASF ol ai m 124, wherein the second
surface is a substrate, wherein step (a) conprises:
&1) %osi tioning the substrate to be closely adjacent
128 t Hbe suplpest of clims1S abereinrsiep (@hsompuses] ural i ty of

di es s hereto.. 134, The.net.hod of cl aim 124,
wher érl?o %@%ﬁ%%gtdégﬁpgts%ﬁ?cﬁ@%aeecgng\s &a(?reawg?rﬁg% € ant enna
phiskifty bAURS rebia agth¢hed 6 the(s8dond QUFRESIAS paB9Eh hlaBRéNY
the substrate to be closely adjacent to the support

surface
130.  The method of claim 124, wherein the first surface is a scribed wafer,

wherein step (a) comprises:
positioning the second surface to be closely adjacent to the scribed

wafer that has the plurality of dies attached thereto.

131.  The method of claim 124, wherein the first surface is a support surface,
wherein step (a) comprises:
positioning the second surface to be closely adjacent to the support

surface that has the plurality of dies attached thereto.

132. The method of claim 124, wherein the second surface is an
intermediate surface, wherein step (2) comprises:
positioning the intermediate surface to be closely adjacent to the

support surface that has the plurality of dies attached thereto.

plurality of dies renaiPCT/US2003/023792
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10 that has the plurality of dies attached thereto,
wherei n each antenna substrate of the plurality of

wGeamesnIRdes i s positioned closely adjacent to BCT/US2003/023792

corresponding die of the plurality of dies. 135. A
systemfor transferring a plurality of dies froma
first surface to a 15 segpnd surface, conprising:
nmeans for reducing a distance between the first
surface and the second surface until a plurality of
dies of the first surface contact the second surface
and attach to the second surface; and neans for noving
18Bar tThk hethdd St c1AH] fﬂc FhaRth e SQ3dla Sk &g%a sd’l!ﬁﬁat% by

20 the plurality of dies remain atta the second
Wﬂﬁ@@éﬁp(®3ﬁnﬂﬂhessysten1of cIa|n1135 wherein said

nmeans.\f or uci n sta s for

NOVi b)apé’lofllgPlélg esr 5%%‘?%3’ “é g%£a%H?%f@m%f
stifaderthdt Ias th@”}ﬁﬁ@hfy (&ailéé aRaRd th&ktor educi ng a di stance
and said nmeans for noving apart are separate. 138. The

system of claim 135, wherein the second surface is

188at %e‘%étﬁ‘odagﬁcl ﬂpfﬁﬂ Ve ttﬁ fs@)sga% 1}1%}1Liegtaé)rlurlahtgr?f 30

adhesi venes second sur
ahteaha abstries, fWHeBém Smpf(@Q:GmpM&SZOOM 012896

PCT/ USZQOS/ 023 -92 13 The _system of claim 135,
wher EPFHHPHEE b F‘ir‘it9 toge “d‘PS@b’ %@aqeﬁ@oﬁhc? SIPPOE ghiacee

tl?d't Badih ég%tacﬂlte? lﬂ%?%s VAl 1‘1‘1%%@%&6&1%%39{1“%%6‘0 h

di e of ?hepuraflty Facing towa
of émmiutabtyrdfawbstramamsjpmwdmd ploiselly aﬂpcemmds acoiresgodieg

gfqg?ﬂﬁlfrfa(:fﬁ]; 140. The system of cl ai m 139,

ity of dies attach to the second
surface in a pads down manner. 141. The system of

185 al M dy3Rem WReFRE LIRS Opﬂbfdﬁtijﬂh f{dYes%?rﬂ a 88t Qo k! 1 St

10 surface are oriente east one cont act
sprad sfrfeces bordpiesing: the plurality of dies is facing

away from.t he, secon surfa tely priqr to
cont ST TPHE SR ﬁtan‘?l}’fe qﬂegﬁ? eapd ﬁ’@rﬂa“é’Pd
sGifaeindifd pludIRY OF Bick BEthB st @hﬂf&aé Rhtai @8 salohashele the
and attach to the second surface; and
means for moving apart the first surface and second surface, whereby

the plurality of dies remain attached to the second surface.

136.  The system of claim 135, wherein said means for reducing a distance

and said means for moving apart are overlapping.

137.  The system of claim 135, wherein said means for reducing a distance

and said means for moving apart are separate.

