WO 00/ 55799 PCT/ US00/ 06979 TI TLE: SYSTEM AND METHOD FOR SELECTI ON OF A
REFERENCE DI E FI ELD OF THE | NVENTI ON The present invention pertains to die
i nspection systens, such as those used in the inspection of dies forned
from seni BEHWHREETBr wafers, wherein the die inspection syst EfIAS8UIRE s dies
that are formed fromthe wafer that are to be used to create a reference
nodel for determ ning whether other dies that are forned fromthe wafer
contain defects or flaws. -1 WD 00/55799 PCT/ US00/ 06979 BACKGROUND

Sem conductor devices are typically manufactured from ingots of
crystalline sem conductor materials that have been sliced into wafers
havi ng a predeterm ned thickness. These 5 wafers are then cut into dies
havi ng predeterm ned dinensions, such as 0.5 cm by 0.5 cm The dies are
then etched and oxi di zed using various chem cals and nmasks, such that
predetermned circuits are created on the dies. Such processes are well
known in the art. 10 During the manufacture of such devices, defects or
flaws may be forned or inadvertently created on one or nore dies before
or after they have been cut fromthe wafer. Such defects or flaws wll
typically cause the device to msoperate. It is desirable to detect such
defective or 15 flawed dies before the dies are shipped to a custoner.

Al t hough systens and net hods have been inplenented that nay be used to
detect defective or flawed dies, such systens and nethods require an
operator to set up each wafer, such as by

TITLE: SYSTEM AND METHOD FOR SELECTION OF A REFERENCE DIE

FIELD OF THE INVENTION
The present 1invention ©pertains to die inspection
systems, such as those used in the inspection of dies formed
from semiconductor wafers, wherein the die inspection system
5 selects dies that are formed from the wafer that are to be
used to create a reference model for determining whether
other dies that are formed from the wafer contain defects or

flaws.



selecting dies that are not defective that are then used to 20 create a
nodel . The nodel may then be conpared with other dies of the wafer. The 4
systens and net hods then performthe conparison between the nodel die an
egch die HOWR™i1icon \R/af er, thus reducing the tinme reqdcT8F8®¢heck
each die of the silicon wafer as conpared wi th manual inspection of each
25 die. Wiile such inspection systens have decreased the tinme and operator
i nvol venent that are required to inspect each die of a silicon wafer,

oper at or sg};&g%@g&&ge i nspection system now occupies a significant portion
of the time required to inspect the dies. Accordingly, there has been a
need for a systéamandndethod fomvidetsectirag defectiiVve atanufa MMOQQY 55799

PCTI USCO 06 f iLes.that does nat require an qperator to manually
sel ect mdlelﬁgg?sesg?gr%%ggg ﬁ%é\r/lvewéls ] %M%\ﬁ a'—aecﬁfﬂ%ﬁqﬁvﬁ%’ﬁtc@%v%h eern
present i nyehtédniptoviwdesrisnpraoviedy sy sperslcandmimethads dkoressel ecrhage

mul ti pl.e dlae§ef [omgne or, nore fers . of sem conq%(r:t,l ng material that have

al l onabl e T8Vels of = def SETE. 'I%V%se S8 8ct U TF es e thenPhsEat EoMEPBAt e a

conpar i sondiredées ence, t sudbt ect @ef echi vedyorofd ased dieset baks 1D-haveeheen
formed on th V\@f er .of s\e?m' conducting materi a In atchor dance with one
€ et P
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aspect of the %resent | . : .
i mages, sucha@asptericuseminktih cdrvidual alie tpspestli om syst emieiss Pprouvided.
The system _incl udes a i e co.r;g rator, which conpares a first die 15

di
i mage to a SECONT Ui ¥ T nkye t'0 ¢fedte A i er ence i mage that contains
only tilke differencesg behaeemtihectuwee dbe $iBPeSevices, defects or flaws

may be formed or inadvertently created on one or more dies
before or after they have been cut from the wafer. Such
defects or flaws will typically cause the device to
misoperate. It 1s desirable to detect such defective or
15 flawed dies before the dies are shipped to a customer.
Although systems and methods have been implemented that may
be used to detect defective or flawed dies, such systems and
methods require an operator to set up each wafer, such as by
selecting dies that are not defective that are then used to
20 create a model. The model may then be compared with other
dies of the wafer. The systems and methods then perform the
comparison between the model die and each die of the silicor
wafer, thus reducing the time required to check each die of
the silicon wafer as compared with manual inspection of each
25 die.

While such inspection systems have decreased the time
and operator involvement that are required to inspect each
die of a silicon wafer, operator setup of the inspection
system now occuplies a significant portion of the time

30 required to inspect the dies. Accordingly, there has been a

need for a system and method for detecting defective or



The system al so includes a difference i nage anal ysis system that receives
data fromthe die image conparator. The difference inmage analysis system
anal yzes the difference 20 i mage and determ nes whether there are an
features SOMRSE79%i fference i nage that indicate whether thé’cfrqug?/“@l"% i mage
or the second die inmage should not be used as a reference die image. In
accordance with anot her aspect of the present 25 invention, a systemfor

i nspecting_dies  is provided. The systemincludes a canera that is used to
obtai n i mages”sf 6ﬁéﬁso#hﬁ5rgoﬁﬁe§?1ﬂ FERELEfc P di EPGEREEET OrP sTefEmlily
connect ed stoethemsaseraiedheor edafrenca; dier«glet ecti on syst em det er mi nes
whet her a first die inage and a second die inmage may be used 30 as

ref erence i nmages. -3 WO 00/55799 PCTIUSOQ 06979 Still further in
accordance with the invention, there is provided a nethod for selecting a
reference die image. The nethod includes subtracting a first die inmge
froma secdidMARY eOF nNBigle INVENTEEINe a difference image. For exanple, a 5
nuneri%gl val ue gsoc}atedtmﬁih each ictureéflenent of the first die

i mage may be subttact&d §Fom theH i APV ARLOES: eGYRICERSeadRd
correspondnaghpist ive eleérentinaf nule iSecoiiedi eérbmagae orderet qageeat e
the nunerical value o each correspondj picture elenment. of _the

di f f er ence®t mege. - 17" %Cﬁ%?%hgﬁtﬁgfgﬁnihggth@Tﬁérq "Hi¥rer érdELSnagé
contai ns datecept abl ehdata.selle-tie siekect ipd sysdremugkdt heo prasente  a
invention _elimnates the need gor an o nanua%{zwviemLand sel ect

t t,
dies that GPTPEBEo(RelfOFAOTpari Sohowrt RSGRer U a& tlawed “dide” tnat

10  have been formed on the wafer of semiconducting material.
In accordance with one aspect of the present invention,
a system for selecting reference die images, such as for use
with a visual die inspection system, is provided. The system
includes a die image comparator, which compares a first die
15 image to a second die image to create a difference image that
contains only the differences between the two die images.
The system also includes a difference image analysis system
that receives data from the die image comparator. The
difference image analysis system analyzes the difference
20 image and determines whether there are any features of the
difference image that indicate whether the first die image
or the second die image should not be used as a reference
die image.
In accordance with another aspect of the present
25 invention, a system for inspecting dies is provided. The
system includes a camera that is used to obtain images of one
or more dies. A reference die detection system 1is connected
to the camera. The reference die detection system determines
whether a first die image and a second die image may be used

30 as reference images.



15 that have been formed on a wafer to determ ne whether such dies contain
surface flaws or defects that are indicative of devices that wll

m soperate. Those skilled in the art will further appreciate the

advant age¥V WS¢ Wperi or features of the invention together PCTEFSPPH 7Dt her

i nportant aspects thereof on reading the detailed description which foll ows
in conjunction with the drawi ngs. -4 WO 00/55799 PCT/ US00/ 06979 BRI EF
DESCRI PTI ON OF THE GS FIGURE 1 is a diagramof a die test systemin
accordance witHAtah e§ hpl'&F y+BnBEEPHERRCHT Vi R bP@séﬁf’ef‘ﬁ\}@ﬁt SRELFI GBRE 2

is a bl ockpdbagaam ef metheberercesdie-tdatpcsi oBredepy et @Md N ACCOr dange
with an exen‘EI ary .enbodi nent of the present invention; FIGJRE 3 is a bl ock

di agr am of "§tapPf éP&ﬁB@eénaﬁ%@qtﬁn%&oﬁﬁéﬁEe Wet Ky Sextenfil apy second

ermbodi nent qoé tlfmagw esentcrédventd oalfigrgh&yelREl@é s a giagramshow ng a
first die i mge, second die inmage, and the resulting difference imge,

such as woHl rb%a(]:r 83t 8§ Wsé%?%ar’fﬁf{e %orhaPatbr péFttuﬁ@ dieeerittecef ohhe

system of FlEJREdde RIARE Abyi pecans @@l of rachi shegramshow ngythgedat a
15 variations, such as brightness variations, of the difference inage as a

function O?S?P%hﬁéﬁéy,wﬁmcﬁ QO SIRARFHIY B Ca ket hodemeptsetfecthAg

reference diechinges ll@n%ecomae@;@ew th, an-&eIpLALY nu%@q@arﬁen&a%eta%
present invention; RE 6 is a flowhart of a nmethod for anal yzing

bri ght nesseaélflacpﬁrﬁéé@iﬂél‘éﬁ@e Bt e ekenphiar 9 febedi Mehfepgnce image.

10 It is then determined whether the difference image contains
unacceptable data.

The die selection system of the ©present invention
eliminates the need for an operator to manually view and
select dies that will be used for comparison with other dies

15 that have been formed on a wafer to determine whether such
dies contain surface flaws or defects that are indicative of
devices that will misoperate.

Those skilled in the art will further appreciate the
advantages and superior features of the invention together

20 with other important aspects thereof on reading the detailed

description which follows in conjunction with the drawings.



the present invention; and FIGURE 7 is a flowhart of a nethod for

anal yzing other 1inmage data in accordance with an exenplary enbodi nent of
the 25 present invention. -5 WD 00/55799 PCT/ US00/ 06979 DETAI LED

DESCRI PT| W@ ¥5SEREFERRED EMBODI MENTS I n the descri ption whPERUSEIPERE, |i ke
parts are marked throughout the specification and drawing with the sane
reference nunerals, respectively. The drawing figures may 5 not be to scale
and certain_conponents shown in eneralized or schematic form and

t b
i dent i fi edB%EEomﬁ:]ﬁ?%ﬁgﬁe@?gWiWﬁ fhe interest of clarity and

conci seness. Fl GURERE 1sia di aghgmafoa digitestssystemet00,i n-cacegndance
with an exeggl ary enbodi nent of the present 10 invention. The die test
syst em 100Y#aYy FRCFIEEOLFDY FRPPHHEEN At e RiRtSHs Thangpdriate on a

WAV- 1000 Aut omatiguMispaks hnspeeki anaSyshesr panukactyred by é%%EQfQQHCt or

Technol ogies & Instrunents, Inc., that is used for the inspection o

seni comduct ¥ FRf e, 36FOsERBFSs U EbI &pr 6G5ERRAABYe SMRediments jafspekei on
systens. Theedigrtestesyssem 100 includes a die table 102, a controller
104, a canera 106, and_a light source 108. A wafer handling system 110 of
the die tabl e 155GYRE oBeftgbPe HeCknsli@ s amaiel supbbferance anpenzasl 85 a

silicon wafetodddncL0 JYQﬁcaéﬁy1ek@ﬁpﬁ&f%COQmM@&fﬁeéé4,5? f@ﬁgﬁdpEQEQnQ

ne
or nore dies prior to being placed on the wafer handling system 110. The
control | ert1o22¥ %% programmuabl e processor that may include a general

pur pose processinguRk atsf:or iy For 4eXaaph € sndkACont rallgr 404 ngy, jncl yde a
Pentium processor or ot her
second die image, and the resulting difference image, such as
would be created by an image comparator of the die detection
system of FIGURE 2;

FIGURE 4b is an example of a histogram showing the data

15 variations, such as brightness variations, of the difference
image as a function of freqguency;

FIGURE 5 1is a flowchart of a method for selecting
reference die images 1n accordance with an exemplary
embodiment of the present invention;

20 FIGURE 6 1s a flowchart of a method for analyzing
brightness data in accordance with an exemplary embodiment of
the present invention; and

FIGURE 7 is a flowchart of a method for analyzing other
image data in accordance with an exemplary embodiment of the

25 present invention.



