METHOD AND APPARATUS FOR ALI GNI NG THE PCSI TION OF DI E SR

ON A WAFER TABLE TECHNI CAL FI ELD OF THE | NVENTI ON _

This invention relates to sem conductor circuit manufacturing and nore 5
particularly to apparatus and nethod for fligning the position of die

| ocated on a waf er tabl e. BACKGROUND OF THE | NVENTI ON
Sem conduct or manufacturing includes the process of die attached 10

erformed by a di r Qr die attach machi ne. The basic operation of die
P y AND APBARAT R ALIGNING THE POSITION OF DIE

ON A WAFER TABLE

TECHNICAL FIELD OF TBE INVENTION

This invention relates to semiconductor dreuit manufacturing and more

5 particularly to apparatus and method for aligning the position of die located on a

walfer table.

BACEGROUND OF THE INVENTION

Semiconductor manufacturing includes the process of die attached
10 performed by a die bonder or die attach machine. The basic operation of die
bonder is to mount dies on lead frames. The die bonder deposits epoxy on the
lead frame pad, picks up a die, and places it on the lead frame die pad. The
epoxy is a historic term and is actually an adhesive which uses no catalyst.

Tﬁe die is picked up by suction. The g06d dies are individually picked up

15 and placed on a lt;ad frame. To do this-the lecation of the die must be precisely
known so the machine can pick up the die.

The silicon wafer provides several patterns, to form a plurality of semi-
conductor circuits. The individual integrated circuits on the wafer are separated
by horizontal and vertical thoroughfares. The thoroughfares are border spaces

20 between the semiconductor devices on the wafers. Along these thoroughfares

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



bonder is to nmount dies on |lead frames. The di e bonder deposits epoxy on

t he | ead frame pad, picks up a die, and places it on the |ead
franme die pad. The epoxy is a historic termand is actually an
adhesi ve whi ch uses no catal yst The die is picked up by
suction. The good dies are individually g'cked up 15 and placed on a
lead frame. To do this-the location of the die must be precisely

known so the nayy pi ¢k Up the di e. The silicon wafer
provi des sever a O JHE ] IQNal ity of sem - conduct or

circuits. The |nd|V|duaI |ntegrated circuits on the wafer are separated
by horizontal and vektaesardaphemithght dgasbing Ph thet prosent dgifeation, drestizot oédth
spaces 20 bet ween the sem conduct or devices on the wafers. Al ong these
t hor oughf ares in both horzostdl andwdrtichbdisationd isasdasurdddiet@ediii t@iesPAISRSH
t hrough them separating the
orthogonal axes and these street widths are averaged to get an average street
S width value for the axes. This value is added to the nominal die dimensions to
arrive at the distance the wafer must be moved relative to a die pickup
mechanism.
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

10 together with the accompanying drawings.



2 SUMMARY OF THE | NVENTI ON I n accordance with the
teaching of the present invention, the street width I n both

hori zontal and vertical directions is nmeasured between a series of dies in
ort hogonal axes and these street widths are averaged to get an average
street 5 width value for the axes. Phis value is added to the nomi nal

di e di nensi ons arrive at the djistance the wafer nust be noved
relative to a dbi%@glw@m These and ot her
features of the invention that will be apparent to those . skilled
inthe art fromthe Fg.|lowi aglidera b thel estemh pobasdingf tot one prabediment of tthken
10 together with the acconpanyi ng draw ngs.

present invention;

Fig. 2a and 2b illustrate a wafer and thoroughfares;
3 Fig. 3 illustrates the overall table inde;zing steps on a wafer;
Fig. 4 illustrates the coordinates of the wafer;
Figs. 5-10 illustrate the next map die index procedure where Fig. 5
- illustrates the first move from the current die to the next map die;
Fig. 6 illustrates second move to mid-point die because first move failed;
10 Fig. 7 illustrates the third move to new mid-point die because the second
move failed;
Fig. 8 illustrates the fourth move to the next map die because the third
move was fine;
Fig. 9 illustrates the fifth move to mid-point die because the fourth move
15 failed;
Fig. 10 lustrates the 51xth move to next map die because the fifth move is
fine; and

Fig. 11 is a flow chart of the program for the jump operation.



3 DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a diagram

of the system according to one enbodi nent of the - present
i nventi on; Fig. 2a and 2b illustrate a wafer and
t horoughfares; 5 Fig. 3ill ustrates the overall table indexing
steps on a wafer, Fig. 4 1llustrates the coordi nates of the

waf er ; DETA&ED%ES@I@I@’FIHN‘EE{’?EEN@EWK)NWP di e index
procedure where Fig usirates ITst nmove fromthe current

die to the next map dj L1 ust lates. seco d. nove to
ni d- poi nt die becausehgl rm?g o, 5ig-flaitherg.is ﬂi%m% a sdRed At Efepresen P;Tq"tﬁ‘s? frap es
the third nove to new ngd int . die ecau(g(g_ t.he second

fail ed: n using p (g bgp (ﬂ?emPBeﬁemrr%%u?eb)tqbetmbmp

di e because the th| rd nove was fi ne; Fig. 9
i lustrates the #5edi thefabrieatiandprsetsstof intenméedheisatitsta silieont Wafirovaccording

