; e3ei dd7i a223T4L85667Td7HTE6 MARCH 2002 1 PARTI AL SEM CONDUCTOR. WAFER
PROCESSI NG TECHNI CAL FI ELD OF THE | NVENTION This invention relates to

sem conduct or wafer processing and nore particularly to partial wafer
processing in die bonders for wafermap operations. RELATE&)WQ@Q%IG

APPLI CATION This invention is related _to Application Serra . 067, 246
filed June 20, 1996 entitled) "Method and Apparatus for Aligning the
Position of D e PARTIATeSEMICONDUGTER| WARER BROTESSING cation is

i ncorporated herein by reference. BACKGROUND OF THE | NVENTI ON

Sem conduct or manufacturing includes the process of die attached 1

per f or med Bk (ﬁﬁﬁr ﬁ‘ﬁF i ne. The basic operation of die
bonder is(l?%(’ ﬂﬁAﬁ 5 Oru)uiuj—gau 1 ; di e bonder deposits epoxy on

the |l ead frame pad, picks up a die, and places it on the lead frane die
pad. The epoxy is a historic termand is actually an adhesive which uses no
cat al yst . ThigaRorertgop relafie toli seniiconsiuskesd wadeh prewstingnand hmogwod di es
are individually picked up and placed on a |lead frame To do this the

| ocati on phrtididarflyeo pastialeafer peocesing ki divbanlerd foreaiimep operaiidis. up t he
die. The silicon wafer provides several patterns, to forma plurality of
sem conductor circuits. The individual integrated circuits on the wafer
are separated by horizontal and vertical thoroughfares. The thoroughfares
axe bor degprsPass AR A8 'ﬁi’aﬂ ¥ devices on the wafers. Al ong

t hese t horoug FTeets when a cutter passes through
them separating the individual circuits into what is terned "dies". This
sprocess is referred to as sawing. Before cutting the separate circuits, the
‘back of the wafer is placed on a doubl e backed tape which in turn is

stret ched |i keThisdnuentiowis xelatieddo dapplicataon Serifl Nef 08{667,846 filebdtne! | abl e
waf er table. The location of the dies on the original wafer is recorded on

t he waf er 20996t @ittibd, MMRIhGRI@AY Apphistis oA igningehw@ositiont dFDidigesa ar e
moved. Hence noving the wafer table per

Wafer Table, “ of Balamurugan. The application is incorporated herein by

reference.

BACEKGROUND OF THE INVENTION

Semiconductor manufacturing includes the process of die attached
pex;formed by a die bonder or die attach machine. The basic operation of die
bonder is to mount dies on lead frames. The die bonder deposits epoxy on the
lead frame pad, picks up a die, and places it on the lead frame die pad. The

epoxy is a historic term and is actually an adhesive which uses no catalyst.
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the wafer map coordi nates does not accurately position the wafer table for
the next die to be picked. Small die wafer map operati on on di e bonder
equi pnrent is not feasible because of this. The variation in the saw street
wi dt h across the wafer coupled with the tape shrinkage on iW%&él cked
waf ers makes the one tinme correction of _table junp distanc t
width variation ineffective in ensuring“he accurate table position. 6
MARCH 2002 3 A Theldievid pickbdapolne suetiamr.e The ghiod. diGo et imﬁsidpllalblspidkeﬂrabl e
to only use part of a wafer for a particular job and store away the
remai ni ng h@r d(f‘z)%c_?ﬂsc?n aTlRGdRAhEal TO'E Wiib lthe 6@ltion bESHE did Masnpyal of
I e.

the referente herefore a reference die may not be avail abl e. 6

MARCH 2002 4 SUMVARY OF E | NVENTI ON Accordi ng to one aspect of the
present i nPEHEIS ,n?WBrBBIﬁgnbarc %‘égd’%{gﬁé'lpﬁg’ﬂ‘g‘f partial wafer processing

conprising the steps of: identifying a reference die; determning a | ocator
di e coordinate at an edge or corner of the partial wafer fromsaid
reference die; storing said |ocator die coordinate in a wafer map; and
mount i ng di es a%he eflivodedafen psavides\adveralnpattesisntp farndalpduedlity afisends sai d
reference die coordinates as a reference. According to another aspect of

the presengoddieestt IcpRuitsNeMThe SndiviatialCtht8graRed OfritsP B0t LR WafeR' are

processi ng conprising the steps of: searching for a reference die and if
said referenc | €4l.S. 1 i I .enn or | e
coor di nat eg%ﬁg%%fhdﬁgzgﬂgl gﬁgggg'{el&éﬁhs%g? p%?eisl‘ alq‘h\%aéhg’r%&%%ga‘géesng %te one

or nore an_ auxiliary reference die coordi nates on said fer map for one or
m)ge ot herb%‘giéfiséﬁc‘%ﬁaﬁ‘%?@ea 8 Eemicqnductor ﬁ"é‘?es\/%’fél‘ew rﬁdi%ngéﬁlﬁ‘ge
reference die; determ ning which half or section said partial wafer bel ongs
and renovi thprohghfarérearcformedrthpam sfireste whemse. qutten pasises tlafosghrtem and
nmounting dies as remain on said wafer map using said reference die or

auxi liary sefseatingeahdiiadiadudi dhrduits iaso ahatfietermed “destr Thiyg piareas fiair t her
aspect of the present invention, there is provided a nmethod of parti al

waf er procgsshid thoaPEhwind ‘E%forét&iiﬁngfthepééi)\ékﬁde”&r&nifs‘?ftﬁém g €nd N
first half and/or first quadrant of wafer; creating |locator die in the

