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PARTIAL SEMICONDUCTOR WAFER PROCESSING WITH
MULTIPLE CUTS OF RANDQM SIZES

rd

TECHNICAL FIELD OF THE INVENTION

This invention relates to semiconductor wafer processing and more

particularly to partial wafer processing in die bonders for wafermap Si)erations.

BACKGROUND OF THE INVENTION

Semiconductor manufacturing includes the process of die attached
performed by a die bonder or die attach machine. The basic operation of die
bonder is to m:m.mt 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 d1e is plcked up by suctlon "The good d1es are mdxvrdually plcked

| up- and plaeed on a lead frame To do th1s the locatlon of the d1e must be
- .preclsely known 80 the machme can p1ck up the d1e |

" The sxhcon wafer prov1des several patterns, to form a plurahty of semi-

-. conductor clrcmts The md1v1dua1 mtegrated cucuxts on the wafer are

. separated by honzontal and vertxcal thoroughfares The thorougl fares are

border spaces’ between the semlconductor dev1ces on the wa.fers Along these |
thorough‘fares, a_re. formed_ :the saw etreets when a cutter passes through them
separating.the inrlividual clrcults into whar is ternied “('lies”.. This nrocess is
referred‘t,o as sawi-ng.. -Bet.‘ore-cuttihg. the separate circuits, the back of the
wafer is placed on a double backed tape which in turn- is stretched lile a drum
over a ring base called flexframe on a controllahle wafer table. The location of
the d1es on the ongmal wafer is recorded on the wafer map stored in :: memory.

After sawing the wafer, the dies are moved. Hence moving the wafe' table per
the wafer map coordmates does not accurately position the wafer tasle for the
next die to be picked. Small die wafer map operhtion on die bonder ¢guipment
is not feasible because of this. The variation in the saw .st.reet width scross the
wafer coupled with the taple shri'nkage on hartially picked wafers :nakes the
one time correction of table jump distance for street width variafion ineffective

rd

in ensuring the accurate table position.
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A full wafer has one reference d1e Sometxmes 1t is des1rab1e to only use

.part of a wafer for a. partxcular Job and store away the rema.lmng for later use.
- The partxal use wzll usually result in removal of. the reference d1e Therefore a

- '_reference dxe may not be aVaxlable
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In accordance w1th one embodlment of the present: mvent;on a whole . .

| .wafer is cut Perpendlcular to the wafer ﬂat to forni partlal wafers The
s ;coordxnates for a locator d1e andlor an au:nhary reference d1e of the part1al'-" '-
- .wafers are stored on a wafer map of a glven wafer for locatmg dles on a part1a1

. ..'sectmn of. the given: wafer

‘These and other features of the invention that .will-be':epparent to those |

skilled in the art from the following def:eiled -de'script_io'n_ of the invention, taken -

together with the accompanying drawings.
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' DESCRIPTION OF THE DRAWINGS

F'lg 1 1s a dlagram of the system aceordmg to one- embodrment of the
| .' present mventlon, - e | | |
5 -: - L : Fxg 2 ﬂlustrates apnor art wafer and thoroughfares ona wafe" p R
- - 'Flg 3 ﬂlustrates a pnor art wafer Wlth a reference mdex, |
N .Flg 3a ﬂlustrates wafer map coordmates '
' ., ‘HMg. 4 111ustrates reference d1e and auxﬂlary reference die aoeordmg to
| one embodnnent of the present mventlon; |
10 : F1g '5. illustrates reference die end | locator d_ie accordins to one
emlrodiment of the present invention;
. Fig.7.6 isa 'ﬂovr chart for partial wafer processing;
R F1g 7 illustrates wafer cut perpendicular to wefer ﬂat;'
Fig. 8 illustrates a partial wafer wifh_ 'refe'rence die;‘
15 . Fig.. 9 illustrabes a partial wafer without a reference die; -
.Fig._ 10 illustrates last partial wafer with auxiliary reference de;
, F‘ig.'. 11 illustrates typical wafer cuts and process sequenee;;
Flg 12 illustrates moving wafer table to-lecator die from ref'erence die; -
| F1g 13 illustrates moving wafer table to locator die from refe rence .die
20 in automatic mode; 3
| Fig. 14 illustrates moving wafer table to locator die from auxiliary

reference die;

