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PARTIAL SEMICONDUCTOR WAFER PROCESSING 

TE9~CAL FIELD OF· THE INVENTION 

This invention relates . tO semi~nductor wafer process~g and more 

particularly to partial w~ prQGessing in die 'bonders for.waferm~p operations. . . 

·RELATED CO-PENDING APPLICATION 

This invention is related t.o Application Serial No. 08/667,246 filed June 

20, 1996 entitled, "Method and Apparatus for~ the Position of Die on a 

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

reference. 

BACKGROUND OF THE INVENTION 

Semicon4uctor manufacturing includes the prooess of die attached 

performed. by a die bonder or die attach machine. The basic operation of die 
~ . . . . 

bonde~ is to mount dies on lead.Cram.es. The die bonder ·deposits epoxy on the 

· lead frame· pad, picks up ~ 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 di~ is picked up by suction. The good cJi,es are individually picked 

up _md placed on 8, lead frame. To do this tb,e l~tio~ of the die must be 
. . . 

precisely k~own·so the machine .can pick up the die. 

The .s~oon ·wafer provides several patterns, to form a plurality of se~­

oonductor circuits. ·The individual integrated circuits on the wafer are 

. . 

separated. by horizon,tal and vertical thoroughfares. The· thoroughfares are 

border spaces b~tween the semiconduct.or devices on the wafers. Along these 

thoroughfares are form.~d the saw streets when a cutter passes through them 

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

referred to as sawing. Be.fore cuttizig the separate circuits, the back of the 

wafer is placed on a qouble 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 ~rded 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 coordinat.es does not accurately position the wafer table for the 

next die t.Q be picked. Small die wafer map operation on die bonder eq~ment 

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

w~fer coupled with the tape shrinkage on partially picked wafers makes the 

one·time correction oft.able jump distance for street width variation ineffective 

in ensuring the accurate table position. 
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A full :wafer h~ one referen~ die. Sometimes it is desirable to only use 

part of a wafer for a p~icular job and. store away the remaining for later use. 

The·partial use will ~ually result.in removal oft4e reference die. Therefore a 

reference ~e may not be ava.µable. 
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SUMM:ARY OF THE INVENTION . 

. In a~rdance with one embo~ent of the present ·invention coordinates 

for a locator die and/or an auxiliary reference .die are stored Of:l a wafer map of 

a given w~r. for locating dies on a p~ section of the given wafer. 

The~ and other ~atures of t~e inve.ntion that wil1 be apparent to those 

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

together with the accompanying drawings. 
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DESCRIPTIQN OF~IfE D~WINGS 

Fig. 1· is~ diagr~ of.the syst.e~.acoording to one· e~bodiment of the 

present·.invention; 

Fig. 2 illustrates ·a prior ~wafer and thoroughfares on a.wafer; 

Fi.g.·3 illustrates a prior art·waf~r'.With a refe~nce·index; 

Fig. Sa illUstrates w.a(er map coordinat.es; 

Fig. 4 illustrates a half wafer with reference die and auxiliary reference 

die according to one embodiment of the present invention; 

Fig. 5 illustrates refe~nce die and auxiliary reference die· for qwn-ter 

wafer processing; 

Fig. 6 is a fl.ow chart for partial wafer processing; 

Fig. 7 illustrat.es reference die, auxiliary reference die and locator die for 

half wafer processing; 

Fig. 8 illustrat.es reference die, auxiliary reference dies and locator die 

for quarter wafer processing; 

Fig •. 9 illustrates moving wafer table to ·locator die for half wafer 

processing; 

Fig. Sa illustrates moving wafer table t.o locator die .for half wafer 

processing in automatic mode; 

Fig. 10 illustrat.es moving wafer table to locator die in quadrant. I for 

quarter wafer processing; 
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Fig. ~Oa illu,scyates moving ·wafer table. to locator die for quarter wafer 

processing in automatic m<?4e; 

Fig. ll.illu8trates.step to determine if in second half of wafer; 

~g. .12 illustrates confirming · aWtjliary reference die position in half 

wafer processing; 

·Fig. 13 is a flow eh.art to d~termine quadrants 2, 3, or 4; 

Fig~ i4 illustrates· method of fin~ quadrant 2 m quarter wafer 

processing for quadrant 2; 

Fig. 15 illustrates method of finding quadrant 3 m quarter wafer 

processmg; 

Fig. 16 illustrates method of finding quadrant 4 in quarter wafer 

processing; 

Fig. 17 illustrates computation of auxiliary reference die in h.8.lf wafer 

processing;. 