first half Or 1f1hLs ' es; ' i
reference ‘nggeqfl pége‘!(?gnoél %gﬁﬂﬁgn%ffg%dgﬁzegﬁgghtﬁﬁ%qgtﬁwgc (%%rﬁ t@y%%gﬁra%ts of
said wafer; |oadjing the r of the l.e wafer; determning if_ the
partial waP¥t &HRE %E@ﬁ@ﬁ@*@?&ﬁé@ ‘Elic‘énf\é%alﬁﬁ %gﬁfﬁget eeloﬁﬁﬁ%Pf:h t he
partial wafer is located to the |ocator die; uploading the |ocator die
coor di nat ethe djes hu theprgina) wafer is regoridad phdhe wader mapfsteredrinrasmemargr ant
removing the other half or quadrants fromthe map; if the partial wafer is
not in fir HAftdradawing the wafery taddips targ asived o Henge wmadving thé e férotablxpét ar y
reference die; deternmining the quadrant or half the partial wafer bel ongs;
conputi g gHedvhicdiap @hHdBASs Hb&s AROAGURCBP péditloh SHB W Ter piH1E foitiadr ant s
ory half dies fromthe map using |locator die and auxiliary die coordinates
i nformatiop, : | ; 1 r ! iiﬂ.gl ﬁg? - di from
sai d map. %th(ﬂg %g%g ]&? h?l%%éggenﬁalke%\?gﬁé iogﬁfat%(?oé%l na Jes \égqlafq#l g‘(?:%t or
die and/or. an, guxiJigry reference die are stored on fer, .map of a given
Wmfer for Toquldranbletebeists of thi (T aREbPRI BRS BOE SGTLH I BoSTHE S and
other features of the invention will be apparent to those skilled in the
art from twafergouplidnyithethe tane shrirkasst o pastiakly pickedewafesn melgecthe
together with the acconpanyi ng draw ngs. 6 MARCH 2002 5 DESCRI PTI ON OF
THE DRAW N@® fing. cotrdcsion of italgle dumpf distaarce fert stmeetovithivagiativndme ffeetivadi ment

of the present invention; Fig. 2 illustrates a prior art wafer and
t hor oughf aimeensubing thefaturdte gabld potikiont rates a prior art wafer with a
reference index; Fig. 3a illustrates wafer map coordi nates; Fig. 4

illustrates a half wafer with reference die and auxiliary reference die
according to one enbodi nent of the present invention;



Fig. Sillustrates reference die and auxiliary reference die for quarter
waf er processing; Fig. 6 is a flow chart for partial wafer processing; Fig.
7 illustrates reference die) auxiliary reference die and | ocator die fox
hal f wafer processing; Fig. 8 illustrates reference die, mkg ¥
reference dies and |locator die for quarter wafer processi%g, 'QH Qp2
illustrates noving wafer table to locato? die for half wafer processing;

Fig. 9a illust raA%ﬂ*Wé@ePﬂa%ﬁ@&efe?éﬂc@_c%i? Bomatitlesdt 8 8&4irdllb to VAl Phse

processing in automatic node; Fig. 10 illustrates noving wafer table to
| ocator die | uadrant. 1 for .quarter fer processing;.. . 6 2002 6
Flo. 10a i1 PHEG S ealson naosuirtiar (biaalf oGke BEBT SRS o Bainips ORI Gt or
processing in automatic node; Fig. 11 illustrates step to determne if in

second hal f The pagtiel userwil uagally ressltiintvemavehof the veferguse diear Thersfareence
die position in half wafer processing; Fig. 13 is a flow chart to determ ne

quadr ant s 2ref&@enoe dis maymot bé availabler at es nmet hod of finding quadrant 2 in

gquarter wafer processing for quadrant 2; Fig. 15 illustrates nethod of
finding quadrant 3 in quarter wafer processing; Fig. 16 illustrates nethod
of finding quadrant 4 in quarter wafer processing; Fig. 17 illustrates

conputation of auxiliary reference die in half wafer processing;, Fig. 18
illustrates conputation of auxiliary reference dies in quarter wafer
processing; Fig. 19 illustrates renoval of second half die coordinates from
map in half wafer processing; Fig. 20 illustrate renoval of first half die
coordinates frommap in half wafer processing;

)



Fig. 21 illustrates removal of second, third and fourth quadrant die

coordi nates from map during quarter wafer processing; 6 MARCH 2002 7 Fig.
22 illustrates renoval of first) third, and fourth quadrant die coordi nates
frommap in quarter wafer processing;, Fig. 23 illustrates renoval of first,
second, and fourth quadrant die coordinates frommap in quar fMARGIH&002
processing; Fig. 24 illustrates renoval of first, second, and third
guadrant die coordinates fromnmap in qu‘hrter waf er processi ng; Fig. 25

i 11 ustr SEaMARYCOR I THE INVENTONI | i ary reference die) and |locator die for
hal f wafer processing for a different wafer cut; and Fig. 26 illustrates
reference die, auxiliary reference dies and | ocator die for quarter wafer

processing f outccardﬁhg‘tbefn@raspmfo«pfhecmbsent u@eﬁud\%ﬂﬂaﬂe AOH3vibEd Alnhdthb BSR4 T ON

OF THE | ENTI ON Referrin e|S|IIustratedasche tic
o1 o BT RGO Gcom Ao <iohs, o ideaThDOLA EAR/eHS o dplarainmg. A lasaias:
di e att ajidgodrbinhten@®Yanbgdges@torierton éhd ﬁéﬂlleﬁéféﬂfﬂorﬁréé@r%%r@ﬁcd méegbﬁﬁgegam
ci rcui tiwn%SI | i con, waf ers accordi n resent I nvent i on.

