10

15

20

25

}1IDESCRT_PTION PROBE MARK READING DEVICE AND
PROBE MARK READING METHOD 5 Technical Field The present
invention relates to a probe mark reading device and a probe mark
reading method for reading probe marks formed or. electrodes by
examining 10 electrical characteristics of la prescribed object. Background
Art Normally, in order to examine electrical characteristics of a
semiconductor chip formed on_a semiconductor wafer, pin-shaped test
probes are pressed 15 agai%s?el%cff‘o&eg within thé’sBmiconductor chin.
Electrodes are typically made from aluminum and are typically covered in

an insulating aluminum:oxige rpovering Aermed @fﬁ)@ga@%at the time of
examina- tion. The testgrebe s tirerefore pushedmagainst the 2C

electrode w__.th a certain amount of force in order to break through the
covering. As a result, probe marks (contact imprints) are formed by the
test probe. A determination camtbhen besnade;as tp whether or not the
test probe has been correctly pushed against the 25 electrode by reading
probe mark o dRIGHEStich- B B prssereeadreabsence, positienpand

depﬂ}ggafﬁga£%99%én%%ﬁ a probe mark reading method for

reading probe marks formed on electrodes by examining
electrical characteristics of a prescribed object.
Background Art

Normally, in order to examine electrical
characteristics of a semiconductor chip formed on a
semiconductor wafer, pin-shaped test probes are pressed
against electrodes within the semiconductor chip.
Electrodes are typically made from aluminum and are
‘typically covered in an insulating aluminum oxide
covering formed by oxidation at the time of examina-
tion. The test probe is therefore pushed against the
electrode with a certain amount of force in order to
break through the covering. BAs a result, . probe marks
(contact imprints) are formed by the test probe.
A determination can then be made as to whether or not
the test probe has been correctly pushed against the
electrode by reading probe mark conditions such as
the presence or absence, position, and depth etc. of
a probe mark.

In the related art, devices for observing
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In the related a.rt, devices for observing 2 conditions of probe marks
using a microscope, devices that take photographs of the probe marks,
and devices that take pictures of the probe marks using a CCD camera
exist as probe mark reading devices for reading 5 conditions for probe
marks. In Japanese Patent Laid- open Pablication No. Hei. 5-3230, a
probe mark reading device is disclosed where a semiconductor wafer on

which semicgnductor;chips are formed is mounted on a stage. images
obtaifi88 by takiliy Pictitesiot prete 10 iridrks Jorfied 6f elestrodEy withs

a CCh camera argthen storgd.and displayed in an appropriate Fistdcr
With this configuration, age deterioration in'a proebe mark’is checked an
temporaltcharngesindestprober pirkpressoire and pia-shiftshean beco
managed. 15 With devices detecting targets different from the electrodes,

suchas, $6F eX&hple, 18p€ MEpedhing “désiedd 16 ifspéany fepetivading

pattesas disclesed in, Japangse Ratgnt Laid:open Publication N Hel, .
9-222311 (and the corresponding US Patent No. 5,808,744), mark 2
positidttdeftittibihtievices fop detectingSalifiments nrarkd e wafereasiing

disclg %d (i:n, forseéglgugie, Ja&;anﬁase Patent Laid-open Publication No.
Hei. 10-281729, of ‘sample Surface ScanrinG devitdeFhr examhsing For

foreigh beidies:6r blemishes onanwater-swface 22 disclosed in, o -,
example, Japanese Patent Laid-open Publication No. Nei. 10-281729, a
ta“yﬁi§§§a@en_lmages obtained by taking pictures of probe

marks formed on electrodes with a CCD camera are
then stored and displayed in an appropriate manner.
With this configuration, age deterioration in a probe
mark is checked and temporal changes in test probe
pin-pressure and pin-shifts can be managed.

With devices detecting targets different from
the electrodes, such as, for example, tape inspecting
devices for inspecting repetitive patterns disclosed in
Japanese Patent Laid-open Publication No. Hei. 9-222311
(and the corresponding US Patent No. 5,808,744), mark
position detection devices for detecting alignment
marks on a wafer as disclosed in, for example, Japanese
Patent Laid-open Publication No. Hei. 10-281729, or
sample surface scanning devices for examining for
foreign bodies or blemishes on a wafer surface
disclosed in, for example, Japanese Patent Laid-open
Publication No. Hei. 10-281729, a target is sequen-

tially photographed by moving the target and emitting
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tially photographed by moving the target and emitting a flash of light at the
position of the target in a synchronized manner. However, with the probe
mark reading device of the related art disclosed in, for example,
Japanese Patent 5 Publication Laid--open No. Hei. 5-3230, it is
necessary to carry out positioning by hawng a user move the
semiconductor wafer mounted on a stage etc. so that probe marks

formed on the electrodes can be directly observed or photographed.
Howéver! it Bofmk casds thite 105mag betfem @ fevi fens éftousands to

a fewshundreds;, of thousandsof probe marks on the wafer as a whole
and reading the probe marks one at a time is both time-consuming and

troublesoméoMeveavery deticesdopdetecting ektargetdifferent viz fram amhe
electrrodleai gggt move the target in the manner described above while

taking A Sefies of photoyraphs hId exist“for Ex@midte, référfo Riatisent

Laid-open: Publication No. kei-9:222311; Japanese Laid-open Paten

Publication No. 10-281729, and Japanesé Patent 20 |5>ublicat%onnle\ilo(.e er Y

11-326233) Accovdingte thése ideyvites, iphotographingscamtake plase in

a short erriod of Icime Witt%out being troublesome to the user. However,
ericonducto afe %;

with these devices, photograpHing 18 fepedted attRESahts pefidd dhitfa

photegraiphing: iskearriednd 2<§13-t(:@1@igﬂ@[?@?@@é(smégiﬂgggedirectly
picture-taking interval fixed. Therefore, as with electrodes, the

arrarffeTRENEss QRlikdly (6 peaathsflal iftereals,and it isnoe cases there

may be from a few tens of thousands to a few hundreds
of thousands of probe marks on the wafer as‘a whole
and reading the probe marks one at a time is both
time-consuming and troublesome.

Moreover, devices for detecting a target different
from an electrode, that move the target in the manner
described above while taking a series of photographs
also exist (for example, refer to Japanese Laid~open
Publication No. Hei. 9-222311, Japanese Laid-open
Patent Publication No. 10-281729, and Japanese Patent
Publication No. Hei. 11-326233). According to these
devices, photographing can take place in a short
period of time without being troublesome to the user.
However, with these devices, photographing is repeated
at the same period and a photographing is carried out
at a high-speed by making the picture-taking interval
fixed. Therefore, as with electrodes, the arrangement

is unlikely to be at equal intervals, and it is not
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planned to take pictures at high speed of a target for which arrangement
position may be changed (d~eepending or the wafer). The above devices
therefore cannot be easily used as devices for reading a multiplicity of 5
probe marks formed at a multiplicity of e ectrcdes. Further, in recent

years, the number of times inspections are carried out is increasing with
increases in the aspects of a chip that are tested electrically and with the
complexity of test content. lu Cases where the position of a test probe is
therefore” BRiftetCa fitiécat™d filie ®°be paPdiehwhile testst are tarrieeloutor

to ensue-hal holg s 0ot mads ina slectrode of 3 fickness tha s

an depend?
usually in the order "of one micron are common. Ap uré]’lﬁy 0 prébe arks

1s arerthereforexfosmed omian eleetvede dhathas hean subjected @& be
Plurality of tests. It is therefore difficult to determine which of a plurality of

prob& AMarks iSSEPrcbe ARk F6rméd by TRE fihaktedt uikst iidvikevery of
possible i deterping the,position.ofie 20 probe markeetc, from jmages

photographed for the electrodes by performing a difference operation’in
pixel units orvart image for before the finaktest ard ramiivage foraftersthe
test. However, this kind of difference oger,a’tio,n is extremely time

constming. 25 Discl6d e GFIRVERGH Tt id Sthéstofe B 6bjetEsf the
presamicinvention o pravides prohe mark reading deyice and prohe mark

reading method for reading a probe mark
electrically and with the complexity of test content.
Cases where the position of a test probe is therefore
‘sbifted a little at a time to be parallel while tests
are carried out to ensure that a hole is not made in an
electrode of a thickness that is usually in the order
of one micron are common. A plurality of probe marks
are therefore formed on an electrode that has been
subjected to a plurality of tests. It is therefore
difficult to determine which of a plurality of probe
marks is a probe mark formed by the final test. It is,
however, possible to determine the position of the
probe mark etc. from images photographed for the
electrodes by performing a difference operation in
pixel units on an image for before the final test and
an image for after the test. However, this kind of
difference operation is extremely time consuming.

