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SYSTEM AND METHOD FOR LOCATI NG DI ES CUT FROM A SI LI CON WAFERLQN_A_ mAF R
TABLE TECHNI CAL FIELD OF THE | NVENTION This invention relates to

sem conductor circuit manufacturing and nore particularly to a system and
method for locating dies cut froma silicon mafer on a mafer 5 table. 1 1
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- - 2 BACKGROUND OF THE | NVENTI ON Senlconductor ncl udes
the process of noving sem conductor substrate dles ﬁm @w @m[table to
a lead frane after they have been cut froma silicon substrate

material. A silicon wafer first is placed on an adhesivé’s¥rface and is
cut into rectangular dies. After cutting, the adhesive surface is placed
on a wafer table of a die bonder apparatus. The di e bonder deposits an
adhesive on the lead franme, renoves a cut die fron1the 10 adhesi ve surface,
and places it on the lead frane. The

SYSTEM AND METHOD FOR LOCATING
DIES CUT FROM A SILICON WAFER ON A WAFER TABLE

TECHNICAL FIELD OF THE INVENTION

This invention relates to semiconductor circuit
manufacturing and more particularly to a system and method

for locating dies cut from a silicon wafer on a wafer
5 table.
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silicon wafer fromwhich the dies are cut is round, such that sonme dies
are not fully rectangul ar. These non- rectangular dies will tie |left on the
.adhesive surface and discarded. 15 If the process of renoving dies froma
silicon wafer 1is automated, the position of the silicon wafer and dies
must be known or estimated, to allow a robot armto nanipulate the wafer
and dies. Nevertheless, the position of the silicon wafer with respect to
t he known coordi nates 20 of the adhesive surface may random y change during
the die cutting operation. Wen such random changes occur, no die my be
present at sone |locations in which a die is expected. This condition my
result in unnecessary wafer table novenents to |ocate the cut dies. 2', To
prevent this condition fromoccurring, known methods of automating the
removal of cut dies froma silicon wafer typically include conservative
assunptions about the location of the wafer on the wafer table. These

assunpti ons na%Argaﬂlé ana Ios§ of usable cut dies, or the /, 3
per f or mance of : ments that increase the tinme
needed to renpve th8emitordivesord maSUEARERY: (kg Tic lu¥ENERGN pEaeeetobe, it
is. a general qRivial QbmibehdURIE"bubstrate dies from a wafer table to
a lead frame after they have been cut from a silicon wafer
5 of substrate material. A silicon wafer first is placed on
an adhesive surface and is cut into rectangular dies.
After cutting, the adhesive surface is placed on a wafer
table of a die bonder apparatus. The die bonder deposits
an adhesive on the lead frame, removes a cut die from the
10 adhesive surface, and places it on the lead frame. The
silicon wafer from which the dies are cut is round, such
that some dies are not fully rectangular. These non-
rectangular dies will bhe left on the adhesive surface and
discarded.
1Yy If the process of removing dies from a silicon wafer
is automated, the position of the silicon wafer and dies
must be known or estimated, to allow a robot arm to
manipulate the wafer and dies. Nevertheless, the position
of the silicon wafer with respect to the known coordinates
20 of the adhesive surface may randomly change durihg the die
cutting operation. When such random changes occur, no die
may be present at some locations in which a die is
expected. This condition may result in unnecessary wafer
table movements to locate the cut dies. _
24 To prevent this condition from occurring, known
methods of automating the removal of cut dies from a
silicon wafer typically include conservative assumptions
about the location of the wafer on the wafer table. These

assumptions may result in a loss of usable cut dies, or the



invention to provide a systemand nethod for locating dies cut froma
sili-con wafer on a wafer table that 5 substantially elimnates or reduces
the problens associated wth |ocating dies. In particular, a system and
met hod for locating dies cut froma silicon wafer on a wafer table is
required that may be used to prevent operational errors during the die 10
renoval process and to reduce or prevent waste of usable cut dies.
Accordi ng to one enbodi nent of the present invention, a nethod for

| ocating dies cut froma silicon wafer on a wafer table is provided. The
met hod i ncludes renoving dies 15 with a robot assenbly. Wafer |ocation data
is then generated fromthe |ocation of the dies. The continuous wafer
edge coordinates are then determned fromthe wafer |ocation data. One

i nportant techni cal advantage of the present 20 invention is that the
center of a silicon wafer on a wafer table may be precisely |ocated. The
position of dies on the wafer table can then also be precisely |ocated
with respect to the center of the silicon wafer. Another inportant

t echni cal advBAf% ?ﬂcq:ﬁg ﬁ&%%%&ﬂ“a 1> robph R MY RENE Rat haf el REFRARSE

met hods may behenpixeermtmbd ttihatreme@eCc €htheutiuddbes . of usable cut dies that
may be lost during the die renpoval process. 5



BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete understandi ng of the
present invention and advantages thereof, reference is now nade to the
foll owi ng description taken in conjunction with the 5 acconpanying

drawi ngs, in which |like reference nunbers indicate |ike features and
wherein: FIGURE 1 is a diagramof a systemfor finding the center of a
silicon wafer on a wafer table according to one enbodi nent of the present
invention; 10 FIGURE 2 is a diagram showi ng the sequence in which cut dies
are renoved fromthe wafer table in accordance w th the teachings of the
present invention; and FIGURE 3 is a flow chart of a nethod for |ocating
the wafer center of asilicon wafer and for renpving dies cut 15 fromthe
silicon wafer. 6 DETAILED DESCRI PTI ON OF4THE | NVENTI ON Preferred

enbodi ments of the present invention are illustrated in the FIGURES, |ike
nuneral s being used to refer to |ike and corresponding parts of the

various 5 dravsuMdnryFbBUREE NN 1diadr am of a system 10 for finding the
center of a silicon wafer on a waféer table according to one enbodinent of
the present inventi dReT&FEFEm 1} ks  Be IeRerabacldert| PLSHING ENVESFent
AGREEMENT Di e Bomcbmtioh fexasvidel assyst@ntand ReOASA! £ Aol shg Myl

includes a datacyt from a silicon wafer on a wafer table that
5 substantially eliminates or reduces the problems associated
with locating dies.

In particular, a system and method for locating dies
cut from a silicon wafer on a wafer table is required that
may be used to prevent operational errors during the die

10 removal process and to reduce or prevent waste of usable
cut dies.

According to one embodiment of the present invention,
a method for locatingkdies cut from a silicon wafer on a
wafer table is provided. The method includes removing dies

15 with a robot assembly. Wafer location data is then
generated from the location of the dies. The continuous
wafer edge coordinates are then determined from the wafer
location data.

One important technical advantage of the present

20 _ invention ;s that the center of a silicon wafer on a wafer
table may be precisely located. The position of dies on
the wafer table can then also be precisely located with
respect to the center of the silicon wafer.

