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 ‘a | ead

frame. To do thi's the locatton of the die nust Cr's L% the
machi ne can pic ﬁujaﬂ t8h Srtial RERS f vid everal patterns,
to forma plurality of ?sehﬁlcon P%dgg%{:}} \r,iglﬂi%{b(’%d%n %@Wﬁﬁj&qer&ﬁ?‘@grat ed,
circuits on the vvafer are separated by horizontal and verti-cal

t horoughfares. The thoroughfares are S

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.



Al ong t hese

border spaces between the sem conductor devices on the wafers.
t horoughfares are fornmed the saw streets when a cutter passes 1%%g gyg?
r S

separating the individual circuits into what is terned "dies".
is referred to as sawi ng. Before cutting the separate circuits, the back
of the wafer is placed on a doubl g, backed tape which in turn is stretched
like a drum over a ring base called flexframe on a controllable wafer
table. The location_pf _the dies on the original wafer is recorded on-the
waf er map stored in e fssyBickedi yeby seotiong Theezovdiflizg aré RelicidefApRLIPved.
Hence noving the wafer table per the wafer map coordi nates do€s” not
accuratel y posith 8Rd dfasedaner laadiframé. oMot dvethin ebd 1odhtgort Of B8 @b oigd pomel |

di e waf er map oper.ati on on di e bonder equipnent is not feasible because of
this. The vari dPYFeLY hnewmessthenstchimetcampitk hipake @ss the wafer coupled with
the tape shrinkage on partially picked wafers makes the one tine
correction of table junp distance for street width variation ineffective
in ensuring the accurate table position. 10 DEC 2003 -3 A full wafer has

one reference die. Bonsilicaesafet piovidde siveddl! fatiefnO %rﬂsae{)l i ety VAT er
A e L OGN R et
2 reference die my notlp'cbe avai fabfd{ev.%uj%aiDEe%%% %gcurcﬁ{tg on the “watr are

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.



-4- SUVVMARY OF THE | NVENTION I n accordance with one enbodi nent 1mt$E£
present invention a whole wafer is cut perpendicular to the waf 2003
formpartial wafers. The <coordinates for a |locator die and/or an auxiliary
reference die of the partial wafers-are stored on a wafer map of a given
wafer for locating ¢ g3 . artial section of the given wafer. These and
other features of the'i nvz{ef?] 1|n!l.(;snO PRECTSRCE iep dompbiarasiit istdssirhids éo olyidshed in
the art fromthefet] Qw det ai.l ed description of the invention, taken
together with pﬁae accogﬁ%ggofiar%ath@Wﬁg§Pdf rOEEaP QSrem DESERY AT LGN sOF THE
DRAW NGS Fig. Iy . di agr.am of  the system according to one -enbodi nent of
the present inve ta?%%l?uﬁe%d.ﬁ usually ypsult an semevapof the refetensafier THR&kore o

t hor oughf ar es nge%nwgfer; Fig}.@ 3illustrates a prior art wafer with a
reference index: Fiogc Y5429 Peideexeidablonf er nap coordinates; Fig. 4
illustrates reference die and auxiliary reference die according to one
enbodi nent of the present invention; Fig. 5 illustrates reference die and

| ocator die according to one



enbodi mrent of the present invention; Fig. 6 is a flow chart for \Fﬁrﬁtﬁ
13BEG 2003

.waf er processing; Fig. 7 illustrates wafer cut perpendicular to

Fig. 8 illustrates a partial wafer with reference die; Fig. 9 illustrates a
partial wafer w thout a reference di4e; Fig. 10 illustrates |ast parti al
wafer with auxi|iary reference die; "Fig. 11 illustrates typical wafer cuts
and process semwm es noving wafer table to | ocator
die fromreference die; Fig. 13 illustrates noving wafer table to | ocator
die fromreference die in automatic node; Fig. 14 illustrates novi ng wafer

table to locator die fromauxiliary reference die; 10 DEC 2003 -6- Fig. 15

i lustrates nmovi ng Mwedcesrdbadel ﬂith@nb@%ﬁio&fm@it%fftﬁ@%@s%% kYo, Leference die

in automatic node; Fig. 16 illustrates validating auxi fne‘ﬁg?éé?lé]ae‘ﬂgﬂée di e
position in a paferiial cvwafeeendiulr 7tHel Jﬂg@% I es, HAIPUL %H on of auxiliary
I i 187

reference die coordinates in a partial wafer; Fig. 0 fpiat eThe

conput ati on of coardindteafyl & cfRNGE 2l ﬁﬂoé&h&% Fferehes die of the partial

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.