Disclosure ofFInvention

It is, therefore, an object of the present

invention to provide a probe mark reading device and
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without posing a great deal of trouble to a user and in a short period of
time. It is another object o the present invention to 5 provide a prope

mark reading device and probe mark reading method for determjnlng a
position or the like of the probe mark rapidly from an image obtained by
photographing an electrode. According to,one aspect of tr_le present
invention, 10 there is provided a probe mark reading device for readlr_lg,
when testing electrical characteristics of a target object having a plurality
of elédirttfesn Probe maikasfonmiedosh thereleerddes. 'Ehizsni&vqaclenar}a
comprises: an illuminating mechanism which illuminates 15 an electrode
as a%f%i%?gp%%rg%gﬁge% aﬁﬁgﬁg tﬁ% “olurality 6FSfecfrod8s?auser and in
photegraphing mechanisot whigh.photographs at least part of at Ieagt one
electrode illuminated by the illuminating mechanism at a photographlng
position theféoftd dHtairiffagd 26 fiffoRfation o s efectrodestision to

j ' ' ' ' i least one
photographing megchanism being supplied with.an “image of at 0
elect?gtrje for a prt?determineéd period of ime at the pho Jr‘}’?nio%’?nf;“ar
positior &l plotographing target pesitioni shargipgsnechanism tohe 1ike
sequegtigﬂy place at least one 25 electrode as a photographing target

O e

among the pIUFARY S o 8lettroairs St thé pRBtGtapRmErpesition bethedy

phot%r@%g}%g}em@ng%méggq%gg{ory which stores 6 the image
information obtained by the photographing
According to one aspect of the present invention,

there is provided a probe mark reading device for
reading, when testing electrical characteristics of

a target object having a plurality of electrodes,

probe marks formed on the electrodes. This device
comprises: an illuminating mechanism which illuminates
an electrode as a photographing target among the
plurality of electrodes; a photographing mechanism
which photographs at least part of at least one
electrode illuminated by the illuminating mechanism

at a photographing position thereof to obtain image
information of the electrode, the photographing
mechanism being supplied with an image of at leastkone
electrode for a predetermined period of time at the
photographing position; a photographing target position
changing mechanism to sequentially place at least one
electrode as a photographing target among the plurality
of electrodes at the photographing position of the

photographing mechanism; and a memory which stores
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mechanism. According to the first aspect of the present invention, there is
provided a probe mark reading S device for reading, when testing
electrical character- istics of a target object having a plurality of
electrodes, probe marks formed on the electrodes. This probe mark
reading device comprises: an illuminating mechanism which illuminates
an electrode as a photo 10 graphing target among the plurality of
electr%des; aeghotographin mechanism which photographs at least part

Sstdhe 8lettrode i mimitiated By theilkrinafing ArdchaRist 8t a

of at 16ast'h
photggraphing position thereof to obtain image information of the
elec_rode, 15 the photographing mechanism being supplied with an
image of atieastrelie electrodesfof arpredetarmined fperied pftimenat the

photographing position; a photographing target position changing
mecﬁgﬁi%%rﬂ[tlc% sgéqll}élnetfeﬁlygpﬁagég At teh %oﬁ@&@&%&@ﬁg d5g4ing

photagraphing ¢arget among, theplurality of glectrodes, at.the character-
photographing position of the photographing mechanism; and a memory

whichsltdres the ithdger dsformalie A obtainedhathel phetby raphirg
mechani The probe mark reading device according to the 25 first ,
Q%gég}odés, og1 % 9 he %Sf&F@S?ﬁson%?ls

aspect preferably inaﬁdegar??é:asst one of the" followin

of theruK{a) Theiphatagaphing target pesitien£hanging Mechanism ing
sequentially places an electrode as a photographing target among the
MUnﬂﬁﬁ%?%%%ﬁdﬂ%%Ch illuminates an electrode as a photo-

graphing target among the plurality of electrodes;
a photographing mechanism which photographs at least
part of at least one electrode illuminated by the
illuminating mechanism at a photographing position
thereof to obtain image information of the electrode,
the photographing mechanism being supplied with an
image of at least one electrode for a predetermined
period of time at the photographing position; a
photographing target position changing mechanism
to sequentially place at least one electrode as a
photographing target among the plurality of electrodes
at the photographing position of the photographing |
mechanism; and a memory which stores the image
information obtained by the photographing mechanism.
The probe mark reading device accérding to the
first aspect preferably includes at least one of the
following (a) to (h) or some of them.

(a) The photographing target position changing
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at the photographing position at a time gap not shorter than a time
required to photograph the electrode with 5 the photographing
mechanism. (0) The illuminating mechanism comprises a flash: for
emitting a flash of light, and emits a flash of light for a predetermined
period of time while the electrode as thé photographing target is placed at
the 10 photographing position, to supply a sensed image of the at least

one electrode to the photographing mechanism. (c) The memory unit
WhicliTw\es%C}(}raensllsan)}oﬁf3 hiotia ??gl% %%%%Wﬁgﬁ%ﬁé%%%ﬁfé%@ 6Fthé plurality

of elactiodesom thetargetebjeghand a tigger 15 mechanism which  4e
specifies a layout position of the electrode to be photographed by the
photd§rapting hmieetanisid e the basisoof the laysutrinformationtstered ter

in the.memory,.and when.the photographing target position changing
mecﬁgﬁ%rﬁ n¥olv%%t %qekfégt?g?j%%s Hépté‘bg%ﬁ&gg%g%iﬁgl trget e te ol

photegeaphing QesHian rngstrdetsdhe photographing mechanis_m to
photograph. (d) The probe mark reading device further comprises qprobe
mark checkifg mééhanisiiiRieh! Betetfiinesism comprises a flash

non-ggfedliyeness/defedtiveness of ;25 predetermined probe mark .
included in the image on the basis of the image information stored in the
memioryh wherein: therpribe=matk ehegkingdueelranismdneludes a:nhan
initial vector calculating mechanism and probe mark

non-SefEctianR séRietectivRness Hetiminatipar et is placed at the

photographing position, to supply a sensed image of the
at least one electrode to the photographing mechanism.

(c) The memory unit which stores layout informa-
tion concerning layout positions of the plurality of
electrodes on the target object, and a trigger
mechanism which specifies a layout position of the
electrode to be photographed by the photographing
mechanism on the basis of the layout information stored
in the memory, and when the photographing target
position changing mechanism moves the electrode as the
photographing target to the photographing position,
instructs the photographing mechanism to photograph.

(d) The probe mark reading device further
comprises a probe mark checking mechanism which
determines non-defectiveness/defectiveness of a
predetermined probe mark included in the image on the
basis of the image information stored in the memory,

wherein the probe mark checking mechanism includes
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mechanism, the initial vector calculating mechanism serving to calculate
an initial vector from a position 5 of a pre-registered model probe mark to
a position of a probe mark formed on a predetermined electrode among
the plurality of electrodes, and the probe mark non-
defectiveness/defectiveness determinatign mechanism serving to
determine whether or not a probe mark formed 10 on the electrode
photographed by the photographing mechanism is located within a
predéterminéd aétefRiia-tio fanyerineiding ahposition fna directien and
dist f initial v fram_th sition of the pre-registered model
proSggn%a}gk&r%?aﬁl%@%%ﬁ%geﬁga@i%ﬁ arent from tﬁ%tpergégéflearﬁiﬁéld
electrodena(e)sthe prebei mark £heckingonechanismsfuither ipshigdes A,
probe mark:position determination mechanism which determines whether

or not aProbe mark af the! Bléctrdte! phbtoistaplssd: By tfie pRotographingn
mechanigm,2Q is located. in.g prederermingd region setin the vicinity of

an edge of the electrode. (f) The probe mark checking mechanism further

- includes ectlassificaticiv headergereratingemeehamism, theclassificatiomg

headerﬁgenleratirl%1 mechanism serving 25 to generate classification
o]

e iRcIGding fferitifitafion FrhAfioR hteh Rferifieen -

header informaf

eachy etectiode-amongdbe pluralityof.elegirodes and.determination.result

information of the probe mark non- defectiveness/defectiveness

detefRATHE nechafisia rand sto-dtersnthe classificatiorpheademark formed

"ﬁOWHQﬂQQQnéR%CtEQde photoéraphed by the photographing
mechanism is located within a predetermined determina-
tion range including a position in a direction and
distance of the initial vector from the position of
the pre-registered model probe mark relating to an
electrode different from the predetermined electrode.

(e) The probe mark checking mechanism further
includes a probe mark position determination mechanism
which determines whether or not a probe mark of the
electrode photographed by the photographing mechanism
is located in a predetermined region set in the
vicinity of an edge of the electrqde.