Another important technical advantage of the present

24 invention is that die removal methods may be implemented
that reduce the number of usable cut dies that may be lost

during the die removal process.



processi ng system 12, a wafer table system 14, and a robot assenbly 16.
Dat a processing system 12 is coupled to wafer table system 14 and robot
assenbly 16, and controls wafer table system 14 and robot assenbly 16 to
renove dies cut 15 froma silicon wafer 54 on wafer table 50. Data
processi ng system 12 includes a central processing system 20, which is
coupled to a video canera 22, a display 24, a data storage system 26,
robot assenbly 16 and wafer table 50. To interface with the peripheral 20
conponent s described, central processing system 20 uses, respectively, a
video interface system 30, a display interface system 32, a data storage
interface system 34, a robot assenbly interface system 36, and a wafer
table interface system 28. Central procegsing system 20 also 25 conprises
waf er center conputing system 38. Wafer center conputing system 38
conprises suitable hardware, operating systemsoftware, and software
applications that o-erate on central proceSS|ng system 20. Wafer center

conputi ng syst GRIEE DESCRIMIION OF } 7 interface system 28,
video interface systeﬁlaﬂ mdtépb%mpléﬂée&%@@§sE¥§é 38¢ qgga %é?
ssenbl |nterface system er center

interface syste
conputing syste nV%ﬁgl?récae'} v vﬁﬂg?%ﬁs Neikeyl t'alre&%t’f%lncferdrﬁ wicHeBadankt a 5 22
through video ititerfaldowingt ses8@ipviédrer tagkat ein conjunction with the

5 accompanying drawings, in which like reference numbers
indicate like features and wherein:

FIGURE 1 is a diagram of a system for finding the
center of a silicon wafer on a wafer table according to one
embodiment of the present invention;

10 FIGURE 2 is a diagram showing the sequence in which
cut dies are removed from the wafer table in accordance
with the teachings of the present invention; and

gIGURE 3 is a flow chart of a method for locating the

wafer center of a silicon wafer and for removing dies cut
15 from the silicon wafer.



conputing system 38 processes the analog or digital data and transmts
data conprising the coordinates of the center of silicon wafer 54 to wafer
table 50 of wafer table system 14. 10 Video canera 22 -conprises a charge
coupl ed device (CCD) such as a solid state canmera, which converts a visual
I mage into analog or digital data. Video canera 22 may alternately
conprise many suitable silicon wafer data sensors that can generate data
that defines the location of 15 cut dies fromsilicon wafer 54 on wafer
table 50. Video canera 22 is focused on wafer table 50 and generates
analog or digital data that may be used by display interface system32 to
generate an inmage of cut dies fromsilicon wafer 54 on a wafer table 50.
Video camera 22 is coupled 20 to video ithterface system 30. Display 24 is
a visual interface used to present visual inmages for view ng by a user.
Display 24 may conprise a nonitor using a cathode ray tube, a liquid

crystal diode, @haLRS pDrdRI3RENVHS U ITRVERE8GE devices.- 25 Display 24 is
coupled to disﬁgaV‘%ﬁTE%%%%E‘SVS#EHT%%L—U§€FEFFHQ on central processing
system 20, whi ch suBptferred nemprodimeatso ofi dfieayprepemtomnyeREioBy $E8ns.
Display 24 canipiuesedted exi Ughe artcORENI Tide IMBEAA160 b2idgeasedUEB as a

war i ng_essage gr,,an | mgp. 0q/ey alet yom.data 1qgi VeE 8.l T o0

5 drawings.

FIGURE 1 is a diagram of a system 10 for finding the
center of a silicon wafer on a wafer table according to one
embodiment of the present invention. System 10 may be an
Abacus IIID-SETTLEMENT AGREEMENT Die Bonder of Texas

10 Instruments iﬁcorporated.- System 10 includes a data
processing system 12, a wafer table system 14, and a robot
assembly 16. Data processing system 12 is coupled to wafer
table system 14 and robot assembly 16, and controls wafer
table'system 14 and robot assembly 16 to remove dies cut

15 from a silicon wafer 54 on wafer table 50.

Data processing system 12 includes a central
processing system 20, which is coupled to a video camera
22, a display 24, a data storage system 26, robot assembly
16 and wafer table 50. To interface with the peripheral

20 components described, central processing system 20 uses,
respectively, a video interface system 30, a display
interface system 32, a data stbrage interface system 34, a
robot assembly interface system 36, and a wafer table
interface system 28. Central processing system 20 also

25 comprises wafer center computing system 38.

Wafer center computing system 38 comprises suitable
hardware, operating system software, and software
applications that operate on central processing system 20.

Wafer center computing system 38 is coupled to wafer table
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Dat a storage system 26 conprises a data nenory device, such as a random
access nenory (RAM, a magnetic nedia hard drive, a nmagnetic tape drive,
or other suitable data nenory devices. Data storage system 26 is coupl ed
to data storage interface system 34 and can store and retrieve digitally-
encoded data in response to operating system conmands. Wafer table

I nterface system 28 conprises suitable hardware, operating system
software, and software 10 applications that operate on central processing
system 20. Wafer table interface system 28 is coupled to wafer center
conputing system 38 and wafer table 50. Wafer table interface system 28
transmts data to wafer table 50 that defines the |ocation of the center
of silicon wafer 54 in a Cartesian coordynate system of wafer table 50.
Video interface system 30 conprises suitable hardware, operating system
software, and software applications that operate on central processing
system 20. Video interface system 30 is coupled to wafer center conputing
system 38 20 arl@YArdagecauarem 228, vwideoi Anterface sywiteam 3801 edispley  dat a

from video canemaepfacncbyistanssR} Sddde stalraghOiNed Sfaces @Y emCONPWUANT
system 38. Vi deQuoR! LI Ak SYRER3D UBY, ol gl Udg Limmge recognition
prograns that process t%g) aa%/a {Qrom Y %%ec;" L};r‘re(rj‘ga%f g:r?d‘tied'e%??‘?%/t’d}ges cut
from silicon 2'SYSkERe?8 Fecepyesianalroned didsapoiats fforsivideoncawder 54,
or otherSsuit & ethraggs. videp! ayntdHRACEACSy SYet €Bb32 CYIRHLSESe Sl L abl e
computing system 38 processes the analog or digital data
and transmits data comprising the coordinates of the center
of silicon wafer 54 to wafer table 50 of wafer table system
14. '
10 Video camera 22 comprises a charge coupled device
' . (CCD) such as a solid state camera, which converts a visual
image into analog or digital data. Video camera 22 may
alterqately comprise many suitable silicon wafer data
sensors that can generate data that defines the location of
15 cut dies from silicon wafer 54 on wafer table 50. Video
camera 22 is focused on wafer table 50 and generates analog
or digital data that méy be used by display interface
system 32 to generate an image of cut dies from silicon
wafer 54 on a wafer table 50. Video camera 22 is coupled
- 20 to video interface system 30.

Display 24 is a visual interface used to present
visual images for viewing by a user. Display 24 may
comprise a monitor using a cathode ray tube, a liquid
crystal diode, or other suitable visual interface devices.