TI-23990 (Pageb)
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Flg 15 ﬂlustrates movmg wa.fer table to locator dle from awuhary

- .referenoe dxe in automatm mode

F1g 16 111ustrates vahdatmg aux111ary referenee dle p081t10n ina partlal :

o wafer, R

Flg 17 ﬁlustrates oomputatmn of auxlhary reference die coordmates ina

-=part1a1 wafer, o

Flg, 18 1llustrates computatlon of auxllmry reference d1e coordi uates ina - '

o partlal wafer:

- Fig. _1_9 ﬂltistiates removal of 'o:t_her' partial-wafers_ die coordinates from
nap. o _ S ' L -
' F1g 20 'ﬂlustretee rei;iov.al of _o.the_r' part:al _v_#afers die"oo.ordin.ates from
mp ' _
Fig. 21 illustrates removal.'of"otlherl partial w'afers 'die coordinates from -
inap-; and |

Fig. 22 illustrates 'refe'rence die, auxiliary reference die and locator die. ]

| T1-23990 (Page6)
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Referrmg to Frg 1 there as 1llustrated a. schematlc representatron of an

'- ahgnment system usmg a d1e bonder (die- mounter or d1e attach) that may be B
' used in the fabrlcatmn process of mtegrated CII'CllltS on srhoon wafers accordmg_.' I |
to the present mventwn. The die bonder may be, for example, Abacus IIID SA_ :

Die Bonder of Texas Instruments Incorporated A die bonder drspenses epoxy o

on a _dre pad ofa lead frame-and mounts the die to the pad. A- slhcon wafer 20 -
is carried by a.‘ table 22 which—_is ‘moveable _.-in:-conjuu'ction with a table adjuster
-24; ;which is coupled to table 22. A robot 25 _of the system, .including a
controllable arm 26a and suetiorl end effector 25b, picks up the die and places

the die ar_rd on pad 33 of lead -freme 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 placoment 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 .pIaced.on the lead frame 31. The wafer table 22 via the adjuster 24
motfes the wafer 20 to locate the ue:it. die under program control of prrwessor- 28
so that rot)ot arm 25a picks up the die from wsfer 20 and plaees it on pad 33 of |
lead frame 31. After the table 22 is moved to one good die the ahgn system 19
takes over for good alignment 1n1t1ated by processor 28. The ahgn nystem 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

T1.23990 (PageT)
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'_output szgnal 1s produced by processor 26 and the output srgnal may be
-dehvered to the table ad]uster 24 through processor 28 so as to reposxtron the B
Wafer table in response to an output srgna.l The substance of the output 81gna1l o -
- _ may also be dlsplayed by the processor 26 on the dlsplay 27 In order to- '
';perform the ahgnment or mlsreg:stratlon check processor 26 rece1ves a v1deo-
.image from a V1deo camera 34 (such asa CCD camera) whxch is a subsystem of
“‘the ahgnment system The camera includes the optics to focus on thr wafer or '
lead frame, The v1deo s1gna1 is dlgltlzed usmg, for example, a v1deo to d1g1ta1
:converter as part of the camera Whenever an ahgnment is made, the processor
%6 takes a picture via the camera 34 and looks for-a pre-taught (stored)
. pattern. ‘In one embo_dnnent a uniqjue pattern is in the die and is stored and
‘when an alignment call is nlade the align system takes a,picture and looks for

_that pattern. In another embodrment the ahgn system takes a picture and j

aligns to the four s1des (streets) of the: dre The pattern of the integrated. cxrcurt

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 displzcement of

the stored pattern (alignment point) to current pattern and provides a
correction signal.' This - displacement in x and y—_directi'or,r is the x and y.
correction. This correction signal dependent on the correction valve through

processor 28 is sent to the wafer table adjuster 24 from processor 26 for .

