10 DEC 2003 -1- PARTI AL SEM CONDUCTOR WAFER PROCESSI NG W TH IVULbebEEJﬁa
OF RANDOM S| ZES. TECHNI CAL FI ELD OF THE | NVENTI ON Thi s- i nvent 93
to sem conductor wafer processing and nore particularly to partial wafer
processing in die.bonders for wafernap operati ons. BACKGROUND OF THE
| NVENTI ON'.  Seni condRERGFASEMEGONDUGTORWARER PRO GRSEISRS vafrrdi e
attached performed by a di ¢UDMIBLECUTS©RRBMIVORBSIYEEE: The basic
operation of die bonder is _to nount dies on |ead frames. The di e bonder
deposi ts epoxy GECHNICABRIES rA0F T5E INVENEIGN a die, and places it on the
| ead frane die pad. The epoxy is.a historic termand is actually an
adhesi ve which. uses no catalyst. 10 DEC.2003 _2_ The die is picked up by
suction. The good diEsSs diRnkigs péidsakd ﬁeﬂcﬁﬁrﬁﬁb%uﬂaﬁp rBée ced ‘aolgga?h

e

frame. To do thi's the |ocation of the di e nust CI's

machi ne can pic ﬁujaﬂ t8h Srtial RERS f vid everal atterns,
to forma plurality of ?sehﬁlcon P%dgg%{:}} \r,iglﬂi%{b(’%d%n %fW%RJ%qerg‘ﬁ?‘@grat ed,
ci rc.U|ts on the vvafer are

BACKGROUND OF THE INVENTION -&.

Semiconductor manufactunng includes the process of dle attached
performed by a die bonder or die attach machine. 'I‘he basnc operat:on 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 ferm and is actually an adhesive which uses no catalyst.



separated by horizontal and vertical thoroughfares. The thoroughfares are

border spaces between the sem conductor devices on the Wafers.'!ﬂr g?m
t horoughfares are forned the saw streets when a cutter passes

separating the individual circuits into what is ternmed "dies". This process

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 stretched
base called flexfrane on a controll able wafer

li ke a drum over a ir:g
table. The |ocation t Hepighedsumoby swngions iThierzabd ik lte istivigGRPEELQD- t he
wafer map stored-in _a nepory. After sawing the wafer, the dies are noved.

Hence noving t & fBf @lacedisnes frad frame Wafdor thimpheceatlin ot 85 &i@esﬁu%}oﬁ
i cked. ‘smal |

accurately positiaon the wafer table for the next die to be pi
die wafer map JPETSAlY brovonsalthe nzehibecae gtk paRhs diei S not feasi bl e because of
this. The variation in the saw street width across the wafer coupled with

t he tape shrinkage on partially picked wafers nakes the one tine
correction of table junp distance for street width variation ineffective

one"T et e 1o, Somet; o3 e AR REEE O Ay L o0
e e v Rl 0 e i i or
a separated by horizon_tal and vertical thoroughfares., The thoroughfares are

border spaces between the semimndchr devices on the wafers. Along these

thoroughfares_ are formed the saw streets when a cutter passes through them

separating the individual circuits into what is termed “dies”. This process is

referred to as sawing. Before cutting the separate circuits, the back of the

wafer is placed on a double backed tape which in turn is stretched like a drum

over a ring base called flexframe on a controllable wafer table. The location of

the dies on the original wafer is recorded on-the wafer map stored in a memory.

After sawing the wafer, the dies are moved.. Hence moving the wafer table per

the wafer map coordinates does not accurately position the wafer table for the

next die to be picked. Small die wafer map operation on die bonder equipment

is not feasible because of this. The variation in the saw street width across the

wafer coupled with the tape shrinkage on partially picked ﬁafers makés the

one time correction of table jump distance for street width variation ineffective

In ensuring the accurate table position.



reference die may not be available. 10 DEC 2003 -4- SUWARY OF TECHE«Q 2003
| NVENTI ON I n accordance with one enbodi nent- of the present invent

whole wafer is cut perpendicular to the wafer flat to formpartial wafers.