138.  The system of claim 135, wherein the second surface is coated with an
adhesive material so that an adhesiveness of the second surface is greater than

that of the first surface.
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15 second surface in a pads up manner. 143. The system
of claim 135, wherein the first surface is a scribed

wowRd0e01289d44. The system of cl aim 135, wherei nPCTES2003/023792

first surface is a support surface. 20 145. The
system of claim 135, wherein the second surface is an
intermedi ate surface. 14$. The system of claim 135,
wherein the second surface is a substrate. 25 147.
The system of cl aim 146, wherein the substrate
Inclydes a pluyrality of antenna substrates. 148. A
1ide h@ge F¥eth of FeHy 135, dfherany thegluaBatidissnf thedrst a)

S
T e i M SRR TR d R B ] g et
opdits 1932003 LO2BT UR sec@B siibfpcd immediately myior to cdntayting tes
Sin %he waf er to separate the plurality of dies on the
€GP 5‘&%“& the tape structure; and (c) causing a
portion of the tape structure that is accessible

through the grooves of the grid to harden into a grid
14hapddie systere pieleim 53 véherdim thetpdunghityco fslispstdcstortbe t ur e

S SHR ¥ i%iﬂglpgﬁse&%ﬁﬁ Q2lity of dies, wherein one or

nore di es o |{'y of dies can be noved from
the grid shaped structure onto a target surface. 149.
The nethod of claim 148, wherein the tape structure

14bnp e sxstem of plapp d &%, ivdereim e Mutelibref digsedf thodisted t o
. ; . ) : : 00S| oe
SR AR ORI florE RRRL T or SRR bl G T
ofl&ies isFhengewhyp froof the baiond duiPace\itnatediately peott taentacting
tstructure conprises a material that hardens when
N SS BT FUBCI travi ol et (UV) 1ight, wherein said 15
exposi ng step conprises: exposing the tape structure
with W Iight through the grooves of the grid. 151.
14he mbe Rysterof elabi id 11 aheraim éregilvrabtyayf dias)attedntorths es:

second surface in a pads up manner.
143.  The system of claim 135, wherein the first surface is a scribed wafer.
144.  The system of claim 135, wherein the first surface is a support surface.

145.  The system of claim 135, wherein the second surface is an intermediate

surface.
146.  The system of claim 135, wherein the second surface is a substrate.

147.  The system of claim 146, wherein the substrate includes a plurality of

antenna substrates.

143. A method for forming a die frame, comprising:

(@ attaching a wafer that comprises a plurality of dies to a surface

of a tape structure;
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WO 408826 st ruct ure to harden.

20 applying a material to the tape structure through
the grooves of the grid, wherein the material causes

151, wherein said applying step conprises: spraying
the material onto the tape structure through the
grooves of the 25 grid._4$3. The nmethod of claim 148,
wherein step (b) conprises: scribing the wafer on the
surface of the tape structure. 30 154. The nethod of
cl ai 49, further, c rising: (d). formng the_ tape
structlre ff”bmlinﬁ'c‘lgﬁﬂé’?g)qoé(ﬁ%m 8¢ WakR toragparataihe piyzplity

o%@%b@lﬁ@&ﬁfﬁ@ﬂﬁ%@@@@%ﬁgw@?%n -94 155. The nethod of

claim 154, wherein the material is a photoresist
mat efhal , oapErg? portive pf (he)taposipcise that {sapcdssible thughe

str ure.tq include the . |l ayer of the photoresist
t%ea%% e oiﬁlge %J[.O%ﬂr(geﬂlémﬂaaﬂ?f HEPHEIUEBESr di ng to t he
et haghepdin CheadrA shdod stdhetfire Anfot@bBMold® thé Bﬁﬂlilﬁfl gf"ctﬁg% f
u

frame, conprising: 10 a wafer preparation nod
veispein e8¢ ar warestiostaf the plyrdlisy of dis ean bgpwovesitfrars the @id and

' in the wafer to separate the
S%ﬁ%?%Fﬁggﬁ%gﬁQ%F%éggﬁ&%ﬁ% surface of the tape

structure; and a hardeni ng agent source that causes a
I's accessible

rtign of the tape structure that
@ﬁr ng‘ﬁ W%OCE?%&%@SM& WheEHihe dRpeSiHeiETRGeInISes & gri d

Ay SR Sl e OGP L

e B urali ern one or
nor e edpesnpthe tape spyhetma! witly light thioegh derpréevesoidd dhidom
the grid shaped structure onto a target surface. 20
158. The system of claim 157, wherein the tape

1501 UG Gt B dI851 49, wiBeh! thakapeRghciAs é%ﬁ@%'sm? n
exposed to light, wherein the hardening agent source
neaseriAl ithpd Bargdens i exposaddo mheavidsii©88dight evhtergie said
. ' . ght through the grooves of the grid.
%ﬁé#ﬁ%#&ﬁﬂﬁhlggéen1of cl aim 158, wherein the tape
St r uekposingCihebe SBGct@re with UV light through the grooves of the

grid.