partial wafer; Fig. 19 illustrates renoval of other partial wa‘i r gie
coordinates frommap ; Fig. 20 illustrates renoval of other pa %i} Qaﬂaﬁa

die coordinates frommap ; Fig. 21- illustrates renoval of other parti al
wafers die coordinates from map ; and Fig. 22 illustrates reference die,
auxiliary referegnce d| e and Iocat or die. 10 DEC 2003 -7- DETAILED

DESCRI PTI ON OF ¥ MNENOLY £ AJVINGEFi g. 1, there is illustrated a
schemati c represent atl on of an alignnent system using a die bonder (die
nmounter or die attach) that may be wused in the fabrication process of

i ntegrated circui tslgon silicon wafers according to the present i nventi on.
The die bonder nay BeéE- ¥ isra diegrah @f thDafssm labdPaBh o Qg Bander of Texa

I nstrunments Incorporated. A die bonder dispenses 'éépgxfll e(?%’ g'm&‘?[g E €of a
| ead frame and BYeight tnvehgordi e to the pad. A silicon wafer 20 is carrled by
a table 22 which is noveable in conjunction with a table adjuster 24,
which is coupled toFigaBlibustdiesh 598t 29£05nk I nel udi ng a
control |l able arm 25a and suction end effeect gr @%gggﬁdﬂ?ﬁg fte die and
places the die andFign3 pAgu3sqf phdad: HLa by arm.a uster 29. The
robot 25 is p PRtk roferihice mc? _

_ 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;



controlled by processor 28. The | ead frame handling system 40 noves and
positions the lead frane to all ow placenent of the die. The | -
handl i ng system 40 al so applies the epoxy to the pad 33 of Iezgj]fﬂms
before the die is placed on the lead frame 31. The wafer table 22 via the
adjuster 24 noves tPhe waf er 20 toblocate the next die. under program
control of processorFig8 15sdlltibtaites @RI n leks he die from wafer
20 and places it on pad 33 of |ead frnagan% §§.§§b&?tt8r°$aﬁ‘§ ‘glﬁbﬁf@nm@mved
to one good di erefdrenaldigin syeiRm. L9 4.t akes over for good alignnent
initiated by processor 28. The align system 19 consists of a processor 26,
di splay 27, storageFievUbCiBugiBateS MRS nd canmera 35. The align system
19 provides an align correcti on si gr?a gégma W?ede’&‘ieéhea%fmraim@lgalﬁad is
coupl ed to procesegr 28. During the alignnment process, an 10 DEC 2003 -8
out put signal is-produced by processor 26 and, the output signal may be
delivered to the taBlgei1pfidsl el throu rocessor 28 so as to reposition
the wafer table in response t%sgﬁrﬁgﬁaéﬁ?gg’f 1y refeenseidistcandmatds ik he

out put signal paRyal-39. be displayed by the' processor 26 on the display 27.
In order to .performthe alignnment or msregistration check, processor 26
receives a video i r@ig_elgipggg %gvi deo'canera 34 (such as a CCD canera) which
is a subsystem of 't NAEREOTRRHEReR of prilisaeafereheeaditl d@edinh@sGPLi €S tO
focus on the ?{I@fal%fekead frame. The video signal is digitized using, for
exanple, a video to digital