25 suitabl e general purpose processor, and additional hardware or software
such as an operating system random access nenory, Vvideo cO-processors,
field programmabl e gate arrays, or other suitable hardware or software. A
ref er ence W /558 ecti on system 116 operates on control | er PEBASINEO%hy be
30 inplenented in hardware, software, or a suitable conbination of

har dware and software. The reference die detection system -6 WO 00/55799
PCT/ US0O0/ 06979 116 is preferably a software application operating on the

controller 4 i t di est system 100 is used to inspect
dies for rreaéﬁ%#ﬁhgggéﬁ%ﬁﬁo%ﬁerlE%éR% P e ect 5 dies havi ng
defects that naynrendereishe igicecunaccept aklia Juay, useke Therss! heenwaiern 114
is noved by the wafer Fandl i n(g%aa/stem 110 sg as to, position each

 ndi vi dual CBFSUGROREn ThE PP Teatot i efddof AFRBIRANErAt 06 " PrngeEcar e

capture byretbeecagenantéland asspddansdefred 1 t heaGonyr Oﬁi@lré@‘lma%O
The light source 108 is uied to maintain a controllable reference |ight,

such that PR itfage %Dr PRt Aesy YatEard ™ ofRBPONRRGE dBRA dIC eddl"di e 16f

the silicogemeteriidd may dehemor il kzedl Shd@s ibentemakl CONStaRherkhathi s
manner , sguri ous jdentjfication of a good die as being inperfect or 15

flaned as ACPEIRFELORS | +YNtihg RIS oHs G i@Mi T RYeECHE SSSS -nages

obt ai ned by therteorea 1106sarg comRaed oby sofdar csyst eps: gpenatd ngnon
the controller 104 to a, reference die image, such that die i nages bearing
def ect s maycCheietect €HLD Than r epéeRERT Wi ecBleP@Enedh syt erl¢16Pirssased 20

to form thepyefersnce tABOS: o SUEh: t baLe oRet @b oz handhingdeand, sekeghian of
reference dies is not required. The Teference
software systems that operate on a WAV-1000 Automatic Visual
Inspection System, manufactured by Semiconductor Technologies
& Instruments, Inc., that 1is used for the inspection of
semiconductor wafers, or other suitable programmable visual
15 inspection systems.

The die test system 100 includes a die table 102, a
controller 104, a camera 106, and a light source 108. A
wafer handling system 110 of the die table 102 is operable to
move a wafer support 112, which holds a silicon wafer 114.

20 Typically, the silicon wafer 114 is formed into one or more
dies prior to being placed on the wafer handling system 110.

The controller 104 is a programmable processor that may
include a general purpose processing platform. For example,
the controller 104 may include a Pentium processor or other

25 suitable general purpose processor, and additional hardware
or software such as an operating system, random access
memory, video co-processors, field programmable gate arrays,
or other suitable hardware or software. A reference die
detection system 116 operates on controller 104 and may be

30 implemented in hardware, software, or a suitable combination

of hardware and software. The reference die detection system

—6-



di e detection system 116 generates data that is used by the controller 104
to cause the silicon wafer 114 to be noved in a predeterm ned manner, such
that the individual dies of the 25 silicon wafer 114 may be sel ected as
reference WPAYSS®hr  exanple, the reference die detection SFHEHPE° nay
conpare a first and second die of silicon wafer 114, and may then

determ ne whether the first and second die contain defects. If it is
determ ned _that the first and second die 30 contain defects, then the
reference dit d?a?eé)triec;r r?)@tyerﬁ‘1f63ft1j’€ﬁ§ra?@€lbl‘é%%l‘?rhat09<%@sté§gt hen the
control | er cL04 rto 1advange the silicon wafer 114 to conpare the third and
fourth die of -7 WO 00/55799 PCTI USOOQ 06979 silicon wafer 114. The third
and fourth die i"fagesTare Chefi Scfarédtt §YFSEar ri0fe Ifhetrst ey sRafttai n

any def ect gieEhi Sorfg@cessmi S Hepeat edomntialred suff i ckaph nuber ofcdigs
from sufficient predeterm ned |ocations of the silicon wafer 114 5 have

been sef ecfedSt §Hard £ GG ahI et entelffhgehe SéFetipeRoBit aokege r om

various |ocati.onsTeé sihieen wafrerr 1ld is poeber ab) exhs0,a340 13l owdhe
die test system 100 to inspect each die of the siljicon wafer 114 for
def ects wi CHEUE™ deifer3R i #9 SPuFiPsds 18 Gronsn el der hof fal WiaPiat itdes.

10 I'n this rAageaersodzhe fefier encecde ecdpbest ner . syst e dd 6, -8By be Hsed,f o
performreference die selection. The reference die detection 'system 116

thus elin hafesCiMrhedd® 19 operaticr e rhasualPy e eeentepétence Udi-es,

whi ch 1glecrgasesithe aimimie of obi NBsT agiiid ed of Ohat Hea PROCeSSIdG Qf1 113,18ach
silicon wafer 114, and al so decreases the anount of operator 1nvol venent

required t 6S6FEFPRFE thedlfie et sysebemthpoimage brightness data and

other image data of each die of the silicon wafer 114 may be
normalized so as to remalin constant. In this manner,
spurious identification of a good die as being imperfect or
15 flawed as a result of lighting variations is minimized.
The die images obtained by the camera 106 are compared
by software systems operating on the controller 104 to a
reference die image, such that die images bearing defects may
be detected. The reference die detection system 116 is used
20 to form the reference image, such that operator handling and
selection of reference dies is not required. The reference
die detection system 116 generates data that is used by the
controller 104 to cause the silicon wafer 114 to be moved in
a predetermined manner, such that the individual dies of the
25 silicon wafer 114 may be selected as reference dies. For
example, the reference die detection system 116 may compare a
first and second die of silicon wafer 114, and may then
determine whether the first and second die contain defects.
If it 1s determined that the first and second die
30 contain defects, then the reference die detection system 116
generates data that causes the controller 104 to advance the

silicon wafer 114 to compare the third and fourth die of

-7 -



FIGURE 2 is a bl ock diagramof the reference die detection system 116 in
accordance with an exenplary 20 enbodi nent of the present invention. The
reference die detection system 116 includes the |ight source 108, the
camera 108YOPHE™hf er handling system 110, an irmage storagé‘”@ﬁ%?@ﬁ*%04
and a processor 202. The processor 202 is a suitable processing platform
for 25 operating a software system such as a Pentium processor or other
sui tabl e general purpose conputing platform The inmage storage system 204

i ncl udes a SSyStom ¢GritSolier 2087 ahh i FaganddigreErRefizogmagedi fais et

anal yzer 21Qmpan@dand MREe rnGorpahatol r2 t2e WRieh 1Ry |9 erent edr{ ;n
hardware, 30 software, or a suitable conbination of hardware and software,

but whi ch &&@S5Eef erRbF§PEBEERar® tirogt aft L6pei 8P F ngUererheo f préess Sorom02.

-8 WD 00/ 55799 1REEhUSQILEAZY mithes system soat el It@re 29@1150190%@%%@ tjq 4 he
waf er handllng ésten1110 the light source 108, and the inmage digitizer

208. As°usédVen PREE aﬁﬁﬂ?@é?ﬂontoth50¥%rn@coﬁ@%%ﬁOl%nam%fQKﬁﬁQﬁrnkﬂage

physi cal cerneckiien (UCIhages @a3bRa BUS 102 BECOPRSIs CQEm%%tﬂl%)n whfer
virtual connection (such as by reference to dynamcally allocated nenory

| ocations il ‘a 15 &fddmracdess St yJo #bkpeatheorthectirsis system a9 0t Hcough

| ogic ci rCli'nts?)let 2aPHOGEES O %eotsflquco%glw%f%ervu%) £ otyfe&téﬂ i (i frabl e
mechani sms well known to those of ordinary 10 skill in the art. The system

control | er 9206 RS 16FeFRBIFEOHS r@@ﬁ?FéPthéuﬁoé@tm@ﬁm®$ wadiet oens he waf er
handlipg systemr,11Gid fesponseche data Lecel Vﬁ%f&@g&&@foh'T@%t%g'ﬁ%w
0

208. Likew se, the systemcontroller 206 is operabl
may be wused to perform reference die selection. The

reference die detection system 116 thus eliminates the need
for operators to manually select reference dies, which
decreases the amount of time required for the processing of
15 each silicon wafer 114, and also decreases the amount of
operator involvement required to operate the die test system
100.
FIGURE 2 1is a block diagram of the reference die
detection system 116 in accordance with an exemplary
20 embodiment of the present invention. The reference die
detection system 116 includes the 1light source 108, the
camera 106, the wafer handling system 110, an image storage
system 204, and a processor 202.
The processor 202 1is a suitable processing platform for
25 operating a software system, such as a Pentium processor or
other suitable general purpose computing platform. The image
storage system 204 includes a system controller 206, an image
digitizer 208, a difference analyzer 210, and an image
comparator 212, which may be implemented in hardware,
30 software, or a suitable combination of hardware and software,
but which are preferably software programs operating on the

processor 202.



control the light source 108 based upon i mage data received 15 fromthe

i mage data digitizer 208. In this manner, the brightness and ot her inmage
data of each die inmage nay be nornalized so that die images are not
rejected ¥OYWBEult of Ilighting variations or other |ighfCAYSeYPERi ons
that do not directly affect die quality. 20 The inage digitizer 208 is
coupled to the canera 106, the inmage storage system 204, and the inage
conparator 212. _ The inage digitizer 208 recejves imges generated by the

canera 106 and d8fivefYS'Fhe FRBGESIHRATo0 20Wi git alct oftO t He &di &’adfett he
silicon wahendlldgt hapstemcunmentinei niigne 25oheeal figl d.0f thee canpra
106. The image digitizer 208 is operable to determ ne the boundari es "of
each i ndi vitdGarare 2§§'asAPoU§ﬁ§uﬁ§ thit tReldicé tilrage the ol elerladd to

record gragaseake Fdghtness data avhidhelcd nege-al @, s sHshaasyscekor
data, for the individual picture elenents or pixels of 30 the canera 106.
The i mage GPEPEFzeCIVELtiGNds t it s HAFEUBh OveNeradeTst ofaye dewbce 204,