The coordinates for a locator die-amd/or an auxiliary reference die of the

partial wafers are sgstorg a waf er map of a given wafer for |ocating
dies on a partial secti O%‘Blg?ast%néa r&%ﬁé’ﬁe @Pﬂ?%%et Brigsioablero belgtugpes of

the invention t i apparent to those skilled in the art fromthe
fol | owi ng det airlmggopc/i\de‘lg%?e?g N rg‘?‘ﬂf‘mgiaﬁ@éfiﬂrﬁ 6WaY thkemaitingabigterWist h t he
acconpanyi ng dr@@ﬂ)&ggf 11}% ‘Eggc 2003 5 DESCRI PTION OF THE DRAWNGS Fig. 1 is
a. diagram of the 'System aCCaarNgrerwlt im eemesabotiiheenferaie dhe THREESRNY
invention; Fig., einlcl strates a prior art wafer. and thoroughfares on a
wafer; Fig. 3 11TUstMerRy otheiagpilale. wafer with a reference index; Fig.
3a illustrates wafer map coordi nat es;



Fig. 4 illustrates reference die and auxiliary reference die acao[i&'hgbtﬁm
r i 3

.one enbodi nent of the present invention; Fig. 5 illustrates ref

and | ocator die according to one enbodiment of the present invention; Fig.
6 is aflowchart for partial wafer processing; Fig. 7 illustrates wafer
cut perpendicul ar to wafer flat; Fi'g. 8 illustrates a partial wafer with
reference die; MMMmial waf er without a reference die;
Fig. 10 illustrates last partial wafer with auxiliary reference die; Fig.
11 illustrates typical wafer cuts and process sequence;; Fig. 12

illustrates nmoving wafer table to locator die fromreference die; Fig. 13

illustrates novi ng lnedeesrdbadel with @nk QEdfofmddc & fth, rence die in
automatic node; Fig. 14 illustrates novi r% wa ei;rgtﬁs]é‘%)slgi@é@fngeflg%%\lao‘?’hﬂ?e from

auxi'liary refwpiende aitgierddddidGr2@03.e- §afF 5cillustrates nmoving wafer
table to locator die fromauxiliary ree?gregnfg&g %i %r?#agbﬁgﬁﬁf?%- nbée; Fig.

16 il ustr at escovrldinata ifs10a ddexdiok i B ¥nlist ﬁﬁeen&ﬁia% eref()al(‘)esrjcé id?eno} ?heapa%-?i;'i 'al

wafer .
 wafers 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 that will be apparent to those

skilled in the art from the following detailed description of the invention, taken

together with the accompanying drawings.



wafer; Fig. 17 illustrates conputation of auxiliary reference ﬂie
partial wafer; Fig. 18 illustrates conputati rﬂ(BEC 2003

auxiliary reference die coordinates in a partial wafer; Fig. 19

coordinates in a

illustrates renoval

20 illustrates
Fig. 21 illustr

al _of other partial
PO T Aot

of other partialswafers die coordinates frommap ; Fig.
waf ers die coordinates frommap ;
@&l wafers die coordinates from

map ; and Fig. 22 i1lustrates reference die, auxiliary reference die and
| ocator die. 10 DEC 2003 -7- DETAI LED DESCRI PTI ON OF THE | NVENTI ON
1, there is illustrated a schematic representation of an

Referring to Fig.

al i gnment syst em us¥igy laisdi dislgontef thelkastéR BREREINS to P alt.ach) tha
used in the fabrication process of integrated ci rnguiot ggggjibg%l?%‘ﬁﬁr}\klé?
accordi ng to tHesepfesention;nvention. The die bonder may be, for exanple,

Abacus 111 D-SA Die Bonder of Texas Instrunents Incorporated. A die bonder

di spenses- epoxy

Fig. 2 illustrates a prior art wafer and thoroughfares on a wafes:
Fig. 8 illustrates a prior art wafer with a reference index;
_ Fig. 3a illustrates wafer map coordinates;

Fig. 4 illustrates reference die and auxiliary reference die according to

one embodiment of the present invention;

Fig. 5 illustrates reference die and locator die according "to one

embodiment of the present invention;

Fig. 6is a flow chart for partial wafer processing;

Fig. 7 illustrates wafer cut perpendicular to wafer flat;

Fig. 8 illustrates a partial wafer with reference die;

Fig. 9illustrates a partial wafer without a reference die;

Fig. 10 illustrates last partial wafer with auxiliary reference die;

Fig. 11 illustrates typical wafer cuts and process sequence;;
Fig. 12 illustrates moving wafer table to locator die from reference die;

Fig. 13 illustrates moving wafer table to locator die from reference die

in automatic mode;