151.  The method of claim 148, wherein step (c) comprises:
applying a material to the tape structure through the grooves of the

grid, wherein the material causes the tape structure to harden.

152.  The method of claim 151, wherein said applying step comprises:
spraying the material onto the tape structure through the grooves of the
grid.

153.  The method of claim 148, wherein step (b) comprises:

scribing the wafer on the surface of the tape structure.

154. The method of claim 149, further comprising:
(d) forming the tape structure to include a layer of the material.

152. The net hodr@f/usioas/m3792
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mat eri al that hardens when exposed to ultraviolet (UV)
light, wherein the hardening agent source exposes the

wao ape/osaspact ure with UV Iight through the gr opUEESN3/023792

the grid. 30 160. The system of claim 158, wherein the
tape structure includes a |layer of the material. WO
2004/ 012896 PCT/ US2003/ 02%%192 -95 161. The system of
clai m 160, wherein the material is a photoresist
material. 5 162. The system of claim 157, wherein the
har deni ng agent source applies a material to the tape
structure through the grooves of the grid that causes
she 0 of
T Cm A e A TR LR L
m@em&iEWh@t@mrste@I(dbcmnprtshss t ape structure t hrough the

gr ooy, of. t he 4 Ameth r formng a die
fr ané,gfcomlgg ta}(eaﬁjfmﬁ ‘F%E’rﬁnﬁ]é‘ ‘F@F of ‘R;gtp%otoremst
el ses a plurality of dies to a surface of a tape
structure, wherein the tape structure conprises an
encapsul ated 15 hardening material; (b) formng a grid
gr atet rality of
1353 ST oh gL B Ry © BERRHEHB e PGP d e o7 n
said form ng step includes the step of breaching the
surface of the tape structure in the grooves to cause

I5Ke éhBapauloadeaning s disirape.PREPHSEE: to harden in the
th
o ooustattilnpdahl Sodfls FRP AR AIRITT IR R i "

sfruqztutee and:mnrps pgrid@f g{aoyes mrthy wafer tdeeptapethe plusglity be SO
t hat gﬂh@{t ed hardene mat eri al renovably
disgsi o £ Of theitaRe trucreand 25 166, The net hod of

cl ai rﬁ‘hjaﬁfemnf %g%ﬁ%ﬁu&@%t 'c%s@gaﬁéwﬁl)onBﬂl%rtaﬂé)stﬁfcﬁﬁ’e A

hol di ng t he taﬁe structure wth a support™ structure.
igarcgsible ghethé gepoués eflthe grid enharddmenm angrid gppédd)

SHRURE ses:

wherein the grid shaped structure removably holds the plurality of dies,

wherein one or more dies of the plurality of dies can be moved from the grid

shaped structure onto a target surface.

158.  The system of claim 157, wherein the tape structure comprises a
material that hardens when exposed to light, wherein the hardening agent
source comprises a light source that exposes the tape structure with light
through the grooves of the grid.

/
159.  The system of claim 158, wherein the tape structure comprises a
material that hardens when exposed to ultraviolet (UV) light, wherein the
hardening agent source exposes the tape structure with UV light through the
grooves of the grid.

160.  The system of claim 158, wherein the tape structure includes a layer of

the material.
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formthe grid of grooves and to breach the surface of

WO b@4088e6 st ructure to cause the encapsul at i ngPCT/US2003/023792

hardening material to be released in the grooves. 5
168. The nethod of claim 164, wherein step (b)
conprises: using a saw to dormthe grid of grooves and
to breach the surface of the tape structure cause the
encapsul ating hardening material to be released in the
grooves. 10 169. A die frame forned according to the
met hod of claim164. 170. A systemfor formng a die
fl6 AMeThe OyERInh 5 Maim R60aTHRkeiR (HRRALANAI 90, BROMIS:st hat
applies a wafer to a surface of a tape “structure, and
f&ﬁ@%ﬂa.grid of grooves in the wafer to separate the
plurality of 15 dies on the surface of the tape
structure, wherein the tape structure conprises an

¢6L.apThe stsetn baclden il 51 Wik ﬂl%'h’ard@ﬂﬁffgeig@nttéaﬁrc%f) fesa

repa{ation nodul e breaches the surface of the tape

etiet igrthe fae gectyedbipagh theemodves nf thg eridéhatgroeyés t 0
&%H%&ﬁ@@ﬁ%gﬁul ated hardening material to harden in
: dem.

e grooves into a grid shaped hardened material in
the grooves of the grid. 20 171. The system of claim
appar at us t hat

iy S8 b 66k féé‘%@e%ié@a‘éﬁla%ﬁ%?ge@@g@g e
O e SR oToRe Lt LAYl R IS Pl e

waf er preparation nodule includes a laser to formthe
j d of opyes and tq.cause the .encapsul ating

%%%de%f%%ﬁ%g¥§%Fan¥S%E@%¥@F§3§@H$Pﬁ3the grooves. 173.