-9 WO 00/ 55898 rBeELUSEN/ 063741 cthe J mage cehekadendgyirge 204a1 sods data
storage nedium such as a random access nenory, magneiic nedia, optical

medi a, or GEREPTSFEIHN® BRI ¥hor 4§elfRdi £OITRE tiivage (S4ek age dévicseh204

may be virtudghcmeaeiniltecald onspwbtBEHot herd RHeGessM i 204t haty arg, 1
dynam cal ly allocated by the processor 202. The inmage storage device §b4
i s coupl ed°t8ethe’y © dM§FfPRePm208'AEnd KReviRnelge &&Wsar adbr oxtinathe

i mage ponpakatoer i212Hs £oupl ednto s;y@%em%%udﬁgjetﬂ 286 208, OFQ?abﬂég%o
storage device 204, and the 10 difference anal yzer 210. The I nage
conparatorCQTErPé the position of a die on the wafer handling system
110 in response to data received from the image digitizer
208. Likewise, the system controller 206 is operable to
control the light source 108 based upon image data received
15 from the 1image data digitizer 208. 1In this manner, the
brightness and other image data of each die image may be
normalized so that die images are not rejected as a result of
lighting variations or other lighting conditions that do not
directly affect die quality.
20 The image digitizer 208 1is coupled to the camera 106,
the image storage system 204, and the image comparator 212.
The 1image digitizer 208 receives images generated by the
camera 106 and converts the images into a digital image of
the die of the silicon wafer 114 that 1s currently in the
25 focal field of the camera 106. The image digitizer 208 1is
operable to determine the boundaries of each individual die
so as to ensure that the die image is complete, and to record
gray scale brightness data and other image data, such as
color data, for the individual picture elements or pixels of
30 the camera 106. The image digitizer 208 stores this data on

the image storage device 204.



operable to receive digitized data for a first die imge and a second die
i mage, and to conpare the two inages on a pixel by pixel basis so as to
generate a difference inage. For exanple, if each of the %ixels of the
first di eWHMRE%nd the 15 second die i nage have identical PFAUY9hen t he
i mge conparator 212 will return a difference i mage having pi xel val ues
of "0" for each pixel. Because the "0" pixel value typically corresponds
to the nost black shade, the inage conparator 212 may al so be confi gured

ge_ ¢ . y |
to return pixel I1N@l dB8950 SHAFPAG ATECSUit4Ablé ¢aldfds whepra®e BFfieRence

between pixeh V@l UES irSnZEMO, 2 SHEHs ASmerhOF y XYt 1205 re@i@N 8Bkt -4 Pi Xe
system 15 in a 4 bit pixel syste or other suitable values in a manner

p \ .
vel | know™ES ¢ hosH of t8RdI ndryE3R1¢ 1 date t Récgrge 2Bedhe. di f fl@centBage

anal yzer 240c18g&08pY ee t 204 Neal NBgey i £OMRAr AbAbr ¢ 120800 HECEL VRS T PRe
difference i mage data generated by the inage conparator 212. The
di f f er encePT anaF§er< 2403t ope? abY R bCdkt Br #d hecd kein Pretdef Pspengacrdat a

whet her theodi ff arencasadet wespasbedbiist din apd thes304second, di eqane
i ndicative of defects, flaws, or other unacceptable conditions that would
render onefb¥itHee¥ 74} anfl Fherdde s aEwaedend 2di%e | mage unacceptabl e for

use as a -10 W00/ 5R799 PLIAMSON 06979 > 1 ef erengg i & i pByernEor ; £xanpl e,
the difference analyzer 210 may tabul ate brightness data and other i mage
data, and dhRytERRer nt R f r BRRt héMBERghEResadat dearideot et /i neajed datae

whet hep unaceeptahle devippions £xj st befyeen; fhe. brightness,p 217  is
characteristics and other 1nmage characteristics of the first die inmage or
t he secondPREERHage® ARCBRECcEpPableed data for a first die image and

a second die image, and to compare the two images on a pixel
by pixel basis so as to generate a difference image. For
example, if each of the pixels of the first die image and the
15 second die image have identical values, then the image
comparator 212 will return a difference image having pixel
values of “0” for each pixel. Because the “0” pixel value
typically corresponds to the most black shade, the image
comparator 212 may also be configured to return pixel values
20 having other suitable values when the difference between
pixel values is zero, such as, for example, 255 in an 8 bit
pixel system, 15 in a 4 bit pixel system, or other suitable

values in a manner well known to those of ordinary skill in

the art.

25 The difference analyzer 210 is coupled to the image
comparator 212, and receives the difference 1image data
generated Dby the 1image comparator 212. The difference

analyzer 210 1s operable to determine from the difference
data whether the differences between the first die and the
30 second die are indicative of defects, flaws, or other
unacceptable conditions that would render one of the first

die image or the second die image unacceptable for use as a
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bri ghtness or other image data variation may consist of a brightness or
other inmage data difference that exceeds a predeterm ned nagnitude, that
occurs in excess of a 10 predeterm ned frequency, that occurs in excess of
a predet BIOR0RsH%accept abl e range for brightness and ot her PCh#i§a0/06979
variations, or that exceeds other predetermned criteria. Likew se, the

di fference anal yzer 210 may al so or alternatively analyze the coordi nates
of the brightness data 15 and other inage data to determ ne the size,
density, orrtHENCSUftabl&agkar acteri stiawlsf, t heebdighiteresscandna hezeot her

i mage data anpnmkiesapthgcdi ifsergnce anahyzer ,210 d S u to,the
system control | er'{/zog_, uand generates data for . 'gjhedtzlye?t e%m%g%t I?J(S’aletlgjér af&)%]
that will cHIseIHRIBIRE ehf 20 EBAL FAUBTIEE 1R Elvand e othe rwafiergehadalt d ng

system 110 gt e mexdcdiedeter s ped: dies LQQ?‘E{:O;@etk«@eﬂpe&?et ik?Pi?M}?efss

reference die detection system 116 is wused to select reference dies froma

waf er fér (BEREAUeTE Sdiles iaspection sypsgenchInecrefésthce dife tdet etiion
system 116 2% usgs, Ju edet ergi ned critgrig;for rmni

vari ations iln. bri ght ness and ot h_zr 4|)m':1ge éatalgkglbgbi xel sr}g]o:‘,\hgﬁg%er%%a%llee

i mage and PEEEFAESE eOF megdew | ingyevdataei tderatofon t hevdi eonsages offr am
bei ng used gs & «efarepce dig i mMge . n I sqmEnner he,reference die
detection systgglmnllsa may be 30 use gteo ggfgctdécceptnacbﬁt eet(}jllag iﬁgaggd?roam a
si i con waffgrededermiged n magmitigde he itbhér enpecuwlie | fmge.extesy nabitvely,

00/ 55766 PEH UST 06978. 1 oeat ohe of TS ol 1TE0R et b oo 1% séfect &
sui tabl e doHEsiat@Ienedf adiceritabdes rfangs Froed dtrdgnitmeds saregas @fhdheimage
variations, or that exceeds other predetermined criteria.
Likewise, the difference analyzer 210 may also or
alternatively analyze the coordinates of the brightness data
15 and other image data to determine the size, density, or other
sultable characteristics of the brightness and the other
image data anomalies. The difference analyzer 210 is also
coupled to the system controller 206, and generates data for
the system controller 206" that will cause the system
20 controller 206 to advance the wafer handling system 110 to
the next predetermined die location.

In operation, the reference die detection system 116 is
used to select reference dies from a wafer for use with a die
inspection system. The reference die detection system 116

25 uses predetermined criteria for determining whether
variations in brightness and other image data for pixels of a
first die image and a second die image will prevent either of
the die images from being used as a reference die image. In
this manner, the reference die detection system 116 may be

30 used to select acceptable die images from a silicon wafer for
use in forming the reference die image. Alternatively, the

reference die detection system 116 may move to predetermined
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silicon wafer to formthe reference image data. FIGURE 3 is a block diagram
of a difference analyzer 210 5 in accordance with an exenpl ary enbodi nent

of the pragapissidnventi on. The difference anal yzer 210 naypgf,,dsmy(;@mant ed
in hardware, software, or a suitable conbination of hardware and

software, and is preferably operating code that operates on a general

pur pose processor of a visual inspection system 10 The difference analyzer

210 i ncl udest aodlat @ rsofe SYst eMbn30 rkhesdata sept system 302, oo g
i npl emented in hardware, software, or a suitable conbination o war e

and sofFﬂﬁ?éﬁa%hﬂ“|§)pr%%%rdﬁF&ﬁﬁbf?ﬁaWeI%¢%ﬁeﬁﬂﬁmﬁ@ﬁé% encas gehetak

pur pose pPfoCessardhne: dlat@soite systemBQ2 Hecrl ves 15 i mage conpar at or
data froma conparator system such as the inage conparator 212. The data

sort system 352ER%Brésithe bé@ﬁba@a@@ramapﬁ pndafberghtaessafigbbe 304, an
others data J2Bl:@a308 pIeRtNEr sybiabhey! Ao AL Labl g5 dspending ’ the
SO sort ri'gh

type of data used. The data sort sys may a t R&© t ness
dat a andl®venbidrer |%@@edaéf%r%@ﬁasam@lyz%bUXh@emahebbrngbtemsstaﬁgmntude

ang of e fal 2 dmgpL e, 20 o udct Lo of Lie, fremyency gl gccurr ence of

pi xel s having each brighthess magnifude varl ue and ot her
val ue. 25Oﬁh%a%@49ﬁwﬁes% p@&ﬁ%&émﬂyrnmeimilmml@myateMatnopéaadaarem a

sof tvar eucOicfs Sulighle sombinal) oy of dvens and. sof Luae, and 1o

preferab?y softmare at” operates on a gener al The
bri gt ness t abke Q@ﬂfﬁbﬂm©$nsnagyayrséaDe1nnﬂgubﬂe5£ dtata §6om thetem

Gie i mger’ For myami e CRS hr SHERGEe 08l 364 Ray CONCATRTA Targs

anount ofaddMare epreSeriag dthea amet&iDbe V%er(ﬁtidﬂe of hardware and
software, and 1is preferably software that operates on a
general purpose processor. The data sort system 302 receives

15 image comparator data from a comparator system, such as the
image comparator 212, The data sort system 302 stores the
comparator data in a brightness table 304, an other data
table 306, or other suitable table or tables depending on the
type of data used. The data sort system 302 may also sort

20 the brightness data and the other image data so as to
tabulate the brightness magnitude and other data magnitude as
a function of the frequency of occurrence of pixels having
each Dbrightness magnitude value and other data magnitude
value.