S to the present invention. The die bonder may be, for example, Abacus 111D-SA
Die Bonder of Texas Instruments Incorporated. A die bonder dispenses epoxy on

a die pad of a lead frame and mounts the die to the pad. A silicon wafer 20 is

carried by a table 22 which is moveable in conjunction with a table adjuster 24,

which is coupled to table 22. A robot 25 of the system, including a controllable

10 arm 25a and suction end effector 25b, picks up the die and places the die and on
pad 33 of lead frame 31 by arm adjuster 29. The robot 25 is controlled by
processor 28. The lead frame handling system 40 moves and positions the lead

frame to allow placement of the die. The lead frame handling system 40 also

applies the epoxy to the pad 33 of lead frame 31 before the die is placed on the

15 lead frame 31. The wafer table 22 via the adjuster 24 moves the wafer 20 to
locate the next die under program control of processor 28 so that robot arm 25a

picks up the die from wafer 20 and places it on pad 33 of lead frame 31. After

the table 22 is moved to one good die the align system 19 tak.es over for good
alignment initiated by processor 28. The align system 19 consists of a processor

20 26, display 27, storage device 21%, 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 output signal is produced by

processor 26 and, the output signal may be delivered to the table adjuster 24



15 failed; Fig. 10 illustrates the sixth nove to next

map di e because the fifth nove is fine; and Fig.
11 is a flow chart of the programfor the junp operation.

4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring
to Fig. 1, there is illustrated a schema?ic representation of an

al i gnment  syst ethitfighthracddbd 1800 o c&HoSiHIBURE Yafd taBledn 3E4RAL) td 1AL lgﬁy be
used in the fabrication process of integrated circuits on silicon wal &rs

according 5

: th r | [ T i 0 r e, .for
exanpl e, Abacus S?%Hlml} thp SiEthhct %Ygﬂgooné T owe%fg ngtt?egﬁe}fsﬁfaged by the

| ncorporated. A g
frame and nmount &

10

15

20

bReRhT £5 1 R R BT 1R o rter P B Plmiment o
musregistration check, processor 26 receives a video image from a video camera
34 (such as a CCD camera) which is a subsystem of the alignment system. The
camera includes the optics to focus on the wafer or lead frame. The video signal
is digitized using, for example, a video to digital converter as part of the camera.
Whenever an alignment is made, the processor 26 takes a picture via. the camera
34 and looks for a pre-taught (stored) pattern. In one embodiment a unique
pattern is in the die and is stored and when an alignment call is made the align
system takes a picture and looks for that pattern. In another embodiment the
align gystem takes a picture and aligns to the four sides (streets) of the die. The
pattern of the integrated circuit is taught or stored in a memory of the processor
26 or memory or storage 23 at the time the device is setup. The processor 26
calculates the displacement of the stored i)attem (alignment point) to current
pattern and provides a correction signal. This displacement in x and y direction
is the x and y correction. This correction signal dependent on the correction
value through processor 28 is sent to the wafer table adjuster 24 from processor
26 for accurately positioning of the table so the die is picked up. If the
displacement is too great so the stored pattern to current pattern is too great the
align system 19 will not be able to do the alignment. It is therefore very
umportant that before alignment is done, the wafer table 22 is moved close to the

alignment point. The precse location of the lead frame 31 may be determined by



carried by a table 22 which is noveable in conjunction with a table

adj ust er 24, which is coupled to table 22. A robot 25 of the
system including a controllable 10 arm 25a and suction end effector
25b, picks up the die and places the die @nd on pad 33 of |ead

frame 31 by arm adjuster 29. The robot 25 is controlled by

processor 28. Thelifeagstermd® uBRREM s6g08 ¥siera 49 (sRYes AMTIPasddol @Rserh Eso
| ead frame to allow placenent of the die. The | ead frame handl i ng

t 40 al u | 4y &
system al SO coupled to tROPdcBsof bg ﬂ@%é%%y%& g Ul ldcg%sf(grg’gFéﬁ’fz

before the die is placed on the 1 ead frame 31. The wafer

er 10, 80) st Carkf TR SRed 1S (MBI 611 B adYared in the @O LS, ibWeorlEX B8 Wi, o

under program contro processor SO r obot

up the die fromwafer 20 apd places |t on pad 33 of |lead frane 31. After
the table 22 is HVEES ga%ﬁ‘éew(saﬂﬁ?%ﬂtqa{@ra% ed pad dhe 1Rformpiaen Kyepredon

good alignnent initiated by processor 28. The align system 19
consists of a pribestgsge 39 go that the systemppupled 1o thet sterage kaevs ¢lee D3] drameda
34, and canera 35. The align system 19 provides an align
correction si gnadkpsorguings thesh lendadiesir Bheblygrmndtdns 18 @iNdsate torrect distance to

processor 28. During the alignnment process, an output signal is produced by
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 leaa frame handling