'd

-accurately positioning of the table so the die is picked up. If the displacement

1s 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

| TI.23990 (Page8)
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. : .l:that before ahgnment is done, the wafer table 22 is moved close to the -
. -__:alrgnment pomt The preclse locatlon of the lead frame 81 may be determmed |
o -by alzgn system 19 usmg a- second camera 35 (such as a. CCD v1deo-'
'-camera)also coupled to the prooessor 26 The wafer. map 1dent1fymg the
o ..:locatlons of the dies andwlnch dies are good or bad are. storedm the wafermap =
e _m storage 38 When bad dies. have been 1dent1ﬁed they are marked and the .

_'mformatmn is stored in the storage 38 so that the system coupled to the

storage knows the bad dles and sklps or Jumps these bad dies. "The ahgn -

system 19 gives the correct d.lstan_ce to the wafer .table:adjuster- 24 t move the

- _table 92 if not aligned sufficiently for the Ipickup device to pick up the die. The

robot arm 25a picks up the properly aligned die and places it on the vad 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 acctzratély-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 sirm 25 to

pick up the good dies.

" Referring to F1g 2a there is shown silicon wafer 20 with a reducible

"layout 40 shown theére on. An exploded section 42 shown in Fig. .2b shows four

scribe line segments 44 defining chips 46. Although the pattern for: ted 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 wnique line

segments, The line segments 44 are thoroughfares extending to both

TI1-23990 (Page9) _
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honzontal and vertlcal dxrectrons separatmg the separate mtegrated c1rcu1ts or

ch1ps 41 The wafers before bemg cut are stuck on a double-backed tape 20b.
' and the tape 20b is- stretched over a support ring. 20a as ﬂlustrated in Flg 1

._ As the cutter passes through the thoroughfares 44 the saw streets are- formed '
'whxch separates the mdmdwal die pleces ‘or clups After the cuttmg of the '
wafer, the vanatmn in saw street width ooupled w1th the tape shrmkage due to_'.

. pullmg on the tape, the wafer table Jump. may not be accurate Thls 1s'

.partlcularly true for large jumps between good dies, The saw street width. vary |

| across the wafer in _both axes.due to uneven wafer 'mou_nt tape expanslon, saw

“blade \_.rariati_ons, 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 'mvention modiﬁes the current system-to allow for partial

wafers As ﬂlustrated in Fig. 8, a tradrtmnal wafer map system uses a single .

ﬁxed reference pomt This reference die may be 1dent1ﬁed by the rlght most

fully patterned d1e in the first row next to the blanks Fig. 3a illustr: tes wafer
map coordmates If the wafer is separated then all pieces (partlal) ¢xcept one
will be without reference pomt‘s, making wafer map proces‘smg impossible.

The present invention provides: auxdli'ary reference dies for each partial wafer

and enables processing of partial wafers using wafermapping. The method

TI-23990 - (Page 10) :
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. mcludes cuttmg all ‘whole Wafers perpendxcular to the wafer ﬂat to form the '

- .partl.al wafers

Referrmg to: Fxg 4 there i is ﬂlustrated ﬁve partlal wafers Plto P5 where_ |

aIl partlal wa.fers are- formed by cuts perpendrculat to the wafer ﬂat The _

' --'reference d1e is located in the ﬁrst partlal wafer P1 and an auxxhary reference

.die is located in other partlal wafers P2 to P5 in the lower rlght corner on the. . "

same row as the reference dJe

Referrmg to Fig. 5 lllustrates the reference die and locator die for partxal
wafer prooessmg Locator d1e is the last die in the same row of reference die or

auxiliary reference dre of the partlal wafer. No locator die for the last partial

- wafer P5.

| Referring the Fig. 6, there is illustrated a flow chart for the'prccessor in

Flg 1 for partiél wafer- processing - Fig. T illustrates the wafer cut

perpendlcular to wafer ﬂat Flg 8 illustrates partral wafer with reference die

.and Fig. 9 111ustrates partlal wafer without reference die. Fig. 10 illustrates

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

rd

The following assumption are made for the partial wafer processing.