25 The brightness table 304 may be implemented in
hardware, software, or a suitable combination of hardware and
software, and 1is preferably software that operates on a
general purpose processor. The brightness table 304 contains
gray scale brightness data from the difference image created

30 by comparing the first die image and the second die image.
For example, the brightness table 304 may contain a large

amount of data representing the absolute value of the
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-12 WD 00/ 55799 PCT/ US00/ 06979 difference between individual pixels. In
this exenplary enbodiment, the brightness data and other image data for
each pi xwio @fssidpe first die image and the second di e i MgfcrfsoGRIRAT €d,
and the absolute magnitude of brightness difference 5 and other image data
difference is determned. The brightness table 304 thus would contain the
brightness data for the difference inage. For two identical die inmages,
the brightnesendat aoadddede ZRMi& \WHah gokEgspondsyto @'%Cke%%r%l glay
scale. On an 8 bit gray scale, 255 represents the 10 brldhtest shade” Thus
the bri gRTREES™E bt oCBB4DF AEh HARSS a0a tabaRat pEROBf ipagel deremént gray scal e
val ues, poke®XaIpl €he rANGINGIIL OM@gko Z3P foL an 8, bit gray; s¢ eé's.mage
processinggggstenl The other image data table 306 may be inplenented in

har dwar e fhar e2ndr tAesabPpabree cBaBRhaLBNO6f bhacbhare sand f fsoknwar e,

and is pagfier abhgrsofingfe that; opgr akesc QR a i%e”Qkﬁkdﬁgﬁ§§? progggsor
The other image data table 306 contains imge data, such as col or “data,
for the BFt7efence “PRage ¥dr et byvevhparvngathe titie sbripetimagedand the
second 2@o¢i enkmagercOtheE ipage . dat@ val yes; ymy. alsp fo‘ea%%gggd 2P 2" 8
bit system such that the other image data value ranges fronr0 to 5.
Ther ef orBE1FlFNew fdkht Méal PragesO Waichg canterricals dtheplimagendat a
val ues, %l_qg diffarence djragg w | Eithat%’faymsl&%%egf ZEEO.. !Qfes?etn er ipmge
data tab e_%OG may also 25 or alternatively contain a tabulation of al
pi xel¥ el BFeRttedt héhapRage Hata vhPudyidromeseanphieler @i nipdromd ko 255
for an 8chhl1 ot hex b@a@ﬁx%qt%ﬂéﬂgﬁ%Fﬁf@fsébggeSXéﬁgﬂkxThﬁoél89%m8?g!yzer
308 may be inplenented in hardware,

ranging from O to 255 for an 8 bit gray scale image

15

processing system.
The other image data table 306 may be implemented in
15 hardware, software, or a suitable combination of hardware and
software, and 1is preferably software that operates on a
general purpose processor. The other image data table 306
contains image data, such as color data, for the difference
image formed by comparing the first die image and the second
20 die image. Other image data values may also be assigned on
an 8 bit system, such that the other image data value ranges
from 0 to 255. Therefore, for two identical images, having
identical other image data values, the difference image will
have values of zero. The other image data table 306 may also
25 or alternatively contain a tabulation of all pixel element
other image data values, for example, ranging from 0 to 255
for an 8 bit other image data image processing system.
The slope analyzer 308 may be implemented in hardware,
software, or a suitable combination of hardware and software,
30 and 1s preferably software that operates on a general purpose
processor. The slope analyzer 308 1is coupled to the

brightness table 304 and the other image data table 306. The
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software, or a suitable conbination of hardware and software, 30 and is
preferably software that operates on a general purpose processor. The sl ope

anal yzer W@ojss7goupl ed to the brightness table 304 and tperRkhffsotdrge
data table 306. The -13 WD 00/55799 PCT/ US00/ 06979 sl ope analyzer 308 is

operable to determ ne the change in slope for increasing val ues of
bri ghtness data and other inage data in the brightness table 304 and the

ot her imagepe datra tyallre 306, iesHsStived Y« Folc€XANPLE, t?l% E&Qﬁé‘eﬁﬁ >
Fig

increases_froma value of O to a value of 255 in an 8 bi ness gray
scal e sySteRT tiRF sHOp&eeribRe PibEcDf OfFf r Bgiehepever sdst dr iaght nesseshoul d

be negatiMQg@V@btbh@J}eﬂﬁér%rﬁéﬂgﬁeEEOQkﬁﬂRP ?@5'aédCQ§Q9eo-ﬁe}h§m§5%pe
from negative to positive indicates the existence of area having a“IO
greater BRIYhtHRESS t AR’ s onsdiig lar-eas Bsfr t headbiter ercebriiphgeesBri ght

areag of i hhecdbds erense d MagR.COpEESPANd 10,5008 WY form %e%ﬁféog‘i%he
first die image and second die imge that are used to create the

di f f er ene®! PiweiyRSS THIAY a SCEH&NgEYPRSB) opeher ot Plegatd e the podioti vefmay be
i ndi cati yeedSehdat @bthes the JHisisdi &rHJmee oL t?% segond gbgrlnggg.

shoul d not be used as a reference die image. The s 08e anal yzer 3 i's
used to HeEEFPi A@NWFet AEPM schtar €&$ -exi ¢t changei timer thhe Hrdpght Aiess dat a

in the bydight nesstt able; 304 ol nqidhe-d i ' ot her image
data tabl e@%%& 20 The di mensi on anaﬁ/rz]tgﬁ_e 3%%9%%%% éfr]rp%ggraen edHih
har dWar eI redf ¢ aPE 1 9BEngs§uithall ewordintkirionaoeahardwarte addf fsofhuar e,

and i s pygigs abl yw,sofiwag -t hat, ropgrat g5+ 9 eneral purpose processor.
The di nensic(%l anal ygjer 3106%5 co&g{ ed to %ﬂ%n%%oggla relalcyozerre%g].CPTﬁ%
dinenSiOWOQnﬁﬂ%éﬁﬁHl areas from the first die image and second die

image that are used to create the difference image. Thus, a
change in slope from negative to positive may be indicative

15 that either the first die image or the second die image
should not be used as a reference die image. The slope
analyzer 308 1s used to determine whether such areas exist
for either the brightness data in the brightness table 304 or
the other image data in the other image data table 306.

20 The dimension analyzer 310 may be implemented in

hardware, software, or a suitable combination of hardware and

software, and 1is preferably software that operates on &
general purpose processor. The dimension analyzer 310 is
coupled to the slope analyzer 308. The dimension analyzer

25 310 is wused to analyze the dimensions of areas having
brightness or other image data values that are greater than
expected. For example, if the slope analyzer 308 determines
that brightness or other image data excursions exist, ther
the dimension analyzer 310 analyzes the coordinate data of

30 the pixels that define the brightness and other image datza
excursions to determine the size of the potentially affected

area. Predetermined criteria may be used to accept or reject
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25 310 is used to analyze the dinmensions of areas having brightness or
other image data values that are greater than expected. For exanple, if
the sl opewaywlsymer 308 determines that brightness or othepcriREFIRL 2
excursions exist, then the dinmension analyzer 310 anal yzes the coordi nate
data of 30 the pixels that define the brightness and other inmage data
excursions to determne the size of the potentially affected area.

Pr edet er airaed &bhh&@iﬁwﬁWkﬁﬂghﬂﬁééé)@@Cgﬁﬁeﬁriﬁﬁggcdat%4 di%&ﬁéégg
PCTI USOO_06979 aéeas havi ng such brightness or ot i mge

excursi oh§T SE§FPéRanple mthbﬁaﬁnﬁéyéﬁéﬁﬁﬂwcﬁﬁlFm@ﬂréﬁﬁﬁﬂwcakﬁﬁraem@ﬂnlned

t hat brlghbﬂe$&ﬁyhim&£&ram@H@QhQ@t&uﬁ%ﬁyréhgﬁsé%%ﬂyéﬂ%délr§h%§%%rqg‘0 to
1000 pi xels an havg gﬁﬁg#%ﬁodlnen3|ons of 5 less than 1 mcro

result iAtd8vi Bekedes ali Rgvang umecdeept abhens i egaendy of

OCCUFHEHQ@SS|nthéﬂ|$Lnﬂﬂﬂﬁbm the dh8§n5£@§u?@ahM¥erﬁ%Qmﬁa§ Re -¢al i brat ed
to accept brlghtness or other inmage data defects having mensions within

a previ otd8F§CHet EPHLREd G anye? arrP e +oj E66T1ONBY | Gt messiarrh@t her Inmage

data defegts hauhag, dtﬁ%”%hﬂ@%31%%t%d$%y%eﬁ'Efbrﬁg§ﬁ%e1@ 989§n%¥ anal yzer
312 may be i | ement ed i n har dwar e tware, or a SUIta e conbi nati on of

har dwar e28R8P5 of BkaPE8tnegdd F§7pr%¥%¢ébl9m§@ﬁtmaké£tha@ebﬁetategaamng

general pURPASEcAS PLOKESSHrprdhe.densi Lyrapa Mé(@rrngr% d§ 8 LNes %Qg
density of areas that exceed acceptable brightness o er I mag é at a

val uds” bYTishhgethe Gor 8Fhate Heage ofdattﬁe PEketss ésesamqat eldmwnshosach
areas. |§utbeqabsel utes di ion of areas having brightness or other inmage

data excursions is 20 acceptable, there may still be an unaccept abl e
density of The density analyzer 312 may be implemented in hardware,

software, or a suitable combination of hardware and software,
and is preferably software that operates on a general purpose
15 processor. The density analyzer 312 determines the density
of areas that exceed acceptable brightness or other image
data values by wusing the coordinate data of the pizxels
assoclated with such areas. If the absolute dimension of
areas having brightness or other image data excursions is
20 acceptable, there may still be an unacceptable density of
such areas within a region of either the first die image or
the second die image. The density analyzer 312 determines
whether the number of Dbrightness or other image data
excursion areas exceeds predetermined acceptable levels. For
25 example, in a 100 micron by 100 micron area, it may be
determined that three brightness or other image data
excursions having absolute dimensions of less than 1 micron
by 1 micron are acceptable, but that any additional areas
will result in an unacceptable probability of device
30 misoperation. The density analyzer 312 1is operable to
determine the size and number of brightness and other image

data excursion areas in regions of the difference image, and
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such areas within a region of either the first die imge or the second die
i mge. The density anal yzer 312 determ nes whether the nunber of

bri ght nesgy@go/shdaer i mage data excursion areas exceeds predehRbsddas
acceptabl e levels. For 25 exanple, in a 100 mcron by 100 mcron area, it

may be determined that three brightness or other inmage data excursions
havi ng absol ute di nensions of less than 1 mcron by 1 mcron are

accept able, dutterthate amew@ddi tignaki aseag; eWillaJeesild ERcan %gﬂﬁc%%ab' e
probability of device 30 mi soperation. The density anal yzer 512"7s oper abl e
to deterffAg tI8Siize HndURARBBPT &P Br NYRPAEs © Tankr byheres frage  cddtea
excur si oAmapeagath £gELOBSoRfathgsdifference i mage, and -15 WO 00/55799
PCTI USOCQ 06979 to determ ne whether the first die inmage and the second die
i mge contai nt8n GRSEEEPPRDI ethGnbER T6RLBREGht RBSS VER YOt RED iamade zdat a

excursi oBraaasesknaARCRHON irfdie didderence anabyzesngll; agalyass oS
brightness and other inmage data created by conparinhg a first di e i mage
with a s€é8ndA% i abe to Ereand i f iBRrEAceEC | pagereDi 4 f eridifcacanal yzer

210 firstndgber m nese shebher Jhhereecaresany pfight %ee%sergﬁin%{g“%hie%g%g data
excursions, based on a tabulation of the frequency of brightness data and
10 ot her tPREfe 3 a2V PrigBtdeser Mmedthhat braght mbstsa askcugtsiensi mage

dat i i 1~} he «di : er,n_nes et her
ata excygsb@nsnexi stpulihenohhes EREGE§Q§S?H§82E¥ZSElﬁignggg d tgtﬁgﬁh.

the absol ute size dinensions or density o bri ght ness "an i mge
dat al &xc@F8f6n imgoeasiabeceed Ipr edet ef nidege ralihevalilet evelghtAepassndr fai

15 respopsges Lhego!ranedi tLed,Loibhe syziem cophipl! enctoq indicate
whet her to accept the first die I nage and second die

analyzer 210 determines whether the absolute size dimensions

or density of such brightness and other image data excursion

areas exceed predetermined allowable levels. A pass or fail

15 response 1is then transmitted to the system controller to

indicate whether to accept the first die image and second die

image as reference images, or to reject both die images and
select other die images.