(f) The probe mark checking mechanism further
includes a classification header generating mechanism,
the classification header generating mechanism serving
to generate classification header information including

identification information which identifies each

electrode among the plurality of electrodes and
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memory in relation with the image information of each 5 electrode. (g)_

The initial vector calculating mechanism includes a detection mechanism
which detects a prone mark, formed by testing the electrical

characteristics, by calculating a difference between the image 10
information, stored in the memory, of the¢lectrode the electrical
characteristics of which have been tested and the image information of

the electrode photographed before testing the electrical characteristics,

and & GaRtTtiMy rhethafisit Which eafealaies aninitiak I5-wéctomfrom non-

the ition, of -registered model_ probe mark to a position of the
prot?g %a%gtc(}e\%tggt%gb;yg%%%%%&Po%sr%e(é aﬁé%%?h??h%ﬁﬁﬂ%ﬁ‘ vétiorand
calcutating meehanism lealsulates theoinitia veeter from a-pesition of eagh
20 pre-registered model probe mark relating to a corre sponding one of

the O ElEEtrotes fochted in tHe NidiRitied B ZoriersBithe test afgetaon
a positign +f g probe mark formed on each of the four e_Iect_rodes, and the
probe mark non-defectiveness/defectiveness 25 determination

mechanism @etefiimesnihetheros aos the: grobe smarkformed-0n the
electr.odelis located within a _predetermined determination range

including a position ifi & direChort afid Histafice ihifial visetsrs tAccordio
the sesond aspegtaf the present invention, there s.provided a probe mark

test device for testing when testing electrical characteristics
by calculating a difference between the image
information, stored in the memory,'of the electrode the
electrical characteristics of which have been tested
and the image information of the electrode photographed
before testing the electrical characteristics, and
a calculating mechanism which calculates an initial
vector from the position of the pre-registered model
probe mark to a position of the probe mark detected by
the detection mechanism. |

(h) The initial vector calculating mechanism

calculates the initial vector from a position of each
pre-registered model probe mark relating to a corre-
sponding one of the four electrodes located in the
vicinities of corners of the test target to a position
of a probe mark formed on each of the four electrodes,
and the probe mark non-defectiveness/defectiveness
determination mechanism determines whether or not the
probe mark formed on the electrode is located within a

predetermined determination range including a position
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5 of a target object having a plurality of electrodes, probe marks formed
on the electrodes. The probe mark test device comprises: an initial vector
calculating mechanism which calculates an initial vector from a position of
a pre-registered model probe mark to 10 a position of a probe mark
formed on a predetermined electrode among the plurality of electrodes;
and a probe mark non-defectiveness/defectiveness determina- tion
mechanism which determines whether or not a probe mark formed on the
electtodé pAotGHTapREd Bythe 15 pRetegrdpHitig mechidmismeis docated

within a pregieley: mingd determinalion (ande clyding 3 positon n 2.
direction and distance of the initial vector from the position of the
pre-registeredomodehprobel mask celating te ap:electrode different tiemithe
20 predetermined electrode. According to the third aspect of the present

invertion, thére R drolided é%?&ﬁ@ Ena‘?'l% ?@édiﬁ@ahé%ﬁéﬁ f6r-readfiig,
when tesing. elpeticgl sharacier; jsies.ofa (prastablect including 2. o
plurality of 25 electrodes, probe marks formed on the electrodes. The
probe mark readity mMethed comprisese (al) tplacing an electrodedat anark
photg%rqphci{;e%gosition of a photographing mechanism: (20) (a2

).
iluminating By -an ilGATRAtTG fiechanidh thé tlerodF plagdd at &hénd

photegraphing Rosition;, (a3)iphotegeaphing the: illuminates glectrode with
the photographing mechanism 5 and outputting image information
(ﬁnameEQﬁﬁbﬁé@rOf a pre-registered model probe mark to
a position of a probe mark formed on a predetermined
electrode among the plurality of electrodes; and a
probe mark non-defectiveness/defectiveness determina-
tion mechanism which determines whether or not a probe
mark formed on the electrode photographed by the
photographing mechanism is located within a predetef-
mined determination range including a position in
a direction and distance of the initial‘vector from
the position of the pre-registered model probe
mark relating to an electrode different from the
predetermined electrode.

According to the third aspect of the present
invention, there is provided a probe mark reading
method for reading, when testing electrical character-
istics of a target object including a plurality of
electrodes, probe marks formed on the electrodes.

The probe mark reading method comprises: (al)

placing an electrode at a photographing position of
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graphing, the photographing mechanism being supplied with an image of
the electrode during a predetermined period of time while the electrode is
to be photo- graphed; and (a4) receiving and storing the image 10
information. Toe invention provided according to the third aspect of the
present invention preferably comprises at. least one of the following (i) to
(1), or a combination of some of them. 15 (i) The (a'_) includes
sequentially placing the plurality of electrodes at the photographing

positio? ¥t 'a’8 erFiNBEThBYinE speed detefrhined i adverice  to by
ensurg aitim@naapa@%%ﬁ)%%tgms%p@9@9&%8_@9%3% e “Ti!gdat%’

acquire one image. 20 (j) The (a2) includes emitting a ash © Ight toward
the eléctrode forca predetermimedtpeniod of Iime,Hotsupply anrimageof
the e.Iel\ trode to the hotograph-sensin%mechanism. (k) (a5) determining

non-defettiveness/ 55 defectivendss Bf AbtoBB Mhafcformedor e anism
electrede o The (@) inclydes;dab-bsalcwating gndnitial yegtor asa

vector from a position of a pre-registered model 12 probe mark'to a
positidit Bl asrobé Makk formedao ianpreveteamined éledtrode apranigsthe

plure}ﬂgipégf a(er!ectrodes;andtg%S-%)Ldetermining non-defectiveness/

defectivenéss of the probe mark. tetermination of 3¢ @ Predetermined

non-gdefecitveness/defecliveness of the prabe marks to be photo-
graphed; and (a4) receiving and storing the image
information.

The invention provided according to the third
aspect of the present invention preferably comprises at
least one of the following (i) to (1), or a combination

of some of them.

(1) The (al) includes sequentially placing the
plurality of electrodes at the photographing position
at a predetermined moving speed determined in advance
to ensure a time gap not shorter than a photographing
time required to acgquire one image.

(3) The (a2) includes emitting a flash of light
toward the electrode for a predetermined period of
time, to supply an image of the electrode to the
photograph~sensing mechanism.

(k) (abd) determining non-defectiveness/
defectiveness of a probe mark formed on the electrode.
The (ab5) includes: (a5-1) calculating an initial vector

as a vector from a position of a pre-registered model
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including determining whether or not the probe mark formed on the
electrode photographed by the photo- graphing mechanism is located
within a predetermined determination range including a position in a
direction 10 and distance of the initial vector from the position of the
pre-registered model probe mark relating:to an electrode different from
the predetermined electrode. (1) In the (a3), the photographing
mechanism photographs a predicted image of a probe mark on 15 an
electt6deas"a photsyraphingidering faryet raECo Mg toftherfedrthn

aspart of Ihe present lvention. efe Iy Biovided 2 rebe mark test
method of testing, when testing electrical characteristics 0 a¥arget
objeetliactuding ; plarality et etectrodes; 20:prabe marks dormed esrthes /
electrodes. The probe mark testing method comprises: (b1J calculating

an ififidlc GeLtE 48 ve&tofr fronk ApSsitier bf afsresregisterediomadel
probedmark o apasition.af & prabe mark formed e redgtermined

electrode among the plurality of 25 electrodes; and (b2.) determining

non-defgctivenessk defectivengssiof the probe mark - detesminationefi
non-defectiveness/defectiveness of the probe mark 1 3 including

deteriting WiethBF of hGEthe bR G FoRRAgd divihkislebtiode is

locatechwithinapredeter-smined determination rangesingluding a position

in a direction and distance of the initial vector from 5 the position of the

pre-fEjistered aiddel preb@e including a position in a direction
and distance of the initial vector from the position of
the pre-registered model probe mark relating to an
electrode different from the predetermined electrode.

(1) In the (a3), the photographing mechanism
photographs a predicted image of a probe mark on
an electrode as a photographing-sensing target.
According to the fourth aspect of the present

invention, there is provided a probe mark test method
of testing, when testing electrical characteristics of
a target object including a plurality of electrodes,
probe marks formed on the electrodes. The probe mark
testing method comprises: (bl) calculating an initial
vector as a vector from a position of a pre-registered
model probe mark to a position of a probe mark formed
on a predetermined electrode among the plurality of
electrodes; and (b2) determining non-defectiveness/

defectiveness of the probe mark, determination of

non-defectiveness/defectiveness of the probe mark
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mark relating to an electrode different from the predetermined electrode.
The probe mark test method provided according to the fourth aspect of
the present invention preferably 10 further includes any one of the N
following (m) to (p) or some of them in combination. (m) (b3) determining
whether or not the probe mark of the elegtrode is located in a
predetermined region set in the vicinity of an edge of the elgctrode. 15 (n)
(b4) generating (b4) classification header information including .

inforrmation Whieh fderities: éagh Eleétide among:the pluraligpef mark
electiodanand Infarmalion concaining geterminationofhe (02 and,
storing the classification header information in 20 rélafion to ‘each
electrode: d(o)<ltrer (hil)ancludesalal<l) idetectinghg probe markoformed on
the electrode by testing the electrical characteristics, by calculating a

differandé Betwesh tAB imabRtiAfsimation 5 oi"-ﬂwié?él%étrijﬁéttﬁé efectrical
charagterigtics of whigh have heen tested apddhe image information of

the electrode photographing-sensed before testing the 14 ‘electric: al
cia_atteK stiosaand ¢bl-2) ealcalatingranidnitinkvecten from-the position of
the_pre-rggistered m delgrobe rr.ark to a position of the_probe r_ngr_k
detected in the StéS th -5 (5FSKe (bl’) includes calculating the initial

The probe mark test method provided according to

the fourth aspect of the present invention preferably

further includes any one of the following (m) to (p) or

some of them in combination.