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



converter as part of the canera. Wenever an alignnment is nade, the

processor 26 takes a picture via the canera 34 and | ooks f ht
(stored) pattern. In one enbodi nent a unique pattern is in ﬁ@aﬂﬁﬁézgﬂss

stored and when an alignnent call is nade the align systemtakes a picture

and | ooks for that pattern. In anotHer embodiment the ali gn systemtakes a
picture and al SCRIPTHOdeO K B RaaivENPiofyhe die. The pattern of
the integrated circuit is taught or stored Tn a nmenory of the processor 26

or menory or storage 23 at the tine the device is setup. The processor 26

cal cul ates the displacenent of the stored. pattern (alignnent point) to
current pattern andRefeoshglesFa. 1C@efELG 100 ] Q%Lhenﬂgféiﬂfg%ggégé%ggfn;n in X

and y direction is the x and y correction. 'S cortr
ssor,28 js sent to the

dependent on t higagiehesdtan u‘éﬁllgl%{adite hﬁ)ﬂ&%}é‘(d%egﬂngg% &E OF g\lF é’it‘iﬁc@o‘%ﬂiaf mewileg of

waf er table adjuster 24 from processor r
the table so theedliretheSaliGKEH | f:the displ acement is too great so the
stored pattern to current pattgir‘b%esissoh%tggrargegzﬁmﬂﬁ%o%ﬁ ¢ waforstaspardingwi | |

e very inportant 1 0 DEC

be abl- i . g !
not be abl-e totgleghd @ '1%???{1:.4[‘11%11#9}8%1&%%%52&%g?raqmwgleﬁ hbagsdnEA

2003 _g_ horizontal and ve
fers before being cut are stuck on

Nt ted cir gy Bspy ' 41. Th €
I ntegrated cir gy B &rf@g%@gaﬁsgrng gmfaat% nmoqagedstéé{eclp@delodd@peme$emprt ring

a doubl e- backed tape [

(v ouant ares' B SR e e Be BSTSE l e
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 pIaces
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



whi ch separates the individual die pieces or. chips. After the ,cytfing of
the wafer, the-variation in saw street width coupled with thetépéEé 2[}[]3
be

shrinkage due to pulling on the tape8 the wafer table junp nay not
accurate. This is particularly trué®for large junps between good dies.
saw street Ww dtdutpaf ¥ipnaCEo fer in both axes due to_ uneven wafer
nount tape expansion, gsaw Efogggﬁva ipé'?cfeﬁsf?&%e?ﬁg %‘?e?‘@PP% stgngb nzaychange in
di stance bet weedelivBRddh &R . shrinkage of the tape on which the wafer
is mounted, as the dies ar teé%gﬁe%#el%er g‘i“itﬁlrt‘)ﬁghﬁ&%c%ﬁs?r%ﬁ‘éﬂs theepssiviongher
cutting has ocopseedinid; Lgn system 19 and the processor 28 conpute the
average saw street w Cf:lﬂ%ie%%geﬁg %‘Wé‘%quﬁ%n%ﬂ subiserngeof the ahtrax egmallhe
present inventig ifies the current systemto allow for partial wafers.
As illustrated i%’ %?8363, S%la{’?dathtF‘%ﬁ’é‘PceW&F&G ¢raphes fisplepn 25 e dn argéng) ©
fixed referenc?,eggf'ugghe. .This reference die may be identified by the right
nost fully patterne 4 FRETERt 108 misregistiaginn shadk, procedser B6 akives Bi@deo3a
illustrates vvaF getga co&r:di nates. If the wafer is separated, then all

pi eces (partia '? 5 %%ta"a R cajera 3 sugh e GICT efresre)tekichad AkshsyBRk] 9 Waf er
map processi ngtienggssi ble. The present invention provides auxiliary
reference dies 1ot Bttt fatenalhgsmeeraindudemnthl eptipr odeasiondhetypard. al

waf ers using fgrﬁ[ra ping. The method 10 DEC 2003 -10- that before
alignment is doAg, Ao et eideq sisnal i digitizedmatich, frasembR, hREdeo to digita)