10 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 reducble
15 ldyout 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 aH wafers would contain unique line segments.
The line segments 44 are thoroughfares extending to both horizontal and
20 vertical directions separating the separate integrated arcuits or chips 41. The
walfers before being cut are stuck on a double-backed tape 20b and the tape 20b
is stretched over a support ring 20a as illustrated in Fig. 1. As the cutter passes

through the thoroughfares 44 the saw streets are formed which separates the



processor 26 and, the output signal may be delivered to the table adjuster
24 _ 5 t hr ough
processor 28 so as to reposition the wafer table in response to an out put
signal. The substance of the output signal may al so be di splayed by the
processor 26 on the display 27. in order to perform the alignnment or

m sregi stratio r QG regel V, a.vid i fo . \vi deo
camera 5 gpEky, BEIERRE chiber FEh URS Pl 0ROy, (PO
al i gnnment system The . anera includes the opti to focus on the
wafer or |ead fyhEreetrgdth &E@l?‘:ﬁﬁgltg" tape Sﬂ“nﬁafw’es‘ﬁtﬁ @i @%Ofﬁ&‘%@mf
exanple, a video to digital converter as part of the camera. _
Wienever an al i YateE kbl Jumpdeay pplebecsurmte ofhisas partislaghpirue fordaygeyumims

camera . 34 and | ooks for a pre-taught (stored) pattern. In one
enbodi nent a unbafween g6od diespdbe eawm strseti widttheanyi seresn dhe wagiron ddtlaacdkswhen an

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

10 As shown in Fig. 3, the overall procedure is to imtially sample for the
average street width computation before jumping to pick the first die. The wafer
has a reference die 60 as shown in Fig..3. The x and y distance is from the
reference die 60 to the current die as shown in Fig. 4. The mid-points of the die
is used. In applicant’s preferred embodiment the system determines the average

15 street widths by 5x and 5y corrections. This could be done by jumping five times
up from the reference die and collect y corrections and jump five times left from
the reference and collect x corrections. By jumping five times diagonally one
can collect 5x and 5y corrections. In Fig. 3 five jumps are shown but seven
jumps maybe desirable for more accuracy. The align system 19, after each die

20 jump, performs alignment and determines the x and y corrections. The
corrections are the street widths in x and y directions. These five (alternative 7)

corrections for x and y directions are separately added up and divided separately

by five (alternative 7) to get the average street widths in both x and y directions



systemtakes a picture and | ooks for that pattern. In another enbodi nent

t he align systemtakes a picture and aligns to the four sides
(streets) of the die. The pattern of the integrated circuit is
taught or stored in a nenory of the procgssor 26 or nenory or

storage 23 at the time the device is setup. The processor 26 15
cal cul ates the displacenent of the stored pattern (alignnent point) to

current pattern and provides a.correction signal. This

di spl acement in todavidusl diuetingd what is termedi ‘Gidshe PhidFodkss rr@l‘éHeQ”to 1hi's
correction signal dependent on the correction val ue through
processor 28 is &Rithg! Betd€ lthh @ C&r‘c‘éﬁt@rth@ adi r.0GESSOo

26 for accurately p05| tioning o thep‘% e so the @l e (?.rsalg BdSQpced op g he
20 di spl ace [ he .stor ter,n to current pattern
is too great thg&Qltblé ﬁaé{%g“g‘i’ incé ‘%%"@W‘u W‘ﬁd‘fﬁﬂ‘b BEAOVEr 2 singdasn ealled
alignnent. It is erefore very nportant that before alignnent

i s done, the vvaf% 2 8n 3 Xk "Hﬁl?/léd"aé‘lfro‘éiélet oherecation of the diegl dryteeoriginal

poi nt. The preC| se location of the lead frane 31 may be determ ned by
walfer 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 waf(;r coupled
10 with the tape shrinkage on partially picked wafers makes the one time

correction of table jump distanpe for street width variation ineffective in

ensuring the accurate table position.



6 align system 19 using a second canera 35 (such as a CCD vi deo

canera)al so coupled to the processor 26. The wafer map
identifying the locations of the dies and which dies are good or
bad are stored in the wafer map in storage 38. Wen bad di es have

been identified they are marked and the information is stored in 5

the storage 38 sepidedly! MEorsuahie, a0ERIiE ot deriBRWSBLANE AW ot 1S hag i es
and skips or junps these bad dies. The align system 19 gives tThe

correct distancendws the table zzt(?%r &%Lgfag&%iyeﬁ%gj g%s({:%fsgécé %ien%pg E,Fg%habl e