(m) (b3) determining whether or not the probe mark

of the electrode is located in a predetermined region
set in the vicinity of an édge of the electrode.

(n) (b4) generating (b4) classification header
information including information which identifies
each electrode among the plurality of electrodes and
information concerning determination of the (b2} and
storing the classification header information in
relation to each electrode.

{o) The (bl) includes:

(bl-1) detecting a probe mark, formed on the
electrode by testing the electrical characteristics, by
calculating a difference between the image information
of the electrode the electrical characteristics of
which have been tested and the image information of

the electrode photographing-sensed before testing the
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vector frorn a position of each pre-registered model probe mark relating
to a corresponding one of four electrodes located in the vicinities of
corners of the test target to a position of a probe mark formed on 10 each
of the four electrodes, and the (b2) includes determining whether or not a
probe mark formed on the electrode is Ipgated within a predetermined
determina- tion range including a position in a direction and distance of
the initial vector. 15 Brief Description of Drawings FIG. 1 is a block view
showing & corffiyuraticm fort aprobé saarkaeddifgidévicedf@anlating an

embaqdiment of the . present invention. FIG. 2A, 2B are a view illustrating a
oh.o%%?ﬁ%?é?n@%ﬁer‘éﬁ%ﬁ of the Bmbodiment FIC %3 & blsdcview e

showingiah qutlibe of.sa ronfiguration fer a computge of thg.emhodiment.
FIG. 4 is a block view showing the configuration of functions of a computer
of the ehfisodifherit. 25 E16E8Ps Siewillustrating an operation for

generating aflagersignal St gthegrmbadiment, i, § js.a schematic
view illustrating "!5 a elenionship _etween nhoLng al na pos’ion and
mentory addreéssoof thepembodimentst B!y is:aeschematie MeWmode |
iIIustratir%%trimming processing of the embodiment. FIG. 8 is a flowchart

snodﬁﬁa eTﬁ68é§§ﬁkftlng 0 a corresponding one of four

electrodes located in the vicinities of corners of the
test target to a position of a probe mark formed on
each of the four electrodes, and the (b2) includes
determining whether or not a probe mark formed on the
electrode is located within a predetermined determina-
tion range including a position in a direction and
distance of the initial vector.
Brief Description of Drawings

-FIG. 1 is a block view showing a configuration for
a probe mark reading device of an embodiment of the
present invention.

FIG. 2R, 2B are a view illustrating a photograph-
ing operation of the embodiment.

FIG. 3 i1s a block view showing an outline of
a configuration.for a computer of the embodiment.

FIG. 4 is a block view showing the configuration
of functions of a computer of the embodiment.

FIG. 5 is a view illustrating an operation for
generating a trigger signal St of the embodiment.

FIG. 6 is a schematic view illustrating
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procedure relating to a photographing operation for the computer of the
embodiment. FIG. 9 is a view showing an example of an image 51
including an image taken for two electrodes 92a, 92b of 10 a modified
example of the embodiment. FIG. 10 is a view showing an example of an
image including an image 5.'- taken for feur and a half electrodes
92a-92e of a modified example of the embodiment. 15 Best Mode for
Carrying Out the Invention The following is a detailed description, with
referénéé té the appéndée drawingsh of aprefereds embodimentafthe

pres%régrjg\fgnti%pdrlég)sver%ll tCr(])ergfi I%aotié)nmzo tFIG. | is a block view
showing a on%iguratlon or a probe mark ree%ldl‘ng device 1 of an

embodimertofthe presentiwvention The prohe markreading device 1,4
for reading probe marks formed on electrodes of semiconductor chips

cont&@ihed bira téntiCondicterneiem 2590 comprises a CCD camera 20
for taking images gf the sepiconductor wafer 90, an,optical unit 21, for
optically enlarging an image of a location to ﬁeﬁ% photggr%% 2 I§/gthe
"CF)rcarmerau2@, atightsource30: foriluminating the losat:ontorbe o
photographed by the CCD camera 20, an X-Y stage 40 including a
mouﬁ?i’r?g BB rivunted With (HRSQSMEBRAuCtor water 9C and being 5

CaaneCﬁ@h@ﬂ@@gfkp%SWQQJO£ﬁﬂw¥ﬁ8gﬁﬂﬂ§¥%mple of an image 51
including an image taken for two electrodes 92a, 92b of
a modified example of the embodiment.

FIG. 10 is a view showing an example of an image
including an image 51 taken for four and a half
electrodes 92a-92e of a modified example of the
embodiment.

Best Mode for Carrying Out the Invention

The following is a detailed description, with
reference to the appended drawings, of a preferred
embodiment of the present invention.

1. Overall Configuration

FIG. 1 is a block view showing a configuration for
a probe mark reading device 1 of an' embodiment of the
present invention. The probe mark reading device 1
for reading probe marks formed on electrodes of
semiconductor chips contained on a semiconductor wafer
90 comprises a CCD camera 20 for taking images of
the semiconductor wafer 90, an optical unit 21 for

optically enlarging an image of a location to be
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by the CCD camera 20 by moving -she mounting table in an X-direction
and a Y-direction, and a computer 10 for controlling the above. It is taken
that there is no light source other than the light source 30. 10 The CCD
camera 20 is fixed at a prescribed position above the X-Y stage 40
mounted with the semiconductor wafer 99 and takes images of
prescribed portions of the semiconductor wafer 90 enlarged by the
optical unit 21, i.e. images of the vicinity of 15 prescribed electrodes, a
pluraliy oRRA Se Bontdifed oR thésermicéRductor Eriptwithinithe 30

semicon- dygtor wafer, 90, as two-dimensional images based on a trigger
signal St from the corﬁpg}ter 10, with tw%)?%in%gnrgi%n%%ﬁgggé:sa%%ci{%g’aghe
a resUftPof-this: 20 phbtographing beingeoutputted assan image.signal Sj-
Specifically, the CDD camera 20 takes a picture by opening a shutter

built-irts the CHB i Bra 50 & the Sithe Wikt-4 Higgersignaseisd being

provided.and then ¢losi e flash of light.is eEnitt d 25
by the |%?’lt source 30%§|§sggrl e?;%té%gr fé%cj% tléan%g?gﬁ%?lsaf%eg

photégraphing @évicenstitizingoa bmonochrome ios catorCharge:Gaupled

Device (gg{g},) as %:photo%raphin\g mechanism. However, -t is also
sésensify d8Vicas Utifizihg Metdt oxide! SerfikBrdaetors® for

possﬁ)rfe to use sensing

(MOS)ak photographing dgyvices haying; Qt@Mt9ﬁ'§Etr%%%Ve£§i°§o
functions. The optical unit 21 forms an op_icall_y enlarged (enlarged by
ten td WBAtySEimERirtiscasdlimagesoft ight source 30.

The CCD camera 20 is fixed at a prescribed
position above the X-Y stage 40 mounted with the
semiconductor wafer 90 and takes images of prescribed
portions of the semiconductor wafer 90 enlarged by
the optical unit 21, i.e. images of the vicinity of
prescribed electrodes, a plurality of which are
contained on the semiconductor chip within the semicon-
ductor wafer 90, as two-dimensional images based on
a trigger signal St from the computer 10, with two-
dimensional images obtained as a result of this
photographing being outputted as an image signal Si.
Specifically, the CDD camera 20 takes a picture by
opening a shutter built-into the CDD camera 20 at the
time when a trigger signal St is provided, and then
closing the shutter after a flash of light is emitted
by the light source 30 (described later). The CCD
camera 20 is a photographing device utilizing a

monochrome or color Charge-Coupled Device (CCD) as
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a prescribed portion of the semiconductor wafer 90 at the CCD camera
20 using one or more built-in lenses. The optical unit 21 may be omitted if
the resolution of 10 the CCD camera 20 is sufficiently high. The light
source 30 is fixed at a prescribed position above the semiconductor wafer
90 and is a xenon flash lamp for illuminating the prescribed portion to be
photographed by the CCD camera 20. 15 The light source 30 lights up the
prescribed oortion by generating a high-intensity burst of light for just a
shor&inré oF adeirmicroseconis from- thetimevefbeihy providedawith a
flash_si f outputted directly after the trigger signal St is outputted,
froirl’.lpgjogtgh?eg?g mlT|!5(ng)teursle 0. Sﬁ?esﬁ%m% f%?’ Vw]hcft?hgt?wu ett%l;L rst figfts Gpds Ox+de

extreznelysharteamparetitos theousyal shidtes sspeead afe%_Q@B%efﬁa(@'Jﬁ}ﬁ'
milliseconds) but this is in order to prevent an image obtained through

phot8Graph-FRG Fofr BeESHnG BlUfFSFH0B 16 WcNiemant of the 25

semicondustor wafet 80 thats the subjegt being photogrphed, The.
lighting up by the high-intensity light source 30'is ih order to’ obtain the _
amountétSgkghtonecessary tovake a pictuse with theiGChacamera 2R in ¢
a short period of time. The light source 30 may therefore simply be a light

sourde Chpable BFfel8ading Oﬁigﬂﬁnfé?%it’fﬂ@ﬁ%%@ﬁ petibeioftine
and dmay @lso berfor examnleand LED ot laser lioht, spurce, The time

from the trigger signal St being
The optical unit 21 may be omitted if the resolution of
the CCD camera 20 is sufficiently high.