25 Display 24 is coupled to display interface system 32
operating on central processing system 20, which supplies
image data to display 24 from other systems. Display 24
can present textual and graphical images to a user, such as

4 warning message or an image generated from data received



har dwar e, operating system software, and software applications that
operate on central processing system?20. { 9 D splay interface system 32
is coupled to wafer center conputing system 38 and di splay 24. D splay
interface { system 32 receives data fromwafer center conputing system 38
and other systens and transmits the data to display 24. 5 Data storage

I nterface system 34 conprises suitéable hardware, operating system software,
and software applications that operate on central processing system 20.
Data storage interface system34 is coupled to data storage system 26 and
waf er center conputing system 38. Data 10 storage interface system 34
transfers data between wafer center conputing system 38 and ot her systens
and conponents, and stores the data on d#&ta storage system 26. Robot
assenbly 16 includes robot arm40 and robot controller 42. Robot assenbly
16 may be, for exanple, a 15 robot assenbly of an Abacus |11 D SETTLEMENT
AGREEMENT Di e ngdn(?rvﬂr Texas Ing%/ruments | ncorporated. Robot arm40 is a
control | abl e el 6¢ET onbcafPlaF2devi ce t hat may be noved in three

di mensi ons, and whi chrtiaastaragmtsysitbal?® conptisss adduts emekbryRaboice,

controller 42 i gyepu @drhRadPRceds rﬂét%ryzQRﬂPq 'éomgéxé?f%cre%gai pLgiface

system 36. Robot controller 42 is a programmuable cont t controls
the novenment of GFb¥n 2aPAPARE LG ERPENGELeUCPF REher suitable data memory

Y devices. Data storage system 26 is coupled to data storage
interface system 34 and can store and retrieve digitally-
encoded data in response to operating system commands.

Wafer table interface system 28 comprises suitable
hardware, operating system software, and software

10 applications-that operate on central processing system 20.

Wafer table inteiface system 28 is coupled to wafer center
computing system 38 and wafer table 50. Wafer table
interface system 28 transmits data to wafer table 50 that
defines the location of the center of silicon wafer 54 in

19 a Cartesién coordinate system of wafer tabie 50.

Video interface system 30 comprises suitable hardware,
operating system software, and software applications that
operate on central processing system 20. Video interface
system 30 is coupled to wafer center computing system 38

20 and video camera 22. Video interface system 30 receives

data from video camera 22 and transmits the data to wafer

center computing system 38. Video interface system 30 may

include image recognition programs that process the data

from video camera 22 and identify dies cut from silicon

2+ - wafer 54, predetermined edge points of silicon wafer 54, or
other suitable images.

Display interface system 32 comprises suitable

hardware, operating system software, and software

applications that operate on central processing system 20.
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device 44 may be placed at a die renoval position. Robot <controller 42 may
cause the die to be held by suction 25 device 44 while robot arm 40 noves
the die to an appropriate |location, such as a lead frame (not explicitly
shown). Robot controller 42 typically causes suction device 44 to be

pl aced at the sanme |ocation relative to wafer table 50, such that the
pl acenment of dies for renoval 10 by suction device 44 is acconplished by
noving wafer table 50 in the "X' and "Y" directions shown in Fl GURE 1.
Wafer table system 14 may be a wafer table system of an Abacus

|11 D- SETTLEMENT AGREEMENT Di e Bonder of Texas 5 Instrunents |ncorporated.
Waf er table system 14 includes wafer table 50, adhesive surface 52, and
silicon wafer 54. Wafer table 50 conprises a programmabl e controller and
suitable notive elenents, and is operable to nove in an "X" direction and
a "Y' direction, as shown in FIGURE 1, in -10 response to control signals
received fromwafer table interface system 28. Adhesive surface 52 :
conprises an &i@dAVe indesfpar sNatens3dsds tavupded did icafemadertesd.  As

previously not edmplitingorysatar 384 amaveqsisrpqlagt iae top; adhesi ye sifface 52
during cutting ( QLAt4ONS, %5 [n,operation, data transnmtted to wafer
center conputi S(% sys% eS8 V?Sn??/\?‘%l TaNBEGT 22PREET SOFPISIng aF ¥heR e t he
cent er coor di na8egndfoldidn systems eandLransaitfathiesdaa ¢ooudsppie By.st em of
wafer tabbe 50. VAf®hta storage interface system 34 comprises suitable
' hardware, operating system software, and software
applications that operate on central processing system 20.
Data storage interface system 34 is coupled to data storage
system 26 and wafer center computing system 38. Data
10 storage interface system 34 transfers data between wafer
center computing system 38 and. other systems and
components, and stores the data on data storage system 26.
Robot assembly 16 includes robot arm 40 and robot
controller 42. Robot assembly 16 may be, for example, a
15 robot assembly of an Abacus ITID-SETTLEMENT AGREEMENT Die
Bonder of Texas Instruments Incorporated. Robot arm 40 is
a controllable electromechanical device that may be moved
in three dimensions, and which has a controllable suction
_ device 44. Robot controller 42 is coupled to robot arm 40
20 and robot assembly interface system 36.

Robot controller 42 is a programmable controller that
controls the movement of robot arm 40 such that suction
device 44 may be placed at a die removal position. Robot
controller 42 may cause the die to be held by suction

29 device 44 while robot arm 40 moves the die to an
appropriate location, such as a lead frame (not explicitly
shown) . Robot controller 42 typically causes suction

. device 44 to be placed at the same location relative to

wafer table 50, such that the placement of dies for removal



center computing system 38 then transmts the center 20 coordi nates of
silicon wafer 54 to wafer table 50. Robot <controller 42 noves suction
device 44 of robot arm40 to a predeterm ned |ocation where dies cut from
silicon wafer 54 may be renpved. Wafer table 50 uses the wafer center
coordi nates of silicon wafer 54 to precisely control the 2') position of
the cut dies relative to suction device 44 of robot arm40. FIGURE 2 is an
exenpl ary di agram 60 showi ng the sequence in which cut dies are renoved
fromwafer table 50 of FIGURE 1 in accordance with the teachings of the
present 11 invention. D agram 60 shows an exenplary |ocation of wafer
center 62 (Xw, Yw), which is at a different position than wafer table
center 64 (0,0). Data transmtted fromvideo canera 22 to wafer center
conputing system38 of FIGURE 1 5 that defines a first edge point 66
(XI',Yl) and a second edge point 68 (X2,Y2) is used conpute wafer center

62. De rennvah)begigs Wih. an index start die 70, and proceeds in the
direction showr Yoy SrtYwery1ce dti bh acrompddshad ooy mestwimgapafdn wiblel GURE 1
is used to renhfe inOthe esXT raom Wafeditedt o0 shohe dhesr@img qoved to a | ead

frame (not explicitiyrshopgy)or r{gul i_on robot arm 40
after renoval . Wafer center c_%ggﬁt:%ﬁ lgyg%gﬁéeeii%q?a?egpg?%faes¥%t‘?fét°5ct when

no di e has beerfbi Supt JAP - SEFELEMENT cAFREEMFN To f Direp dendermm of), Temtaisc h
occurs at%the Instruments Incorporated. Wafer table system 14 includes

wafer table 50, adhesive surface 52, and silicon wafer 54.
Wafer table 50 comprises a programmable controller and
suitable motive elements, and is operable to move in an “X”
direction and a “y” direction, as shown in FIGURE 1, in

~10 response to control signals received from wafer table
interface system 28. Adhesive surface 52 comprises an
adhesive material that is used to hold silicon wafer 54.
As préviously noted, silicon wafer 54 moves relative to
adhesive surface 52 during cutting operations.