22 if not aligned sufficiently evi ce Bip
the die. The ro rm 25a picks u he pr.oper | al i gned die and
places it on t hle%% B’éﬁ’eg} “f‘ﬁé%"e %g&@n lgﬁ%'%lag‘éémi Heeapd 4 gerrergion g stored.
system 40 t hen ngves the next |ead frame pad into position. The present
application is paftiCaresenty Yereandy steget wedtht The d4blede groatdbye dvdisgidche
waf er table to every good die on the wafer so that the align
system 19 Tan a|d|l@1i)naﬂg aga@ and aligned agaioped thye amor ﬁﬂ)@@eﬁ(ﬁﬁh@ Sh@b@twﬂm 25
to pick up the good dies.
This is repeated moving one die diagonally, aligning and storing the correction.
After collecting all x and y corrections (5 for the example) an average is
determined by summing x and y corrections separately and separately dividing
by five, if five measurements are taken, to get the average street width. The
10 system then goes and picks up the first good die. Again it may be desirable to
take seven measurement and average the seven. The system continuously
updates the distance from the reference die 60 to the current die and uses this
information and average street width information for the next jump. The known
bad dies are jumped over. The bad dies are noted in the memory map in the
15 storage 38. The next die position, from one reference die to the next, is computed
using the following equation:
Distance from Reference die is = the current die position - the reference die
position.
This is represented in Fig. 4 where ry is equal to the distance in the horizontal
20 direction from the reference die and ry represents the distance from the reference
die in the vertical direction.

The next die position is equal to:



Referring to Fig. 2a there is shown silicon wafer 20 with a reducible 15

| ayout 40 shown there on. An expl oded section 42 shown in Fig. 2b shows
four scribe line segnments 44 defining chips 46. Al though the
pattern formed by the descri beg segnents shown in expl oded
section are uniform it is to be underst 84 t hat an expl oded vi ew

on nost all waf gl.ssepy t?oqﬂttEE e | i %'{%ﬁg’hom zontael curm t%%' =] (hil ne

segnents 44 are thoroug fares ex en 'io b

verti cal dlrectlons se aratl t he se e inte ;at d ci s or chips
41. The ik %tg B"@fi{}?‘é thedis 8[1% “HgﬁB(i‘?"Sﬁcked t ape
20b and the tape 20b Is stretched over ulpport ring 20a as
illustrated in Fig. HBor lasgupnmpeul tditechdumpsis unsuccesst tthvdLiiyon e the mid-

t horoughfares 44 the saw streets are formed which separates the
7 point. The jump is unsuccessful when alignment fails as discussed above. That

S is the stored unique die pattern or the four sides of the die don’t align with the
camera picture within a degree of tolerance. The system will reiterate until
successful using the procedufe lustrated in.Figs. 5-10. The first move from
current die to next map die is shown in Fig. 5. The second move (Fig. 6) is to the
mid-point die because the first move failed. The third move (Fig. 7) is to a new

10 - mid-point die because the second move failed. The fourth move (Fig. 8) is the
next map die because the third move is fine. The fifth move (Fig. 9) is to mid-
point die because the fourth move failed. The sixth move (Fig. 10) is to next map
die because fifth move is fine.

In accordance with the flow chart of Fig. 11 the operation of the processor 28

15 containing the program is as follows:
Steps Action
1 Compute next die position.
2. Jump to the next die posi.tion.
3. If the next die position is accurate, then go to step 11.
20 4. If not calculate the coordinates of the midpoint between the current
and next die.

5. If no midpoint coordinates, then error exat.



i.ndi vi dual die pieces or chips. After the cutting of the wafer, the
variation in saw street width coupled with the tape shrinkage due
to pulling on the tape, the waf er table junp nmay not be accurate.
This is particularly true for |arge junps bet ween good di es. The
saw street wdth vary across the wafer i Albot h axes due to uneven

5
waf er nmount tape expansion aw,bl ade .vari ations,_ etc., Jhere i.s alsag a
change in distance bgigﬁenguhmfpi%wgletéwse?n ‘éo?o(fdgﬁ%snigéleldo %ﬁ e otape %‘ﬁipﬁﬁtch
t he wafer jis nounted, as the dies are picked off the wafer. After
the sawi ng or eordmateg i +jng has occurred, the align system 19 and the
processor 28 conpute the average saw street width in both the
hori zontal and Vertical a%emputemidpoint coordinate pesitatnoasd jumiognidpoint idge.
overall procedure is to initially sanple for the average street
wi dt h conputati dh before jfudiei prgition & sdeutdte, thensthislipesitibheiswagidtered as a
has a reference die 60 as shown in Fig. 3. The x and y distance is fromthe

reference die 60 to the CpikeRtdiflpssi@sn SHPYNtI dlefhide. 4. The m d-points of
the die is used. In applicant's preferred enbodi nent the system

determ nes the ayerage Sy githfifin Woidh Bicolie theddiciatE B EARRss of M S
coul d be done by junping five 1ines

the midpoint between the current and midpoint die and then go to

step 5.
9. Calculate the next die position and jump to the next die position.
10 10. If die position is not accurate, then go back to step 4.
11. Update current die coordinate.
12. Compute distance from reference die.

A set pseudo code for the program is provided herewith as follows.