The light source 30 is fixed at a prescribed

position above the semiconductor wafer 90 and is
a xenon flash lamp for illuminating the prescribed
portion to be photographed by the CCD camera 20.
The light source 30 lights up the prescribed poftion
by generating a high-intensity burst of light for
just a short time of a few microseconds from the time
of being provided with a flash signal Sf ocutputted
directly after the trigger signal St is outputted from
the computer 10. The time for which the burst lights
up is extremely short compared to the usual shutter
speed of a camera (a few milliseconds) but this is in
order to prevent an image obtained through photograph-
ing from becoming blurred due to movement of the
semiconductor wafer 90 that is the subject being
photographed. The lighting up by the high-intensity

light source 30 is in order to obtain the amount of
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outputted to the flash signal Sf being outputted is short enough to be
ignored and in the following it is taken that these signals are outputted at
substantially 10 the same time. Specifically, the flash signal Sf can be
generated by inputting the trigger signal St to a delay circuit having an
extremely short delay time. The semicongluctor wafer 90 is mounted on a
moveable mounting table provided on the upper side 15 of the X-Y stage
4C. The X-Y stage 40 also includes a motor (for example, a stepping
motot, 'SEro RGP Serlinear raatot, ato ) dormoving thetineufting tablern

an X-gdirection and a Y-direction, an encoder (for example, varigus
types of motor encoodtergor Iftn%cgr (ﬁafg(icclé?gs}) fo?%%teglﬁﬁ%i%gsﬁgt%%%eé thaay
mouriting table emeves iy the: Xadirecfion and the: Ycdipestion. Jhe, mQiQr ; ng
included at the X-Y stage 40 is controlled based on a motor control signal

So fronPihe- Cormpiiter 10 ARl is Bfiver soiasfo MivVETHe Miolnting table
to a 25 presaribegkposition Furher, th%r%‘c%e%r %q:nt;ineéjraél Jtﬁ‘g% Y
' ignal Se i ing ‘an X-EncoderPllse

stage 4C outputs an encoder signal Se inclu
(herexdter @bbreviated tonX puise tisignaty)dbatrissi pulse sign@eing
genecr)atted every time the mounting table moves a unit distance in the

X-dirdction, & Y-UpPUiIsE (hifetitet dhiteviateP ™Y plise sigrd) that
is a puise signal generated:5 every.time the maunting iable maves a unit_

distance in the Y direction, an X-reset (hereinafter referred to
taken that these signals are outputted at substantially
the same time. Specifically, the flash signal Sf can
be generated.by inputting the trigger signal St to
a delay circuit having an extremely short delay time.

The semiconductor wafer 90 is mounted on a

moveable mounting table provided on the upper side
of the X-Y stage 40. The X-Y stage 40 also includes
a motor . (for example, a stepping motor, servo motor,
or linear motor, etc.) for moving the mounting table in
an X-direction and a Y-direction, and an encoder (for
example( various types of motor encoder or linear
scales) for determining distances the mounting table
moves in the X-direction and the Y-direction. The
motor included at the X-Y stage 40 is controlled based
on a motor control signal Sm from the computer 10
and 1s driven so as to move the mounting table to &
prescribed position. Further, the encoder contained at
the X-Y stage 40 outputs an encoder signal Se including

an X-kEncoder Pulse (hereafter abbreviated to "X pulse
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as "X reset signal”) that is a signal generated when the mounting table is
positioned on the X-axis at a reference position in the X-directi(_)n, and a
Y-reset O (hereinafter referred to as "Y reset signal”) that is a_5|gnal
generated when the mounting table is positioned on the Y_-aX|s aa
reference position i- the Y-direction. This probe mark reading device _
moves the 15 semiconductor wafer 90 mounted on the mounting table in
the X-direction at a fixed speed using the X-Y stage 40, with pictures
being tekehlUsing e CCDxamerse26 iinordeeftheceledtrodes it upat

prescribed timings by bursts of light from the light source 30. P.|l of 20 the
electr(\tggeegﬁ%lg t?tgle%%n%ﬁ% i%rﬁﬁ%%éugto%ﬁ%s% > the€emicohBictor

wafex 98 are photegraphedipy moving the semieendugior wafer90,a.
prescribed distance in the Y direction ;i.e. one line portion) every time a

photographintfoperdition ih theX-directiorfinishes 195 ahdorepeating the
photegraphing, pperation |  X:direction. FIG. 2A, 2B are a view
iIIust%agé%g{}tt:}%%(%ndaég ;ﬂ{cg%%%pﬁinéag%ﬁ)eeraﬁgﬁf% THE View’ %Slé'iancf s

an outrl-+he viewl shewingothe pasiki-aralde 1 ratios:hef the {meyatingeq o
table o- the) X-Y stage 4! and the sgnl:.iconduc,tor wafer 90. An. X-Y
coordinate syStefitand Fiiyin ard SREWAD T aHdS tHese are tHeeX-yhen

coordinate:system.and osigin far the XX stage 40. Futher, the position of
the CCD camera
reference position in the X-direction, and a Y-reset
(hereinafter referred to as "Y reset signal") that 1is
a signal generated when the mounting table is
positioned on the Y-axis at a reference position in
the Y-direction.

This probe mark reading device 1 moves the
semiconductor wafer 90 mounted on the mounting table in
the X-direction at a fixed speed using the X-Y stage
40, with pictures being taken using the CCD camera 20
in order of the electrodes lit up at prescribed timings
by bursts of light from the light source 30. All of
the electrodes included in the semiconductor chips on
the semiconductor wafer 90 are photographed by moving
the semiconductor wafer 90 a prescribed distance in
the Y direction (i.e. one line portion) every time
a photographing operation in the X-direction finishes
and repeating the photographing operation in the
X-direction. FIG. 2A, 2B are a view illustrating this

kind of photographing operation.
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20 is set with respect to the X-Y stage 40 in such a manner that the X-Y
coordinate system becomes the same as the coordinate system for

images obtained by 10 photographing with the CCD camera 20 and in

such a manner that the origin position becomes the same as the central
position (hereafter referred to as "photosgraphing position 20a") of images
obtained by taking pictures. 15 The view shown in FIG. 2B is a view
showing a locus for the photographing position 20a, 21a when electrodes
(for exampléléletirdde Hads) ©2 withihs semiconducter chips 94rcontainedhe

in th niconductor_wafer 90 are photographed using the CCD camera
20. §§'1ﬂ|!§ %TC%L?LZéesja%ﬁso{h%hﬁﬁot%grg&ﬁné%%‘éﬂf:oln Ihéfdatter réfeh’ed

to asx'start pasitiont) whenthe phetographing operatian issstarted and R2
in FIG. 2B shows the photographing position (hereafter referred to as
"end PUSHib™} WwhehtheFhctographisg dpeksion is'2s finishiéd.- Thé CeD

camera.2Q takes pictures of the electrodes 92 arranged (in rows) in the,
X-direction from the@start posit%i)orn I%%Lain %régrsécte&eéqé#bé&lff Nimifgs a8

result of movemertoof theunouating tade included at #re Xn¥ stage 90 2
the negative X-dir.ection,:. When the pnotograPhing position 20a

exceeds the Frght Ehit i Bt 3ré target BBjett Yors exanttie,ithesuch
semigopduetor chin9, the electrodes, 92.10:ke phatographed are maved

one line portion in

same as the coordinate system for images obtained by
photographing with the CCD camera 20 and in such
a manner that the origin position becomes the same as
the central position (hereafter referred to as "photo-
graphing position 20a") of images obtained by taking
pictures.