di e
bonder e f°8Pr 8 Walepae; g“‘% m°§ﬂt' dieg Asqrecorsied 1an, said I"Y?of?'r 'lﬁ'ﬁﬁnts

|nCOfDOFL@Ir@Cbaldﬂloéétér@@@d@éld%f&l@h@é@% SRtiNates ag adeferdied. of a lead frame and
nmounts the die to the pad. A silicon wafer 20 is carried by a table 22

whi ch is novéasPElinghtoctiai asPest ofithe Preserbinentign, thess issprokideds mgthod of

coupl ed dastich ket ﬁacesa.r@o&mpr%ﬁgodnetdw@ssuﬁtsearnch.hgqbpdIre&réhc@omé 94l ifbhig arm
25a and suction_ end effector 25b) picks up the die and places the die and

on pad 38fegnce digyispdetiiied defsyming and floreralpcater digigoordiiale 0p g wafee®ap AaNed

by procegigenf g&d pahm waRd ahd g@mrmmldﬁm&&&h%ﬁknﬂ&ymmwm mmate%nt he
|l ead franme to all \S/BEI acenent The . |l ead frane handlin Sm 40

al so apprIe¥aiehBapahong g MRE ?;Ea @%"%fwﬁf%'écﬁdﬂqcﬁﬁbt@faﬂﬁ ieEeringl ‘H” S?‘

pl aced oafetémeIdﬁaeadjeiérmrmwg%m|cmﬁ|f\uafseétudnaéaucep&aaMN@fei béslordl atsd Rmotfhgges
o | ocat e ext di e und erﬁ%%\(igram control of proce sor 28

t he waf er 81@ } p

so that QSR 9F pariaLsestionsrorp seidevaipramap Witing gies As rﬁma&@ $aid gt %ad
33 ?f ITg@bugumlahfev&mb@aletdi%ummyee@?encé dysidih&te® A8 agefreeritee the align
system

According to a further aspect of the present invention, there is provided a method of
partial wafer processing comprising the steps of: providing a reference die in first half and/or
first quadrant of wafer; creating locator die in the first half and/or first quadrant of said wafer;
creating an auxiliary reference die in second half and/or second, third, and fourth quadrants
of said wafer; loading the wafer map of the whole wafer; determining if the partial wafer
contains the reference die and if so move table on which the partial wafer is located to the
locator die; uploading the locator die coordinates to the wafermap host; if in the first half or
first quadrant removing the other half or quadrants from the map; if the partial wafer is not in
first half or first quadrant positioning wafer table to auxiliary reference die; determining the
quadrant or half the partial wafer belongs; computing auxiliary reference die coordinates and
removing other quadrants or half dies from the map using locator die and auxiliary die
coordinates information; and mounting dies on a lead frame omitting removed dies from said
map.

In the use of the present invention, coordinates for a locator die and/or an auxiliary
reference die are stored on a wafer map of a given wafer for locating dies on a partial section
of the given wafer.

These and other features of the invention will be apparent to those skilled in the art
from the following detailed description of the invention, taken together with the accompanying
drawings.



takes over for good alignment initiated by processor 28. The align system
19 consists of a processor 26) display 27, storage device 23, canera 34,
and canmera 35. The align system |9 provides an align correction signal to
align a die accurately and is coupled to processor 28. Durj g EEE | gnnment
process) an 6 MARCH 2002 9 output signal is produced byébﬂ R 26 and)
the output signal may be delivered to tie table adjuster 24 through
processor 2-§§§Q§§E@@£§§gﬂ§§ii\ Smkar table in response to an out put
signal. The Jtt—st yrtal may al so be di splayed by the
processor 26 on the display 27. In order to performthe alignnment or

m sregi stration check, processor 26 receives a video inage froma video
canmera 34 (such as a CCD canera) which is a subsystem of the alignnment
system The canmeFig.ihid adiagiane obphé egstem hawudingntot ivee eatbediment efichd r ane.
The video signal is digitized using, for exanple, a video to digital )
converter agngg t i¥fontidg: canera. Wienever an alignnent is nade, the
processor 26 takes a picture via the camera 34 and | ooks for a pre-taught

(stored) patterng|n.qne _epbodiment . a i is in.t die and is
stored and when Ei?%lﬂ&%%%% %%ﬁl?ré%ﬂén%&#ﬁgﬁ%%’?%ﬁ?%&‘?%& a picture
and | ooks for that pattern, In another enbodi nent thei&ki n systemtakes a
picture and al i g Bdlluslzates a preryud wafer reg’gre[qqg 938 The pattern of
the integrated circuit is taught or stored in a nenory of the processor 26
or nenory or st oFigy8aillustratesavafermapiceondinates; i s setup. The processor 26
cal cul ates the displacenent of the stored pattern (alignnent point) to
erent pattern B 4pllagirdes ahalirwefet with sifgreake didhhed dusflia9aeRibnéd X

and y direction is the x and y correction. This correction signal dependent

on the corrgetd an-NAk UPohdSRHERNRIRGE BRObroant vRfibnt © the wafer table

adjuster 24 :from processor 26 for accurately positioning of the table so
the die is pickegd. up If . the displacement js too great so the.store
pattern'to curreht® g’aljilg‘?’f‘i* ssr‘?tgge"@f’ég% eﬂ‘#ea‘épﬁéﬁ §§§F%I?ﬁelé‘ev\ﬁrlq% e
able to do the alignnent. It is therefore very inportant 6 MARCH 2002 10
that bef or eWalqriTaeaseINg: done) the wafer table 22 is noved close to the

al i gnnment point. The precise location of the |ead frame 31 may be

det ermi ned by al Fign6dyatflom dtartiSirpprtiabwefargroeassing; 35 (such as a CCD vi deo
canera)al so coupled to the processor 26. The wafer map identifying the

| ocations of theFi, gsllastdatbhireferéh@sdia fndias) Rferdade dictarsd Weatbr die Fhie

wafer map in storage 38. When bad di es have been identified they are marked
and the

half wafer processing;