INDEX_NEXT_MAP_DIE(current_die, next_map_die)
15 {

next_die = next_map_die;
next_die_position = CALCULATE_NEXT DIE_POSITION(current_die,next_die};
JUMP_TABLE {next_die_position);
20 align_value = ALIGN_DIE();
iF{align_value ==ALIGN_OK)
{
UPDATE_CURRENT_DIE_COORDINATES():
UPDATE_DISTANCE_FROM_REF_DIE():;
25 RETURN (0} ; '
}
mid_point_die = (next_die - current_die) /2;
IF{mid_point_die == 0}
{

30 ERROR IN FINDING NEXT MAP DIE
RETURN (11};
1
DO_FOR_EVER: . .
35S {next_die_position = CALCULATE_NEXT DIE_POSITION{current_die;mid_point_die);

JUMP_TABLE (next_die_position);
align_value = ALIGN_DIE(}.

IF{align_value == ALIGN_FAIL}
40 {
next_die = mid_point_die;
mid_point_die = (next_die - current_die)} /2;
IF{mid_point_die == 0)



up fromthe reference die and collect y corrections and junp five tines

|l eft from the reference and collect x corrections. By junping five
ti mes diagonally one can collect 5x and 5y corrections. In Fig. 3
five junps are shown but seven jjyps maybe desirable for nore
accuracy. The align system 19, after each die 20 junp, perforns

al i gnnent and deteftnines the x and y corrections. The

corrections are the B "Rt HET MP0rand y directions. These five
(alternative 7) ) corrections for x and y directions are separately
added up ahd di vi de™s epaPmEERy by five (alternative 7) to get

t he average street widths in both x and y directions

8 i ndi Wuchead did F Gikd_bsint REH What is terned "dies". This process is
referred {p as Dexr-qie - SEIMgdiBef oTEeNm((:ugti ng the separate circuits, the
back of the waf erJUﬁFS-__Ti@tpﬁ(oQ (ﬂ@ oitions- T_DIE_POSITION (current_die;next_die) ;

align_value = AEIGN__DIEH:
IF(align_value ==ALIGN_OK)
{

15 UPDATE_CURRENT_DIE_CCOORDINATES(} ;
UPDATE_DISTANCE_FROM_REF_DIE() ;
RETURN (0);
}
mid_point_die = (next_die - current_die) /2
20 IF{mid_point_die ==0) {
ERROR IN FINDING NEXT MAP DIE
RETURN (1};

}
GO TO DO_FOR_EVER;
25 }

CALCULATE_NEXT_DIE_POSITION{current_die, next_die)
{
next_die_position = DISTANCE_FROM_REFERENCE_DIE +
30 {(next_die - current_die) * (average_street_width . die_size);
RETURN (next_die_position};
}

S UPDATE_DISTANCE_FROM_REF_DIE()
3 { .

DISTANCE_FROM_REFERENCE_DIE = current_die_position - reference_die _position;

}
40

UPDA'I‘E__CURRENI‘_DIE_COORDINATES ()
{
current_die = next_map_die;

45 }



doubl e backed tape which in turn is stretched Iike a drumover a ring base

call ed flexframe on a controllable wafer table. The | ocation of
the dies on the original wafer is recorded on the wafer map stored
in a menory. After sawi ng the wafer, the dies are noved. Hence
novi ng the wafer table per the wafer rnatlp3 coordi nat es does not

accurately posiﬁmﬁmﬁ?jﬁm for the next die to be pi cked.
Smal | die waf er map operation on di e bonder equi pnent is not feasible
because of this. The,yariation in the saw stregt W HR8 el fer
coupl ed 10 Wi t%ﬁ%&ﬁt%‘ﬁ; EhT |§“ AK A ogﬁnSér%t?Agaﬂ;%?cfeg v(\a/apgdre\sé@‘rr%ﬁges
the one tine . ., correctjon of table junp distance for street w dth
vari ati on i nef fi8captad ith shoud Be ugdessteed, Lhéa%?ff?uglé?‘kgetsaﬁilgs%}fgf”f‘? Gipd

9 separately. For exanple, the die bonder knows the die size for a
device so it alterations can be made herein without departing from the spint and scope of

5 the invention as defined by the appended claims.



noves the table 22 one die diagonally fromthe reference die 60. The die

alignnent using the align system 19 is nmade and the Lon i s
st or ed. This represents the x and y streetg ’ﬂﬂlﬂg&lj@glﬂ is
noved one di e distance 5 di agonal {y again and t he

error represents the streets w dth. This is repeated noving one
di e di agonal |y, WHARIS CIaAMEDOIS:ng t he correction. After

collecting all x and y corrections (5 for the exanple) an average is
determ ned by sunmng x and y corrections separately and separately
di vi di ng by five, if five nmeasurenents are taken, to get the

average street widthy The, 10 fogy?%ﬁmet B@sﬁh&?ﬁé 2288 B CKSe 40, ttgﬁef i rst

good die. Again it may be desira take seven nmeasurenen nd

average the seven. The system continuqusly . . ates the distance
fromthe refer erfgﬂ’eﬁp g’ %é’et%‘q%"r?e eé’ﬁﬁgra@ﬁf C‘g‘i"é‘gén‘ﬂafﬁrs’é‘gga’rﬁs?mp”mg e steps
informati on and average street width information for the next junp. The
known 5 Whd dies are junped over. The bad dies are noted in the
menory map in the 15 storage 38. The next die position, from one

reference die to the omsstringsstoestpeidéls between at lessthgwo hedjdeht aliesnign both
equati on:

horizontal and vertical direction;
averaging said measured street widths;
generating a control signal proportional to an average street width plus a
10 nominal die dimension; and
moving said die pickup device relative to a wafer table a distance defined

by the control signal.