The view shown in FIG. 2B is a view showing
a locus for the photographing position 20a, 2la when
electrodes (for example, electrode pads) 92 within
semiconductor chips 91 contained in the semiconductor
wafer 90 are photographed using the CCD camera 20.
Pl in FIG. 2B shows the photographing position
(hereafter referred to as "start position") when the
photographing operation is started and P2 in FIG. 2B
shows the photographing position (hereafter referred to
as "end position") when the photographing operation is
finished. The CCD camera 20 takes pictures of the
electrodes 92 arranged (in rows) in the X~direction

from the start position Pl in order at prescribed
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the Y-direction by moving the mounting table included in the X-Y stage 40
in the negative Y-direction. The electrodes 92 arranged in the negative
X-direction are 10 therefore pnotographed similarly in order at prescribed
timings by moving the mounting table included in the X-Y stage 40 in the
X-direction. The photographing position;20a then reaches the end
position 92 by repeating the above photographing operation so that all 15
of the electrodes 92 within the semiconductor chips 91 are photographed.
This ph6toyfaphRingiopetation is caraed i forodll 6hthersemiconductor

chips, in the .nitial phatographing.operation, the position of the probe
mark on each of a plurality of gleec%r)oaesé ”caa%ebeg éjolcnon?ri}?r%. Li“ﬁ%%JCJtdstiﬁons

of a plurality: of probe tips carranged-pp e prehecarg aresubstantially the
same. Therefore, the position of the probe mark of on each of the

electfBHEsS TiT tHe BhotdgrapRng cpstations therdafteretanbespredicted
on the,basis of the, 25 position,nformaion,of the.probe, mark confirmed in

the initial photographing. The predicted position of the proebe mark on a
surfagé of edeh ofitheelectrodes ear 2nobe & iotocraphec gs:a target in
the p gteoq{rgét,inghoperations thereaftor. The above chotograc :.ng

opera?tlon is CoRtréifed By tHe BEMpiter16. FREdortiguFaidrtof-thel uded
computet 10 andthe-phatographing S.operation are descriped below. 2,

Computer Configuration and Photographing
electrodes 92 arranged in the negative X-direction are
therefore photographed similarly in order at prescribed
timings by moving the mounting table included in the
X~Y stage 40 in the X-direction. The photographing
position 20a then reaches the end position P2 by
repeating the above photographing operation so that all
of the electrodes 92 within the semiconductor chips 91
are photographed. This photographing operation is
carried out for all of the semiconductor chips. In the
initial photographing operation, the position of the
probe mark on each of a plurality of electrodes can be
confirm. The positions of a plurality of probe tips
arranged on a probe card are substantially the same.
Therefore, the position of the probe mark of on each
of the electrodes, in the photographing operations
thereafter, can be predicted on the basis of the
position information of the probe mark confirmed in the
initial photographing. The predicted position of the

probe mark on a surface of each of the electrodes can
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Operation This computer 10 is a typical computer system such as, for
example, a personal computer or work station, 10 etc. FIG. 3 is a block
view showing an outline of a configuration for the computer 10 of the
embodiment. The computer 10 is comprised of a CPU (Central
Processing Unit) 11 for carrying out varigds processing operat_ons, an
input output interface 12 for connecting 15 input devices such as an
external keyboard and mouse etc. and display devices such as LCDs or
CRTS8tE 16 1aA Titehsal bus £7, RANE(RANDOMAcdess Memphy) 13 for

tempgravrily stori ata and progra ROM (Read Only memory) '14 for
pre-stg%lrﬁg prgjslj}:r%bgé%gprrga?fn%é 'etcr?,%a a ﬂ8§§ d%@ﬁ%ogeﬁ%ﬁ\%]lgg a large

capacite storage devicepand aidisc giterfacedkior cenneeting the.hard
disc 16 to the internal bus 17. Further, by executing prescribed programs
stored I RAM A3rEm Extéfifal SB5ragETHedia suth 45 ED2ROMsr25iorg

commypication lines via the input outpyt interface 12 etc., the computer
10 executes processing receive image signals Si from the CCD camera

20, provide a. 28 drigocesignahlf to the G camerazd; pradde a-flash si

minagn%]g un.. (for example, gnal Si to the i ~ do - the light source) 30,
receive an encdde signal Se from the X-Y stage 40, and provide a motor

control signehSeh 12,730e & Y9398 46-cag allowig 5,2 4¢sefaiel sucn

M as, for example, a2 personal computer or work station,
etc. FIG. 3 is a block view showing an outline of
a configuration for the computer 10 of the embodiment.
The computer 10 is comprised of a CPU (Central
Processing Unit) 11 for carrying out various processing
operations, an input output interface 12 for connecting
input devices such as an external keyboard and mouse
etc. and display devices such as LCDs or CRTs etc. to
an internal bus 17, RAM (Random Access Memory) 13 for
temporarily storing data and programs, ROM (Read Only
memory) 14 for pre-storing prescribed progfams etc.,
a hard disc 16 serving as a large capacity storage
device, and a disc interface 15 for connecting the hard
disc 16 to the internal bus 17.

Further, by executing prescribed programs stored
in RAM 13 from external storage media such as CD-ROMs
or communication lines via the input output interface
12 etc., the computer 10 executes processing to receive

image signals Si from the CDD camera 20, provide a
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reference to the drawings of each function configura- tion and

photographing operation of the computer 10 including these software
processes. FIG. 4 is a block view showing a configuration 10 for functions

of the computer 10. This computer 10 is comprised of a trigger signal

generator 110 for receiving the encoder signal Se and layout information

la from wafer information memory 105 and ®utputting the trigger signal St

and the flash s":-gnal Sf at prescribed 15 timings, an X-Y stage controller

120 forregeiving thenehcdde SignahSe®&rd cipating e nivteréslrat flash
Signal Sm, an image reader 130 for. receiving the,image signal Si
tempGra?y freniory 40@6? temporarily’ ts%gr?gguirﬁwla%]e %eé)tg %f%ﬁ?r%ge
F“_r_@-%&?oé_%%%Q?ff%n)'r}gef&r%%b%tr@mmeorg%%ﬁng o8 theom the
image data Di, a large capacity memory 60 for saving trimmed image

data Ri-in erdes¢o perform probe matk. checks caftermards; andi arprobem to
mark checking unit 170 for checkin%%obe marks based on image data

Di' stéred % 25 thé 3&rge Lapachty erfidry B0 Bhe probe a7 thedkifg ¥ 1
Unit 170 _carries out prope mark checking after th tographi , _
opera]fi%fﬁedre%%ﬁge Bel@&ve, b%)f?ﬁ% 1qu)seg';ﬁorle Y eﬁcj‘,?rll gg égt)gr?%ﬁn%lh —
trigger signal genesiatar L0 writesjpreseriead datade acpreseibgditer 10
address of the RAM 13 in advance and cutouts the !rigger signal Si and

the flashcsignaln 8f ata presoribed4dinging hased ©hsthe encoder signal

the

FIG. 4 is a block view showing a configuration
for functions of the computer 10. This computer 10
is comprised of a trigger signal generator 110 for
receiving the encoder signal Se and layout information
Ia from wafer information memory 105 and outputting the
trigger signal St and the flash signal Sf at prescribed
timings, an X-Y stage controller 120 for receiving the
encode signal Se and outputting the motor control
signal Sm, an image reader 130 for receiving the image
signal Si, a temporary memory 140 for temporarily
storing image data Di, an image trimmer 150 for
performing prescribed trimming processing on the image
data Di, a large capacity memory 160 for saving trimmed
image data Di' in order to perform probe mark checks
afterwards, and a probe mark checking unit 170 for
checking probe marks based on image data Di' stored in
the large capacity memory 160. The probe mark checking
unit 170 carries out probe mark checking after the
photographing operation described below, but this

operation is described later.
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5 Se. The following is a description of the operation with reference to PIG.
FIG. 5 is a view illustrating an operation for generating the trigger signal

St. The trigger signal. generator 110 shown in FIG. 5 is equipped with a

10 Y-coordinate read address counter 112, an X-coordinate read address
counter 114, a selector 116, and memory, 118, as functional structural
elements relating to generation of the trigger signal St. The Y-coordinate
read address counter 112 counts a pulse expressing 25 the Y-pulse signal
(Y-Up Pulse:shd-autpues the eoant valueras a:mémory addressignal 1 bed

(Y-c [ address_ signal),corresponding to the Y-coordinate, and
whe%%[g\%ggetasigﬁaﬁs( - ggzeit)a}é %nr&?tsed? %hetESUWalﬁé i forciBy et

as amaddressvalie cogresponging 10320 presciibed.Y.coprdinate; ; 451
corresponding to the reference position in the Y-direction. The
X-coordifiate’reafc a8aiescoumen 11 2conRtsa pulse expressingsthena 1

X-pulse signal ( . usse)aan L outputs thenc% t valueasa
mem%fy adg?é%s?s%giggg?(?)égoérdinatg aofdgegg’ o5 siglr%lr;ls}%%rroe%%ﬁai]nﬂ"to

the X«coordirdterandavhen anc X-reset signal (X-Reset) is inputted, the

count value_is forcibly set as an address value corresponding to a 25
prescribed X:&oordinkte Lofredpondiytoihe referancerpasitiontin e

dchess Signal autputied Tor the Y dbordieats read addrbds SounisF1:

and generator 110 shown in FIG. 5 is equipped with a
Y-coordinate read address counter 112, an X-coordinate
read address counter 114, a selector 116, and memory
118, as functional structural elements relating to
generation of the trigger signal St. The Y-coordinate
read address counter 112 counts a pulse expressing
the Y-pulse signal (Y-Up Pulse) and outputs the count
value as a memory address signal (Y-coordinate address
signal} corresponding to the Y-coordinate, and when
& Y-reset signal (Y-Reset) is inputted, the count value
is forcibly set as an address value corresponding to a
prescribed Y-coordinate corresponding to the reference
position in the Y-direction. The X-coordinate read
address counter 114 counts a pulse expressing the
X-pulse signal (X-Encoder Pulse) and outputs the count
value as a memory address signal (X-coordinate address
signal) corresponding to the X-coordinate, and when an
X-reset signal (X-Reset) is inputted, the count valué

1s forcibly set as an address value corresponding to a
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5 X-coordinate read address counter 114 are inputted to the selgctor 116.