The

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



alignment point. The precise |location of the lead frane 31 may ,be

determ ned by align system 19 using - a second canera 35 (suc QSDE@:@[B
video canera)al so coupled to the processor 26. The wafer map identifying
the locations of the dies and whicit-dies are good or bad are stored in the

wafer map in sgAQ 38. Wien had di es have been identified they are
marked and t he E%z?g?arlr&f‘? Sertical @E‘-‘GP@H separafiae Shovepgratad tsgratdlatirctiteosyst em

coupled to the ;sto0 kno t he bad di es and skips or junps these bad
dies. The ali gnChﬂéy%ﬁg‘%el‘ﬁa%%/ ore heingdiut @&¢ sidick toarm doutble-bavketvater 2dtabl e
adj uster 24 toiulv%.the éable 22 if not aligned sufficiently for the

pi ckup devi ce tg%pﬁ & 3R 2 Qs stretehed peer o wippertaing Xpeagillokisasep if l¥eg. ot oper 1 y
al i gned die ancljﬁsol aces it ori the pad of the I|ead franme. The | ead frane
handl i ng syst eft4 Gt HERT Rbres thraegindetthomaghfireans thadaiwntReR0sh a0 The
pr esent applicg&h%g is particularly directed to the step of accurately
movi ng the waf SFHEBiRertes dheindivded dié picoes bhehipal eiftes Akt Raltind fegdl | gn

system 19 can align the die properly and enable the robot arm25 to pick

up the good di d&ferRdrgiariatign irosaw g;reeﬂwidth&b@lé@wﬁﬂQﬁ@taﬁelsE'ﬁQEa%@J@rcozo with
h

a.reducible |ayout 40 shown there on. An expl oded section 42 Shown in Fig.
2b shows four PYlingben [the éame ghentsfert dabde filunp rlﬂaﬁ'ﬂo?%e4§§u_§t£ h Lhe
pattern fornmed by the described segnents shown in expl oded section are

uniform it i sPaichlariytnaeios lapdiuniebeateetXBbodies Tﬁeeéfwglkréé‘a%&i | parfers
woul d contain uni'que line segnents. The line segment's 44 are ¢ ordlight ar es
- extendi ng to bairbss 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 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



10 DEC 2003 _11_ includes cutting all whol e wafers perpendicular to the

wafer flat to formthe partial wafers. Referring to Fig. 4 thk(eDEC 2003

illustrated five partial wafers P1 to P5 where all partial wafers are
reference die is

formed by cuts perpendicular to the-¥fer flat. The
iliary reference die is

| ocat ed in thetHatrisdforpaglidrdd ek €4,,,B1 and _an
| ocated in other partial évxrgé élrs P‘%on?’o_t%wiagert ﬁag’ﬁl ek Wpy¥fst closr erthen t he
5-illustrates the

t hligred 0 pr i il
same row as t heligedet 9pge, dhep é@&%%&tlﬁ‘rgpmﬁdéag{r%%@ég@m ddtenaibed die is

reference die and | ocator die"tor par
die or auxiliary reference die

the last die iwt of. .referenc
AL as%te%"ig Lsmﬁi% FHnd: FEmerds 85 planchi ak a veEBr vig5,

of the partial wafer. cat or
is jllustrated a flow chart for the processor

Referring the ghQ there.i
in Fig. 1 for pafat)lg}as? V\g?gﬁi tBr%‘@e%"é’F‘ﬁ@Q’-‘ #.9. The iwaferstuaat denfifymnafer cut
8 .illustrates partial wafer with

per pendi cul ar 1§ Q¢ flLat. Fig,
reference die (;Cgﬁ | gtbe giep PP‘E??‘PCQtdé%S P8 Eeqddr-bad aee stoiedlinhe wafehepce die.
wafer of a wafer and its auxrliary

lr: Ie? er é(r)lcieI ld.uZM %?gggfeoﬁ]g‘vx\%b%gtbé‘ggﬁ%%@me@édmdfthéy SREmBAL #ld YT e

processing. é&grn:llzz—,{t%h 1']éls:;tox:'|é(c)i i?lEglezsothage 38 so that the system coupled to the
storzige 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 mo.ves the next lead
frame pad into position. The present application is particularly directed to the
step of accurgtely 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