FIGURE 4a is a diagram showing a first die image 402, a

20 second die image 404, and the resulting difference image 406

from a comparison of the first die image 402 and the second

die 1image 404, such as would be created by the image

comparator 212 of FIGURE 2. Both the first die image 402 and

the second die 1image 404 include Dbond pads (which are

25 arranged around the periphery of the image) and semiconductor

devices (which are included within the region defined by the

bond pads). Each bond pad as shown further includes a probe

mark. Probe mark variations between the first die image 402

and the second die image 404 result in the white circles

30 surrounding the perimeter of the difference image 406.

Likewise, edge variations of the devices contained within the
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i mge as reference inmages, or to reject both die imges and select other
die imges. FIGURE 4a is a diagramshowing a first die imge 402, a 20
second di ¢ @RER9404, and the resulting difference image 4@61 fbdiBo
conparison of the first die inmage 402 and the second die iImge 404, such
as would be created by the imge conparator 212 of FIGURE 2. Both the
first die inage 402 and the second die inage 404 include bond pads (which

are 25 arrapgediar oiihd heopenhphame ofctheyi grge); 14l 3%1098%&%0%
devices (which are included within the region defined by the bond pads).
Each bond"padl@3tehodhcs ar Erekaimry udesh i privbedi e kend olvergrmrdds -

variatipns betwe@@e&ﬂgiBhtsta5ﬂé% ”ﬁﬁ@%ﬁfogno@ﬁdnghgcéﬁ%Bgﬂ'g%%singg?h404
result in the white circles 30 surrounding the perineter of e’ difference
i mge 4085 ThEk&widRE Byges vafi abcomerst Baes deli ¢és chntsl nedewiitthipr t he

16 VD 00055289 REU UR00IQ69%: Thist dbe |mRge 402.and, Lhe. segond die
image 404 result in_ the lighter areas contained within the difference

i mage 40615} f2@ped abirdwhtacess tavPhfeknowmeasondebaf oemititésnssuchThas t he
probe markssofithesbond he: i 1St dLeyi 4 nd,the_second
di e i mage 4%4,ln£yabe reﬁgeg%Q%%&pfé%%%f %§§|%%g?%geﬁé?ggﬁ%§%s4§? ot her

i mge datBevariatylorised The @erminfitigrar eds tomyaémed wirtchi brihetdebber ence

i mage 406,are,cd hep Labul,ated as a4 [ of eqygp and_bri ght ness
absol ute nagn?tude,agr frequency anJ%%F%Q?Qinéﬁgida a.%% a @%?%tegaga
magni% udelsP huthi sagaateds - hi stogramsdatannmy beisteeated dehat nprovbdes one

Pt Rt e R L e

used as image 406 may be analyzed so as to determine whether the
first die image 402 and second die image 404 may be used as
reference die images.

15 FIGURE 4b 1is an example of a histogram showing the
brightness variations or the other image data variations as a
function of frequency. For die images that are similar, the
brightness and/or other image data values having the greatest
frequency will be closest to the zero value, because the

20 difference image contains the absolute magnitude of the pixel
differences for the first die image 402 and the second die
image 404. As brightness and other image data absolute
magnitude increase, the frequency drops off until point 408
is reached, at which point the brightness or other image data

25 values start to increase. Point 408 marks the beginning of a
first anomalous region having a length L1, after which the
brightness and/or other image data values decrease back to a
nominal level. The brightness and/or other image data values
then begin to increase again starting at point 410, which

30 marks the beginning of a second anomalous region having a

length LZ2. The brightness and/or other image data values
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reference die images. 15 FIGURE 4b is an exanple of a histogram show ng the
brightness variations or the other inmage data variations as a function of

f requencywdewssgioe | mages that are simlar, the brightnesgcprRofésons her
i mge data val ues having the greatest frequency will be closest to the

zero val ue, because the 20 difference image contains the absol ute nagnitude
of the pixel differences for the first die inmge 402 and the second die

i mage 404heAsdbrirghtpesstandtatherxifagerdabacabsal uhe  oaghinkuds Hiner ease,
t he frquegcy diogs ?L% gntil goigt 408 is reached, at which point the

bri ght ne§8 6r V6t Her °f nagd Uat5=2%"SAl ues start to increase. Point 408 mar ks
the begi nningIaf aepefatsénanarml euy regi omnhayt Ngapr endgt h el aften which

the brightness and/or other image data val ues decrease back to a nom na
| evel . Tﬁ%EBFinéﬂ?ae%ga&n FOPNGTREF IPREYO TR E al HBRIE t HBR2DEGITA até on

i ncr easeragabnsshartngg aatoeeictle rdlBedhicelyt30 Marks idesbeghpeingrek a
second anonal qus E?gion, %vingﬁg |l ength L2. The brightness and/ or other
i mage dataVaftestiv17 00/ 55P3¢ PCT USHE?D6979tht heh deepessetaktel t he

maxi num bregheness amd/ ansepbertippge datikeialdse of ;25544 ¢ reaghedyln
operation, it pay be analytically or enpirically determ ned that
bri ght negétaﬁla}’a dother ithsgel RteASAar FAL itHF TFIBHTHHE PAviosguarence

pr edet er pEned-il@ngidys suedy @s achengtihddiat ggxgeeds ilhs oWl | sesulin dies
with an unacceptable frequency of msoperation. Likew se, it may also be
det erfmi n8d tARt St heCFREFeas® FRIERRTEYRQOENEY PEEEHELEELENEEACOEPBRPERt Nness

and/ or othefuenege At aivapkaki 0ps, A QLBRE10.5i trablse fagtors, 5.

indiCatiggcggdadggyent%gél%i%%%%%%g}%géeFIGURE 4b 1is used to either

identify such anomalous areas so as to accept or reject die

images for use as a reference die image, or to identify areas

15 requiring further analysis such as for anomaly dimension or
anocmaly density determination.

FIGURE 5 is a flowchart of a method 500 for selecting
reference die 1images in accordance with an exemplary
embodiment of the present invention. Method 500 may be used

20 in a visual inspection system or in other suitable systems
for selecting reference die images without requiring manual
operator intervention.

Method 500 begins at step 502, where a first die 1is
selected. For example, the number of dies that will be

25 formed from a wafer may be predetermined, and the orientation
of the wafer may be used to identify and select the first
die. The orientation of all other dies of the wafer may then
be known, such that the progression of die image testing may
be predetermined. Other suitable systems and methods for

30 selecting dies for analysis may also be used.

After the first die is selected at step 502, the first

die image data 1s recorded at step 504. For example, a
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frequency of msoperation of either the first die or the second die. The
hi st ogram of FIGURE 4b is used to either identify such anonmal ous areas so
as to accey ogMs7deej ect die inmmges for use as a reference @i -¢isiHERe OF tO
identify areas 15 requiring further analysis such as for anonaly di nmension
or anomaly density determination. FIGURE 5 is a flowhart of a method 500
for selecting reference die images in accordance with an exenplary

enbodi meat 4ot at hec pr@sent aivAvgNt i on., Metihadn, 309, ray ﬂeeltbse@fml 0@ \d sual
i nspecti on systemor in other "suitable systens for selecting reference die

i mages wi't RGlt Rt i R§Y métfual Se8péeicat 67 CPAE evdintitor.s Vet avd 5@@/@@@ ns

at step éQaerV\'ﬁQﬂé%eadfa't'éSt @ 15 $el act . o FOL, EXANPE Lot Qeg%li
dies that wll 25 formed from a wafer may be predetermnm ne andt
ori entation ofO’E het%f SR Tkey theshaded te° i dentvirflyeandfsel 282" t heof i rtdte d| e.

The ofi eptathensef &dqot herrdi €spef jhhgcwaf edfatfgayarnlaggr bg: known a%lé(:h

that the progreSS| on of die inmage testing may Dbe predeterm ned.
sui t abl edsy3t ére 4l nEittfddsinaye 89 sépeedi A§ ditey I6 anallysi sermpdal so

be used. tﬁEEer:ﬁJ@%éasr3&>db€eb55%%legﬁﬁgxgt S%%E ggzc%6$5%% §%hecQ%%.lnage

data is recorded at step 504. For exa a
PCTI USOOFb69 79296 dfiated égﬁeﬁ'—aehzﬁﬁq‘@ cﬂsm elsrmr@gocmald fatel dtep 51000 x

1,000 pi éﬁhslga¥t9§e&5§g é@eﬁegi)ﬁ 5 ord gé'\.rtgﬁio;l ]%aaqag@%éé{ag[ other, image

data, such as 8 bit data ranging froma v e darkest shade
to aal ue of At25Eer o?l%fhetsebrfllgﬁttesil%hard@geThrlsi rd ghtdhessedatragand/ or

other image datafor thefipsteimpge,is.ptanedsat sgep 500, Jhe method

other image data for each pixel of the first die image may be
subtracted from the other image data for each pixel of the
second die image, such that the resulting difference image

15 other 1image data magnitude 1is greater than zero when a
difference 1in the other image data between the first die
image and second die image exists. A similar process is used
for the brightness data. The difference magnitude data 1is
stored in a difference image data file at step 516.

20 The method then proceeds to step 518, where the
difference 1image data is analyzed. For example, various
measures may be analytically or empirically determined for

accepting or rejecting dies based upon number of brightness

and/or other image data variations, the magnitude of
25 Dbrightness and/or other 1image data variations, or other
criteria. Likewise, certain other image data variations

and/or brightness variations may require additional analysis,
as they may fall within a range of potentially acceptable
brightness or other image data variations.

30 The method then proceeds to step 520, where it 1is
determined whether the other image data wvariations are

acceptable. If the other 1image data variations are not

-19-



then proceeds to step 508, where a second die is selected. The inage data
for the second die is recorded at step 510, and is stored at step 512 in a

sui t abl e dafgyssi99r age device. 10 At step 514, the first di criReGoaA
second die inage are conpared on a pixel-by-pixel basis. For exanple, the

ot her image data for each pixel of the first die imge may be subtracted
fromthe other image data for each pixel of the second die inmage, such

that theasesstding, difd enencsyigrgsdds othes  ipage, data g@@ﬂi %HQQ L$e
greater than zero when a difference in the other inage data between the
first di€S)¢reRe andfsé&6n@tdics ilage «kitst svaiaiidiarapeodessrinsnased

for the byightnessodata. Fhesdiffesence,dugni is st L, a
difference inmage data fil e,a% s%ep 516. 20 éll'%}téggne ﬁ%%g%%gnt%rgéggdg%o step
518, wheteeihelt di-ff €cErEBINREge @At Shandbyiadthnaor exaipt epnvarious

measur es; sEyp e, anal yiriccaldy 9F: gaphLisally; det grm /%&% QL AEGERLI NG OF
rejecting dies based upon nunber of brightness and/or other 1'nmage data
vari ati ors, "Phe 2REGRILEGAE, ofth2D BiliegHigidsad apdpoecds hepr istage Wad aand

vari ati onssn 0fi 0 here _ﬁéié@ié@: Li kel se; gerd Al of her éf@%ei‘)??t Bnat
h i'ona i}

variations and/or brightness variations nay require addi anal ysi s,
as t hey alodiesswi Yaf el oahgeref apeeehebatl y thecepttdtice phrighiness or

ot her inmge, dabg vald abl,ens. 480 Thene ncproceeds to st 520, where
it is determ ned whether the oSt her i rréagée)é%%{% \?g)rri a??%nsasar 5835%6%%%% abl e.
| f tlRe olRFeS-mage data variations are not -19 WD 00/55799 PCT/ US00/ 06979

FECOHL AL E TELDOCLBOCSEdRID e Sap A bo s A Ifgeled 1
from a silicon wafer so as to select die images for use in
forming a reference image that may be used in subsequent
visual inspection of the other dies formed from the same

15 silicon wafer. Method 500 may be used to test predetermined
dies so as to select dies for use in forming the reference
image. For example, dies may be selected from locations
around the periphery of a wafer, and locations within the
center of a wafer, based on known variations and brightness

20 and other image data. Method 500 allows a visual inspection
system to select reference dies without requiring operator
intervention or selection of reference dies, based upon known
acceptable variations between dies. If the two dies selected
for testing have brightness or other image data variations

25 that exceed known acceptable levels, then both dies may be
rejected for use as reference images, even though the dies
may ultimately be determined to be acceptable for use, such
as by passing subsequent visual inspection. Likewise, each
die may be further tested against a third die, or other

30 techniques may be used to select reference image dies.