Fig. 18 illustrates computation of auxiliary reference dies in quarter 

wafer prooesi;ing; 

Fig. 19 illustrates removal of second ~ die coordinat.es. from map in 

half wafer processing; 

Fig ... 20 illustrate removal of first half die coordinates from map in half 

·wafer processing; 

Fig. 21 illusti:ates rem~val of second, third and fourth quadrant die 

coordinates from map during quarter wafer processing; 
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Fig. 22 illustra~ ·. tell':loval of first, t~ and fourth quadrant die. 

coordinates from map i:11 quarter wafer processing; 

Fig. 23 illustrates remov.al of first, second, an<j. fourth quadrant. die 

coordinates from.map in quart.er wafer processing; · 

Fig. 24 illustrates . removal of first, seoond,. and third quadrant die 

coordinates from map_"in quarter wafer-processing; 

·. Fig. 25 illustrates reference die,. aw9llary reference die, and· locator die 

for half.wafer processing for a different wafer cut; and · 

Fig. 26 illus~tes reference die, auxiliary reference dies and locator die 

for·quarter wafer processing for a different wafer cut. 
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DETAILED DESCRIPTION O~ THE ~NTION 

Referring .to Fig. 1, t4ere is illustJ;ated a sche~tfo representation of an 
.. . 

.alignment systeµi tising a die ~oilder:(die mounter·or die attach).-that may be 

used in the fi;tbric~.tion.process of integrated circuits. on silicon wafers according 

. ·.to the present inventio~ The die bonder may be, for. exainple, Abacus_ n;m-SA 
. . 

_Die Bonder of Texas lns~ents Incorporated. A die bonder dispenses. epoxy . . 

on a die pad-of a lead fr~e and mounts the die t.o 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 arm 25a ~ suction end effector 25b, picks up the die and places 

the die and on pad _33 of lead frame 31 by arm adjuster 29. The robot 25 is 

controlled by processor 28. The lead frame handling system 40 moves and 

positions the lead frame to allow placement of the die. The lead frame 

handling system 40 also ·applies the epoxy to the pad 33 of lead frame 31 before 

the die is placed on ·the lead frame 31. The wafer table 22 via the adjuster 24 

moves the wafer 20 to locate·the next die under pro~am 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 ~yste~ 19 

takes over for good alignment initiated by processor 28. The align system 19 

consists of a prooessor 26, display 27, storage ~vice 23, camera 34, and camera 

35. The align system 19 provides an align correction signal to align a die 

aocurate]y and is coupled to processor 28. During the alignment process, an 



----------------===-==============-==~·-·······~········~·······~·---~---··-··········--··-·· ........ "-·--·---··---··-·--- ·-·--·-"~·~· 

9 

output- signal _is_ produced by processor 26 and, the ·output signal may be · 

delivered to the table adjuster 24 t~ugh_prooessor 28 so as t.o-.reposition the 

wafeJ: table in response ~ an output signal. The· substance of the-output sign~ 

may also be displayed by the .processor 26 on the display 27. In order to 

perfonn the ·alignment or .misregistration check, processor 26 ~ives a video 

image from a video camera 34 .(such as a CCD cai;nera) 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 digiti7.ed using, for example, a video to digital 

converter as part of the cam.era. Whenever an alignment is made, the processor 

26 takes a picture. via the cam.era 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 ~ is made the .align system talces a picture and looks for 

that pattern. In ·another. embodiment-the align system takes a picture and 

aligns to the four sides (streets) Qf the die. The pattern of the integrated circuit 

