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PARTIAL SEMICONDUCTOR WAFER PROCESSING

TECHNICAL FIELD OF THE INVENTION

This invention relates to semiconductor wafer processing and more

particularly to partial v_vgfer prooéssin'g in die bonders for wafermap operations.

; RELATED CO-PENDING APPLICATION

This invention is related to Application Serial No. 08/667,246 filed June
20, 1996 entitled, “Method and Apparatus for Aligning the Position of Die on a
Wafer Table, “ of Balamurugan. The application is incorporated herein by

reference. .

BACKGROUND OF THE INVENTION

Semiconductor manufacturing includes the process of die attached
performed by a die bonder or die 'attf,ach ma.chil.le'. The basic operation of die
b-ondel: is to moun? dies on lead frames. The die bonder deposits epoxy on the

-lead &aﬁe- pald1 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 die is picked up by suction. The good dies are individually picked

up and placed on a lead frame. To do this the location of the die must be

precisely known. 8o the machine can pick up the die.

The -silicon ~wafor provides several patterns, to form o plurality of semi-
conductor circuits. ' The individual mtegrated clrcuxts on the wafer are
separated by honzontal and vertical thoroughfares The' thoroughfares are
border spaces between the semiconductor devices on the wafers. Along t';hese
thoroughfdres 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 thehwafer map stored in a memory.
After _ﬁawing the wafer, the dies are moved. Hence moving the wafer table per
the wafer map ooordinates does not accurately position the wafer table for the
next die to be pioked. Small die wafer map opeLx;ation on die bonder eqt.xipme.nt
is not feasible because of this. The variation in the saw street width across the
wafer coupled with the tape shrinkage on partially picked wafers makes the
one time correction of table jump distance for street width variation ineffective

in ensuring the accurate table position.
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A full wafer has one reference die. Sometimes it is desirable to only use

part of a wafer for a particular job and store away the remaining for later use.
The partial use will usually result in removal of the reference die. Therefore a

reference die may not be available.
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SUMMARY OF THE INVENTION

In accordance with one embodiment of the present invention coordinates
for a locator die and/or an auxiliary reference die 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 -tl.le invention that will be apparent to those
skilled in the art from the following detailed description of the invention, taken

together with the aecoxﬁpanying drawings.
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DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram of the system .according to one ez_n_bodiment of the
present invention; | |
Fig. 2 illustrates a prior art wafer and thoroughfarés on a wafer;
Fig. 8 illustrates & prior art wafer with a refefence'inde:_q
| Flg 3a lllustrates wafer map coordinates; |
~ Fig. 4 illustrates a half wafer with reference die and auxiiiary reference
die according to one embodiment of the present invention; |
Fig. 5 illustrates reference die and auxiliary reference die- for quarter
wafer processing; |
Fig.6isa ﬂow chart for partial wafer processihg;
Fig. 7 illustrates reference die, auxiliary re_ference die and locator die for
half wafer processing;
Fig. 8 illustrates reference die, auxiliary referénce dies and locator die
for quarter wafer procéssing; ‘ |
Fig. 9 ilh}strates moving wafer table to ‘locator die _for half wafer
'processing;
Fig. %a illustrai_:és moving wafer table to locator die for ha]f wafer
processing in automatic mode;
Fig. iO illustrates moving wafer table to locator die in quadrant. 1 for

quarter wafer processing;



Fig. 10a illustrates moving w_afeg ,t‘;able,to Tocator die for quarter wafer
processiﬁg in autoxﬁatic mode; | |

Fig. 11-ﬂlﬁstrates.step to determine if in second half of wafer;

Flg 12 illustrates confirming -auxiliary reference die' position in half
wafex; procéssing; ' | |

Fig. 13'is a flow chart to de_terminé quadrants 2, 8, or 4;

Fig. 14 illustrates method of. finding quadrant 2 in quarter wafer
processing for quadrant 2;

Fig. 15 illustrates method of finding quadrant 3 in quarter wafer
processing; | |

Fig. 16 illustrates mqthod of finding quadraht 4 in quarter wafer
processing; | |

Fig. 17 illustrates computation of auxiliary reference die in half wafgr
processing; |

Fig. 18 illustrates computation of auxiliary reference dies. in quarter
 wafer processing;

Fig. 19 illustrates removal of second ha]f die coox.;dina.tes_ from map in
half wafer proéessing; -