Fig. 14 illustrates moving wafer table to locator die from auxiliary

reference die;

may be
ers



on a die pad of a lead frame and nounts the die to the pad. A silicon wafer
20 is carried by a table 22 which is noveable in conjunction st/gJErG%[ﬁ
adjuster 24, which is coupled to table 22. A robot 25 of the

including a ~controllable arm 25a and suction end effector 25b, picks up

the die and places the die and onmbpad 33 of lead frame 31 by arm adj uster

29. The robot 25 is Bentisolilleeri¥s RIRGESSE The |ead. franme handling
system 40 noves and positions the Ieg‘%sfréerné I8 tﬁﬁ?%rpﬁhﬁcfé‘?ﬁrﬁuxﬂfaryhe

die. The |ead fyefarencehindh k@S them.40 al so applies the epoxy to the pad
33 of lead frame 31, before the die'is placed on the lead frame 31. The

waf er table 22 via e 180JustSes o4 he wafer 20 to | ocate the next
di e under program control of prSocaéelhsdggi?%%@mﬁls&g’\t!%%llem‘rec%‘bf’o%trlqn@Eﬁapqnitiaks up

the die from wafsfer;20 and places it on pad 33 of |ead frame 31. After the
table 22 is noved to one good die the align system 19 takes over for good

alignment initiatedFRyI1PIREESEQL 48 Lne align system 19 consists of a
processor 26, display 27, sto?egé:%laa%fﬁl%o%f’&éﬂ&ﬁé?farm@di&rttdoml‘armésaina35. The

align system 19apiQw4gs an align correction signal to align a die
accurately and is coupled to processor 28. During the alignnent process, an
10 DEC 2003 -8 out pt, Fi | .is produced by processor 26 and, the out put
signal may be deli'V 'rlzgdlﬁg1 gtr?tﬁ%ccf%}t%t‘%?f@él@@ﬂmmf@mnmt@hccﬁb&@iﬁﬁﬁe%‘?ﬁ 428 so

as to repositignth&ator:

Fig. 19 illustrates removal of other partial wafers die coordinates from

map ;

Fig. 20 illustrates removal of other partial wafers die coordinates from

map ,

Fig. 21 illustrates removal of other partial wafers die coordinates from

map ; and

Fig. 22 illustrates reference die, auxiliary reference die and locator die



wafer table in response to an output signal. The substance of the out put

signal may al so be displayed by the' processor 26 on the di '
order to performthe alignnent or msregistration check, pr&gbzpséﬁ 2@03

receives a video inmage froma video canera 34 (such as a CCD canera) which
I's a subsystem of the alignnent sy§t7'em The canera includes the optics to
focus on the waP LY BESRIPTIONe rvideansimeatons digitized using, for
exanple, a video to digital converter as part 0 e canera. \Wenever an
alignment is nmade, the processor '~ 26 takes a picture via the canera 34 and

| ooks for a pre-taught (stored) pattern. In one enbodi nent a uni que pattern
|l is nmade the align

IR L S ST e e e R SO
the di e The pattern of (oo i B2 bon (onboeblS: o ghiechr bt srascha n A
oy of U est oot g8 R B Agiede, 20, 8y A L1 e i
R e N AL
28 is sent to P klléeB\gva 5r0g13§§¥(ejl%§%}lﬁl§Péﬁ%m?W- pft Gischonder Qi_epénnsgs e;a:gzpur ately

B S o ke o

too great so the stored p
is carried by a table 22 which is moveable in conjunction with a tsble adjuster

24, which is coupled to table 99. A robot 25 of the system, including g
controllable arm 25a and suction end effector 25b, picks up the die and places
the die and on pad 33 of lead frame él by arm adjuster 28. 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 loce-tte the next die under program control of processor 28
s0 that robot arm 25a picks up the die from wafer 20 and places it on pad 33 of
lead frame 81. After the table 29 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 84, 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



system 19 will not be able to do the alignment. It isthereforei e
I mportant 1 0 DEC 2003 _g_ horizontal and vertical directions sépéé@i?@{]a
the separate integrated circuits or _chips 41. The wafers before being cut

are stuck on a doubl e-backed tape 208~ and the tape 20b is stretched over a

support ring 206utp6t klghdbtd N Fig. 1. the cutter passes through
t he thoroughfares 44 tglﬁe sa\?v;ogtq?égePg pg?%S?OBr@éﬂnélm}hecwtﬁébémalﬂbsnayhbe

i ndi vi dual di e @ilRERY 9%k [ . After the cutting of the wafer, the
variation in saw street w ; t%eo%%ﬁséf’ég‘iﬁ”t‘)ﬁg@ RECCE5PR 28 Be h kaatpposition tthe
pulling on the #2BEeti er table junp may not be accurate. This is
particularly true f or e{}grrégoflﬁenﬁgsanboé‘lt bbb ubstanthef thawustutetinapi dt h
vary across thg . B both axes due to uneven wafer nount tape
expansi on, saw %ﬁig AR ?’%E‘Y tE‘E PIoceHReF &6j en ghesdisplaghthgdnidrdéli &f ance
bet ween the di Z@rox%"%hetﬁ shri,nkage of the tape on which the wafer.is
mounted, as th dfl es ‘ar 8 PIeREPT noisreststratinnicheck, pfacessot e raitedd WleccUt ti NY
stem 19 and the processor 28 conpute the average