Fig. 8 illustrates reference die, auxiliary reference dies and locator die
for quarter wafer processing;

Fig. 9 illustrates moving wafer table to locator die for half wafer
processing; »

Fig. 9a illustrates moving wafer table to locator die for half wafer
processing in automatic mode;

Fig. 10 illustrates moving wafer table to locator die in quadrant 1 for

quarter wafer processing;



information is stored in the storage 38 so that the systemcoupled to the
storage knows the bad dies and skips or junps these bad dies. The align
system 19 gives the correct distance to the wafer table adjuster 24 to nove
the table 22 if not aligned sufficiently for the pickup deyi ick up
the die. The robot arm 25a picks up the properly aligned dgéﬁgﬂégﬁBg%es it
on the pad of the lead frane. The | ead fEane handl i ng system 40 t hen nobves

the next lead fr ' Ll L t.IQ%].’tE
particularly di r%é@@%‘%ﬁ@?@%@%@%@ﬁ%@%@qﬁﬁg% ﬁ(gf J\’va erls?vz%?re to
every good die on the wafer so &hat the align system 19 can align the die
proper iy anPFOSASHNGID AROMAMIR MAdes 25 to pick up the good dies. Referring to
Fig. 2a there is shown silicon wafer 20 with a reducible | ayout 40 shown
there on. An expFigdddl iBestrites st toitatermimerf i sezbnd helfof fnafer;scri be |ine
segnents 44 defining chips 46. Al though the pattern formed by the descri bed
segnments shown imgex dtedraes chpfirmin dokilatrefdrehée U Positidfenrshaod t hat
an expl oded view on nost all wafers would contain unique [ine segnents. The
l'ine segmn‘é{%f%&g?{egs oroughfares extending to both 6 MARCH 2002 11

hori zont al & I'cal”’ di rections separating the separate integrated

circuits or chips. 41, .The wafers before.being cu re stuck on a

doubl e- backed t '%%bg% %M%@e@%@w&%ﬁ%{‘ﬁﬁ@ﬁ%é& a support ring
20a as illustrated in Fig. 1. As the cutter passes through the

t hor oughf ar es 44Fighel4 allnstratest mephed fof hndinghauadraas a? sine quanteri wafer dual
die pieces or chips. After the cutting of the wafer, the variation in saw
stieet wi dtprocensphgefr wiuadrante2;t ape shrinkage due to pulling on the tape,
thé wafer table junp may not be accurate. This is particularly true for
large junps betvgen BOMustifRs HRChaRBf SfiAdial $hadiany a8 Vindquastert Rafyef er
in both axes due to uneven wafer nount tape expansion, saw ' bl ade
variations) reO'E%SF'I}%gere is also a change in distance between the dies, due
to shri nkagpe 0 tape on which the wafer is nmounted, as the dies are
pi cked of f the fer. After the saw o) utting, has occurred) the align
system 19 and t gpr%c@i‘éﬁff“?% %Mgftfi%ﬁﬁgeﬁl agk ¢ Jpy dWefern bot h
the horizontal and vertical axes. The present invention nodifies the
current sydwemssyt&l | ow for partial wafers. As illustrated in Fig. 3, a
traditional wafer map systemuses a single fixed reference point. This
reference di e m#igh#7iillestirafesewniputation rof gluxiliaoryt referdehge di ire hadfwefer i n
the first rownext to the blanks. Fig. 3a illustrates wafer map

coor di nat e%m@‘ssmks; wafer is separated, then all pieces (partial) except
one will be w thout reference points, nmaking wafer map processing

| mpossi bl e. Fig. 18 illustrates computation of auxiliary reference dies in quarter
wafer processing;
Fig. 19 illustrates removal of second half die coordinates from map in
half wafer processing;
Fig. 20 illustrate removal of first half die coordinates from map in half
wafer processing;
Fig. 21 illustrates removal of second, third and fourth quadrant die

coordinates from map during quarter wafer processing;



The present invention provides auxiliary reference dies for each parti al
6 MARCH 2002 12 (quadrant or half) wafer and enabl es processing of partial
waf ers usi ng waf ermappi ng. Referring to Fig. 4 there is illustrated two
hal f wafers H . and H2. The reference die is located in the first half H
and an auxiliary reference die is located in the second ha® MARCH 30@%e

| ower right corner of H2 on the sanme row/as the reference die. The

auxi liary referege¢ hesy, f r Si aocat Sy

M ustrated i n pgE @2afibfand RebbhaliBh theb AHESS R, BEet ARGEERE T
guadrant dies. For quadrant Q, there |s only the reference die. Referring
the Fig. 6)ceordinates iom map g @RI WHar BFEEFSIAG the processor in Fig. 1
for partial wafer processing. Fig. 7 illustrates the reference die,
auxiliary referelte 23 dlastatcacedmovali & firat, beddndywaindr frte apsidrgnt Mig. 8
illustrates reference die, auxiliary reference dies and |ocator die for

quarter waf giorAi2R8S floffmablin! fuadtereuter prRRBisibfrat the first half or
guadrant with the reference die be processed in the die bonder before the

rest are process r 1 Fi By €
first. The foll g%‘ngﬁ)s‘@%{sr}é%%’%gg‘é gnﬁﬁé éfg?%(ﬁdgfgurig%h%(f %aﬁggﬁfcﬁ%ti on
angl e. The sane. ste are al,so used for different rotation angl es. 6
MARCH 2002 ?@r;g{‘b’ﬁegfm%ﬁ‘&pdﬁwr PY PHICCRIr ant) wafer into Di e Bonder
(after Saw). Step 2: Downl oad wafermap data for the whole wafer from

waf er map dat a hoE‘lg- 26t Blwstrates raferenpe di¢, aluxiligryrreferadeaidies andtlotatostdidal f
(H1) or first quadrant (Q 1) then go to step 7. ) Step 4: Position wafer
taple to refwleifeatirgpro&seingtor Midviferohewiafdr sut{ and he | ocator die by

aut omati c or manual neans.