12 1. Al wafer cuts to formpartial wafer are to be done perpendicular to
the wafer flat. 2. The first partial wafer nust contain a reference di

*3. The last partial wafer nust contains at |east one full d]‘eﬁl[l]uE&Q(ﬁﬂea
reference die row. 4. Process one partial wafer at a tine and process next
partial wafer fromleft to right after the previous partial wafer has
conpl et ed processing. The followi ng steps are based on the zero degree of
waf er rotation angle. The sanme steps are also used for different rotation
angles. Step 10: Cut a whol e waf e‘rlg‘er pendi cular to wafer flat to form

partial wafe saw tha waffﬁers al ang thoroughfare into die pieces
on a tape batﬁ:rﬁcll‘%ugl;9 cgfhe ailgwhﬁi&a‘ﬁa B RATBFndjeat, to; g”ﬁff’éﬁﬂb%@lfm(%t er
Saw). Step 12; rl't)o%wa?ad waf ermap data for the whole wafer from wafernap

data host. St B% ¥t he partial wafer | oaded does not have reference die
then go to step 18. Step 14: Position wafer table to reference die | ocated
“at lower right of - partial wafer in the die row closest to the wafer flat.

Step 15: Mve theR\ﬁ\a/?fe,r table parallel to the wafer flat to the |locator die
erring to Kig. 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:



by automatic or manual neans. See Figs. 12 and 13. Myve wafer talﬂ from 10
DEC 2003 -13- reference die parallel to the wafer flat and al1)|ﬂg ﬁem
row as the reference die to the left to locator die. This is the last die
in the row of the partial wafer. For the automatic node nove the table
fromthe reference die along the sane - row as the reference die to the |eft

noting coor di nak el gredemius a6 fant pamial vafdieareeidthedfiode & did er and
the locator die is. (x1, yl). Step 16: Conpute and upr%ég toﬁeﬁ%ro%\g{hﬁr di e
coordi nates to vva‘-ff@fﬁrrﬁ@_j:. data host. Step 17: Using |ocator die coordinates
i nformati on renove other partial wafer dies fromthe map. Avoid all noves

to dies in oth& 'ﬂmrﬁrstaﬂ)arﬁ/afﬁﬁférﬂl%stfébhtéiﬁ\@&efe?enc% ator. die coordinate (x1,
yl) is known. b. Renove all dies in the map whic as the x . coordinate

greater than %1.Thedestlpagtial W ferGRudtQRoShER 46 grﬁ A%, £asition the wafer
table to auxiliary reference die. S?ep 19: Sﬁ a e%éeul?&f’?ﬁ?fﬁrefm‘eel“g‘?ence

di e position. Theo¥ollowi ng nethod is used to validate the auxiliary
reference die position of the parti.al wafer. ,

4. Process one partial wafer at a time an'd'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



For the partial wafer the following steps are true: a. Auxiliary reference
die rowis sane as reference die row. b. Fromauxiliary refer ée '
position, if wafer table is noved in four directions (left, right, up,
down) for a certain mninmmnunber 0f310 DEC 2003 -14 tines, all noves in
the right direction of auxiliary reference die should not see any die. See

Fig. 16. Step 20:ferencodimpatatio] mithe ki ahgT, coordipates for the
particular partial wafer as follows: Locator gﬁg%%%%) 7 Hat &° ﬂ'ée €nog1)

known from st epiek thellagith i ssr def enﬁglfsethg Ldi,nat e S -
x2=x1+1 y2=yl See Fig. 17 and 18. Step lé‘st?f)e eﬁ%ﬁ?éé‘ﬁﬂ%@@,—wﬂgnt he

| ast partial waFerthefantorhdticm¥@S 8bve & te 22: Move the
table to the locator die by aut onat | cﬂagrablrg}grnobng eiﬁ%‘:e tg%éﬁ)pgégg same and