is taught or st.ored in_ a memory of the processor 26 or memory or storage 23 at 

the time the device is setup. The processor 26 calculates the displacement of 

the stored pattern (alignment point) to current patt.ern aild provides a 

correction -~ This displacement in x and. y direction is the x an4 y 

~rrection. This correction signal dependent on the correction value through 

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

acc~ately positioning of the table so the die is picked up. If the displacement 

is too great so tb.e stored pattem to current pattern is too great the align 

system 19 will not be able to do the alignment. It is therefore very important 
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that befo~e aligntnent · is -done;· the. wafer table 22 is· moved close to the 

alignment point. The.precise location of the lead frame 81 rnay be determined 

by align ·system 1~ ~ing a second camera 35 (such as a CCD video 

carne~a)also coupled .to. the p~r 26. The wafer map identifying the 

locat~ons of.the dies and which dies are good or bad.-are· stored in the wafer map 

in storage· 38. When bad ·dies have been identified_ they are marked and the 

. infonnation. is stored. in the st.orage_ 88 so that the system coupled to the 

storage knows the bad· dies and skips or jumps these bad dies. The align 

system 19 gives the correct distance to the wafer table adjuster 24 to move the 

table 22 if not aligned sufficiently for the pickup de~ce to p~ck up. the die. The 

robot. arm 25a picks up the properly aligned die and places it on the pad of the 

lead frame. The lead frame handling system 40 then moves the next lead 

frame pad into position. The present application is particularly directed to the 

step ·of acc~tely mo~ 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 4-0 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 wafe~ would contain unique line 

segments. The line segments 44 are thoroughfares extending to both 
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horizontal a~d ve.rtical directions separating the separate, integrated ~uits or · 

chips 41.. The wafers before being cut are stuck on.a double-backed tape 20b 

and the tape 20b. .. iS stre~ed over a ~upport ring 20a· as .illustrat.ed in Fig. 1. 

As the eu~r pa:sse~l tlirough·th.e; thoroughfares 44 the saw streets are formed 

which separa~ the individual die pieces or chips. After the cutting of the 

wafer, the _variation in saw s~t width· coupled wit~ the tape shrinkage due to 

p~g on the. tape, th0 wafer table jump may not be ·accurate. This is 

p_articularly true for large jumps between good dies. The saw street width vary 

across the wafer in both axes due to uneven wafer mount tape expansion, saw 

blade variations,· etc. There is also a change in distance between the dies, due 

to shrinkage of the tape on which the wafer is mounted, as the dies are picked 

off the wafer. Afte~ 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 pres.ent _invention modifies the cun:ent ~stem t.o allow for partial 

wafers. As ~ustrated in Fig. S, a traditional wafer ~ 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, ~aking wafer map processing impossible. 

The present invention prondes auxilia.ry reference dies for each partial 
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(quadrant or half) wafer and enables processing of partial wafers using 

wafermapping. 

Referring to Fig. 4 there.~ illustrated.two halfwafers·Hl and H2. The 

reference die is located in the. first half Hl and ·an· ·auxiliary reference die is 

located in th~ second·~ H2 in the lower right comer of H2 on the same row 

as the reference die. The auxiliary ~erence di~s for quarter wafer processing 

are located as illµstrated in.Fig. 5 at the corners of the intersections of the four 

quadrant dies. For quadrant Ql, there is only the reference die. 

Re~rring the Fig. 6, there is illustrated a flow chart for the processor in 

Fig. 1 for partial wafer processing. Fig. 7 illustrates the reference die, 

auxiliary reference die and locat.or die for half wafer processing. Fig. 8 

illustrates reference die, auxiliary r.eference dies and locator die for quarter 

wafer processing. 

It ~·a requirement that the first half or quadrant with the reference die 

be p~ssed in the die bOnder before the.rest are processed. Normally Ql and 

Hl· (see Fig. 4 or 5) is processed. first. 

The following ~1;eps are b~ed on the mro degree of wafer rotation angle. 

The same steps are ~ used for different rotation angles. 
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Step 1: U>ad partial (half.or quadrant) wafer into Die.Bonder ·(after 

Saw). 

Step 2: Download wafermap 4ta for the whole wafer from wafermap 

data host. 