Fig. 26 illustrates reference die, auxiliary reference dies and locator die

, for quarter wafer processing for a different wafer cut.



See Figs. 9 and 10. For half wafer nove wafer table fromreference die
along the sane rowto the left to |ocator die. This is the last die in the
mv of the partial wafer. For quarter wafer processing in the manual nobde
nove al ong the di agonal towards upper left corner. For the automatic node
nove the table fromthe reference die al®ong the sanme row EMARCH 2402 ence
die to the left noting coordinates one die at a tine to the end of the
partial waf pETANEEDDESCRIPTEONOFETHEDINVENTIONN as shown in Fig. 9a
and 10a until 1t reaches the end of the wafer. If the coordinate (x2, y2)
of Fig. 9a which is at the top of the whole wafer then it is a half wafer
and the locator dieis (xlI, yl). If the coordinate (x2,y2) is belowthe top
coordi nate of a whole wafer, in the sa " colu then it is a quarter and
then |ocator di eRelseringtalddeil t&‘?’?, wy&'}sm%@%ﬁ%aw sepregentatiogpimn
Comput e and upl oad the | ocator die coordi nates to wafermap data host. Go to
step 10. dligiBnent FystPmsusingra diecdondpre (die abdwnten onwhi¢ hitach) thitemeyds: di e.
6 MARCH 2002 Step 8: Find out which quadrant of wafer or which half of

waf er. The §gid iavhedabEEdeh hFoctsest iheegrated citetiteloncliliconowtaftns agfordpdd t he

partial wafer belongs to. For second half of wafer (HZ) the follow ng step

8a of Fig. t;oljztrh%:{fregéﬁt%v@nti&?ml‘hk%ﬁé’ bd e‘i-rzﬁ&fﬁe,%? efz%iﬂ\%{; ef?@a{égﬁfiﬁﬁ%ker ence

die row. b. auxilrary reference die position I'e " 1s noved
in four dirgctjons (left, right, u down) fo erntain mni rum nunber of
e a1 rOeBORdes sfcetas inbtimes SpSeiporatel s Bar BinheReronimul o
not see any die. See Fig. 12. The flow chart of Fig. 13 is _to determ ne

whj ch ot heromasde apd of adpadizamepnd moyys thedigle theandand silicopawafer@®) t he
fol I ow ng are true: a. Fromauxiliary reference die position, if wafer

tabl e i s migedriiad byur talile @2tvlnnk i hefveableiiglonjungjiodawnh af abl@adprstad n

m ni mum nunber of tines, all noves in the right & up direction of auxiliary
reference dig SRRY & RetipRaCtABNbIE 2. SEercbofRBRS the Riytdmd, aRdudihg a

controllable arm 25a and suction end effector 25b, picks up the die and places
the die and on pad 33 of lead frame 31 by arm adjuster 29. The robot 25 is
controlled by processor 28. The lead frame handling system 40 moves and
positions the lead frame to allow placement of the die. The lead frame
handling system 40 also applies the epoxy to the pad 33 of lead frame 31 before
the die is placed on the lead frame 31. The wafer table 22 via the adjuster 24
moves the wafer 20 to locate the next die under program control of processor 28
so that robot arm 25a picks up the die from wafer 20 and places it on pad 33 of
lead frame 31. After the table 22 is moved to one good die the align system 19
takes over for good alignment initiated by processor 28. The align system 19
consists of a processor 26, display 27, storage device 23, camera 34, and camera
35. The align system 19 provides an align correction signal to align a die

accurately and is coupled to processor 28. During the alignment process, an



For third quadrant of wafer (@) the following are true: a. Fromauxiliary
reference die position) if wafer table is noved in four directions (left,
right, up, down) for a certain. mninmmnunber of tinmes) all noves in the
right & dowmn direction of auxiliary reference die should ng di e.
See step 8c and Fig. 16. 6 MARCH 2002 15 For fourth qua&r@ﬁ?{%&%
((a4) the followng are true: a. Fromaux®liary reference die p03|t|on, | f

waf er tabl eghgutONigaal s f}ﬁ@dudékir tprewssdﬂ ebtand, Y output dipMal hay e

certain mni rrum nunber of tines nmoves in the left & down direction of

aUX|I|ary r re ou 0 ' i s d .
Step o 1t GopPadodhE e %ﬁd}’%‘? ?23@@0 b it 254 B rREiP b o
parti al (quadrant or half wafer as follows: Locator die coordinate is (X
1, y 1) knoqurrt@hlesmeﬁysaonqsdp mwtpubw@mk Hbhe subgtaneaeftheautputieignal e
coord| nate (x2, y2) is x2 = x1+1 y2 =yl See Fig. 17. For second quadrant
waf er (@) : maiyxalsoabey digfleyednby the eprooessar 126t en (the)dig@layi 87.x 2hx brderyfo = vyl
See Fig. 18. For third quadrant wafer (@): Auxiliary reference die

coordi nat e {&dormf Thelalighdieht or miskEgi¥@avibd Lhelg Priofessdi®26 eteil e htvideo
quadrant water (4}: Auxiliary reference die coordinate (x4) y4) is x4=x1l

y4=yl+l 6 Mo‘n% £9324a video camera 34 (such as a CCD camera) which is a subsystem of