Fig. 20 illustrate remov#l of first half die coqrdjnates from map in half
wafer prooessing;- | |

Fig. 21 illustrates removal of second, third and fourth quadrant die

coordinates from map during quarter wafér processing;
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Fig. 22 illustrates: removal of first, third, and fourth quadrent die
coordinates from map in quarter wafer processing;
Fig. 23 i]lustr_ates iemoval of first, second, and fourth quadrant. die
coordinates ﬁOm.map in quarter-wafer brooessing; :
Fxg 24 illus_t';rat;eS removal of first, second, and thi;d quadrant die
coordinates from map in quarter waf_ér— processing;
Fig. 25 i]ltistrates referen_oe die, auxiliary refe;ence die, and locator die
for half wafer processing for a different wafer cut; a_ﬁd '
Fig. 26 illustrates iceferenﬁe die, auxiliary reference dies aﬁd locator die

for quarter wafer processing for a different wafer cut.
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DETAILED DESCRIPTION OF THE INVENTION

Referring to Fig. 1, f._l:xere is ﬂlusf:ated a échemai;ic_ representatic:m qf an
~ alignment sysfem using a die bonder (die mounter or die attach):that may be
uéed in thé' fabrication process of integrated circuits.on silicon wafers aooofding
.. to the present in’vention, The die bonder ni_ay be, for. example, Abac".us" IIID-SA.
._Die Bonder of Texas Instrgm_ents Incorporated. A die bonder diépenses, epoxy
on a die pad-of a lead frame and mounts the die to the pad. A si]iconlwafexl' 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 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 proceésor 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 ﬁ:a_me 31. The wafer table 22 via the adjuster 24
moves the wafer 20 to locate ‘the next die undef_ 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 81. After the table 22 is n_xoved to one good die £he allgn system 19
takes over for good alignment initiated by processor 28. The align system 19
consists of a processor 26, display 27, storage device 28, camera 34, and camera
35. The align system 19 provides an ahgn correction signal to align a die

accurately and is coupled to processor 28. During the alignment process, an
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output. signal is. produced by processor 26 and, the output signal may be -

delivered to the tabie adjuster 24 thmlugh. processor 28 so as .to-.reposition the
wafer table in response f to an output signal. The substance of the outpu('. signal
' may sdlso be displayed by the processor 26 on the d1sp1ay 27 In order to
perform the ahgnment or mistegistration check, processor 26 receives a video
image from a video camera 34 (such as a CCD camera) wluch 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 _uniqqe pattern is in the die and is stored and
when an alignment call 18 inade 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 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 pattern- (a]ignment poinf) to cix'rrent pattern and provides a
correction SLgna.L This displacemept in x and y. dimcﬁon is the x and y
wﬁe&iog. This correction signal aependent on the mﬁection 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 étored pattern to current pattern is too great the align

‘system 19 will not be able to do the alipnment. It is therefore very important
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that before alignment is -done; the wafer table 22 is moved close to the

alignment point. The precise location of the lead framé 31 may be determined
by align system 19 usiné a {;econd camera 385 (such as a CCD video
camera)also coupled to. the processor 26. The wafér map identifying the
locations of the dies and which dies are good or bad-are étored in the wafer map
in storage 38. When.bad ‘dies have been ide‘nt.iﬁed_tfhej are marked and the
information is stored.in the storage 38 so that the system coupled ¢o the
storage knows the B_ad’ dies and skips or jumps these Bad dies. The align
system 19 gives the correct distance to the wafer table adjuster 24 to move the
table 22 if not aligned sufficiently for the pickup device to pick up the die. The
robot arm 25a picks up the properly aligned die and places it on the pad of the
lead frame. The lead frame handling system 40 then moves the next lead
frame pad into position. The present applicatioh is p,articularl& directed to the
step-of accurately moving the wafer table to every good die on the wafer so that
the align system 19-can align the die properly and enable the robot arm 25 to

pick up the good dies.

Referring to Fig.-2a there is shown silicon wafer 20 with a reducible
layout 40 shown there on. An exploded sectién 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 segmeﬁts 44 are thoroughfares extending to both
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horizontal and vertical directions separating the separate. integrated. circuits or °

chips 41. The v'vafers. before being cut are stuck on a double-backed fape 20b
and the tape 20b.is stretche;l over a support ring 204, as illustrated in Fig. 1.