2. The method of Claim 1 wherein said .measuring step comprises
15 storing a pre-target reference die pattern;
stepping the position of the wafer table a nominal die length to a stepped
die and generating a die pattern of said stepped die and
comparing the pattern of the stepped die pattern to the reference die
pattern to measure the street width.
20
3. The method of Claim 2 wherein said stepping includes stepping
one nominal die length aléng a diagonal to simultaneously get horizontal and

vertical axes.



Di stance from Reference die is = the current die position - the reference
die posi tion. This is represented in Fig. 4 where r[err]
is equal to the distance in the horizontal 20 direction fromthe
reference die and ry represents the distance fromthe reference

die in the vertical direction. e next di ellmﬂuwﬁmwm

10 the distance fromthe reference die + (t m‘"z
current die) * (the average street width + the “di é s'zey. *The
symbol * refers to n]fltl

| cat For junps, if direct
junp is unsuccessf ul \F:* hﬁ% ¥ §1p¥ 3 ipluding repeate bS%r?PmW paripal s

unsuccessf ul ﬁg [ i nrrent fal | s as di scussed above. That is the
stored unique d b1t Boftepprd disupnd iggrerating tah@emaé%naqd séhparing the t he

stepped die pattern to said reference to get a street width.

5. An apparatus for relative positioning a die on a wafer table to a die
pick up device after cut;ting a wafer into dies comprising, in combination:

means for repeatedly measuring street width between a series of dies for
both horizontal and vertical axes;

10 means coupled to said measuring means for averaging said street widths,
and for generating a’contml signal proportional to an average street width plus a
nominal die dimension; and |

means coupled to said wafer table and responsive to said control signal to
move the relative position of the die on the wafer table with respect to the die

15 pickup device a distance proportional to the average street width plus a nominal

die dimension.

6. ‘The apparatus of Claim 5 wherein said means for sampling and

measuring includes a storage for storing a reference die pattern means, for

20 stepping the position .of the wafer table a nomin.al die length to a stepped die and
generating a stepped die pattern' and means for comparing said stepped die

pattern to said reference die pattern to measure the street width.



canera picture within a degree of tolerance. The systemw || reiterate
unti | successful using the procedure illustrated in Figs. 5-10.

5 “The second move (Fig. ) is to the . mapol IIITIEEAEIN:S

first nove failed. The third nove (Fig. istoanew* 1% ' "mid-pdint

di e because the secord no fal |l e nove 1. s the

next map di e because the th PHPAEVE IIQE%I ne> wFﬁgmf‘ 5Pt %Beéx)g(rf—l?zbns fludes ¢ o
m d- pQi nt e because the move fail ed. The sixth nove '
(Fig. 10) is to‘ﬂ(’é%ﬁquﬂ‘é‘i‘feppmgammlﬂ?Je‘ﬁ i"@é&%‘o?gﬁ drageBde is fine.

In accordance with the flow chart of Fig. 11 the operation of the processor

28 15 containing the programis as foll ows: St eps

Acti on 1. Conput e next die position. 2.
Junp to the next di e8posi Anapparatus for posifioning the dies on hfwaféretable)bm@iiging:
position is accurate, then go to step 11. 2 0 4 I f not

cal cul ate the coor di aabgftrdiabld@riveslPRafRl thRlkVaRIptdd 8o il 8Hd position dies
thereon after the wafer is cut forming streets or gaps between the dies,

said controllable wafel.' table being moved one die length along a diagonal
from a reference die;

a camera for viewing said dies on the wafer table positioned to view said

10 dies moved one die length from the reference die;

a memory. storing an image of a standard die;

a processor coupled to said ramera and said jmemory for comparing said
image of said standard die and the image from said camera to determine any the
street width for that die; and

15 » said processor adding said street width to the nominal dimension of said

die to determine the position of the die'

9. A method for locating good dies pn a wafer table after cutting a
wafer comprising the steps of: |
20 _a) storing the location of good dies and bad dies and a die reference
pattern;

b) determining the location of a reference die;



and next die. 5. I f no m dpoint coordinates, then error

exit. For Exanple: Between th and
5,7 there is no m dpoint coor di nat es. Tmmnl "mﬂm ute

m dpoi nt coordinate position and junp to gldelnt di e.
|f die position is accurate, then this pb ition is reglstered as a

current die positioncand gRviny satERaflible one die length on the diagonal to measure

a sampling die; |

d) aligning said sampling die to said die reference pattern and storing
the correction as a said street width or gap between dies and storing said