has occurred, Ha'g eaﬁ%‘gn sg_
saw street wi dfh rh BOrH t0L2me5t B4 Gclaps a Kl eamirapwhiek éSa sThGsREESEN
.the current systemto allow for partial warers. As

i nvention nodi h%ee enf 8 . . : i i
| I1ustrated in'H gengent system; {16 samenscincludemthe syttt MR Hnans Wadl.e, f i xed
reference poi nfead'fra-lx;?ei. ST}EeeLiﬁgerigr?aldi:i; ?iiglr'rt?g/edbuesiri d?nt ried by -t he 1 i. g.ht oSt
g lor 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 locks for a bre-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 taugbt or stored in a memory of the processor 26 of 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 greaf so th_e 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



I1lustrates wafer map coordinates. If the wafer

pi eces (partial) except one wll be without reference points, making wa

map processing inpossible. The present invention provides auxiliary
waf er and enabl es processing of partial

ref erence dies {0 h partj al
otz aﬂg Vertical digefipRe tbABhEs HEoB e inibahidiafonie or

waf ers usi ng waf er nappi
alignnent is dog wafer table 22 is noved close to the alignnent

poi nt. The pr ecdlillgpes %Pe[‘ € ?‘F{a’if’fbec?{é begruf agEeratuelt oney dbblalbddkeditaedoctby
align system 19 sti nq%l; ﬁ@s,econd canmera 35 (such as a CCD video

canera) al so colpiedetdPs Hb i§sheished pveren suphertwirfestOanesnilluste et fiy g 1t he

| ocations of th i es and which dies are good or bad are stored in the
wafer map in $totESUtRBPasRthrauel diedhotvagifatmeert thd afiisticer 4rhenale

mar ked and the .information is stored in the storage 38 so that the system
coupled to thew@%lbﬁ%iﬁéa%ﬁéb% indigdie dlidipéseantclalis PALRE the! BRGidNG58.Pad
dies. The align _system 19 gives the correct- distance to the wafer table
adj ust er . 24 t o idFethervariation ires@pstidet modthabiygod Hithithé bétlo ik ad o3

pi ckup device to _pick up the die. The robot arm 25a picks up the properly
al i gned di e anBulngces fﬁ& tape, tthe wofer edblé hemp | BAF rof BTBaced e frame
handl i ng system 40 then noves the next lead franme pad into position. The

present appl i ceutighlarly tpar foi tatb@junps Betwreh@8od @ed.MPhe saw street width vary

fully patterned die in the first row next to the blanks. Fig. 3a
i s separated, tﬁeBEﬂ:IZQOS
er

across the wafer in bdth 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 compufe the ai;erage 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, méking wafer map processing impossible,
The present invention provides auxiliary reference dies for each partial wafer

and enables processing of partial wafers using wafermapping. The method



step of accurately noving the wafer table to every good die on the wafer so
that the align system 19 can align the die properly and enablt(x B CopB03

arm25 to pick up the good dies. Referring to Fig. 2a there is shown
silicon wafer 20 with a reducible t&out 40 shown there on. An expl oded

section 42 shottti tefdre Galigd SR G ug, -scribe,line segments 44 defining
chips 46. Although the pagt%?%rn_ o‘%oflrrlg’d_hbey%aﬁeé Eﬁ’i%%ﬁi‘ﬁeﬁog@gnbm sosthewn in
expl oded sect i gigrndieit wRink OMEL pldad.S. L@ be. understood that an expl oded view
on nost all wafers vvog d cont %etr?lsﬁ?ﬁc&ﬁ%n Pf%qe@é%ﬁﬁéméﬁh@ détewnigegnent s

I
44 are thoroudhf apg IMag..1.0 both 10 DEC 2003 11 includes cutting
all whole wafers pefglpl)en ?%élﬁllgr WgE i hee Fampergt 36 ofshadr mst o eCCPavitbal

there is illustrated five partiral wafers P1 to

waf ers. Referrdgpg i
P5 where all par féi) a SEV\% pelgg ta ther ropaseprng6.c uTke perfarendp cidbat; the waf er
cSslj:‘inthefirst partial wafer Pl and an

flat. The ref te,is |ocated.
l&mg&se"%h%dﬁeg aP%&%f 195718 Bpre arded tar@btowdlin RBe Wafeh 105 i N the

auxiliary reference
rogw as the reference die. Referringto Fig.