FIGURE 6 is a flowchart of a method 600 for analyzing

brightness data in accordance with an exemplary embodiment of
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to be acceptable at step 520, the nethod proceeds to step 524 where it is
det erm ned whet her the brightness variations are 5 acceptable. If the

bri ght nesgov@issabi ons are deternmned to be not acceptabl epct/iaghh/dsb® Met hod
proceeds to step 526 and both dies are rejected. If it is determned at
step 524 that brightness variations are acceptable, the nethod proceeds to
step 528 and both dies are accepted for use as reference 10 inages. In

operatioahen§£@9§3509nb§n§§@9.théﬁﬁéazﬁo@iﬁa§”Ege§ eBVQH‘éoﬁgLESQEoﬁﬁfer
ge tha

so as to select die images for use in formng a reference | may
be used YhtBub§equentfenarsital anakpeet i 8A0ofoft hBIGYRer 2 dicgs Wiormedtheom t he
same 15 sil{£9ne Waf &Fendet hod 500 may be used to test predetermned dies
so as to select dies for use in formng the reference inmage. For exanple,
di es may be s¥fEee@d flonbedtati aits sepumd 2 hewbere pherigiomes svaflera and

|OcaﬁjOnﬁrM&tQiHikbgreﬁ@QtQEagg @s“@%?%edbasﬁgquPgagﬁﬁ ¥ﬁé£aﬁk88§e89d
00 al

bri ghtness 20 and ot her i nage data._N@thod 5 OWS a Vi sual Inspection
system t®B° sé&ltedt pef er elicaedi ese witthatitt nesgui £ r aguepey atior tihtéavedti on or

sel ecti on, pf crefenence, dicesq,has dﬁggfb%%mofa% sl svaﬁl%?yi 08¢

between dies. If the two dies sefecte r testing have brightness or
ot her inage Patarsdisationstas ¢hht eXeeeote knodntiaeteptabbeds evel stephen

both die y reject , nce. | S,, € t hough t he
ies g oI REral ¢ be e e S R T 8o b e "hy
passing sudiseqieRtwsudlo | wopedtiven. ovekewtbe, tabhladee nayibetfiess her

rof er encer TRRge i 6 F GURETS TR (TRRIEr oF SoRRrRea BOoSTar ChRal y2i ng

bri ght nesscwiata theactoridahcerabeddan texestptrar ¢08ntrodi nenthofdies are
accepted for use as reference dies. Otherwise, the method
proceeds to step 610.

15 At step 610, the length of any brightness excursion that
resulted in an increase in slope is determined. For example,
the brightness excursion may extend over a range of gray
scale brightness or other image data values. 1In an eight-bit
system, for example, the gray scale values range from 0 to

20 255. In accordance with exemplary method 600, the length
along the gray scale axis of the brightness excursion 1is
determined at step 610. The method then proceeds to step 612
where it is determined whether the length is acceptable. For
example, 1t may be analytically or empirically determined

25 that a brightness excursion having a length that exceeds a
predetermined number of points on a gray scale will result in
devices that misoperate with an unacceptable frequency. If
it is determined at step 612 that the length is unacceptable,
the method proceeds to step 614 and both dies are rejected

30 for use as reference images. If it is determined that the
length of the brightness excursion is acceptable at step 612,

the method proceeds to step 616.
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-20 WO 00/55799 PCTIUSOO 06979 the present invention. Method 600 may be
used in conjunction wth the difference analyzer 210 of FIGURE 2 or with

ot her suplalalsresyst ens. Met hod 600 begins at step 602, vm§é§m§6d'/§b§9ness
data 5 froma difference inage is sorted. The nethod then proceeds to

step 604, where the brightness frequency is tabulated. For exanple, a
frequency histogram of brightness magnitude may be created at step 604.

The method thee presgedsito stiep AGcherGdsiichdlelary nedonnethen there
is a slope change 10 from negative to positive over the tabulate

bri ght nessCrftegtency odat 19 f Rbx8l Hpe téRingeddiiom negati vorighposisti ve
occurs, theurelbed poceedstmhstep 698 apd.hgtb, diesyargs . g%@ptlrgé’ for use

as reference dies. Qtherwise, the nethod proceeds to step Al step
610, thellBfAgt h? of iyl Dri ght BEE§rExcuRBi orr ¥¢mtlar esillamesd | wranoitherease

in slopeshspdst er ahpednaFor o?@ﬁ@h%efé@‘é‘sbEEQBEEQ%iS%&“E%i g@ega%l%’(t end
over a range of gra¥ scal e brightness or other 1mage data values.” I'h an
ei ght - bi #ndsy<Senfetbpdegigsieedst heo grsdgrscal 8- val des stapgetiBomt0 tie 20

255. In accordanse Whhpexenplary mathad 6005 th%s'egﬁgh H%Q%ighsfgfay

scal e axis of the brightness excursion iIs etermned at steép e
met hod thepepidebeds to strep ®1@wMher eltt mevdetier ni medl whathkelyt herl ength

|5 acceplbl gickory S¥A0REncd iy BeraDal VALOALL Y, O GIPhr LAl Ly oy

determ ned 25 that™ a brightness excursi avi ng eng hat "exceeds a
pr edét er Miided oieARG of permesnoncrcgeayrastate wdlugeswuch nasdefdices t hat

ThZ?p?LZTE?%%%%% ?g%@%&:%{lﬁﬂ%g reAUeNGYavd f opl turiasccdee};[tea{bnlienega?‘ uPLepP 612
probability. If the dimensions are determined to be
unacceptable at step 618, the method proceeds to step 620 and
both die images are rejected for use as reference images.

15 Otherwise, the method proceeds to step 622.

At step 622, the defect density is determined from the
defect coordinates. For example, 1t may be determined
analytically or empirically that a predetermined number of
smaller defects within a larger area will result in a device

20 that has an unacceptable failure probability. After the
defect density is determined at step 622, the method proceeds
to step 624 where it 1is determined whether the density of
defects 1is acceptable. If the density of defects is not
acceptable, the method proceeds to step 626 and both dies are

25 rejected for use as reference images. Otherwise, the method
proceeds to step 628 and both dies are accepted for use as
reference images.

In operation, method 600 is used to analyze difference
image data created by comparing a first die image and a

30 second die 1image. The difference 1image 1s analyzed to
determine whether to accept or reject both the first die and

second die as potential reference images for subsequent
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the nethod proceeds to step 614 and both dies are rejected 30 for use as
reference images. If it is determned that the |ength of the brightness

eXCUr si onw@ oi4seept abl e at step 612, the nmethod proceeds tpoi@Roftd. -21
WO 00/ 55799 PCT/ US00/ 06979 At step 616, the defect dinensions fromthe

pi xel coordinates of the pixels that define the brightness excursion are
determ ned. For exanple, a defect may be a line, a circle, a square, an

i rregul arvighape, i fpcdthen »shanes. rJhge $hapg, of nsugh rdef ec m ned
at step 616, and the method proceeds to step 618. At step gﬂseBET}sotheéﬁ

det er mi n@E X haFed hen dPmeSiteHs BICh hes dé]ﬂ@cﬁlélférea@@e@tr@wyezeﬁo?rlo

exanpl e, chiJﬂﬁbtﬁ%raEQHXEbQ€lE%s@émsegﬁ'thﬁghylggﬁgé Deds %? Ldefects
having a length and width 10 that exceed a certain eter aq°val ue,

such as five Mi%6ns, $tbducesevi c§§eﬂﬁ’a€rmw@dan @@@dcféptcalbllef f aidwr e
probabi | idmypi rlit-atihe @%@%ﬂ%b@@sc%ﬁ%eQ§%eE%kn%%c%§tQ%g WaGces Fgé¥¥ﬁ% %% Step
i

618, the nmethod proceeds to step 620 and both e I'mages re rejec 6d for
use as refEd8fces nagedC IBLTHherAfsEenthe dist hothgeocdeds T stepg22. At

step 622, itherdefiegledensi tyri %tﬂ%trercmé’EEdtﬂ ?mhta@% kggér?c%'o‘lf%gr dlt{'at es.

For exanple, it may be determ ned analytically or enpirica
predet er fibfed HiimsEn of vabeml | er defescrdinglhi n &hé ar gensalteal\twl | freesul t

n2 deviae Rartaladiasan wiacegphabls,f ajl urgoprobabi Lidy. A7 Ler Le

defect density is determned at step 62 roceeds fo sutep 624
wher €0 t hilghget drihafd Ishetihenr the ePelrismWDl@f selef Bt witis doceptalots | f

;23 gg?ﬁ&g¥e§%§§§EQBB§ L3tRekn afceptah! %nc%hélgeﬁﬁggepEgﬁp%gﬁifé{d%a%p 626
dies tested on the wafer. Thus, even though differences

between two dies may result in the die images being rejected
for the purpose of use as a reference die, each die may

15 subsequently be determined to be acceptable for use in
production.

FIGURE 7 is a flowchart of a method 700 for analyzing
other image data in accordance with an exemplary embodiment
of the present invention. Method 700 may be wused in

20  conjunction with the difference analyzer 210 of FIGURE 2 or
with other suitable systems, and uses image data other than
brightness that may be used to perform inspection of dies.
For example, infrared light, ultraviolet light, or light of
predetermined color may be used to detect defects or flaws

25 that may not be detected as well by simple brightness
variations.