the alignment system. The camera includes the optics to focus on the wafer or
lead frame. The video signal is digitized using, for example, a video to digital
converter as part of the camera. Whenever an alignment is made, the processor
26 takes a picture via the camera 34 and looks for a pre-taught (stored)
pattern. In one embodiment a unique pattern is in the die and is stored and
when an alignment call is made the align system takes a picture and looks for
that pattern. In another embodiment the align system takes a picture and
aligns to the four sides (streets) of the die. The pattern of the integrated circuit
is taught or stored in a memory of the processor 26 or memory or storage 23 at
the time the device is setup. The processor 26 calculates the displacement of
the stored pattern (alignment point) to current pattern and provides a
correction signal. This displacement in x and y direction is the x and y
correction. This correction signal dependent on the correction value through
processor 28 is sent to the wafer table adjuster 24 from processor 26 for
accurately positioning of the table so the die is picked up. If the displacement
is too great so the stored pattern to current pattern is too great the align

system 19 will not be able to do the alignment. It is therefore very important



See Fig. 18. Step 10: Using locator die and auxiliary die coordinate

I nformati on renove other quadrant or half dies fromthe map. First half
wafer (H'): Avoid all noves to dies in second half (H2} of wafer as
follows: a. Locator die coordinate (x1, yl) is known. b. dies in
the map which has the x coordinate greater than x 1. See 2?@2ﬁ§§?£é%%ond
hal f wafer (H2): Avoid all noves to diesl®n first half (H) of wafer as

fol | ows: i Liary.refer e di.e ' Renove
21 dives | fbehderish HPBREREIS oty EalenNaBI{ 22, id photl 6iAlkqfhe T
First quadrant wafer (QL}: 6. MARCH, 2002.17 AvqQid all noves to dies in
second) t hialigngensmointebler pracissflogdiosrofdhedlerd gﬁmne 3l may-he deteymined
coordinate (xl, yl) is known. h. Renove all dies in the nmap which has the x
coor di nat ebgr ealigh bjstamx|19andingha yewadr dimate 35g(satherast haCGD . videe Fi g.
21. Second quadrant wafer (@): Avoid all noves to dies in first, third &

fourth qua@aﬁﬁ&aﬁisoweé edStof ‘r:’Ae' Phcessbr 26X tThar wafedf BTN SkortifPirzo eheli nat e

(x2, y2) is known. b. Renove all ‘dies in the map which has the x coordinate

hﬁiéréﬂf”ﬁqc@?”?}e@??h A @%@%@?ﬂ?@%ﬁ?‘éép R Ko oPFELEL o gter Kb
d f f f I f. d
33 1 o knod scaracaioy en b diss At RianLideRHEER THAY 7 S Kol At o | css

than x3 and the y coordinates | ess than y3. See Fig. 23. Fourth quadrant
waf er (Q4) infavmiationl is stoved incthdi storage BBrest th#eéhmd}’&emmcpup@dam &he of
waf er as foll ows: 18 a. Auxiliary reference die coordinates (x4, y4) is

!<n}ovvn. storage knows the bad dies and skips or jumps these bad dies. The align

system 19 gives the correct distance to the wafer table adjuster 24 to move the
. table 22 if not aligned sufficiently for the pickup device to pick up the die. The
robot arm 25a picks up the properly aligned die and places it on the pad of the
lead frame. The lead frame handling system 40 then moves the next lead
frame pad into position. The present application is particularly directed to the
step of accurately moving the wafer table to every good die on the wafer so that

the align system 19 can align the die properly and enable the robot arm 25 to

pick up the good dies.

Referring to Fig. 2a there is shown silicon wafer 20 with a reducible
layout 40 shown there on. An exploded section 42 shown in Fig. 2b shows four
scribe line segments 44 defining chips 46. Although the pattern formed by the
described segments shown in exploded section are uniform, it is to be
understood that an exploded view on most all wafers would contain unique line

ségments. The line segments 44 are thoroughfares extending to both



6 MARCH 2002 b. Renove all dies in the map which has the x coordinate
greater than x4 and the y coordinates |less than y4. See Fig. 24. The

| ocator die can be any die in the wafer, even the reference die and depends
on the cut of the wafer. Any die in the wafer can be the a W|c%¥
reference die except the reference die and it may change t R aee
posi ti ons depending on the cut of the wafkk. The process creates an

auxiliary n b1 se L i Al '

reference &%&&éﬁgﬁm ‘éeﬂ')t(ilﬁfll (§F§&P§F§?§%@Z{&(ﬁ %ea%@%%ﬁgﬁpﬁ%%& e for
the partial jwafer nmap operation._ Figs. 25 and 26 shqws t&giﬁgfﬁator d{ae and
auxi | i ary chips dhcEheiiveaforssbefprsbeingreudiare situcl ona foykledacked) tape 208,

waf er cuts. Although the present- invention and its advantages have been
descri bed iamddgheaiape d0b shutrdtchdibovwsrdesaimatl ringa20a/as ilbutratbdrigdfig. 1.
substitutions and alterations can be made herein w thout departing fromthe

spirit and gcapecgber slaé%ﬁfliu}gﬁ%h@%h@ﬁfdg’l‘%e@%éh% SRPERIEG SeolBed = 6
MARCH 2002 19 WHAT IS CLAIMED I'S: 1. A method of partial wafer processing

conpri sing the steps. .of .jdentifying..a r.eferen I ey edetermni.n ocat or
di e coordi ﬁ‘étflghaﬁepgﬁatg%l&égc}?d]cvb%h r&SfplF?? ?)raglge'ip% ‘60%?%&& rcgﬁilggiog the
reference die; storing said |locator die coordinate.in a wafer map; and
mount i ng diwaferndhe vasiation issawsteeaiaridth ﬁwleé with the tape shsinkagadaedp said
reference die coordinates as a reference. 2. The nmethod of Claim1l wherein
sai d nmount ipudiisg em ithe |tage s tho wafer rtgblenjwopi miagr yotr bé eaencatedi Aioasdi nat e
fromsaid | ocator die coordinate and using said auxiliary reference die as

?m Leferenc ab QEulEPN Vb8 ordbeSe junths HetReBR gBod ditks. PRl divd stRbetawidiBivalp sai d

nting step includes

across the wafer in both axes due to uneven wafer mount tape expansion, saw
' blade variations, etc. There is also a change in distance between the dies, due
to shrinkage of the tape on which the wafer is mounted, as the dies are picked
off the wafer. After the sawing or cutting has occurred, the align system 19
and the processor 28 compute the average saw street width in both the

horizontal and vertical axes.