As the cutter passes. throughthe thoroughfares 44 the saw streets are formed
which s.e.sp.arabes.t':he iﬁdividual die pieces or chips. After the cutting of the
wafer, the jariatioﬁ 1in saw street width coupled with the tape shrinkage due to
pulling on tﬁe. tape, the wafer tablé jump may not be accurate. This 1s
éarticular]y_ true for Iérge jumps between good dies. The saw street width vary
across the wafer in both axes due to uneven lWafér 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

horizontal and vertical axes.

The present _inventidn modifies the current system to allow for partial
ws-:fers- As ﬂlﬁstrated; in Fig. 8, a traditional fvafef map system uses a single
' ﬁxéd' reference point. This reference die may be identiﬁed by the right most
fally patterned die in the fivst row next to the blanks. Fig. Sa illustrates wafer
map coordinates. If the wafer is separated, then all pieces (partial) except one

will be without reference points, making wafer map processing impossible.

The present invention provides auxiliary 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 is illustrated two half wafers H1 and H2. The
reference die is located in the ﬁrst half H1 and an -auxi'liz.u'y reference die is
located in the second half H2 in the lower right corner of H2 on the same row
as the reference die. The auxiliary r_eferenbe dies for quarter wafer processing
are located as illustrated in Fig. § at the corners of the intersections of the four

quadrant dies. For quadrant Q1, there is only the reference die.

Referring 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 locator die for half wafer processing. Fig. 8

illustrates reference die, auxiliary reference dies and locator die for quarter

wafer processing.

. It is a requirement that the ﬁi_st half or quadrant with the reference die
be processed in the dié bonder hefore the rest are processed. Normally Q1 and

H1 (see Fig. 4 or 5) is processed first.

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

The same steps are also used for different rotation angles.
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Step_ 1: Load partlal (half .dr quadrant) wafer into Die . Bonder (after
Saw). | | |

Step 2: Download wgfermap data for the whole wafer from wafermap
data host. | o |

Step 8: If the partial wafer loaded is not first half (1) or first quadrant
@thengotostepT.

Step 4: Position wafer table to reference &ie.

'Ste'p 5: . Move the table to the locator die by automatic or manual means.

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

‘the same row to the left to locator 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 towgr&s upper left cbmer. For the automatic mode move the
table from the 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. The table
is then moved up the column as shown in Fig. 9a and 10a until it reaches the
end of the wafer. Z_lf the coordmate (x2, y2). of Fig. 9a which is at the top of the
whole wafer then it is a -half.' wafer and the locator die is x1, y1). If the
coox;dinate x2,y2) 1s beloﬁ the tdp coordinate of a whole wafer in the same
column then it is a qu and the_n locator die éoordinate is (x2, y2) as shown
" in Fig. 10a. | |
Step 6: Comﬁute and upload the locator die coordinates to wafermap

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

Step 8: Find out which quadrant of wafer or whmh half of wafer.
-The foﬂowing- method is used to find out which qm&wt or half the
pax;tial.wafer belongs to. | |
. For second h}z,lfof wafer (H2) the foliowing step 8a of Fig. 11 are tru'e:.

a.- Auxlhary reforence die row is same as refereﬁée die row.

b. From auxiliary reference die position, if wafer table is moved in four
directions (left, right, up, down) for a certain miniinum number of
times, all moves in the right direction of auxiliary reference die
should not see any die. See Fig. 12.

The flow chart of Fig. 18 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 dire_ction of auxiliary reference die
should sot ses any die. See step 8b of Fig. 18 and 14, |

For third quadranﬁ of wafer (Q8) the following are true:

ﬁ. From au:nlla.ry referenee. die position, if wafer table is moved in four
directions (left, right, up, down) for a certain minimum number of
times, all ﬁoves in the right & down direction of auxiliary reference

die should not see any die. See step 8c and Fig. 16.
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For fourth quadra.nt of wafer (Q4) the followmg are true:

a. From aux:lhary reference die posn;mn, if wafer table is moved in four
directions (left, right, up, down) for a certain' minimum number of
times, all moves in the:left &_'.dqwn direction of auxiliary reference

riie's_hould not.see'- any die. See step'8d and Fig. 16.