15 In operation, data transmitted to wafer center
computing system 38 from video camera 22 is used to

calculate the center coordinates of silicon wafer 54 in a

Cartesian coordinate system of wafer table 50. Wafer
center computing system 38 then transmits the center
20 coordinates of silicon wafer 54 to wafer table 50. Robot

controller 42 moves suction device 44 of robot arm 40 to a

predetermined location where dies cut from silicon wafer 54

may be removed. Wafer table 50 uses the wafer center

coordinates of silicon wafer 54 to precisely control the

24 position of the cut dies relative to suction device 44 of
robot arm 40.

FIGURE 2 is an exemplary diagram 60 showing the

sequence in which cut dies are removed from wafer table 50

of FIGURE 1 in accordance with the teachings of the present



15 position of first no die 76. For exanple, video interface system 30 may
i ncl ude i nage recognition prograns that are operable to determ ne when the
present die to be renbved is not rectangular, is absent, or is otherw se
defective. An appropriate signal nmay then be transmtted to robot 20
controller 42 to prevent attenpted retrieval of the defective die with
suction device 44. Wafer table 50 then noves silicon wafer 54 to the next
die position, which is second no die turnaround 78. After wafer center
conputing system 38 receives a 25 second no die signal, wafer table 50
noves silicon wafer 54 to the position of the die having first edge point
66 at the right center edge of the die. This die is the die indexed at
the position adjacent to second no die twrnaround 78, in the direction of
the X-axis of a 12 Cartesian coordinate system 80. The coordi nates of
first edge point 66 in Cartesian coordinate system 80 are then determ ned
by wafer center, conputing system 38. Die renoval_ proceeds in the direction
shown by arrowmé'eggl?'h‘ aDﬁéﬂﬁ%ﬂ‘ FRPHF b SXRRPLEHES YABFEACBLBY e iRt | |
second no di e taemt@ro®ad (&R, Ir8) 5 ealched. i s\aftera clIfiferen€OppBLt Ngh Setdrem 38

t hen determ ne [ econd e I nt . ,n_Cartesian
coordi nate sys?gtnﬁégogggci)% t é(:ésrcg)llr d‘i%rﬁg?és g gaéetgrgar?(fgnﬁgggfjeffﬂnr‘n‘élrd(ﬁ?nd 82.
For 10 exanpl e,CaR&F8r 28chP eY2EIMRANLSF SPBPeRABB syPfesodfupé FHEURE 1

5 that defines a first edge point 66 (X1,Yl) and a second
edge point 68 (X2,Y2) is used compute wafer center 62.

Die removal begins with an index start die 70, and

proceeds in the direction shown by arrow 72. Suction
device 44 of robot arm 40 of FIGURE 1 is used to remove
10 dies from wafer table S50. The dies are moved to a lead

frame (not explicitly shown) or other suitable location by

robot arm 40 after removal. Wafer center computing system

38 is operable to detect when no die has been picked up by

suction device 44 of robot arm 40, which occurs at the

15 position of first no die 76. For example, video interface

system 30 may include image recognition programs that are

operable to determine when the present die to be removed is

not rectangular, is absent, or is otherwise defective. An

appropriate signal may then be transmitted to robot

20 controller 42 to prevent attempted retrieval of the

defective_die with suction device 44. Wafer table 50 then

moves silicon wafer 54 to the next die position, which is
second no die turnaround 78.

After wafer center computing system 38 receives a

25 ' second no die signal, wafer table 50 moves silicon wafer 54°

to the positioﬁ of the die having first edge point 66 at

the right center edge of the die. This die is the die

indexed at the position adjacent to second no die

turnaround 78, in the direction of the X-axis of a



left center edge coordinates of the die located two positions away from
second no die turnaround 82 in the direction of the negative Y-axis. After
removal of this first group of dies is 15 conpleted, wafer center
conmputing system 38 uses the coordinates of first edge point 66 and second
edge point 68 to conmpute the coordinates of a wafer center 62 (Xw, Yw) in
Cartesian coordi nate system 80 of wafer table 50. For exanple, the

coordi nates of wafer center 62 may be conputed 20 fromthe coordi nates of
first edge point 66, the coordinates of second edge point 68, and the
coordi nates of wafer table center 64 by the follow ng equations: R =
radius of'silicon wafer 54 Xm = (X1+X2) /2 25 Ym = (Y1+Y2) /2 D =

SQRT( (Xl - Xm) * (X1-Xm) +((Y1I-Ym*(YI-Ym)) = SRT ((R*R)-(D*D)) Xw = Xm Yw =
Ym+ Cif Ymis negative 13 = Ym- Cif Ymis positive Thus, using the
equati ons shown above, it is possible to conFute tﬂe COOI’gI na: es 011: }Naf e:
center 62 in coordlnt st em 80 om the coordi nates o Irs
edge 5 poi nt gg'“@é ne TEEAAP g?eiy tfe“éfraé](?ond'r 8gE°PEIHa®S. °fi E1rFenpval
then proceeds PAJEhRohRNINGF ThowrtiesiBhGREr@inate system 80 are then

determined by wafer center computing system 38.
Die removal proceeds in the direction shown by arrow
9 72 in a manner similar to that described above, until
second no die turnaround 82 is reached. Wafer center
computing system 38 then determines the coordinates of
second edge point 68 in Cartesian coordinate system 80 from
the coordinates of second no die turnaround 82. For
10 example, wafer center computing system 38 may compute the
left center edge coordinates of the die located two
positions away from second no die turnaround 82 in the
direction of the negatiye Y-axis.
After removal of this first group of dies is
15 completed, wafer center computing system 38 wuses the
coordinates of first edge point 66 and second edge point 68
to compute the coordinates of a wafer center 62 (Xw,Yw) in
Cartesian coordinate system 80 of wafer table 50. For
example, the coordinates of wafer center 62 may be computed
20  from the coordinates of first edge point 66, the
' coordinates of second edge point 68, and the coordinates of
wafer table center 64 by the following equations:

R = radius of 'silicon wafe; 54

Xm = (X1+4X2)/2
25 Ym = (Y1+Y2)/2
D = SQRT ((X1-Xm) * (X1-Xm)+((Yl-Ym)*(Y1l-Ym))
C = SQRT ((R*R)-(D*D))
Xw = Xm _
Yw = Ym + C if Ym is negative