The present invention modifies the current system to allow for partial
wafers. As illustrated in Fig. 8, a traditional wafer map system uses a single
fixed reference point. This reference die may be identified by the right most
fully patterned die in the first row next to the blanks. Fig. 3a illustrates wafer
map coordinates. If the Wafer is separated, then all pieces (partial) except one
will be without reference points, making wafer map processing impossible.

The present invention provides auxiliary reference dies for each partial



determ ni ng which half or quadrants said partial wafer belongs and renoving
the other half or quadrants fromthe wafer map. 4. A nethod of partial
waf er processing conprising the steps of searching for a reference die and

if said reference die is identified determ ne and store a [-£
coordinate on a wafer map at an edge of said partial waf eré@&%b&%@zate one

or nore an auxiliary reference die coordipates 6 MARCH 2002 20 on said

waf er map gcglfaéﬂrﬂg Jr_HAlf @%@ﬁ@réﬂﬁhes""%&ﬁeéﬁﬁgg f‘iﬁhi&t‘ewmfé ix?éixa&’af er

i ncl udi ng di e; erm ni ng or section sail

partial wafer bel ongs and renmoving the other half or partial sections from
sai d waf er WFMapMNgyunt i ng dies as remain on said wafer map using said
reference die or auxiliary reference die coordinates as a reference. 5. A
met hod of partial wafer processing conprising the steps of: providing a
reference die in first half and/or first quadrant of wafer; creating

| ocator die in Rbfarfingsth Fig! 4 thaw/ ierillhitiatedowachalfitwaférsSHL i HEY ; Thé eat i ng
an auxiliary reference die in second half and/or second, third, and fourth

quadrant s gloRle] d8%8Toca P M Tlle ey MRIH] TR B hBRIAROLBMALE die is

determ ning | e parti er contarns the reference die an SO nove

tabl e on ich the partia Js.lqcated t he | or .die; uploading
the oot ofoested BonRcerana BaR TP i e deFraehborttor of Y Phabe Shmid it o
first quadrant renoving the other half or quadrants fromthe map; if the
partial wafethe zefarancedié.i The awxilianyrreférenee digadomauaries wafemprogessingr
table to auxiliary reference die; determning the quadrant or half the

partial wafgylobsledngsllustratdd i Fig? 602 thd conmeslbf tlge Mmisiskitions sitterfoace di e
tobrdi nates and renoving other quadrants or half dies fromthe map using

locator di guaRdndWdd. | P lidRaOQT HHRRE BSorIptRE TRl Olte B
Referring the Fig. 6, there is illustrated a flow chart for the processor in
Fig. 1 for partial wafer processing. Fig. 7 illustrates the reference die,
auxiliary reference die and locator die for half wafer processing. Fig. 8
illustrates reference die, auxiliary reference dies and locator die for quarter

wafer processing.

It i3 a requirement that the first half or quadrant with the reference die
be processed in the die bonder before the rest are processed. Normally Q1 and

H1 (see Fig. 4 or 5) is processed first.

The following steps are based on the zero degree of wafer rotation angle.

The same steps are also used for different rotation angles.



nounting dies on a lead frane omtting renoved dies fromsaid nap.
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al cajca]calca]calca]calc cal].ca] cal.ca ca ca 7X eFS 10%r& F
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10%&' ()-10%& () - l l 10%& ()- 10%7& () mlO%r& () FX>aB F410%& () -

10%r& ()-3 plarﬂ%ﬁla(fc)r 3¥Fba quastet \wafer processing in the manual mode move along
%40% M ()-'F% 10%& ()-/c~_@ 10%4& ()- 9 10%4& ()- ! Y :10% h
the diagonal towards upper left corner. For the automatic mode move the

table from the reference die along the same row as the reference die to the left
noting coordinates one die at a time to the end of the partial wafer. The table
is then moved up the column as shown in Fig. 9a and 10a until it reaches the
end of the wafer. If the coordinate (x2, y2) of Fig. 9a which is at the top of the
whole wafer then it is a half wafer and the locator die is (x1, y1). If the
coordinate (x2,y2) is below the top coordinate of a whole wafer in the same
column then it is a quarter and then locator die coordinate is (x2, y2) as shown
in Fig. 10a.

Step 6: Compute and upload the locator die coordinates to wafermap

data host. Go to step 10.



& ()- @"10%4& ()- 10m 10m 10nt; 10%m& () - c?$a?~_@ c&F" 10%HCH&! () -
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dE~_@cl' ! 10%& ()- % 10%&' ()-y# 10%4& ()- | 1'110%4& ()-13!10%4& ()-
10%4&' ()- J9bcdedYNC! 10H 10H 10HY2310%4& () - YsO! 10%& () - !10%1&{@&)-
|,, 1 10%& ()-1*!110%& ()-er ° aVK@ .10B 10B 10B flO%B&GI’JARCi'd% () -
1098& ()- ! MLO0%~& ()-TY'1098& ()- 14
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The following method is used to find out which quadrant or half the

partial wafer belongs to.