| ower right cey on.d hg,sa

AR E@Ea}%?‘seé e%n:ﬁeag dé@ﬁdhq‘i@_dmmrid‘iﬁtﬁeﬂahejpai‘et matked VB Ehe

processi ng. L&?%tn%{tio%i 1% aiﬁ_{gretdh_e Ihast die in the sane row of reference die or

- - In the storage 38 so that the system coupled to the

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

segments. The line segments 44 are thoroughfares extending to both



auxiliary reference die of the partial wafer. No | ocator die for the |ast

partial wafer P5. Referring the Fig. 6, there is illustrated a flaow Ib t
for the processor in Fig. 1 for partial wafer processing. F‘ﬂgﬂ D’EC Zhaé

illustrates the wafer cut perpendicular to wafer flat. Fig. 8 illustrates
partial wafer with reference die and Fig. 9 illustrates partial wafer
wi t hout reference die. Fig. 10 illustrates the last partial wafer of a

wafer and its auxiliary reference dj'ge. The foll ow ng assunption are made
for the partial wafer processing.”~See Fig. 11: 10 DEC 2003 12 1. Al wafer
o the wafer flat.

cuts to form | al fer,ake to be done perpendicul ar

2. The first g‘%ﬁ‘ﬁeglwﬁ UL hehgle ﬁrfsa[?eﬁpeéldr‘cé’iaér@rfbé “Eﬁa%%r h%t torfesm) thet

parti al vvafer-mégaa contains at |east one full die in the reference die
row. 4. ProceB8 " Gn&?paftial wafer at a time and process next partial wafer
fromleft to right after the previous partial wafer has conpleted
“processing. The follow ng steps are based on the zero degree of wafer

rotation angle. -H;Ia? same steps are also used for different rotation
angl es. erring to Xig. 4 there is illustrated five partial wafers P1 to P5 where

all partial wafers are formed by cuts perpendicular to the wafer flat. The
reference die is located in the first partial wafer P1 and an auxiliary reference
die is located in other partial wafers P2 to P5 in the lower right corner on the

same row as the reference die.

Referring to Fig. 5 illustrates the reference die and locator die for partial
wafer processing. Locator die is the last die in the same row of reference die or
auxiliary reference die of the partial wafer. No locator die for the last partial

wafer P5.

Referring the Fig. 6, there is illustrated a flow chart for the processor in
Fig. 1 for partial wafer processing. Fig. 7 illustrates the wafer cut
perpendicular to wafer flat. Fig. 8 illustrates partial wafer with reference die
and Fig. 9 illustrates partial wafer without reference die. Fig. 10 illustrates

the last partial wafer of a wafer and its auxiliary reference die.

The following assumption are made for the partial wafer processing.

See Fig. 11:



Step 10: Cut a whole wafer perpendicular to wafer flat to for Lal
wafers and saw partial wafers along thoroughfare into die pi eﬂ@ﬁéc’im

backing;, Step 11: Load partial wafer into Die Bonder (after Saw). Step 12:
Downl oad waf ermap data for the whole wafer fromwafermap data host. Step
13: If the partjal wafer |oaded does> ot have reference die then go to

step 18. Step 14:Albgwifer oris wafem paftia waler £ anRC o é}ﬁﬂ% t .l oner
right of partial wafer in the die row closest to the 1\g/\\e}ar#)er Lﬁ%t%%ieep 15:

Move the wafer tawdferfiatrallel to the wafer flat to the locator die by
automatic or manual neans. See Figs. 12 and 13. Move wafer table from 10

DEC 2003 - 13- fzef'ﬂreefnsepaiﬁem@felauuedcoh@aiﬁa%fé@én@égfel at_and al ong the sane
row as the reference die to the left to locator die. This is the last die

in the row of Bhdlpdadtipaktidtaf e mudiRbnd e a@‘lgagfrﬂ‘f iﬁﬂggedﬁ tgg\{eg’?t he fable

fromthe reference die along the sanme row as t € referen €t Ehe | eft
noting coordi nateswone die at a tine to the end of the partial wafer and
the locator die is. (x1, yl). Step 16: Conpute and upl oad the | ocator die

coordi nates t 04\#hr€debPdhe partial wafer at a time and process next partial wafer from left

to right after the previous partial wafer has completed processing.

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

The same steps are also used for different rotation angles,

Step 10: Cut a whole wafer perpendicular to wafer flat to form partial
wafers and saw partial wafers along thoroughfare into die pieces on a tape
- backing;
Step 11: Load partial wafer into Die Bonder (after Saw). .
Step 12: Download wafermap data for the whole wafer from wafermap

data host.