One of ordinary skill in the art will recognize that various changes,
substitutions, and alterations can be nade to diagram 60 and the nethod
used to determ ne wafer center 10 62 without departing fromthe teachings
of the present invention. For exanple, other predeterm ned points besides
first edge point 66 and second edge point 68 may be used to conpute the
coordi nates of wafer center 62. Furthernore, other nathematical operations
may be used to conpute the 15 coordi nates of wafer center 62 than those
descri bed above. FIGURE 3 is an exenplary flow chart 90 of a method for
~determining the coordinates of wafer center 62, such as would be
I npl emented by wafer center conputing system 38 of FIGJURE 1, and for
controlling wafer table 50. The nethod 20 pf flow chart 90 begins at step
92, where index start die 70 of FIGURE 2 is selected and retrieved by
suction device 44 of robot arm40. Index start die 70 may be sel ected
froma predeterm ned assuned position of silicon wafer 54. Alternately,
waf er table 50 may be noved to &n ¥nitfal P56 Yodist Peaibaded upon sensor
ﬂat abgener alt ed Thuy Sﬁm@am@aegagw&nfl SARE d]ab_oQ'fet,lelEti @ﬁe§o§§ﬁ5%e d:%&f |70
as been sel ect ed retriev suction_device , e method o ow
chart 90 procé%%g%&gssqﬁaiﬁﬁf%l 8¥8Stﬁg Yafet S§ KPR Pé FﬂggﬁéaebeﬁA a

| ead- frame (notceogsiingitel pyshemnBOorfromhéhes giobabiratémcafi 6irsThedget hod
then proceeds t@s5iteR698nd WIS &od2kiShates of second edge point 68. Die

removal then proceeds in the manner shown in FIGURE 3.
One of ordinary skill in the art will recognize that
various changes, substitutions, and alterations can be made
to diagram 60 and the method used to determine wafer center
10 62 without departing from the teachings of the present
invention. For example, other predetermined points besides

first edge point 66 and second edge point 68 may be used to

compute the coordinates of wafer center 62. Furthermore,

other.mathematical operations may be used to compute the

15 coordinates of wafer center 62 than those described above.

FIGURE 3 is an exemplary flow chart 90 of a method for

determining the coordinates of wafer center 62, such as

would be implemented by wafer center computing system 38 of

FIGURE 1, and for controlling wafer.table 50. The method

20 of flow chart 90 begins at step 92, where index start die

70 of FIGURE 2 is selected and retrieved by suction device

44 of robot arm 40. Index start die 70 may be selected

from a predetermined assumed position of silicon wafer 54.

Alternately, wafer table 50 may be moved to an initial

25 position based upon sensor data generated by video camera
22 of FIGURE 1.

After index start die 70 has been selected and

retrieved by suction device 44, the method of flow chart 90

proceeds to step 94, where the selected die is removed to




tabl e 50 moves silicon wafer 54 to the position where the next dieis

expected to be.

This position nay be determ ned based upon wafer and

di rension data stored on data storage system 26 or other suitable dat
storage devices. At step 98, the presence of a die is tested for by

interface system 30. For exanple, image recognition 10 prograns of vi
I nterface system 30 may generate an enable signal if the i mage data

generated by video canera 22 indicates that a usable die is present at the
retrieval location. If a die is present, the method returns to step
O herwi se, wafer table 50 noves silicon wafer 54 to 11; the next expected

di e | ocati on.

the nethod returns to step 94. O herwi se,

If a die is present at the next expected die |location,
dhe method proceeds to step 100.

At step 100, a turnaround is perfornmed by vvaf er table 50 by noving

silicon. wafer 54 to the next adjacent die 20 location in the directi
the X-axis. At step 102, the coordinates of the right center edge of t
presently sel ect ededde firamear tnogi axpldeidlpatshosynst &b 86y RAGRE12 are

stored on data SJIdHa@QSnSYSﬁh%”}ng@hQJ t%n
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die dimension data stored
on data storage system 26 or other suitable data storage

devices.

At step 98, the presence of a die is tested for by
video interface system 30. For example, image recognition
programs of video interface system 30 may generate an
enable signal if the image data generated by video camera
22 indicates that a usable die is present at the retrieval
location If a die is present, the method returns to step
94. 0therw1se, wafer table 50 moves silicon wafer 54 to
the next expected die location. If a die is present at the
next expected die location, then the method returns to step
94. Otherwise, the method proceeds to step 100.

At step 100, a turnaround is performed by wafer table
50 by moving silicon.wafer 54 to the next adjacent die
location in the di:ection of the X-axis. At step 102, the
coordinates of the right center edge of the presently
selected die in Cartesian coordinate system 80 of FIGURE 2
are stored on data storage system 26 or other suitable data
memory device as first edge point 66 of FIGURE 2. Wafer
table 50 then advances silicon wafer 54 to the second die
in the positive X-axis direction, i.e., in the direction of
arrow 72 of FIGURE 2, and robot controller 42 causes
suction device 44 to retrieve the die at that location.
The method then proceeds to step 104.
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The nethod then proceeds to step 104. ~1 15 At step 104, the selected die
Is renoved to a lead frane (not explicitly shown) or other suitable

| ocation. The nethod then proceeds to step 106, where wafer table 50

noves silicon wafer 54 to the position where the next die 5 is expected to
be. This position may be determ ned based upon wafer and die dinension
data stored on data storage system 26 or other suitable data storage
devices. The nethod then proceeds to step 108. At step 108, the presence
of adieis tested for by 10 the inmage recognition prograns of video
interface system 30. If a die is present, the nmethod returns to step 104.
O herwi se, wafer table 50 noves silicon wafer 54 to the next expected die"

| ocation. If a die is present at the nexHSexpected die location, then the
nmet hod returns to step 15 104. O herw se,”the nethod proceeds to step 110.

At step 110, the coordinates of the left center edge of the |ast present
die are stored on data storage system 26 or other suitable nenory- devices

as second edge poi ntA68step FOGUREhE. sdiectdd'Bd fid Ste 498 Q%igt 66 and
to wa

2 i : i f dfadcent
oot oo Suop rehRE ol BxplE (i) iR RE pneg; ByLEgble mosttdpnt s |

fggpggl)pgl zgfggq‘}d%%ﬁt}%% ﬁtegélp{%'ﬁgqﬁ tof step 106, where wafer table 50
moves silicon wafer 54 to the position where the next die
5 is expected to be. This position may be determined based
upon wafer and die dimension data stored on data storage
system 26 or other suitable data .storage devices. The
method then proceeds to step 108.

At step 108, the presence of a die is tested for by

10 the image recognition programs of video interface system

30. If a die is present, the method returns to step 104.

Otherwise, wafer table 50 moves silicon wafer 54 to the

next gxpected die location. If a die is present at the

next expected die location, then the method returns to step
15 104. Otherwise, the method proceeds to step 110.