For second half of wafer (H2) the following step 8a of Fig. 11 are true:

a. Auxiliary reference die row is same as reference die row.

b. From auxiliary reference die position, if wafer table is moved in four
directions (left, right, up, down) for a certain minimum number of
times, all moves in the right direction of auxiliary reference die

) should not see any die. See Fig. 12.
The flow chart of Fig. 13 is to determine which other quadrant than
Quadrant 1.

For second quadrant of wafer (Q2) the following are true:

a. From auxiliary reference die position, if wafer table is moved in four
directions (left, right, up, down) for a certain minimum number of
times, all moves in the right & up direction of auxiliary reference die
should not see any die. See step 8b of Fig. 13 and 14.

For third quadrant of wafer (Q3) the following are true:

a. From auxiliary reference die position, if wafer table is moved in four
directions (left, tfght, up, down) for a certain minimum number of
times, all moves in the right & down direction of auxiliary reference

die should not see any die. See step 8c and Fig. 15.
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T*O109%& ()-!3(10%&K &9109& #10
&9109& ( § ) @" gog@é“rg);n aygiliary éfZarence cﬁLe posmon if wafer ta%%e 1s moved in four

directions (left, right, up, down) for a certain minimum number of
times, all moves in the left & down direction of auxiliary reference

die should not see any die. See step 8d and Fig. 16.

Step 9: It computes auxiliary reference die coordinates for the particular
partial (quadrant or half) wafer as follows: Locator die coordinate is (x1, y1)
known from step 5.

\ For half wafer (H2):

Auxiliary reference die coordinate (x2, y2) is

x2=x1+1
y2=yl

See Fig. 17.

For second quadrant wafer (Q2):

Auxiliary reference die coordinate (x2, y2) is

x2=x1+1
y2=yl

See Fig. 18.

For third quadrant wafor Q3):

Auxiliary reference die coordinate (x3, y3) is

x3=x1+1
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See Fig. 18.
Step 10: Using locator die and auxiliary die coordinate information
remove other quadrant or half dies from the map.
; First half wafer (H1):
Avoid all moves to dies in second half (H2) of wafer as follows:
a. Locator die coordinate (x1, y1) is known.
b. Remove all dies in the map which has the x coordinate greater than

x1. See Fig. 19.

Second half wafer (H2):

Avoid all moves to dies in first half (H1) of wafer as follows:

a. Auxiliary reference die coordinate (x2, y2) is known.

b. Remove all dies in the map which has the x coordinate less than x2.

See Fig. 20.

First quadrant wafer (Q1):
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y! 109%9& () - ! &L" 10%p§n)the y coordinates greater than y1. See Fig. 21.

Second quadrant wafer (Q2):
Avoid all moves to dies in first, third & fourth quadrant of wafer as
follows:
. a. Auxiliary reference die coordinate (x2, y2) is known.
b. Remove all dies in the map which has the x coordinate less than x2

and the y coordinates greater than y2. See Fig. 22.

Third quadrant wafer (Q3):

Avoid all moves to dies in first, second & forth quadrant of wafer as
follows:

a. Auxiliary reference die coordinate (x3, y3) is known.

b. Remove all dies in the map which has the x coordinate less than x3

and the y coordinates less than y3. See Fig. 23.

Fourth quadrant wafer (Q4):
Avoid all moves to dies in first, second & third quadrant of wafer as

follows:
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The locator die can be any die in the wafer, even the reference die and
depends on the cut of the wafer. Any die in the wafer can be the auxiliary
reference die except the reference die and it may change to different positions
depending on the cut of the wafer. The process creates an auxiliary reference
die in case the partial wafer dies not have a reference die and the auxiliary
reference die acts as the reference die for the partial wafer map operation.
Figs. 26 and 26 shows the locator die and auxiliary reference die positions for

different half wafer and quarter wafer cuts.

Although the present invention and its advantages have been described
in detail, it should be understood that various changes, substitutions and
alterations can be made herein without departing from the spirit and scope of

the invention as defined by the appended claims.
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WHAT IS CLAIMED IS:

1. A method of partial wafer processing comprising the steps of:
identifying a reference die;
determining a locator die coordinate at an edge or corner of the partial
wafer from said reference die;
) storing said locator die coordinate in a wafer map; and
( ) mounting dies as recorded on said wafer map using said locator die or

said reference die coordinates as a reference.

2. The method of Claim 1 wherein said mounting step includes
computing an auxiliary reference die coordinate from said locator die
coordinate and using said auxiliary reference die as a reference for mounting

dies.
()
3. The method of Claim 1 or 2 wherein said mounting step includes

determining which half or quadrants said partial wafer belongs and removing

the other half or quadrants from the wafer map.

4, A method of partial wafer processing comprising the steps of:
searching for a reference die and if said reference die is identified
determine and store a locator die coordinate on a wafer map at an edge of said

partial wafer and generate one or more an auxiliary reference die coordinates
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removing the other half or partial sections from said wafer map; and
mounting dies as remain on said wafer map using said reference die or

auxiliary reference die coordinates as a reference.

- ) 5. A method of partial wafer processing comprising the steps of:
providing a reference die in first half and/or first quadrant of wafer;
. creating locator die in the first half and/or first quadrant of said wafer;
creating an auxiliary reference die in second half and/or second, third,
and fourth quadrants of said wafer;
loading the wafer map of the whole wafer;
determining if the parﬁal wafer contains the reference die and if so
move table on which the partial wafer is located to the locator die;
uploading the locator die coordinates to the wafermap host;
if in the first half or first quadrant removing the other half or quadrants
from the map;
if the partial wafer is not in first half or first quadrant positioning wafer
table to auxiliary reference die;

determining the quadrant or half the partial wafer belongs;
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mounting dies on a lead frame omitting removed dies from said map.