S correction;

e) repeating steps ¢ and d at least one more time;

H finding an average of said correction to determine an average
street width;

g jumping to said ﬁrst‘ good die based on the distance from the

10 reference die and average street widths;

h) aligning first good die to'said die reference pattern;

i) jumping to next good die skipping over bad dies and continually
'upciaﬁng distance from reference die to current die and ‘use this for next jump;

and

15 » for long jumps, if jumnp is Yailg achieve sufficient alignment of die to
said die reference pattern jumping to a mid;point of said jump and if that fails to
achieve sufficient alignment of the die tq said reference pattern reiterating mid-

point jumps until successful alignment., '

20 10. A method for positioning a die pickup device relative to a wafer
with a plurality of dies displaced on a wafer table comprising the steps of:
measuring street widths between at least two adjacent dies in each of two

orthogonal c'lireétions;



8. If the die position is not accurate, then ul ate the

coor di nat es of the m dpoi nt bet W;BM" H”m HB !mnd
m dpoint die and then go to step

Cal cul ate the next die position and ju to the next die p05|t|on

10. If die position is not accur then go back to step 4.

11. Updat e cusverfigingitBe feasutied atreot wxdthsineadil&.id orthogonaldirpdions;

di stance fromreference die. A set pseudo code for the programis
provi ded herew th asgér@&&x@mnml sgnalsle;a% XaNEXTo AR vBIze (et Width G Bach
next _map_die) 15 Xt _die = next_map_di e;

next di e_positi T 15 PSR! TI (&u e Al Sod 6%t oBiHE)en:

JUVP_TABLE( nextg% e_pos I on§ ; I% E% t% e ol said
orthogonal directions; and

s moving said die pickup device relative to the wafer table a distance in

each orthogonal direction defined by said control signals.



20 align_value = ALIGN DI E(); | F(al i gn_val ue ==ALI GN_CK) {
UPDATE_CURRENT_DI E_COORDI NATES() ;

UPDATE_DI STANCE_FROM REF DI E(); 25 RETURN (0); }
md_point_die = (next_die - current_die) /2; | F(m d_point_die ==
0) { 30 ERROR | N FI ND_I NG NEXT D E RETURN (1);

' ?bAPATIGNING, THE POSITION OF DIE
U [JU

CALCULATE _NEXT D

ARBX hePhRal s

»
JUVP_TABLE( next , dig=posi f i an.: . _align_value = ALI GN DI E();
| F(al i gn_val ue é—gﬁﬁ = ISCLOSUQE next _die = m d_point_die;
m d_point_die = (next_die - current_die) /2; ) | F(m d_poi nt _di
01 A method for determining:the position of a die on a wafer Table afier 3

wafer (20) has been cut includes stepping the wafer table (22) a series of one die
lengths diagonally and after each step compare the die pattern to a reference die
S to determine street widths between dies. The widths are then averaged. This -
averaged street width is added to the die length to at the computer (26) to
determine the jump distance between good dies. The distance from the reference
die is oontinuousiy updated and this i1s used with the average street width to
compute the next die position to jump. If the jump to the next die is
10 unsuccessful, jump back \to.mid-point and if that is unsuccessful, reiterate mid-

point jumps until successful.

FIGURE 3



12 { ERROR I N FI NDI NG NEXT MAP DI E RETURN (1); } 5

G0 TO DO FOR _EVER current _die = md_point_die; next _die =
next _map_die; 10 next die_position =
CALCULATE_NEXT_DI E_POSI TI ON(current _di e; next _di €);
JUMP_TABLE( next _di e_posi tion); alI/l n_val ue = ALI GN DI E();
| F(align_value ==ALIGN_OK) { 15 PDATE_CURRENT_DI E_COCRDI NATES( ) ;
UPDATE_DI STANCE_FROM REF_DI E() ; RETURN (0); } m d_point_die
= (next _die - current_die) /2 20 | F(m d_poi nt _di e ==0)
ERROR | N FI NDI NG NEXT MAP DI E RETURN (1), {
m
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GO TO DO _FOR_EVER;, 25

CALCULATE_NEXT_DI E_POSI TI ON( cur rent _di e, next _di e)

= DI STANCEFROVREFERENCEDI E + 30
current _die) [err] (average_street_wdth [err] die_size);
UPDATE_DI ST

(next _die_position);

next di e_position

(next _die -

RETURN

. FROM REF_DI E() 35
DI STANCE_FROM REFERENCE DI E = current _die_position -

reference die position; 40 UPDATE_CURRENT DI E_COORDI NATES()
currentdi e = nextmapdi e; 45
20 4 4
/
40
7
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its

into dies conprising

i nventi on and

on a wafer table with

CLAI MED | S:

it should be understood that

I e

the invention as defined by the
r1

3

alterations can be nade herein w thout
respect to a die pickup device after cutting a wafer

VHAT

In detail,
rel ative positioning a

substitutions and

departing fromthe spirit and scope of

appended cl ai .