Method 700 begins at step 702, where image data from a
difference image is sorted. The method then proceeds to step
704, where the 1image data frequency 1is tabulated. For

30 example, a frequency histogram of image data magnitude may be
created at step 704. The method then proceeds to step 706,

where 1t 1is determined whether there is a slope change from
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25 rejected for use as reference i mges. O herwi se, the nethod proceeds to
step 628 and both dies are accepted for use as reference inmages. In

oper ati ongogeisk@g 600 is used to anal yze difference inagepg§@§mﬁk@@ted by
conparing a first die inage and a 30 second die imge. The difference

image is analyzed to determ ne whether to accept or reject both the first
die and second die as potential reference inmages for subsequent -22 WO

00/ 55799nPET£ USB0AB6DER i tviveud)yd Nspect i an, of - di es £ oL rQpd fer.
Met hod 600 may be ug%dlinvé sggtenlsuch as the d??%grgﬁgéga%g% %P 10 or
i n ot her 48Gft abl’d sYy_t BABPBf ChPregal firedperadas vy stemsosibt ed 8GO reses

predet?rHhee%eﬁmadﬂpﬁéﬂééaéﬂto5s%@B'PHﬁﬁ'éMddﬁ%%h°Q§§a§réE8r'%c%%%ed
accepting or rejecting die images So as to select reference die mages for
subsequenP® VPSuaP Fﬁgﬁééﬂp6ndéﬁseth@ﬁhﬁré§5§hathﬁametb@gnpt@cnedsfmon1 t he
silicon watgryidccordingly, the sensitivity for allowable defects for such
dies is typically set to a nuch 10 higher threshold than the all owabl e

sensitivity fBF 8efBct?s$0/féhevaerngthons berwemagehdatef exenceidinethaage and

| ndi i dugls.gies 1eSLAOiAn LhecwaheL, ofbus. AYED-hhpugh diflerences

between two dies may result 1n the die I nmages being rejec

pur pose bReud@ags «3'ed ecEpessdpr, Meachediendmyves sabseqgentdy heage
det er m ngd.to,he,acceptiabl e for,use .in ction. E 7.1s a flowhart
tavd¥u TR0 é{gﬁig?iiﬁgggﬁ%g fé¥]e£i S the.ﬁwagﬁ

of a nmethod 700 for analyzing WOt ta in accordahce w
exengl ar §akabFailHeat Wofld heapgesénemi Avent i 905 . MethodaZ00rdaycdewtsed in

20 conj upsti @aewbhhhediHderense anal %zely 20 Pind! BRE 2.9 of the
image data excursion 1is determined at step 710. The method
then proceeds to step 712 where it is determined whether the
length is acceptable. For example, it may be analytically or

15 empirically determined that an excursion for the image data
being used that has a length that exceeds a predetermined
number of points on the image data scale will result in
devices that misoperate with an unacceptable frequency. If
it is determined at step 712 that the length is unacceptable,

20 the method proceeds to step 714 and both dies are rejected
for use as reference images. If it is determined that the
length of the image data excursion is acceptable at step 712,
the method proceeds to step 716.

At step 716, the defect dimensions from the pixel

25 coordinates of the pixels that define the image data
excursion are determined. For example, a defect may be a
line, a circle, a square, an irregular shape, or another
shape. The shape of such defects is determined at step 716,
and the method proceeds to step 718. At step 718 it is

30 determined whether the dimensions of the defect are
acceptable. For example, it may be analytically or

empirically determined that defects having a length and width
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Wi th other suitable systens, and uses inmage data other than brightness
that nay be used to performinspection of dies. For exanple, infrared

l'i ght, ulwoaykebet |ight, or [ight of predeterm ned col or 5‘%&5 RReseed to
detect defects or flaws 25 that may not be detected as vveIII) yssfbrrpl e

bri ghtness variations. Method 700 begins at step 702, where inage data
froma difference inage is sorted. The nethod then proceeds to step 704,

where thenitage:data for eguengyni sptabal ated, o fory 30, exanpl g, afregqyegncy

hi st ogram of i mage data naégni,tude may be created at 'step 704. The nethod
t hen prdte®de io SCEFUTE6,Jeiere thafs eter annathadrsttierichefeilsra sl ope

change fgamans28i WD 00/ 55%991;893 USOQ/HQ627.2 rger%ati%eetgﬂqupe%w& oyer the

tabul ated i mage data frequenc ata. If no slope change fromnegative to
posi t i velRREIRREALther et Rl ptocelss motkedprrosceans bot htep ed2ar end

accept ethofi0r quse asad&f enence i as.c O hgrw e I o to 5
step 710.OAt step 716(1)C'r,J thg1 Ieng%h ofe any ima%:e dg?a Iré%é%%%n gﬁggés.

resul t ePFHE BN Sherew dginad g desdfetter miteed.7220r exanpl e, the i mage

data excursi ofx MaYegxtiend QyRr & fange | f|g I : a
ei ght-bit system fegr exanpl e, the irra%%fli%) at?ﬁg \%%%g\éﬁ\?ogilsddr%%ggh?rom 0

to 255. d9fekcofdanetnaken- t Horexemiary net hody70@, atelyengthialong the
fhen procacds To st en 713 dher o1 15 Hererm o het B Tha" ToAgEr is
acceft abiefeFor vekanpl @ 1argmy decanal i iteddlt orn 15 @apicé cahdy has
CeL e oS, B eI o0 ore LB R Y Dok e d el bgs. o
density 1is determined at step 722, the method proceeds to
step 724 where it is determined whether the density of
defects 1s acceptable. If the density of defects is not
15 acceptable, the method proceeds to step 726 and both dies are
rejected for use as reference images. Otherwise, the method
proceeds to step 728 and both dies are accepted for use as
reference images.
In operation, method 700 is used to analyze difference
20 image data created by comparing a first die image and a
second die image. The difference image 1is analyzed to
determine whether to accept or reject both the first die and
second die as potential reference images for subsequent
visual inspection of dies formed from the wafer. Method 700
25 may be used in a system such as the difference analyzer 210
or in other suitable systems of visual inspection systems.
Method 700 uses predetermined analytically or
empirically developed criteria for accepting or rejecting die
images so as to select reference die images for subsequent
30 visual inspection of other dies that have been formed from

the silicon wafer. Accordingly, the sensitivity for

allowable defects for such dies is typically set to a much
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nunber of points on the image data scale wll result in devices that

m soperate with an unacceptable frequency. If it is determned at step 712
t hat the Jwegkbobs unacceptabl e, 20 the net hod proceeds topéﬁ%ﬁmﬁ%&wand
both dies are rejected for use as reference inages. it 1s determ ned
that the length of the inmage data excursion is acceptable at step 712,

the nmethod proceeds to step 716. At step 716, the defect dinensions from
the pixeh; 5y coardisnates fad hendi é@héwgﬂ% %%fﬂsrleclt\hetg} "RIE dakacs s

excur si on are determ ned. For exanple, a defect may b acircle,
square, AfTiYREHEFAPRShADPEYCHR Eﬁ%tﬁ%fef%%%®edl¢heméﬁapendfl@dehldeﬁécts is
determi ngd-at @R 716n @and thecpet hodypry 006@9 748 ¢4 718
it is 30 d%ternlned mhgther t he glnen5|ons of }?&§$]a§§ a%gg%ggb | e.
For exanmpfeveer Re9 Bécanapyt ireaMily din tér@pldmaim@geleteﬁwgedenhatedef ects
havi g arbengtfa aﬁgrfﬂ’bgéh of Zﬂsg\oaOsO/ §5719§fe?grllé§%11%697gacltlhagleexﬁg d a
certain predeterm ned val ue, such five mcrons, produce devices

have an swageeptabl e fQﬁIL#Q¥e$W@bﬁblﬁﬁtybelfaﬁh@pﬁ@#é@5|é@$ aneedeuernlned
to be upacgeptable at step 718, the method proceeds to step 720 and 5 both
die images are rejected for use as reference i mages. O herw se, the nethod
proceeds to shephqegh AtpeggrrEzp, ﬁﬂeideﬁe@mmd@myityem®0demenﬁﬁned0from
the defect, coordi nates ook examl e, d y

enpirica %yedeternlned ?ﬁat a prQS%EErﬁ%he er ﬁ%{ Sg%SCBe?gcts
wit Hiln ar¢éaepercar daewi |Havesbieni nlegcdéviece nhatiehasl drenmiaccephabke
failure propabylity. Afbfer the dgfeet .depsityds,deiernined ai.5igp.722

t he netho pr oceeds
substltutlons and modifications may be made to the systems

and methods without departing from the scope and spirit of

the appended claims.
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step 724 where it is determ ned whether the density of defects is
acceptable. If the density of defects is not 15 acceptable, the nethod

proceeds @ fis8R9726 and both dies are rejected for use a
i mges. Ot herw se, the nethod proceeds to step 728 and bo?ﬁfﬁ%ggﬁﬁﬁﬁ

accepted for use as reference images. In operation, method 700 is used to
anal yze difference 20 inmage data created by conparing a first die imge
and a sggendrdie imge. 1dhe difference image is analyzed to determ ne
whet her to accept or reject both the first die and second die as potenti al
reference i mades fOr P<sEuéAr sAlardlidmspéctd onedbrdnes faoraredmfipem t he
waf er. N@@ﬁ%gigpQgZS may be used in a system such as the difference

anal yzer 21 or in other suitable systens of visual inspection systens.
Met hod 700 uses 9pfeddtasyar pigParal gt | epbrgbbe émpigiaxdld ya devélfepedce
criteria; a i ej Lngsdi e 14mg S e t .reference
die ?Hagéég %rggﬁggeggéﬁ{ é3ggg%gugﬁgi§§%g%$igﬁdo% %%ﬁ%%mﬁiéggtﬁggg%éve
been for#d fromthe silicon wafer. Accordingly, the sensitivity for

al | owabl e def gctg frn-such di i spLhypieal | t h, - W0 .00/ 55799
PCT/ US00/ 06979 highéF thrégto d tﬁangt e §¥f%§%blgog%g%?tfgﬁf@h?ogq efects
for varianions bempecatbhe réher enid fdirenarmgeiraagk | ndhyideas divesemest ed

on the wahetaplhus, eysnn phouah i i erepcss. btupen,tuo o e pay,fesult in

the di e images being rejected for € purpose use as a reference die,
each0di evhayhesubseqlienst ydbe detee némeédthe becaundepiablimafier mageeknh

pr oductigg.ué%&hgyg%@r%@ggquceanadieeﬁmeqry enbodi nents of

2. The system of claim 1 further comprising a die
imaging system coupled to the die image comparator, the die
15 imaging system operable to create a digital representation of

a die.

3. The system of claim 1 further comprising a die

image storage system coupled to the die image comparator, the

20 die image storage system operable to store data
representative of the first die 1image and the second die

image.