Step 18: If the partial wafer loaded does not have reference die then go
to step 18.

Step 14: Position wafer table to reference die located at lower right of
partial wafer in the die row closest to the wafer flat.

Step 15: Move the wafer table parallel to the wafer flat to the locator die

by automatic or manual means. See Figs. 12 and 13. Move wafer table from



data host. Step 17: Using |locator die coordinates information renmve ot her
partial wafer dies fromthe map. Avoid all noves to dies in dltﬂeﬂ&ﬁrﬂﬂﬁﬂ
wafers as follows: a. Locator die coordinate (x1, yl) is known. b. Renpve
all dies in the map which has the x-gpordinate greater than x1. See Fig.
19. Go to step 26. Step 18: Position the wafer table to auxiliary reference

die. Step 19: WfPiedet de puillel farthe WRFQ RAGET ] Liion. The follow ng
nmethod is used to validate the auxiliary 're?gpglﬁ@gé%ﬁ e mﬁ%%? ﬁ?edi‘?f%?ﬂqehe

partial wafer. cti@rtomhaele&aaudcaior\d@terhi&mh%@gsltgyg.igghgge‘%g%e true: a.
] .

Auxiliary reference die rowis sane as reference Paptidddrafeni | | ary

reference di e pBeitheamtomhdtioab® mbaPHE tafle! in.four .directions (left,
right, up, down) for a certain m i nu%ﬂﬁglﬁbrﬁe)o\rﬁ?oerféerﬁe%é ng the sames, al |

noves in the rimwhatadi | : Y .reference die  should not see an
die. See Fig. llg aditheaetekdie Qfe UKL 1 hdting Coordinates one die.at a time to the Y

end of the partial wafer and the locator die is (x1, y1).

Step 16: Compute and upload the locator die‘coordinates to wafermap
data host.

Step 17: Uging locator die coordinates information remove other partial

wafer dies from the map.

Avoid all moves to dies in other partial wafers 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.

Go to step 26.
Step 18: Position the wafer table to auxiliary reference die,
Step 19: Validate auxiliary reference die position.

The following method is used to validate the auxiliary reference die

position of the partial wafer.
For the partial wafer the following steps 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



Step 20: It conputes auxiliary reference die coordinates for t
particul ar partial wafer as follows: Locator die coordinate |sl1?&]DEﬁ)2003

known fromstep 15. Auxiliary reference die coordinate (x2, y2) is
x2=x1+1 y2=y1l See Fig. 17 and 184-Step 21: If this partial wafer is the
| ast partial wafer- for this wafer then go to step 25. Step 22: Myve the
table to the |l ocatgor die by autorrﬁti(_: or .manual = neans. See Figs. 14 and
15. Move wafer tabiBeFrImBaATKT IR 409 et ctiEsshen of e Wl g felrencs diai d waf er
flat along the sarrsigrow as auxiliary reference die to the left to | ocator
die. This is the |38pldgokseepnsitde. 28p IHe- e partial wafer. For the
automatic node npve the table fromthe auxiliary reference die along the
same row as the %k erléecogipaitaso atpibiarsereforenrs e coordinatas der ahe die at a
tine to the end of the partial wafer and the locator die is (x1, yl). Step
23: Conput eP#igulgppertthlt wefer as &lbwstilocatoo diti watdisate ds Welf, ejripowdat a host .
Step 24: Using locator die and auxiliary reference die coordinate
i nf or mat i onfre@éapelfot her partial wafer dies fromthe map.
Auxiliary reference die coordinate (x2, y2) is
x2=x1+1
See Fig. 17 and 18.
Step 21:  If this partial wafer is the last pértial wafer for this wafer
then go to step 25.
Step 22: Move the table to the locator die by automatic or manual
means. See Figs. 14 and 15. Move wafer table from auxiliary reference die
p‘arallel to said wafer flat along the same row as auxiliary reference die to the
left to locator die. This is the last die in the row of the partial wafer. For the
auvtomatic mode move the table from the auxiliary 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 and the locator die is (x1, y1).

Step 23: Compute and upload the locator die coordinates to wafermap
data host.
Step 24: Using locator die and auxiliary reference die coordinate

information remove other partial waler dies from the map.