' At step 110, the coordinates of the left center edge

of the lagt present die are stored on data storage system

26 or other suitable memory devices as second edge point 68

of FIGURE 2. The stored first edge point 66 and second

20 edge point 68 are then retrieved and transmitted to wafer

center computing system 38. The method then proceeds to

step 112,

At step 112, the coordinates of midpoint 84 (Xm, Ym) of
FIGURE 2 are computed. For example, midpoint 84 may be
25 - determined by averaging the “X” coordinate values of first

edge point 66 and second edge point 68, and averaging the.
“Y” coordinate values of first edge point 66 and second
edge point 68. The method then proceeds to step 114.

At step 114, it is determined whether an allowable
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FIGURE 2 are conputed. For exanple, mdpoint 84 may be 25 determ ned by
averaging the "X" coordinate values of first edge point 66 and second edge
poi nt 68, and averaging the "Y" coordinate values of first edge point 66
and second edge point 68. The method then proceeds to step 114. At step
114, it is determ ned whether an allowable 16 m dpoint 84 has been
conputed. For exanple, if the coordinates conputed for m dpoint 84 exceed
the range of allowable mdpoints for a silicon wafer 54 placed on wafer
tabl e 50, then the nethod proceeds to step 116, and exits 5 on an error
signal. Otherw se, the nethod proceeds to step 118. At step 118, wafer
center 62 is conputed. For exanple, wafer center 62 may be conputed using
the mathematical algorithms previously preyided in the 10 description of
FI GURE 3. The nethod then proceeds. to step 120, where it is determ ned
whet her an al |l owabl e wafer center 62 has been conputed. For exanple, if
the coordinates ¢ uted for wafer center 62 exceed the range of

al | owabl e coordi ‘Hé‘?’gg 10t f4f diesceheer @2mpoted. si |l Fepn elémpaé;ar i¥4 phaced
on wafer table 58¢otdimatrishedmplhee&CESr t Qi XI on an error
message. Ctherwi g¢y . RS, He&hgg r gceeds t%ﬁéslt%g 12f%&:/§t8 thﬁ 1%29¢ 1 fe
coordi nates of wafer center %c?ma °1rr3n§+ﬂ’tci%“ﬁlf6m Mf@kaaa@nberwaﬁemutl ng
system 38 to robbtPle 50, then the method proceeds to step 116,

5 on an error signal.
118.

and exits
Otherwise, the method proceeds to step
At step 118, wafer center 62 is computed. For

example, wafer center 62 may be computed using the

mathematical algorithms previously provided in the
10 description of FIGURE 3. The method then proceeds to step
120, where it is determined whether an allowable wafer
center 62 has been computed. For example, if the
.coordlnates computed for wafer center 62 exceed the range

of allowable coordinates of wafer center 62 for a silicon

15 wafer 54 placed on wafer table 50, the method proceeds to

step 122 and exits on an error message.
method proceeds to step.124.

Otherwise, the

At step 124, the coordinates 6f wafer center 62 are
transmitted from wafer center computing system 38 to robot

20 controller 42 of FIGURE 1. At step 126, wafer table 50

computes the coordinates of the next die to be removed.

These coordinates may be determined by
subtracting the “Xx”

adding or
dimension of one die from the X-axis

coordinates of the previously-removed die, depending upon

the direction in which die removal is progress1ng At step
128, wafer table 50 checks the coordinates of the next die

to determine if the coordinates are beyond the calculated

wafer edge of silicon wafer 54. If the coordinates are

beyond the wafer edge, the method proceeds to step 130, and



P om mee e

- e Ew m -

[

( tabl e 50 conputes the
troller 42 of FIGURE 1. At step 126, wafer _
ggo?ﬁ?nates of the next die to be.rennxed;xnngsengfgadgpagﬁz gﬁg ??on1the
determ ned by adding or subtracting the i me _ Lrom
[ [ - d die, depending upon
X-axis coordinates of the previously-renove , e 5o
[ [ [ [ [ . At step 128, wafer table
direction in which die renoval is progressing _ _ or L 29
' determne if the coordi nates
checks the coordinates of the next die to e, T the coordinates
the cal culated wafer edge of silicon wafer )
gsgongeyond the wafer edge, the nethod proceeds to step 130,|and t 17
waf er table 50 noves silicon wafer 54 t23;heA£e§£eLo?%gr m;?ernPéble -
QG herwi se, the method proceeds to step . 32, 4 he
il f ;the next die to be renoved.
noves silicon wafer 54 to the position of ,t _ emoved. 1
[ [ e i d at step 134 to verify that an a p
i mge of 5 this die is checke _ _ phat an accept ab
el nt. As previously described, image recog
S:Segsigggfface sys?en130 may be wused to determ ne whether an acceptablf
die is present. VFfthéaPhagéoim@NQ§usi§itbatwaﬂeﬁcseptéb%ﬁéchéad gogr%§en ,
the 10 met hod prooeedﬁ.tcnﬁﬂéﬁQiééﬁitmgﬁ%%nﬂJAF%§EQV$% *%ﬁﬁ@%[lﬁégebéen
conpl et od at tep. 196 PP RO HAT: Selber 80 smeyes 38 Miionoviter S4 o
gg?ﬁrﬁiﬁed mhethgpe PReitdon aff cheasnehecais er@uad. rerovble | @Sl Hagenag been

5 this die is checked at step 134
acceptable die is present.

to verify that an
As previously described, image
recognition software of video interface system 30 may be

used to determine whether an acceptable die is present.

If

the image indicates that an acceptable die is present, the

10 method "proceeds to step 136, where die removal is
perfo;med.

Otherwise, the method returns to step 126.
After die removal has been completed at step 136, the

method proceeds to step 138 where it is determined whether

the last die has been removed. If the last die has been

15 removed, the method terminates at step 140.

Otherwise, the
method returns to step 126.

In operation, dies are cut from silicon wafer 54 after

it is placed on adhesive surface 52. Silicon wafer 54

moves with respect to the Cartesian coordinate system 80 of
wafer table 50 during the die cutting process. This
movement makes it necessary to determine the new location
of silicon wafer 54 before the
automatically removed in
invention.

20

cut dies may be
accordance with the present
Wafer center computing system 38 receives data
25 from video camera 22 and video interface system 30 and
determines the coordinates of wafer center 62 of silicon
wafer 54 within Cartesian coordinate system 80 of wafer
table 50.

The coordinates of wafer center 62 are then



15 renoved, the nethod term nates at step 140. O herw se, the nethod
returns to step 126. In operation, dies are cut fromsilicon wafer 54 after
it is placed on adhesive surface 52. Silicon wafer 54 npves with respect
to the Cartesian coordinate system 80 of 20 wafer table 50 during the die
cutting process. This novenent nakes it necessary to determ ne the new

| ocation of silicon wafer 54 before the cut dies may be automatically
renoved in accordance with the present invention. Wafer center conputing
system 38 receives data 25 fromvideo canera 22 and video interface system
30 and determ nes the coordinates of wafer center 62 of silicon wafer 54
within Cartesian coordi nate system 80 of wafer table 50. The coordi nates
of wafer center 62 are then s is iu 181istransmitted to wafer table 50,

whi ch uses the coordinates of wafer center 62 to Conpute the coordi nates
of the edge of silicon wafer 54. Wafer table 50 then controls the

| ocation of silicon wafer 54 such that robot arm 40 and S.suction device 44
may be used to TEMSTELLRE ttvafisds tRPAR Shaferichamisessthe Theo ptiawdes

i nvention providesafenycenpar tetto compute the coordinates of the edge
of silicon wafer 54. Wafer table 50 then controls the
location of silicon wafer 54 such that robot arm 40 and

5 suction device 44 may be used to remove the cut dies from
wafer table 50.