15. Move waf er toabdethlromyaid idld @ nce dj.e parallel to said wafer
flat along the sanme row as aumel@a%?le?éﬁét?%%ogréd?@egﬁn%ﬂ’éqt@ftlmpctowbe:ator

die. This is thado@se ghrfial Wablgnd Bl\éllocatorrb?e i%?xf a) wafer. For the

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



automati c node nove the table fromthe auxiliary reference die ?ﬁcﬁgﬁ%
sane row as the reference die to the left noting coordi nates 3 GS

time tothe end of the partial wafer and the locator die is (x1, yl). Step
23. Conpute and upload the |ocatps-~di e coordinates to wafermap data host.
Step 24: Using locator die and auxiliary reference die coordinate

i nformation renove,_other partial fer dies fromthe map. 10 DEC 2003 -15
Avoi d al | noves tofesall Mmagehdd tBarigh) difestien f parg 6‘IW0“\R/§”€M& digocat or die
coordi nate (x1, yg is, known. b- Renmove all dies in-the map which has the x
coordi nate greater hopkdpot gee af@di%ﬁ?elﬁ“&r%ﬁ reference die coordinate (x2,y2)
is known. d. Renpve all dies in the map which has the x coordinate |ess
than x2. See FijeR®0: cdtteympusgs 2Bxiligrye pelmnctdingoadindtearfyr rthéer ence di e
coordinate information renove other partial wafer dies fromthe map. Avoid
al | noves tRatgicelar ipartinl hepfepas folllwsieiosator die dootdinats:is (el, yAukhbdar y
reference die coordinate (x2,y2) is known. b. Renove all dies in the nmap
whi ch has tfiemgtepol di nate | ess than x2.

Auxiliary reference die coordinate (x2, y2) is

x2=x1+1
- y2=yl1

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 t‘o said wafer flat along the same row as auxiliary reference die to the
left to locgtor 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.



See Fig 21, Step 26: Start die nount using map. The locator die can be any
die in the wafer, even the reference die and depends on the quﬂeakg:qu
wafer. Any die in the wafer can be the auxiliary reference di t 33
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 aUX|I|ary
reference die acts as the reference die for the partial wafer map
operation. Fig. 10 DEC 2003 -16- 22 shows the locator die and auxiliary

reference die po&hmubﬂSnbamtdﬂk%emeﬂkrpmmﬁ£WaﬁM§5sﬁnbwhough t he present
invention and its advantages have been described in detail, it shoul d.be

under st ood t hat uﬁrL@u&rqnaﬁggguw§gﬁ§ynhykmﬁﬂ§ and alterations can be made
herein wi thout departing fromthe spirit and scope of the invention as

defined by the apperdedclipdisPin ¢+ G wRAh VY x lesorPlaAkdVER atep: thai’r 1. A

nmet hod of processing a wafer containing dies and having a wafer flat
conprising the stepsg.of cutting a whole wafer. with cuts perpendicular to
the wafer flat to.

¢. 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.



produce partial wafers; sawi ng said partial wafers along thoroughfares to
formdies on a backing; downl oading a wafer nmap of said whol e f i
"processor; 1oading one of said partial wafers onto a proces!ﬁﬁmw
searching for a reference die and arteuxiliary reference die; if said
reference die is found noving said table and said partial wafer to the
left along a retetissethgi lecatondipanad hekiliaey sefbebnsatiey pbdi@dnsUpdt | digsgnd, of
dies -in the reference die rowto find a |ocator die, determni ngerFBt&:ator
di e coordi nat F&REfEtsenovi ng other partial wafer dies fromsaid map using
said |locator die coordinates; and nounting said partial wafer dies using
said map. 2. The nethod of Caim1l1 including the further step before
nmounting of said partial wafer dies of noving the.table positioning said

f table t i gAlt Ith % ' d
el orence dic and ronni no  poral er n R bR TR P estidiednce

reference die and running parallel to said waf

di e, moving thin dablle it ehéle HeCihdergbNIL .ef enence die row to the |ast
die in the partial wafer to find arl ocat oéréq%lrlﬁ‘gé%é%’s'ﬁfggmd‘i“én%ﬁédl ocat or

di e coordi nat esltantioneamidgad ekiPalihl fer dies. fromsaid map using
said auxiliary reference die coordi ng{tgé@adﬁgggtgl}gdg?%zg‘f gpiriidgd scope of

the invention as defined by the appended claims.