A signal (hereafter referred to as "write address signal") expressing a

write address (write Address) corresponding to a coordinate corre-

sponding to the center of an electrode and data 10 (hereafter referred to

as "write DATA")to be written to the writg;address are inputted to the_

selector 116. The selector 116 selects one of two types of address signal

from the write address signal and a read address signal comprised of a

Y-codréftate ‘dadtess siopad 152drd anb(r-eeprdb@anegadﬂtres&ﬁigf@@ﬁsnce
rovi the selected address signal to memory 118. When the write

gddrgs%%éiaﬁgpislsnelg&%c?{i hisTtime the wits daft fearkb stipplizddsess

the meary. 138 andrbexwitedatan is-written 1 an address expressed,
this write address 20 signal at the memory 118. On the other hand, when

the reag addi&ss sigifalis seleeted: diata at ansaddress texpressed by thise

read ad [ is read from_the memory 118 and outputted from the
trigg§ s%%%?d%lg%g%atg? ?L%Oaad;gtﬁ%st?igagflgi“g%ﬁl St 25 The tHgyersignar

genetater 44 Dehensimg the aboxe seomsinu c;@ggggg'ggg I@éqmgli@f&gm@giog s
is (for example, coordinate information etc. expressing the 26 position of

each &lEcirodé Pads U2 fia PrescrisetP Eesrdinate systéresel wite s s
respeg.ihe sermigoaductor.hin A1) relatina g the layaut of the

semiconductor chips 91 included at the semiconddctor wafér 9o Shdthe
sponding to the center of an electrode and data
(hereafter referred to as "write DATA") to bekwritten to
the write address are inputted to the selector 116.
The selector 116 selects one of two types of address
-signal from the write address signal and a read address
signal comprised of a Y-coordinate address signal
and an X-coordinate address signal and provides the
selected address signal to memory 118. When the write
address signal is selected at this time, the write data
is also supplied to the memory 118 and the write data
is written to an address expressed this write address
signal at the memory 118. On the other hand, when the
read address signal is selected, data at an address
expressed by this read address signal is read from
the memory 118 and outputted from the trigger signal
generator 110 as the trigger signal St.
The trigger signal generator 110 having the above
construction receives layout information Ia (for

example, coordinate information etc. exXpressing the



5 layout of the electrodes 92 from a wafer information memory 105 for
storing information relating to the semiconductor wafer 90 provided
externally to this probe mark reading device 1 and calculates coordinates
(hereafter referred to as "center coordinates of pads") 10 corresponding to
central positions of all of the electrodesy@2 to he taken as photographing
targets included in the semiconductor chip 91 based on this Iayout_
information la. The calculated coordinates are converted to respective

corré&ponding nem6RFAddre8sés o aﬁﬁﬁatﬁ%'irifhi@ casesryibed
expresing the pressnae. of aceniral condiale fqra pad is Wtten @ M. .
address in the memory 118. Specifically, as described above, the _
memoiy addtess islinputto the selecton 1d6: asa write addressH(¥Metes
Address), and write data 20 (Write Data) of "1" is inputted to the selector
116.°T é%efé‘ctépﬁé%ﬂe?tl'tfbea%%We%?)%ﬂﬂﬁg%dd’r%%%ﬁ%eand the

memary 448, JThe-memory address isssetdo yniguely-correspond to the.

X-coordinate. A straight- line linking central coordinates of each electrode

92 25%A¢e’ XLairedtion edincites with arstraightline: linkingy to the

photographin% pogitions 20a, ZéLéa in the  X-direction, and an X-coordinate
SEMICON O,

of a photographing 27 ‘Sosili of “c&r therefsre e sgbka Jeb b§ spetitying
The grepwryaddress. Fly 6dsa sehematig view dlustralind 8,6 rqinates

relationship between this kind of photographing
(hereafter referred to as "center coordinates of pads™)
corresponding to central positions of all of the
electrodes 92 to be taken as photographing targets
included in the semiconductor chip 91 based on this
layout information Ia. The calculated coordinates are
converted to respective corresponding memory addresses,
and data {(in this case "1") expressing the presence
of a central coordinate for a pad is written to the
address in the memory 118. Specifically, as described
above, the memory address is input to the selector 116
as a write address (Write Address), and write data
(Write Data) of "1" is inputted to the selector 116.
The selector 116 writes "1" to a corresponding address
of the memory 118.  The memory address is set to
uniquely correspond to the X-coordinate. A straight
line linking central coordinates of each electrode 92
in the X-direction coincides with a straight line
linking photographing positions 20a, 2la in the

X-direction, and an X-coordinate of a photographing
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5 position and memory address, square frame laid out along a straight
line linking the central coordinates of the electrodes 92 shown in FIG. 6 in
the X--direction represents a memory address, with numeric characters
within the frame expressing data written to the memory 10 address. In
FIG. 6, "1"_s written to an memory addpess corresponding to the central
coordinate of the pad, and the trigger signal generator 110 outputs a
trigger signal St when the photographing position coincides with a
positioh ¢orre8perding t6 TRisAs address Spddificallyy as showhyinrRiG.15;
a presgribed memary address corresponding to a Y-coordinate is set by
the Y-coordinate read address counter 112 every time a Y-pulse signal

included in the encoder sigrahSefrom 20;the XY stage-4Q is,inputted and
is supplied to the selector 116. Further, when an X-reset signal is

inputtéd 2 prastbROmENSEH) ddtiréss EBFregpoRding e e X axis is

set. Eugher.yhen NG rieset signalie, inpylteth (eading from the fist,
position of the memory 25 address is started. Moreover, the memory

addressig incrementedthyl theeX cookdinate read-address covmter; Adde s
every Eire the X-pulse signal is inputted, data As 2 8 read in order from _e

memor” Sddrésshy 1T&'§8vectoP "PI6! aitd & Higget signalist i§-direction
mmediiey auBubwheR-2 1 aisdeads Theelaciade S2s e, . ..

photographed when the central coordinate of the pad coincides with
within the frame expressing data written to the memory
address. In FIG. 6, "1" is written to an memory
address corresponding to the central coordinate of
the pad, and the trigger signal generator 110 outputs
a trigger signal St when the photographing position
coincides with a position corresponding to this
address.

Specifically, as shown in FIG. 5, a prescribed
memory address corresponding to a Y-coordinate is set
by the Y-coordinate read address counter 112 every time
a Y-pulse signal included in the encoder signal Se from
the X-Y stage 40 is inputted and is supplied to the
selector 116. Further, when an X-reset signal 1is
inputted, a prescribed memory address corresponding ‘to
the X-axis is set. Further, when the Y-reset signal is
inputted, reading from the first position of the memory
address is started. Moreover, the memory address 1s
incremented by the X-coordinate read address counter

114 every time the X-pulse signal is inputted, data is
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5 the ohotoar-aphing position 2Ga. Strictly speaking, the time cf
photographing is the time that the flash signal Sf is outputted directly
after outputting of the trigger signal Si_ but both are substantially the
same time and in reality there is no 10 difference. As shown in FIG. 2A,
22, all straight lines linking the central pgsitions of each electrode 92 in
the Y-direction is taken to be parallel to the Y-axis. Namely, the layout
pattern -n the X-direction for each of the electrodes 92 is taken to repeat
in the” 457y direttion” The k- Y- stageeeontiolier d20seckivesithe enteden r

signal Se indicating,the position of the mounting table. of the X-Y stage 40
on which the semiconda%tor wafér 9 Etméan?er&[?%gﬁ%%t ¢ aOthe%%gﬁba&en

motor ctttol Signat @G Sm foremevingshe mountine stageiodheyraphed
prescribed position, and provides this motor control signal Sm. to the X-Y
stage’ 46" ShBEIficaIlN. “4s deScsed ab6ve Tok te view stiwn inlte lowwer

half @y@ep%gghaw@cig@m@m cayried out in such a manner as to

25 move the mounting g table of the photographing target position

changing uiit forexampbestherX-Y stage) 40eso thahthe pheiographing
positjconnetr%E:L(I-:-nse thc%lotcush.down %the, arrow in Fis FIG. urine ,
photographine. by the phistograpting LAt forxahiplev F e caiesalt 1y

20. This sr0ving speed:is adfixed,speed; gnd decided in such a manner as

to move the photographing position 20a
substantially the same time and in reality there is no
difference. As shown in FIG. 2A, 2B, all straight
lines linking the central positions of each electrode
92 in the Y-direction is taken to be parallel to the
Y-axis. Namely, the layout pattern in the X-direction
for each of the electrodes 92 is taken to repeat in the
Y-direction.