See Fig. 11:

TI-23990 (Page 11)
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' :'wafer ﬂat

.2 The ﬁrst partlal Wafer must contam a reference d1e ‘

3. The last partlal wafer must contams at least one full dxe in the reference die

row.

4 'Process one partral wa.fer ata tnne and process next partml wafer from left |

to nght after the prevmus partml wafer has completed processmg

- The"foﬂowixrg steps are based on the Zero degree-of wafer rotation angle.

The same steps are-also used for different rotatidn'angles.

Step 10: Cuf a who_le we.fer perper\dicular to wafer flat to form partial
wafers and saw partial wafers along thoroughfare mto die pieces on a tape
backing;

Step 11: Load part1al wafer into Die Bonder (after Saw)

Step 12: Download wa.fermap data for the whole wafer from wafermap
data host..

-Step 13: If the partial wafer loaded does not have reference die then go
to step 18. | o |

Step 14: -Position wafer table to reference die 1ocated at lowur right of
partial wafer -in the die row closest to the wafer ﬂaf. ’

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

TI-23990 (Page 12)
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o 1. :-All wafer cuts to form part1a1 wafer are to be done perpendxcular to: the.'_'-'
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. ~reference d1e parallel to the wafer flat and along the same row as. the reference-"
'_ dre to the left to locator d1e Thls is- the last die i in the row of the partral wafer

: For the automatlc mode move the table from the’ reference dre along the same _

row as the reference d1e to the leﬂ; notmg coordmates one d1e at a time to the

lend of the partral wafer and the locator dre is (x1 yl)

Step 16: Compute and upload the locator (he coordmates to .vafermap

'.datahost o

Step 17 Usrng locator d1e ooordmates mformatron remove other partral

wafer d1es from the map

Avoid all movee todiesin othe'r. partial wafers as follows:
a. .Locator di-e.coordjnate (x1,yl)is known_.
_ b Remove all dies m the map which has the x coordinate greater than
| x1. 'See Fig. 19. |
Go to step 26.
. Step 18: Pos1t10n the wafer table to aux:hary reference die.
Step 19: Validate auxlhary reference die posrtron
The following method is used to validate the auxrhary reference die
posmon of the partial wafer. |
For the partial wafer the foilowing steps are trtre: i
a. Auxiliary reference die row.is same as reference die row.
b. From auxiliary reference die positton, if wafer table is moved in four

directions (left, right, up, down) for a certain minimum number of

TI-23990 (Page 13)
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) tllmes,. all moves in the nght dlrectron of auxrlxary reference die
| should not see any dre See Frg 16 - | 5 |
Step 20 It compubes auxxhary reference dre coordmates for the
| partlcular partxal wafer as follews Locator dre coordmate is (x1, yl) known-
5 fromstep15 | . | o '
- Auxﬂxary reference dle coordmate (x2 y2) xs
x2 xl +1 ”
y2 yl
| I-SEe .Flg. 17'and 18. | |
l' _ro ' _ | _ Step 91:  If this partial wafer is the lest partial wa_fer for this W_at_"er .
| then gb to sbep. 25. | | | |
-Step' 22: Mpve the tabie to -tlre Iocator die by automatic o manuei
means. See Figs. 14 and 15. Move wafer tabl'e- from- auxiliary reference die
| parallel to sa1d wafer ﬂat along the same row as aux111ary reference die to the
15 left to locator die. Thls is the last die i m the row of the part1a1 wafer. For the
automatic mode move the table from the auxiliary reference .d1e along the same
oW ae the reference die to the left noti_né coordinates one die at a tsme to the
end of the partial wafer and the locator die is (x1, yl).

v

20 . Step 23: Compute and upload the locator d_ie-. coordinates to wafermap
. data host.
Step 24: Using locator die ‘and auxiliary reference die <oordinate

information remove other partial wafer dies from the map.