Step 3: If the partial wafer l~aded is not first half (Hl) or first- quadrant 

(Ql) then go to st.ep 7• 

Step 4: Position· wafer table to reference die. 

"S~p 5: . Move the table to the locator die_ by automatic or manual means. 

See Figs. 9 and 10. For half wafer move wafer table from reference die along 

. the same row to the left to loca.f.or die. This is the last die in the row of the 

partial wafer. For quarter wafer processing in the manual mode move along 

the diagonal towards upper left corner. For the automatic mode move the 

table from the reference die al~ng the same row as the reference die to the left 

noting coordinates one die at.a.time to the enq of the partial wafer. The table 

is then moved up the column as shown in Fig. 9a and lOa until it reaches the 

end of the wafer. If the coordinate (x2, y2) of Fig. 9a which is at the _top of the 

.whole wafer theQ. it is a ·half wafer and the locator die is (xl, yl). If the 

coordinate (x2,y2) iS. below th~ top coo~ of a whole wafer ill the same 

column then it is a quarter and then locator die coordinate is (x2, y2) as shown 

. in Fig. lOa. 

Step 6: Comput.e and upload the loea.t.or die coordinates to wafermap 

data host. Go to step 10. 
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Step. 7: Position the wafer table t.o auxiliary reference die.· 
. . . . 

Step ·8; Find out whi~ qua~t of w~er or which half of wafer. 

· The· (ollowing method is used to find out which quadrant or half the 

partial wafer belongs .to .. 

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

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

b. From auxiliary reference die position, if wafer table is moved in four 

directions (left, right, up, down) for a certain mini.in.um number of 

times, aµ moves in the right direction of auxili.a.cy reference die 

should not see any die~ See Fig. 12. 

The flow chart of Fig. 13 is to determine which other quadrant than 

Quadrant 1. 

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

a. From auxiliary reference die position, if.wafer table is moved in four 

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

times, all moves in the right & up direction of auxiliary reference die 

should J,l.Ot see any die. See step Sb of Fig. is and 14. 

For third· quadrant· of wafe:t (Q3) the following are true: 

a. From awdliaiy reference die position, .if wafer table is moved in four 

. . 

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

times, all moves in the right & down direction of aux:ilia.rl' reference 

die should not see any die. See step Sc and Fig. 15. 



15 
For fourth quadrant of wafer (Q4) the foll.owing are true: 

a. From auxiliary· reference die position, if wafer table is ~oved in four 

directio~ (left, right, up, down) for a certain· minimum number of 

tim~s, all mQves in t~:left ~-do.wn direction of auxiliary reference 

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

Step 9: It co~putes a~ refere~ce ~e· coordinates for the particular 

partial (quadrant or·half) wafer as follows: Locat.or die coordinate is (xl, yl) 

known from ·step 5. 

For half wafer (H2): 

Auxiliacy referenc::e die coordinate (x2, y2) is 

x2=xl+l 

y2=yl . 

See Fig. 17. 

For second quadrant wafer (Q2): 

Auxi.liary reference die coordinate (x2, y2) is 

x2=xl+l 

y2=yl 

See Fig. 18. 

For. thi,rd quadrant wafer (Q3): 

Auxiliary ref~rence die coo~te (x8, y8) is 

x3=xl+ 1 



y3=yl+l 

See .Fig. 18. 

For fourth q~drant.-wafer (Q4): 
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AUxiliary reference die _coordinat.e (x4, y4) is 

x4=xl · 

y4=yl+.1 

See· Fig. 18. 

Step 10: Using. Joca.t.or die. ·and auxiliary die coordinate information 

remove other qu~d.raJ:.>,t or half dies from the map. 

First half wafer (HI): 

Avoid all moves tQ dies in second half (H2) of wafer as follows: 

a. Locator die. coordinat.e (xi, yl) is known. 

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

xl. See Fig. 19. 

Second half wafer (H2): 

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

a. Auxiliary ~nee die coo~te (x2,-y2) is ~own. 

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

See Fig~ 20. 

First quadrant wafer (Ql): 
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. . 