4. The system of claim 1 wherein the difference image
25 analysis system further comprises a slope detector, the slope
detector operable to determine whether the slope of a

histogram changes from negative to positive.
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reference die selection systens and nethods for selecting 10 reference

di es have been described in detail herein, those skilled in the art wll

al so recog gussiggat various substitutions and nodificati opgrRRYf@7dRdE tO
the systens and nethods w thout departing fromthe scope and spirit of

t he appended clains. -26 WO 00/55799 PCT/ US00/ 06979 WHAT IS CLAIMED IS: 1
A system for selection of a reference die inmage conprising: a die inage
conpar at or oper.abl ento sgiseate o i fdief eNcehe beiNBgBebATEF HRAR A st die
image and a_second die inmage; and a difference imge anal ysis system
coupl ed EBALHELAi &Y Sitbge’ Homsdr atOFR L t $1eS dRf fSeiZéncee i srlge” an&h§siss Z§yst em
oper abl eqtecanakyzget-bp1di tHeneneent fRIGhaRHdL 0, dgt eemre 410 phether, ot he
first die imge and the second die inmage nay each be used as the reference

di e i magE&SI2ONTRECEHSE efn BYCLE BFFR NS Ard he"okprisicg a die inmaging
system coupl ed to the die inmage conparator, the die 15 inmagi ng system
operable to create a digital representation of a die. 3. The system of
claim1 furthér cofpfi svs§eR dife Cliadayel svrbrin syBeemiédapraget 6relve die

i mge coppanaker, dheer?0 rdi-@nbiRaSSE O 808 SYSLERAL QRSN ahl & 19, St org dat a
representative of the first die inmage and the second die 1mage. 4. The
syst em ofl€BRafih Paiferteitn eprraft ¥ efencetigrygere 28hahatysias sysleem fdr t her

conpri segndmgh B8R detgedor. pde shiPPe area exceeds a predetermined

10 allowable number of anomalous regions per unit area.
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detector operable to determ ne whether the slope of a histogram changes
fromnegative to positive. -27 WO 00/55799 PCTI USOO 06979 5. The system of

claim1 Wags @i937dohe difference i mage anal ysis system furt hgprRREPbdeSES @
size detector, the size detector operable to determ ne whether a size of

an anomal ous region exceeds a predeterm ned allowable size. 5 6. The
systemof claim1l wherein the difference image analysis system further

conprises a density deteekorort hgspdenshd yddet ectmsr oper@bl e to determ ne
whet her a nunber of anonal ous regi ons_per unit area exceeds a

predet er ni ned® FES ot - Aiffér CBf CRAGHEI GUs +BEPBNS peinunPt BPES. - 28
WO 00/ 55499sPCTHYS00/ 06979 7. A system for inspecting dies conprising: a

canmera configured to obtain an i mage of one or nore dies; and a reference
di e detection?sy&LEMEEEGEPICEE 198 4 ICAMEYE LeTE e+ eF@nEBedicém@étect i on

syst e opgrabl&rd Ao let erdiidne gewhetheh as%éféﬁm digeiqmoe and gcsecpndedi e

i mage may be used as reference inmages. 8. The systemof claim7 wherein
the ref eFBREBSHI 8 T1G5dedét iTBR ISy SEMF TR rigege amaymgeused
conpar at g5 reperablke t@speaduce a difference image fromthe first die

i mge and the second die image. 9. The systemof claim8 wherein the
reference die 15 detection system further conprises a difference anal yzer

coupled to the i mggecanparat ohs the i f hergnee anakygerreference die
10 detection system further comprises an 1image comparator
operable to produce a difference image from the first die

image and the second die image.

9. The system of claim 8 wherein the reference die

15 detection system further comprises a difference analyzer
coupled to the 1image comparator, the difference analyzer
operable to determine whether the difference image contains

unacceptable features.

20 10. The system of <claim 9 wherein the difference
analyzer further comprises a data sorter that is operable to
receive brightness data associated with a plurality of
pixels of the difference image and to create a histogram
from the brightness data.

25

11. The system of c¢laim 10 wherein the difference
analyzer further comprises a slope detector coupled to the
data sorter, the slope detector operable to determine
whether a slope of the brightness data histogram changes

30 from negative to positive as a brightness magnitude

increases.
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operable to determ ne whether the difference i mage contains unacceptable
features. 20 10. The systemof claim9 wherein the difference analyzer

further compgissp® a data sorter that is operable to recei perRikb@boRess
data associated with a plurality of pixels of the difference image and to

create a histogram fromthe brightness data. 25 11. The system of claim 10
wherein the difference analyzer further conprises a slope detector coupled

to the data sortemnet heyskepe detectormopear able L0 detigrdni ng £ pphether a
sl ope of thﬁgbrightness data hi st ogram changes 30 from negative to positive

as a bri GRENESETmaRFthas FHEPEASE]. 2 207 W50l §57 FNPOHUSOC/G6979 S 12.

The syst eprehbckaic® H ouierieidn (he Hd fer encee apah¥E8E of WM ERer ;CQmRfISes a
di mensi on _anal yzer that is operable to determne (a) one or nore
di mensi oR$ Pdr<d Sgr U rof e PpFXxePsXChhBrE dacht WiXerehrasmagbi Fglendgst

magni4 udexthabs5 aexseeds amrrdetermned aldonwebt eagrapitude, and (o)

whet her one or nore dinensions of the group of p[xeis exceeds one or nore
pr edet er ARe8TalMPéRall @ edisns s LR IR sy5t ekt ScREFREEO wher &itn t he

di f f erenggrel@ranakyzan nbur thebuweemer ksgend density analyzer that is
operable to determ ne (a) one or nore dinmensions of two or nore groups of

pi xel s, where each group of pixels has a brightness magnitude that exceeds
a predeterm ned, al rgwabkes: BRINLEude, » and 1(d) Jhsther %h%ena'ikxegfen@%e two
or nore 15 ?roups of pixels per unit area exceeds a predeterm ne
10 analyzer further comprises a density analyzer that 1is
operable to determine (a) one or more dimensions of two or
more groups of pixels, where each group of pixels has a
brightness magnitude that exceeds a predetermined allowable
magnitude, and (b) whether a density of the two or more

15 groups of pixels per unit area exceeds a predetermined

allowable density.

14. The system of claim 9 wherein the difference

analyzer further comprises a data sorter that is operable to

20 receive image data associated with a plurality of pixels of
the difference image and to create a histogram from the

image data.

15. The system of claim 14 wherein the difference

25 analyzer further comprises a slope detector coupled to the
data sorter, the slope detector operable to determine
whether a slope of the image data histogram changes from

negative to positive as an image data magnitude increases.
30 l16. The system of claim 14 wherein the difference

analyzer further comprises a dimension analyzer that 1is

operable to determine (a) one or more dimensions of a group
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al l owabl e density. 14. The systemof claim9 wherein the difference

anal yzer further conprises a data sorter that is operable to 20 receive

i mage dat vagsagdat ed with a plurality of pixels of the di GblghRRgEsoméBIE
and to create a histogramfromthe imge data. 15. The systemof claim 14
wherein the difference 25 analyzer further conprises a slope detector
coupled to the data sorter, the slope detector operable to deternine

whet her arslope. of, t had.iBge- dat agﬂu\g OgEar@)fJ@éPQe%afé o

positive as an i nage data magnitude increases. . The systenloﬁ claim
14 wher eMA9FRE UdRf fétEncexCcanas y@erprfqﬂqq@eﬁmlémﬁpr@%b@wabae nmEASinGH Uaisal yzer
that is ,oper@bl e hordetericnes{fdn SN\6n OF DG, di H?Bﬁbo%% of; & go%@ -30
WO 00/ 55799 PCT/ US00/ 06979 of pi xel s, mhere each ™ group of pixe as

i mage dat8ltnaghicfudeidradsex Beds @ priedet er mﬂé@ltarmem@l earlféc@matm&e

and (d) whether -the di mensions of the group of pixels per wunit area
exceeds one or nore predetermned allowable 5 dinensions. 17. The system
of claim 14 wherein the difference analyzer further conprises a density
anal yzer that 1hs oRerablectn deterdd ng, (a)s ong 0l pr e 4l mangins of, { wo
or 10 nore groups of pixels, where each group of pixels has an inmage data
magni t udeng a?eéxcé@d§h§rpré@@pﬁﬁﬁaﬂujQﬂIdﬁ%&ﬂ@y nagalvede, &ahdt(b)is

whet her g, dengiLy +Qf &@@efrﬁ% big? %negré)f‘pﬁo % Rii%ehS 1REfs Ut ghead,

exceeds a pre et erm ned ensity
10 more groups of pixels, where each group of pixels has an
image data magnitude that exceeds a predetermined allowable
magnitude, and (b) whether a density of the two or more
groups of pixels per unit area exceeds a predetermined

allowable density.



WO 00/ 55799 PCTI USOQ 06979 18. A nethod for selecting a reference die
i mage conprising: subtracting a first die imge froma second die i mge

t 0 creat ewg ddiskfogr ence i mage; and 5 determ ni ng whet her thg~i e
i mge contains unacceptable data. 19. The nethod of clainfighﬁﬂgﬁg?ﬁ

subtracting the first die image fromthe second die inmage conprises 10
subtracting brightness data for each pixel of the first die inage from

brightness data. fox ansens@spesdi ngpixelnf 1hercpecond.dig;Lmgg, 20. The
met hod of claim 18 wherein subtracting the 15 first die imge fromthe

second dife"Phage'¢onpri ses subtracting other inmage data for each pixel of

the first diesubpBger fromotiersd nage dakaef arr i corLesponding. pixel.of the
second die inmage. 20 21. The nethod of claim 18 wherein determ ning”whet her

the diffef erE®? | Prayed tbheaPRse uhBREept @bfle data conprises: forning a

hi stegram fromeifherense i,pRYgGat asnhandy; deLecpini ng heéoﬁﬁﬂr‘?ge of
t he hi st ogram changes rom negative to positive. 25 22. "The net hod of

cl ai m 18 nhereP et ed@tdi ng whether the difference i mage contains
unaccept abl e data conprises determ ning whether a size of an area having a
bri ghtness deviation exceeds a predeterm ned all owabl e size. 30 -32 WD

00/ 55799 PCTIUsSOQ De®7ethod of claim 18 wherein subtracting the

first die 1image from the second die image comprises
10 subtracting brightness data for each pixel of the first die
image from brightness data for a corresponding pixel of the

second die image.

20. The method of claim 18 wherein subtracting the

15 first die 1image from the second die image comprises
subtracting other image data for each pixel of the first die
image from other image data for a corresponding pixel of the

second die image.

20 21. The method of claim 18 wherein determining whether
the difference image contains unacceptable data comprises:
forming a histogram from difference image data; and
determining whether a slope of the histogram changes

from negative to positive.

25
22. The method of claim 18 wherein determining whether
the difference image contains unacceptable data comprises
determining whether a size of an area having a brightness
deviation exceeds a predetermined allowable size.
30
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23. The nethod of claim 18 wherein determ ning whether the difference i mage
contai ns unacceptabl e data conprises determ ning whether a size of an area

havi ng anwas fiys7gonage data devi ati on exceeds a predeterni@%qﬂ%b&ﬁwaple
size. 5 24. The nmethod of claim18 wherein determ ning whether the

di fference i mage contai ns unacceptabl e data conprises determ ning whet her
a nunber of areas having brightness deviations exceeds a predeterm ned

al | owabl e nunber ofrhar @ashok0 ChEan'msginbri@h&}@@%i@&é%&%%iﬁg{ fw%%it%e%r ea.

25. The 1 thﬁgiﬁ% cl ai m 18 wherein determ ni ng whether the ference

i mage cont'di ficTept able dfat SCEEAPPPs s 2 Getlet #P At ngladhet kerra ingrber of
areas havesgrathengl M@enty data gdeveat bans rexcesds & PLRASLRER Ned ¢

al | omabl e nunber of areas having other inmage data devi ati ons per ani t

area. 2692FReRELALAICHF SXFEPAT1E PUEEREETEGREH Sildgvakdel ecitdeng two or nore
di fference i nages, where each 20 difference inmage is selected froma
different predeterm ned region of the silicon wafer; and conbining the two
or nore diffeféncellAafes ed dr hlain ifereiresiaget fomingegi wheohpari ng

Wi th eachndi ey ofrdhencsi linkeR WabgEaidS -B3hcceptable data comprises
determining whether a number of areas having brightness
deviations exceeds a predetermined allowable number of areas

10 having brightness deviations per unit area.

25. The method of claim 18 wherein determining whether
the difference image contains unacceptable data comprises
determining whether a number of areas having other image

15 data deviations exceeds a predetermined allowable number of

areas having other image data deviations per unit area.

26. The method of claim 18 further comprising:
selecting two or more difference images, where each
20 difference image 1s selected from a different predetermined
region of the silicon wafer; and
combining the two or more difference images to form a
reference 1image for use in comparing with each die of the
silicon wafer.

25
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