Step 9: It com;rutes au:dlrary reference die coordinates for the particular
i)artial (quadrant or-half) wafer as follows: Locator die coordinate is txl, yl)
known from step b.

For half wafer (H2)

Auxiliary reference die coordinate (x2,y2) is

x2=x1+1
y2=yl

See Fig. 17.

For second quadrant wafer (Q2):

Auxiliary reference die coordinate (x2, y2) is

x2=x1 +1
y2= yi |

See Fig. 18.

For third quadrant wafer Q3):

Auxiliary reference die coordmate (x8,y3)is

x3=x1+1
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y3=yl+1
See Fig. 18.;
For fourth quadraxit_-wa:ﬁér Q4):
Auxiliary reference die coordinate (x4, y4) is
x4 = xi _'
y4=yl+ 1
See Fig. 18.
Steﬁ 10: Using locator die and auxiliary die coordinate information
remove other qﬁadrant or half dies from the map.
First half wafer (H1):
Avoid all moves to dies in second half (H2) of wafer as follows:
a. Locator die coordinate (x1, y1) is known.
b. Remove a]l dies in the map which has the x coordinate greater than

x1. See Fig. 19.

Second half wafer (H2):

Avoid_-all moves to aies in first half (H1) of wafer as follows:

a. Auxiliary reforence die coordinate (2, y2) is known.

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

See Fig. 20.

First quadrant wafer (Q1):
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Avoid all moves to dies in second, third & forth quadrant of wafer as

follows:
a. Locator die coordinate (x1, y1) is known. |
b. Remave all dies in.the map which has the x coordinate greater than

x1 and the y coordinates greater than y1. See Fig. 21.

Second quad.ra#ﬁ wafer (Q2): _

Avoid all moves to dies in first, thn'd & fourth quadrant of wafer as
follows: |

a. Auxiliary reference d1e 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 (Q8):
Avoid all moves to dies in ﬁrsi:, second & forth quadrant of wafer as

follows: |
a. Auxiliary reference die coordinate (x3, y3) 1s known.

b. Remove all dies in the map which has the x coordinate less than x3

and the.y coordinates less than y3. See Fig. 23.

- Fourth quadrant wafer (Q4):
Avoid all moves to dies in first, second & third quadrant of wafer as

follows:
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a. Aux]hary reference die coordinates (x4, y4) is known.

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

x4 and they coord._mates 'le_ss than y4. See Fig. 24.

" The locator d1e can be any die i in the wafer even 1 the reference die and'
.depends on the cut of the wafer Any die in the wafer can be the auxlhary
“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.

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 shouid be understood that various changes, substitutions and
~ alterations can be made herein without departing from the spirit and scope of

~ the invention as defined by the appended claims.
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WHATIS GLAIMEDIS: |||IIIII |||I|| IIIII IIIII | ||I|

1. A method for partlal wafer processing comprising the steps of:
| 1dent1fymg a reference die; |
deter_m.mmg a locabor die coordinafe at an edge or corner of the partial
wafer from said referex;de dle,
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 die coordinates as a reference.

2. The method of Claim 1 wherein said mounting step includes
computing 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 said reference die is identified
determine and store a locator die coordinate on a wafer map at an edge of said

partial wafer and generate one or more an auxiliary reference die coordinates

This Sheet Has Been Rep

[N Ill i



AR RO
on said wafer map.for ox_ie or more othi(r)f partial wafers adjacent i;hg partial
wafer including said reférence die;

determining. which half or section said- partial wafer belongs and
romoving the other half or partial sections from said wafer map; and

mounting dies as remain on said wafer map using said reference die or

auxiliary reference 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 locator die in the first half and/or first quadrant of said wafer;

creating an auxiliary reference die in second half and/for second, third,
and fourth quadrants of said wafer;

loading the wafer map of the whole wafer;

determining if the partial wafer contains the reference die and if so
move table on which the partial wafer is located to the locator die;

uploading the locator die coordinates to .t1_1e wafermap host;

if in the first half or first quadrant removing the dther half or quadrants
from the map;

if the partial wafer is not in first half or first quadrant positioning wafer
table to aﬁxiliary reference die;

determining the quadrant or half the partial wafer belongs;
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computing auxiliary reference d.zu:eL coordinates and removing other
quadraﬁts_ or half dies from the map using locator die and auxiliary die

coordinates information; and

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