The present invention provides many important
technical advantages. One important technical advantage of
the present invention is that the center of a silicon wafer

10 on a wafer table may be precisely located. Another
important technical advantage of the present invention is
that die removal methods may be implemented that reduce the
number of usable cut dies that may be lost during the die.
removal process.

15 Although the present invention has been described in
detail, it should be understood that various. changes,
substitutions, and alterations can be made hereto without
departing from the spirit and the scope of the invention as
defined by the appended claims.



techni cal advantages. One inportant technical advantage of the present
invention is that the center of a silicon wafer 10 on a wafer table may be
precisely located. Another inportant technical advantage of the present
invention is that die renoval nethods may be inplenented that reduce the
nunber of usable cut dies that may be lost during the die renoval process.
15 Al though the present invention has been described in detail, it should
be understood that various changes, substitutions, and alterations can be
made hereto without departing fromthe spirit and the scope of the
invention as defined by the appended clains. 19 WHAT IS CLAIMED IS: 1. A
met hod for locating dies cut froma silicon wafer on a wafer table, the
met hod conprising the steps of: renoving asfirst group of dies with a
robot assenbly; 5 generating wafer |ocation data; determ ning continuous
waf er edge coordinates of the silicon wafer fromthe wafer |ocation data.
2. The method of 4AR |fg:% the step of 10 generating wafer |ocation
data conpri ses t%ﬁ“grepslgaﬁi—p£§fornlng a first turnaround while renoving
the first group of dies; Aateghodnifiog addakshgedgdesPeipt oLt he Shhigon

waf er  havi ng Coﬁéigﬁ“aheﬁ LngfY¥£ble, the method comprising the steps of:

removing a first group of dies with a robot assembly;

5 generating wafer location data;
determining continuous wafer edge coordinates of the
silicon wafer from the wafer location data.
2. The method of Claim 1 wherein the step .of
10 generatlng wafer location data comprises the steps of:
performing a first turnaround while removing the first
group of dies;
determining a first edge point of the silicon wafer
hav1ng coordinates (X1,Y1);
15 performing a second turnaround while removing the
first group of dies; and
determining a second edge point of the silicon wafer
having coordinates (X2,Y2).
20 3.

The method of Claim 2 further comprising the step
of computing an X-axis coordinate (Xw) and a Y-axis
coordinate (Yw) of wafer center coordinates from the first
edge point and the second edge point.
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15 perform ng a second turnaround while renoving the first group of dies;
and determ ning a second edge point of the silicon wafer having

coordi nates (X2,Y2). 20 3. The method of Caim2 further conprising the
step of conmputing. an X-axis coordinate (Xw) and a Y-axis coordinate (Yw)
of wafer center coordinates fromthe first edge point and the second edge
point. 20 4. The nmethod of Claim3 wherein the step of conputing conprises
the steps of: computing a value of the X-axis coordinate (Xm of a

m dpoint of a line bisecting the silicon wafer equal to 5 (X1+X2)/2;
conputing a value of the Y-axis coordinate (Ym) of the mdpoint of the
line bisecting the silicon wafer equal to (Y1+Y2)/2; conputing a first

di stance (D) between the m dpoint of 10 the |ine bisecting the silicon

waf er having coordinates (Xm Ym and one of the first edge point and the
second edge point; conmputing a second distance (C) between the m dpoint
and a wafer table center; and 15 conputing the wafer center coordi nates
(Xw, Yw) from the nidpoi ntPeoBeshedt ef (Rbndn) BAneh€rein the step of

computing comprises the steps of:
computing_a value of the X-axis coordinate (Xm) of a
midpoint of a line bisecting the silicon wafer equal to
5 (X1+X2)/2;
computing a value of the Y-axis coordinate (Ym) of the
midpoint of the line bisecting the silicon wafer equal to
(Y1+Y2)/2;

computing a first distance (D) between the midpoint of
10 the line bisecting the silicon wafer having coordinates
(Xm, Ym) and one of the first edge point and the second edge
point;
computing a second distance (C) between the midpoint
and a wafer table center; and

1 .
5 computing the wafer center coordinates (Xw, Yw) from

the midpoint coordinates (Xm,Ym) and C.

S. The method of Claim ¢ wherein the step of
computing the first distance comprises the step of finding
20 the square root of ((X1-Xm)*(X1-Xm)+(Y1-Ym)*(Y1-Ym)).

6. The method of Claim 4 wherein the step of
computing the second distance comprises the step of finding

the square root of ((R*R)-(D*D)), where R equals a radius of
25 the silicon wafer.



5. The method of Claim4 wherein the step of conputing the first distance
conprises the step of finding 20 the square root of

((XI-Xm*(XL-Xm) +(Y1-YM)*(YI-Ym). 6. The nethod of Claim4 wherein the
step of conputing the second di stance conprises the step of finding the
square root of ((R*FR)-(D*D)), where R equals a radius of 25 the silicon
wafer. 21 7. The nethod of Caim4 wherein the step of conputing the
coordi nates of the wafer center conprises the steps of: equating the wafer
center X-axis coordinate (Xw) to 5 Xm equating the wafer center Y-axis
coordinate (Yw) to (Ym+ C) if Ymis negative; and equating Ywto (Ym- C
if Ymis positive. 10 8. The nethod of Cdaim1l wherein the step of

renovi ng each of the dies with a robot assegnbly further conprises the
steps of: noving each of the plurality of dies to a die renoval position;
15 noving the silicon wafer to a predetermned location if the die renoval
position is beyond the continuous wafer edge coordinates; and renoving
each of the dies w tH- theTh®bdetiederdf yCladm 4 wherein the step of

computing the coordinates of the wafer center comprises the
steps of:

equating the wafer center X-axis coordinate (Xw) to

K

Xm;

equating the wafer center Y-axis coordinate (Yw) to
(Ym + C) if ¥Ym is negative; and

equating Yw to (Ym - C) if Ym is positive.
10 8. The method of Claim 1 wherein the step of
removing each of the dies with a robot assembly further

comprises the steps of:

moving each of the plurality of dies to a die removal
position;
moving the silicon wafer to a predetermined location