coordinates if said reference die is not found in said partial wafer and

not the last partial wafer. 3. The nethod of Caim 2 includi ngrb‘emg
nmounting. of said partial wafer dies the further step of det ' 2003

auxiliary reference di e coordi nates and renovi ng other wafer dies fromthe

nmap using said m&‘l rence die- coordinates if said reference die
I's not found an : er is alast partial wafer. 4. The nethod

of Cdaim1l including the step before mounting of said partial wafer dies
the step of determ ning auxi liary reference die coordinates and renoving
ot her wafer di eg fromt map using said auxiliary reference die
coordinates it Said’tBrEIdiREeraspasiniesa weferfoontathiandies aind Hadfly Rlvapalgl | S a
| ast partial wafer, . 5. The method of Caim3 wherein said auxiliary

reference die |‘?W5Ff%ééwpbyf all roves to the right not seeing any die,
6. The nethod of Caim3 wherein said partial wafers are taken in order

fromright to Ieft f r omudng & etk wafagwith ufsqlet@Ara1L 003 - 19-
7. The nethod of Claim6 wherein.said auxili aryelg ef erenctgﬂt %ga@ggﬁﬁ Mhat es

Is located by éﬁﬂ#‘ﬁgpmld&raéerst ep on the reference die row fromthe | ocator
die of the previous partial wafer.
sawing said part1a1 wafers along thomughfares to form d.leS 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 fora 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



PARTI AL SEM CONDUCTOR WAFER PROCESSI NG W TH MULTI PLE CUTS OF RANDOM SI ZES

ABSTRACT Partial wafer processing is achieved by down | oadi nggt p
of the whole wafer froma host (12) and if the partial vvafer1£mgﬁfﬂgﬂdg

reference die (14) nove table to a |ocator die (15) and upload | ocator die
coordi nates to .waa;‘qgr map data host1§16) and renove other partial wafer die
coor di nates frofied legafprdiggoordinatehendesrhdvang mﬁﬁﬁarﬁgﬁﬁaﬁi?me@%ﬁ%ghﬁ |
reference die and is not the |ast partial wafer, position wafer table to
auxi |l i ary ref er@Aeidng spiBpuxiliaky defoeence hdie asssidihAbY il SLANRE. AL &5
position (19) andgg;rrpu:ie auxi liary reference di e coordi nates: r%ﬁaq”écat or
di e coordi nat escopriatent safhefavad@rdié AR Hhd RCAEPHartdl Z)gdnd wupl oad
| ocator die coordinates to wafer nmap data host (23(?5:%%! gﬁa}%érgnﬂs[fogéﬁe
auxi l i ary ref edasfamardalovafing | ocat or di e coordinates as information renove
ot her partial wafer die coordinates fromthe map (24). If the partial :
waf er does not have the reference die and is the last partial wafer,
position wafer table to auxiliary reference die (18), validate the
auxi liary refedenceTh metlRASIFIGIM 61 ute auxiliary reference die
coordi nates fromlocator die coor di na‘%‘g@%@?‘?ﬁlﬁa’l‘i‘?ﬁe&’#% Rgrtialwaferar y
reference di e dipardle FakiBsr &8p of NIL | remove other partial wafer die
coordi nates fromthe nap (255) ° Y o bEHRY Feforonte dfs coordinates and
' removing other wafer dies from the map using said auxiliary rgference 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.



FI GURE 1

10 DEC 2003
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7. The method of Claim 6 wherein said auxiliary reference die coordinates

is located by adding one die step on the reference die row from the locator die of

the previous partial wafer.