10 DEC 2003 -15 Avoid all noves to dies in other partial wafers as follows:

a. Locator die coordinate (x1, yl) is known. b- Renove all di jsg'nDEGGZﬂﬁ@
r |

whi ch has the x coordinate greater than x1. c. Auxiliary ref

coordinate (x2,y2) is known. d. Renove all dies in the map which has the x
coordinate |less than x2. See Ehg_20. Go to step 26. Step 25! Using
auxiliary reference die coordinate information renove other partial wafer
dies fromthe map. Avoid all noves to dies in other partial wafers as
follows: a. Auxiliary reference die coordinate (x2,y2) is know. b. Renove
all dies in the napiddl sbvdsas didaén sxtheppidiahetferd eshllohan x2. See Fig 21,
Step 26: Start die nmount using nmap. The | ocator die can be any die in the

waf er, even the refkieiedictosrdande (deppighngn.t he cut of the wafer. Any die
in the wafer can be the auxiliary reference die except the reference die

and- it may changes. tReslidel8r 884 iPQSithaPRRichdBReREk Rorathakd greattr Bhnt he
waf er. The process creates an auxiliary reference
“xl. : :
¢. Awxliary reference die coordinate (x2,y2) is known. -
d. Remove all dies in the map which has the x coordinate less than x2.
See Fig 20. Go to step 26.

Step 25: Using auxiliary reference die coordinate information remove

other partial wafer dies from the map.

Avoid all moves to dies in other partial wafers as follows:

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

b. Remove all dies in the map which ﬁas the x coordinate less than x2.
See Fig 21.

Step 26: Start die mount using map.

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. Fig.



die in case the partial wafer dies not have a reference die and the
auxiliary reference die acts as the reference die for .the pagtg f

map operation. Fig. 10 DEC 2003 -16- 22 shows the | ocator di eiﬂgjsﬁiﬁMy
reference die positions for differems- wafer cuts.. Al though the present
invention and its advantages have been described in detail, it should be
under st ood t hat*4/8#iMGuthechestgedic subsiiiliaty eetreads! dicdbs@hdld BRS; KRN be made
herein wi thout departing fromthe spirit and scope of the inven T6R¢ as
defined by the Yfpreded clai ns. 10 DEC 2003 WHAT IS CLAIMED IS -1. 1. A
met hod of processing a wafer containing dies and having a wafer fl at _
conprising the steps of cutting a whole wafer with cuts perpendicular to
the wafer flat to roduce partial wafers; sawing said partial wafers al ong

t horoughfares to f aligh3he Pr2eeimkbitibn Joy:ToI R fer map of said -
whol e wafer into a 'processor; |oading one of ‘sal Q&SQP\?A‘?%% stdbednt 0 a

processing tablredetail, 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.



searching for a reference die and an auxiliary reference die; if said

reference die is found noving said table and said parti al
|l eft along a reference die row parallel to said wafer flat unth Q(ECQUUE!

dies -in the reference die rowto find a |locator die, determ njing |ocator

die coordi nate q‘Ig ﬁgj gg Oé Eer—parti al wafer dies fromsaid map using
said |ocator D ad nounting said partial wafer dies using
said map. 2. The met hod of Claim11 including the further step before
nmounting of said partial wafer dies of noving the table positioning said
wafer table to ;ald au Ilary reference die on the sane row as sai d
reference die and rd%nﬂ’leﬁﬁ’ °§§F‘%§P¢S§1g4waM|cdnbaaﬁegdfebahddz% f%

die, noving the table to the left along the reference dle rowto the | ast
die in the partfHPritaedhesps phd a | ocator 10 DEC 2003 - 18- die and | ocator

die coordinates and renoving other partial wafer dies fromsaid map using

sai d auxiliary referenceuing &otolimeesithrdtsgaksbdReaiQ) ¢ l nat es
if said reference die is not found in said partial wafer aﬁ%%af??fﬁg

partial wafer. P¥odurp@artitivaderaf Cl ai m 2 i ncl udi ng before nounting. of sal d
partial wafer dies the further step of determning auxiliary reference die

coordi nates and sawing said partial wafers along thoroughfares to form dies on a
backing; |

downloading a v.rafer map of s.aid whole wafer into a processor;

Ioad.ing one of said partial wﬁfers onto a processing table;
searching for a reference &ie and an auxiliary reference die;

if said reference die is found moving said table and said i)artial

walfer to the left along a reference dic-e row ;')-ara].lel to said wafer flat until end of-

dies-in the reference die row to find a locator die, determlmng locator die

coordmates and removing other partial wafer dies from said map using said

locator die coordinates; and

mounting said partial wafer dies using said map.