Al t hough the present

of :

5

advant ages have been descri bed
A net hod for
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vari ous changes,
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measuring street wi dths between at | east two adjacent dies in both

hori zontal and vertical direction; aver agi ng sai d neasured
street w dths; generating a control signal proportional to
an average street width plus a 10 nom nal di e dinension; and

novi ng said di e pickup device relativetiyé?mafer tabl e a di stance defined
by the control signal. : . The nmethod of Caiml
wherein said neasuring step conprises 15 storing a pre-target
reference die pattern; stepping the position of the wafer
table a nomnal die length to a stepped die and generating a die
pattern of said stepped die and conparing the pattern of
the stepped die pattern to the reference die pattern to neasure

the street w dth. 20

Ny

| Reference die |

rx -> x Distance from 'Hefarence die
ry -> y Distance from Reference die




3. The met hod of Claim 2 wherein said stepping includes stepping
one nom nal die length along a diagonal to sinultaneously get horizontal

and vertical axes. 4. The net hod of
Claim 3 including repeatedly stepping one non nal die length to a
stepped die and generating a die patterms/aind conparing the st epped
die pattern to said reference to get a street w dth. 5 5.

An apparatus for relative positioning a die on a wafer table to a die
pi ck up device after cutting a wafer into dies conprising, in conbination:
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means for repeatedly nmeasuring street width between a series of dies for
both horizontal and vertical axes; 10 nmeans coupled to said
nmeasuri ng nmeans for averaging said street w dths, and for
generating a control signal proportional to an average street wdth plus a
nom nal di e dinension; and " _Jreans coupled to said wafer
tabl e and responsive to said control sidﬁéﬁlto nove the relative
position of the die on the wafer table with respect to the die 15

pi ckup device a distance proportional to the average street width plus a

nom nal di e di nensi on. 6. The appar at us of
Claim5 wherein said neans for sanpling and measuring includes a
storage for storing a reference die pattern neans, for 20 st eppi ng the

position of the wafer table a nomnal die length to a stepped die and
generating a stepped die pattern and neans for conparing said stepped die
pattern to said reference die pattern to neasure the street w dth.

5
g1
L

Reference die




16 7. The apparatus of Claim6 wherein said stepping

means i ncl udes nmeans for stepping a nomnal die |length along a
di agonal . 8. An apparatus for positioning the dies on a
waf er table conprising: 5 a controllable driven wafer table
adapted to hold and position dies 7/11thereon after the wafer is cut
formng streets or gaps between the dies, said controllable
waf er table being noved one die | ength along a diagonal froma
reference die; a canera for viewng said dies on the wafer
table positioned to view said 10 di es noved one die length fromthe
reference die; a nenory storing an i mage of a standard die;
o
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¢

a processor coupled to said canera and said nenory for conparing said
I mge of said standard die and the inage fromsaid canera to determ ne any

t he street wwdth for that die; and 15 sai d processor
adding said street width to the nom nal dinension of said dieto
determne the position of the die 8/11 9. A net hod for

| ocating good dies on a wafer table after cutting a waf er
conprising the steps of: 20 a) storing the | ocation of good
di es and bad dies and a die reference pattern; b)

determning the | ocation of a reference die;
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c) noving said wafer table one die I ength on the diagonal to neasure

a sanpling die; d) aligning said sanpling die to said
die reference pattern and storing the correction as a said street
wi dth or gap between dies and storing said 5 _correction;

e) repeating steps ¢ and d at |east onggpre tine; f)
finding an average of said correction to determ ne an average

street w dth; g) junping to said first good die based on
the distance fromthe 10 reference die and average street w dths;

h) aligning first good die to said die reference pattern

1) junping to next good di e skipping over bad dies and continually
updating distance fromreference die to current die and use this for next
j unp; and
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15 i) for long junps, if junp is fails achieve sufficient
alignnent of die to said die reference pattern junping to a

m d-point of said junp and if that fails to achi eve sufficient
alignnment of the die to said reference pattern reiterating md-

point junps until successful alignment. 10,20 10. A et hod
for positioning a die pickup device relative to a wafer wth a
plurality of dies displaced on a wafer table conprising the steps of:
measuring street wi dths between at | east two adjacent dies in each of two
ort hogonal directions; 18
averagi ng the neasured street widths in each said orthogonal directions;
generating control signals proportional to the average street width in each
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sai d orthogonal directions plus the nom nal die dinmension in each said

ort hogonal directions; and novi ng said die pickup device relative to
the wafer table a distance in each orthogonal direction defined by said
control signals.

11/11

1. Compute die position.

~

2. Jump to next die position.

10. Update die|,  Yes
coordinates

11. Computc distance
from refcrence
dic 4. Calculate coordinates of midpoint

| between curreat and next die.

Emor
Exit

6(a). Compute midpoint coordinates.

6(b). Jump to midpoint die.

7. Register position 8 Calaulate
as current dic coordinates
position. of midpoint between |
current
and midpoint die.

4

9. Calculate next die position.

l

Fig. 11