if the die removal position is beyond the continuous wafer
edge coordinates; and

removing each of the dies with the robot assembly.
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9. A nethod for renoving froma wafer table a plurality of dies cut froma
silicon wafer, the nethod conprising the steps of: renoving a first. group
of dies with a robot assenbly; 5 performng a first turnaround while
removing the first group of dies; determining a first edge point of the
silicon wafer having coordinates (X1, Y1l); performng a second turnaround
while renmoving the 10 first group of dies; determning a second edge poi nt
of the silicon wafer having coordinates (X2,Y2); conputing a valud of an
X-axis coordinate (Xm of a mdpoint of a line bisecting the silicon wafer
equal to 11 (Xl +X2)/2; conputing a value of a Y-axis coordinate (Yn) of
the mdpoint of the line bisecting the silicon wafer equal to (Yl +Y2)/2;
conputing a first distance (D) between (ngYn) and one 20 of the first
edge point and the second edge point; conputing a second di stance (C)
between the mdpoint and a wafer table center; conputing coordinates of a
waf er center (Xw,Yw); determ ning continuous wafer edge coordi nates of the
2'j silicon wafer frdmtie meflod | doat immottahg; fEvw Ng AR Ofcddie -

plurality of digsut® feli&rr80Yalut’ from a silicon wafer,
comprising the steps of:

the method

removing a first group of dies with a robot assembly;
performing a first turnaround while removing the first
group of dies;

determining a first edge point of the silicon wafer
having coordinates (X1,Y1);

performing a second turnaround while removing the
10 first group of dies;

determining a second edge point of the silicon wafer
having coordinates (X2,Y2);
9omputing a valué of an X-axis coordinate (Xm) of a
midpoint of a line bisecting the silicon wafer equal to
19 (X1+X2) /2;
computing a value of a Y-axis coordinate (Ym) of the
midpoint of the line bisecting the silicon wafer equal to
(Y1+Y2)/2;

computing a first distance (D) between (Xm, Ym) and one

20 of the first edge point and the second edge point;
computing a second distance (C) between the midpoint
and a wafer table center;
‘ computing coordinates of a wafer center (Xw, Yw) ;
determining continuous wafer edge coordinates of the
24

silicon wafer from the wafer location data;
moving each of the pPlurality of dies to a die removal
position;

moving the silicon wafer to a predetermined location

if the die removal position is beyond the continuous wafer



position; nmoving the silicon wafer to a predeterm ned location if the die
renoval position is beyond the continuous wafer 23 edge coordi nates; and
renovi ng each of the dies with the robot assenbly. 10. The nethod of C aim
9 wherein the step of 5 conputing the first distance conprises the step of
finding the square root of ((X -Xm*(X1-Xm)+(YL-YmM*(VYI-Yn)). 11. The

nmet hod of Caim9 wherein the step of conputing the second di stance
conprises the step of finding 10 the square root of ((R*R)-(D*D)), where R
equals a radius of the silicon wafer. 12. The nethod of Caim9 wherein
the step of conputing the coordinates of the wafer center conprises the
15 steps of: equating the wafer center X-axis coordinate (Xw) to Xm
equating the wafer center Y-axis coordina%s (Yw to (Ym+ Q if Ymis
negative; and 20 equating YwWto (Ym- C i Ymis positive. 24 13. A
system for renoving a plurality of dies cut froma silicon wafer,
conprising: a wafer table supporting the silicon wafer and operable to
control the | ocgdgencodérdirmtisl;i ana wafer so as

removing each of the dies with the robot assembly.

10. The method of Claim 9 wherein the step of
computing the first distance comprises the step of finding
the square root of ((Xl-Xm)*(Xl-Xm)+(Y1—Ym)*(Yl—Ym)).

11. The method of Claim 9 wherein the step of
computing the second distance comprises the step of finding

10 the square root of ((R*R)-(D*D)), where R equals a radius of
the silicon wafer.

}2. The method of Claim 9 wherein the step of
computing the coordinates of the wafer center comprises the
15 steps of:
equating the wafer center X-axis coordinate (Xw) to
Xm;
equating the wafer center Y-axis coordinate (Yw) to

(Ym + C) if Ym is negative; and

20 equating Yw to (Ym - C) if Ym is positive.



5 to place each of the plurality of dies at a die renoval position, the
wafer table further operable to performa first turnaround and a second
turnaround; and a wafer center conputing system coupled to the wafer
.table, the wafer center conputing systemoperable to 10 determne a first
edge point coordinate fromthe first turnaround and a second edge point
coordinate fromthe second turnaround. 14. The systemof C aim 13 further
conprising a robot 15 armcoupled to the wafer table, the robot arm
operable to renove dies fromthe die renoval position of the wafer table.
15. The systemof Caim 14 further conprising: 20 a suction device coupled
to the robot arm and the robot controller coupled to the robot armand the
waf er table, the robot controller operabl 40 nove the robot arm such that
the suction device is placed at the die renoval position. 25 16. The
systemof Claim 13 further conprising: a silicon wafer data sensor coupled
to the wafer center _conputing systemand the wafer table,. the silicon
waf er data sensor opéﬁabl’é BUSRmefan ereidvingn anafleiradatg BranRdelo ffpansnit
the silicon waf irodatasibiddie wagber Eéﬁﬁfﬁﬁ;n Qnputing systenlang t he waf er
0

tabl e; and the wafer .t operabl e to per mthe first and
@ a@gf%r-p%agge SUpg%rting the silicon wafer. and

operable to control the location of the silicon wafer so as
to place each of the plurality of dies at a die removal
position, the wafer table further operable to perform a
first turnaround and a second turnaround; and

a wafer center computing system coupled to the wafer
-table, the wafer center computing system operable to
10 determine a first edge point coordinate from the first

turnaround and a second edge point coordinate from the
second turnaround.

¢

| 14. The system of Claim 13 further comprising a robot
15 arm coupled to the wafer table, the robot arm operable to

remove dies from the die removal position of the wafer
table.

15. Thg system of Claim 14 further comprising:
a suction device coupled to the robot arm; and

the robot controller coupled to the robot arm and the-

20

wafer table, the robot controller operable to move the

robot arm such that the suction device is placed at the die
removal position.



second turnaround after receiving first and second predeterm ned data,
respectively, fromthe silicon wafer 10 data sensor. 17. The system of
Claim 16. further conprising a robot armcoupled to the wafer table, the
robot armoperable to renove dies fromthe die renoval position of the
wafer 15 table. 18. The systemof Caim 17 further conprising: a suction
devi ce coupled to the robot arm and the robot controller coupled to the
robot armand the 20 wafer table, the robot controller operable to nove
the robot armsuch that the suction device is placed at the die renoval
posi tion. :

25

16. The system of Claim 13 further comprising:

a silicon wafer data sensor coupled to the wafer
center computing system and the wafer table, the silicon
wafer data sensor operable to generate silicon wafer data

5 and to transmit the silicon wafer data to the wafer center
computing system and the wafer table; and

the wafer table operable to perform the first and
second turnaround after receiving first and second

predetermined data, respectively, from the silicon wafer
10 data sensor.

17. The system of Claim 16 further comprising a robot
arm coupled to the wafer table, the robot arm operable to

remove dies from the die removal position of the wafer
15 table.

18. The system of Claim 17 further comprising:

a suction device coupled to the robot arm; and

the robot controller coupled to the robot arm and the
20 wafer table, the robot controller operable to move the

robot arm such that the suction device is placed at the die
removal position.