2. The method of Claim 1 inc-luding the further step beforé mounting of
said partial wafer dies of moving the table positioning said wafer table to said
auiiliary reference die on the same row as said reference die and running
barallel to said wafer flat as the reference éie, moving the table to the left

along the reference die row to the last die in the partial wafer to find a locator



renoving other wafer dies fromthe map using said auxiliary reference die

coordinates if said reference die is not found and said partiil \ﬁtﬁ) |

|l ast partial wafer. 4. The nethod of Claim1l including the s eﬂ) rﬂﬂsﬂf
wafer dies the step of determning auxiliary

mounting of said partial :
reference die cgordinates and renovitig other wafer dies fromthe map using

sai d auxiliary Férefdeatordiecootingienated serdvisgbutler £6LERGR: Bt fs, Aot found
and said partial wafer is a last partial wafer. 5. The mat‘hog 0 ﬁlgim?)
wherei n said auRPPi Biye reelbreniliaryli refrancy adib 0@bREnatby Bd sHRVRS.4LO J:he
right not seeing any die, 6. The nmethod of Cl aim 3 wherein sal tBE\-r fal

vaf ers are takelordinasesifrsaid refurendeghit id @ot! fdd & aﬂ%! tajning . fhe
reference die. 10 DEC 2003 -19- 7. The net hod ofﬁg %\I m ar rPogéi#‘%i
auxi l i ary ref edasfaardalovafeor di nates is | ocated by adding one die step on
the reference die row fromthe |locator die of the previous partial wafer.-
PARTI AL SEM CONDUCTOR MFER PROCESSI NG W TH .
3. Thelmethod of Claim 2 in¢luding before mounting of said partial wafer
dies the further step of determining auxiliary reference die coordinates and
removing other wafer dies from the map using said auxiliary reference die
coordinates if said reference die is not found and said partial wafer is g last

partial wafer,

4. The method of Claim 1 including the step before mounting of said
partial wafer dies .the step of determining auxiliary reference die coordinates
and removing other wafer dies from the map using said auxiliary reference dije
.coordinates if said reference die is not found and said partial wafer 1sa last

partial wafer.

5. The method of Claim 3 wherein said auxiliary reference die is validated

by all moves to the right not seeing any die.

6. The method of Claim 3 wherein said partial wafers are taken in order

from right to left from that containing the reference die.



MULTI PLE CUTS OF RANDOM SI ZES ABSTRACT Partial wafer processin chi eved
by down | oading the wafer map of the whole wafer froma hos ﬁ]ﬁéé ﬁa
the partial wafer contains the reference. die (14) nove table to a | ocato
die (15) and upload | ocator die com¥dinates to wafer map data host (16)

and rermove ot her paktingkndederasl @vma%ﬁlsaﬁtﬁ&lﬁagmﬁeg%cm &%{&ln%tg the

partial wafer does not have the reference die and is -not th arti al
waf er, posi ti h r | e the
Bt | ary et of Ahaitly SRRLE P ARl P sERILERR ol il MR cllBLERES i o
coordi nates fr ordi nates (20) and nove wafer table to

| ocator die 5§§?L <§E%5Fﬂh gbator die coordinates to wafer nap data host
(23) and then using aUX|I|ary reference die and | ocator die coordinates as
information renove other partial wafer die coordinates fromthe map (24).
If the partial wafer does not have the reference die and is the |ast
partial wafer, position wafer table to auxiliary reference die (18),
validate the auxiliary reference die position (19) and conmpute auxiliary
reference die coordinates fromlocator die coordinates (20) and then using
auxiliary reference die coordinates as information renove other partial

waf er die coordinates fromthe map (25). '

r
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PARTIAL SEMICONDUCTOR WAFER PROCESSING WITH
MULTIPLE CUTS OF RANDQM SIZES

ABSTRACT

P;rtial wafér processing is achieved by down loading tﬁe wafer map of
the who.le wafer from a host (12) and if the partial wafer contains the reference
die (14) move table to g locator die (15)and upload locator die coordinates to
wafer map data host (16) and remove other partial wafer die coordinates &oﬁ
‘the 'map {17). If the p_artiai wafer does not have the reference die and is not the
last partial wafer, position wafer table to auxiliary reference die (18), validate
the auxiliary reference die ﬁosition (19) and compute auxiﬁary reference die
coordinates from locator die coordinates (20) and move wafer table to _locétor
die (22) and upload locator die coordinates to wafer map data host (23) and
then using auxiliary reference die and locator die coordinates as information
remove other partial wafer die coordinates from the map (24). If the f:artial
wafer does not have the reference die and is the last partial wafer, position
wafer table to auxiliary reference die (18), validate the auxiliary reference die
position (19) and compute auxiliary reference die coordinates from locator die

coordinates (20) and then using auxiliary reference die coordinates as

information remove othey partial wafer die coordinates from the map (25).

FIGURE 1