Avoid. all moves t.o dies: in secon4, third & . forth quadrant of wafer as 

follows: 

a. Locator die·coordinate (xl, yl) is known. 

b. Remove -all dies in. the map which ha.s the x coordinate greater than 

xl and the .Y oc;>ordiuates .greater than yl. Se.e Fig. 21. 

Second quadrant wafer (Q2): 

Avoid all moves to dies in first, third & .fourth quadrant of wafer as 

follows: 

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

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

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

Third quadrant wafer (QS): 

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

follows: 

a. Auxiliary reference die co0rdinate (x8, y8) is known. 

b. Remove all «Ues in the map whicli has the x· coordinate less than x3 

and the.y c.oordinat.e.s less than y3. See Fig. 28. 

Founh quadrant wafer (Q4): 

Avoid all moves_ to dies in first, second & third quadrant of wafer as 

follows: 



18 

a. Auxiliary reference die. coordinates (x4, y4) is. known. 

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

x4 and theycoordjnateslei;;s thany4. See Fig. 24. 

· The locator die can be any die· in the· wafer, even the reference die and 
. . 

d.epe~ds on the CU.t .of the w~~- Any die in the waf~r can be the auxiliary 

· refere,nce die excep.t. the reference di~ and it may chang~ 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 auxiliaey 

reference die acts as the . reference die for the. partial wafer map operation. 

Figs. 25 and 26 shows the locator die. and auxiliary reference die positions for 

different half wafer and quarter wafer cuts.· 

Although the present invention and its advantages have been described 

in detail. it should be understood that. various changes, substitutions and 

alt.erations can he made herein.without departing from the spirit and scope of 

the.invention as .defined by the appended claims. 
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WHAT IS C:LAIMED IS: 111111111111111111111111111111 
* C L M S * 

1. A method -for partial wafer processing-oo~prising. the steps of: 

identifying a reference die; 

determining a· locat.or die coordinate at an .edge or corner of. the partial 

wafer from. said reference die; 

storing said locator die coordinate in a wafer map; and 

mounting dies as recorded on said wafer map using said locator die· or 

said reference dte coordinates as a reference. 

2. The method of Claim 1 wherein said mounting step includes 

comvuting an auxiliary reference die coordinate from said locator die 

coordinate and using said auxiliary reference die as a reference for mounting 

dies. 

3. The method ·of Claim. 1 or 2 wherein said mounting step includes 

determining which half or quadrants said partial wafer belongs and removing 

the other half or quadrants from the ·wafer map. 

4. A method for partial wafer processing comprising the steps of: 

searching for a reference die and if i;:aid .reference die is identified 

determine and store a locator die _ooordinat.e on a wafer map at an edge of said 

partial wafer and genera~ one or more an auxiliary reference die coordinates 

----- - - -- - - --- - ------·---
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on said wafer map. fo~ one or more other partial .wafers adjacent the partial 

wafer inch~.ding said reference die_; 

sectiOn said. p¢ial wafer belongs ap.d 

remo~g the oth~r h~ or pfil'f'.i.al sectj.ons from said wafer map; and 

mout;tting <;lies as remai,n on said wafer map using said reference die or 

auxiliary re~erence die coordinates as a reference. 

5. A method of partial wafer processing comprising the steps of: 

' . 

providing a reference die in first half and/or first quadrant of wafer; 

creating locat.o~ die in the first half andlor first quadrant of said wafer; 

creating an auxiliary reference die in second half and/or second, third, 

and fourth quadrants .of said wafer; 

loading the wafer map of.the whole wafer; 

determinins- if the partial wafer contains the reference die and if so 

move table on which the partial.wafer is located to the locat.or die; 

uploading the locat.or ~ coordinates to .the wafermap host; 

if in the first half or first quadrant removing the other half or quadrants 

from.the map; 

if the panial wafer is _not in first half or first quadrant positioning wafer 

table .tO auxiliary reference die; 

.determining the quadrant or half the partial wafer belongs; 
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21 
computing auxiliary reference die coordinat.es an~ ~m.oving other 

quadrants or half dies from the map l!-Sing l~tor die and auxiliary die 

coordinates information; and 

mounting dies on a lead frame ·omitting removed dies from said-map. 