The sgyt emtpichiakaiwardr@at Magrédh ﬁlﬁﬁlﬁ%{)fcge%t;o%fﬁéé on

dule 30 includes a saw to formthe grooves
fepostiietie, Whrsciankeiape btatating comprists nrgcapatleteial t o

Read i.n the grooves. WD 2004/012896
Pdﬁ%@ggg%jzsm_z -97 174. A method for assenbling a
plurab)ty fotmired grid sRGUERS ¥n the SRiférftb G AB the plurality
of dies on the surface of the tape structure, wherein said forming step includes

the step of breaching the surface of the tape structure in the grooves to cause

the encapsulated hardening material to harden in the grooves into a grid

shaped hardened material in the grooves of the grid.

165.  The method of claim 164, further comprising:

(©) removing the tape structure so that the grid shaped hardened
material removably holds the plurality of dies.

166.  The method of claim 164, further comprising:
(©) prior to step (a), holding the tape structure with a support

structure.

167.  The method of claim 164, wherein step (b) comprises:
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(RFID) tags, conprising: (a) positioning a die frame
cl osely adjacent to a surface of a 5 substrate such

wo bat/ogesdé e of a plurality of dies renovably hetTUS2903/023792

the die frane is closely adjacent to the substrate;
and (b) transferring the die onto the closely adjacent
substrate fromthe die frgre. 10 175. The nethod of
claim 174, further conprising: (c) positioning the die
frame closely adjacent to a surface of another

bst h, that t die of the plurality of
it es. PahES Tl R RV rdings fha e iohdheutape of
thej taeestiuctule to@uaddk RREapSHASTS lﬁfrﬁénil?éﬂa{eﬂh 0 be released

transferring the another die onto the closely adjacent
PREIOVES5 substrate fromthe die frame. 176. The

nmet hod of claim 175, further conprising: (e) repeating

steps (c) and (d) until all dies of the plurality of

6%s Themstimidlof chirhd 6iywhdieindicp (b @Bpridye been
transferred to corresgondi ng 20 substrate. 177. The

met hotFoF 2 8% fedormthe gpdpiegraovsapd (b breadnibieissiface of the
RYE stk Bk ' I .acent substrate
e s RS 1St SR B AR TSP sttt e
gevesi n step (b) conprises: applying gas pressure to
nove the die onto the closely adjacent substrate from

the die frane.
169. A die frame formed according to the method of claim 164.

170. A system for forming a die frame, comprising:

a wafer preparation module that applies a wafer to a surface of a tape
structure, and forms a grid of grooves in the wafer to separate the plurality of
dies on the surface of the tape structure, wherein the tape structure comprises
an encapsulated hardening material, wherein the wafer preparation module
breaches the surface of the tape structure in the grooves when forming the
grooves to cause the encapsulated hardening material to harden in the grooves

into a grid shaped hardened material in the grooves of the grid.

171.  The system of claim 170, further comprising:
a tape removal apparatus that removes the tape structure so that the

grid shaped hardened material removably holds the plurality of dies.

172.  The system of claim 170, wherein the wafer preparation module
includes a laser to form the grid of grooves and to cause the encapsulating

hardening material to be released in the grooves.

173.  The system of claim 170, wherein the wafer preparation module
includes a saw to form the grid of grooves and to cause the encapsulating

hardening material to be released in the grooves.
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174. A method for assembling a plurality of radio frequency identification
(RFID) tags, comprising:

(a) positioning a die frame closely adjacent to a surface of a
substrate such that a die of a plurality of dies removably held in the die frame
is closely adjacent to the substrate; and

(b)  transferring the die onto the closely adjacent substrate from the

die frame.

175.  The method of claim 174, further comprising:

(c) positioning the die frame closely adjacent to a surface of
another substrate such that another die of the plurality of dies removably held
in the die frame is closely adjacent to the another substrate; and

(d transferring the another die onto the closely adjacent another

substrate from the die frame.

176.  The method of claim 175, further comprising:
(e) repeating steps (c) and (d) until all dies of the plurality of dies
removably held in the die frame have been transferred to a corresponding

substrate.

177.  'The method of claim 174, wherein step (b) comprises:

punching the die onto the closely adjacent substrate from the die frame

178.  The method of claim 174, wherein step (b) comprises:

applying gas pressure to move the die onto the closely adjacent

substrate from the die frame.