T1-23990 {Page 14) |
Received Time h. Feb. 7:08 Print Time b Fet. 8:16



This Sheet Has Been R

HIIIIH 0l Ill IIII )

- | .Avoid'ell-mdves to.dieé in othe;.-' partial -wefers'.as.'f;ellewé: '
: . _a Locator d1e coordmate (x1 yl) is known
' .'.b Remove all d1es in the map whlch has the x coordmate greater than
'c - Au:nhary reference'die coo'rdir:xete (xé;yz) is knovs}n
: d. Remove all dles in the map wluch has the X coordmate less - 71an x2.
See Fig 20. Go to step 26 |
Step 25: Using auxiliary :_t'e'fefenee_ die coordinate information remove

10 other partial wafer dies from the map.

Avoid all moves to dies-_in other partia_ll wafers as i"ollows:

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

b. Remove all dies in the map- w]nch has the x coordmat;e less ~han x2.
15 | See F1g 21.

Step 26: Start die mount using map.

. The loca'af;or die. caﬁ be any die in the _wafer, even the .reference die and
~depends on the cuf. of the wafer. Any die in the wafer can be the auxiliary
.20 fefemﬁce'die except the referenee die and it may ehange to diffefent positions
_depeﬁding on the cﬁt'of the wafer. The process cxéates an aixxiliary referenee
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.

| TI-23990 (Page 15)
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'22 shows the locator d.le and auxxhary reference d1e pos1t10ns for d1fferent

_ ;wafer cuts

R Altheugh.- tﬁe 'preeenf i_nf;_enti_on and its adﬁaﬁteges have been described
' in 'detail: it shiould l;e" ‘-underébOOd .' 'ﬂx'af -\'ra-rioixs changes, subsﬁtutions‘ and |
alteratlons can be made herem w1thout departmg from. the splnt and. scope of :

: 'the mventxon as deﬁned by t.he appended claums

_ TI-23990 (Page 16)
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A method of prooessmg a wafer oontalmng d1es and havmg a wafer flat

o compnsmg the steps of

' cuttmg a whole wafer w1th cuts perpendrcular to the wafer ﬂat to

| produce partlal wafers,

. sawmg said part1a1 wafers along thoroughfares to form c'hes on a
backing; |
doWnloadi'ng a .v.vaffer-map of‘-said whole- Wafer into 'a processor;
| loadmg one of said. partxal wafers onto a processmg table,

searchmg for a referenoe die and an auxiliary reference die;
if said reference die is found moving said table and said part1a1
wafer to the left along a reference die row parallel to said wafer ﬂat uatil end of
dies in the reference die row to find a locator die, determmmg lncator die

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

locator die coordinates; and

- mounting said paz'tlal wafer dies using said map.

2. .The. method of Claim 1 'includ:ing the further step before m:wnting of

said partial wafer dies of moving the table positioning said wafer tasle to said
auxiliary reference die on the same row as said reference die and running'
parallel to said wafer flat as the reference die, moving the table o the left

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

T1-23990 (Page 17)
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. _d1e and locator d1e ooordmates and removmg other partxal wafer dies from sa1d '
| map usmg sa1d auxlhary referenoe d1e coordmates and said - locator d1e_

ooordmabes 1f sa1d referenoe dxe is not found in sa1d partxal wafer and not the_. L

R "last partlal wafer

' 3. The method of CIa1m 2 mcludmg before mountmg of said partlal wafer h
. d1es the further step of determmmg auxlhary reference die ooordmates and -

. removmg other wafer d1es from the map usmg saxd auxiliary reference dle

coordin_ate_s--if sa_id reference die is not found and said partial wafer is a last

- partial wafer.

4. The method o_f Clain_l 1 including the step before mounting of said

partial wafer dies the step of determining auxiliary reference die coordinates
and 'removix_lg other wafer dies from the map usiné said auxiliary reforence die -
coordinatee if said reference die is not found and said partial wafer is a last

partial wafer.,

6.  The method of Claim 8 wherein said auxiliary reference die is validated
by all moves to the right'not seeing any die.

'

6. The method of Claim 38 wherein said partial wafers are taken in order

from right to left from that containing the reference die.
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- 7 ﬁe method of Clmm 6 wherem saxd aumhary reference d1e coordmates
-7 -
| 1s located by addmg one dle step on the reference die row from the locator e o-

the prevmus partxal waf_er
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