The X-Y stage controller 120 receives the encoder

signal Se indicating the position of the mounting table
of the X-Y stage 40 on which the semiconductor wafer 90
is mounted, generates a prescribed motor control Signal
Sm for moving the mounting stage to the prescribed
position, and provides this motor control signal Sm
to the X-Y stage 40. Specifically, as described above
for the view shown in the lower half of FIG. 2A, 2B,
feedback control is carried out in such a mannér as to
move the mounting table of the photographing target
position changing unit (for example, the X-Y stage) 40

so that the photographing position traces the locus
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5 from the center position of a certain electrode to the center position of

an electrode pads adjacent in the X-direction to the certain mad in the
same amount of time or longer as the time (hereafter referred to as
photographing time) required to acquire a single image 10 when acquiri_ng
images consecutively in order using the ,GCD camera 20. If movement is
achieved within a time shorter than the photographing time, then it is no
longer possible to photograph (the central positions of) all of the

electfodes? The phistographing tinié 15 i$ irfthe ordetrof, tﬂlf@xampti)@ba&g
milliseconds. Further, it is not necessary_for the moving speed to be

fixec?f? gth \gvﬁeﬁifﬁté%%\ﬁ%ls%%e%%?ixé%?i i$ brekerablefor the P camera)
photagraphing eordid 1a8s at €agh i phetographing position, 20840 bgeq 1n
fixed. 20 The image reader 130 receives the image signal Si obtained by
the CCB camEA PG Andgerferamssard sutpirs dmaye data Dthat LSDan2 0a
ima otogr for the _electrode and the vicinity of the electrode

frorr? %ﬁ%ﬂlirgggaep?iezr?\ta%éi%ﬁiﬁrln%%eo ata Diis %gﬁ%o?éﬁﬁ%gﬁ%réﬁ’ ina®
prescrbec: argaoefithecR AM 13rbyethecterpperasy deemeiy 440« The image
trimmer 150 generates trimmed image data 30 by performing trimrr.ing on

the iMagE dHta T Stérad ByPtHE enTgdraR fhetRors B0 dbcas fecdelsted £

-preseribed @reas of the photggraphed image 1o the ouside of the vicinity

of the electrode 92.
photographing time) required to acquire a single image

when acquiring images consecutively in order using the
CCD camera 20. 1If movement is achieved within a time
shorter than the photographing time, then it is no
longer possible to photograph (the central positions
of) all of the électrodes. The photographing time

is in the order of, for example, 30 milliseconds.
Further, it is not necessary for the moving speed to
be fixed, but when the moving speed is fixed, it is
preferable for the photographing conditions at each
photographing position 20a to be fixed.

The image reader 130 receives the image signal Si
obtained by the CCD camera 20 and generates and outputs
image data Di that is an image photographed for the
electrode and the vicinity of the electrode from this
image signal Si. This image data Di is temporarily
stored in a prescribed area of the RAM 13 by the
temporary memory 140.

The image trimmer 150 generates trimmed image data
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- operation for pho ographing of the computer 18 Corr

5 FIG. - a schematic view i_|List rat.ing this trimming processing. An

image 51 in FIG. 7 corresponds to the image data Di and the central
coordinate of the electrode 92 coincides with the photographing position
20a. Further, a trimming boundary line 52 shown by the 10 dashed line in
FIG. 7 includes the image photographed; for the electrode 92 and is set as
a boundary line encompassing a region slightly larger than the periphery
of the electrode 92. A central position of the region within the trimming
boundary firve 521$ oI5 setto-coimcideawith the: eentrabeoardinate of thes red

electrode ﬁZe I% is therefore straightforward to set the trimming boundary
line éym respect o the iMag8" 51 Trimifed imhge Hats B i8 trsreroreed
easily, ceeated riror-animags taken forithe glectrode 92 within the 20,

trimming boundary line 52 without it being necessary to perform trimming
processiid by re€dgiizingethedmagke taken for the electrode 92 using

well-known grygge,]re.csoggitisoc {poce;ssin im'etholdTS. Theﬁtj[immed image
data Di' is saved to the hard disé 16'by thelarge cA5&diR 25 Tnemiory 160

via therdise interiacects stheyimage data: JA' saved,by the large capacity, s
memory 160 is then taken as the subject of probe mark checking by the
31 probé ArarktHERkifitf @niRil B arrie ol owing is. adex=<hiption wadfthe

reference fo the divinge.of 4, plogessing procedue 1elalpg 0 8 i s
SR

20a. Further, a trimming boundary line 52 shown by the
dashed line in FIG. 7 includes the image photographed
for the electrode 92 and is set as a boundary line
encompassing a region slightly larger than the
periphery of the electrode 92. A central position
‘of the region within the trimming boundary line 52 is
set to coincide with the central coordinate of the
electrode 92. It is therefore straightforward to set
the trimming boundary line 52 with respect to the image
51. Trimmed image data Di' is therefore easily created
from an image taken for the electrode 92 within the
trimming boundary line 52 without it being necessary to
perform trimming processing by recognizing the image
taken for the electrode 92 using well-known image
recognition processing methods. The trimmed image data
Di' is saved to the hard disc 16 by the large capacity
memory 160 via the disc interface 15. The image data
Di' saved by the large capacity memory 160 is then

taken as the subject of probe mark checking by the
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5 the above functions. FIG. 8 is a flowchart showing the processing
procedure relating to a photographing operation for the computer 10. The
trigger signal generator 110 that is a function of the computer 10 carries
out initial 10 setting processinc to receive layout information Is relating to
the layout of the semiconductor chips 9% jincluded at the semiconductor
wafer 90 and the layout of toe electrodes 92 etc. from the wafer
information memory 105, calculate center coordinates for all of the 15
electrédes 92dREUEERE G the semiconidiictor €hip 91 L éomviertithies

calculated coqrdinates into, corresponding . memory addresses, and write
data ™" indicéti% the presence o %eggﬁtrétlocogg?gin(gfea 8- A Pad’in the

memory caddrass (step-S30): £enter coardinatesor appof the 20 ror
electrodes 92 included in all of the semiconductor chips may -hen be

calctlAfEPaRaRrtteh ©fcdiré- SporYing mémory AlarzRS I Next the

X-Y stage.gontroller, 120.generates a prescribed motor control .signal Sm
in order to move the 25 position of the mounting table of the X-Y stage 40

on which théIsemiconeluetor wafen 90ts shounted inrorderto-alignithe

photo%raﬁ)hin% osition 20a of the CCD camera 32 20 with a fescribed
start'Position 5 ]’Paﬁ Dt e this Tnbtdr EOntT SSgRaIss i RRF eIy Stige

40. Euetheswhen the photogtaphing position 20a;0f the CCD camera 20,

is aligned with the prescribed start position
is a function of the computer 10 carries out initial
setting processing to receive layout information Ia
relating to the layout of the semiconductor chips 91
included at the semiconductor wafer 90 and the layout
of the electrodes 92 etc. from the wafer information
memory 105, calculate center coordinates for all of the
electrodes 92 included in the semiconductor chip 91,
convert the calculated coordinates into corresponding
memory addresses, and write data "1" indicating the
presence of a central coordinate of a pad in the memory
address (step S10). Center coordinates for all of the
electrodes 92 included in all of the semiconductor
chips may then be calculated and written to corre-
sponding memory addresses.

Next, the X-Y stage controller 120 generates a

prescribed motor control signal Sm in order to move the
position of the mounting table of the X-Y stage 40 on

which the semiconductor wafer 90 is mounted in order to

align the photographing position 20a of the CCD camera
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5 P1, the prescribed motor control. signal Sm is provided to the X-Y stage
40 in order to move the mounting table at the fixed aforementioned speed
of movement in the X-direction based on the consecutively received
encoder signals Se expressing the position of the mounting 10 table (step
S20). Next, the -trigger signal generator;210 determines whether or not
the center coordinate of the pad coincides with the photographing
position 20a based on the encoder signal Se (step S30). When there is
no 15%dirditleAce, thedetermination of step. SB0ris Pépeatedp \When<there

is co{@lqgepnc ,Otgeégggerr iggal %rlergtor 110 outputs a trigger signal St

(step S4C). Outputfing of the flash sighal SFdirectly after’ dutptitting of the

triggen signat Stis:thencas deseribed abave20.Mext, the imagedeadgL ccp
130 receives the image signal Si obtained by the CCD camera 20,
genéralss dnrage'data Didhatis drt image photographed fortthet electrodieon

and the vicinity of the electrode {rgm this.image signal. Si, and the o
temporary merﬁofy 1.40 25 terﬁpofariff gttoj?ga% this r%%ée%%té T)i%sﬁé’é:dea
S50)oNekt; the X-¥tstage coniroller 120 makesa deteEminationiasto-able
whether or not image reading in 3 :3 the 2:-direction is complete hue to t

pho SgrapSiina Fositbh°s64 pP theeeb sanita2€ BRIsaHing the cehter
coorgdinate of the glectrade 92 a{ﬁée%%%m?é{ \?ngb%seecde 9\r}égeencode r

encoder signal se (step 5550. If this is
signals Se expressing the position of the mounting

table {(step 520).

Next, the trigger signal generator 110 determines
whether or not the center coordinate of the pad
coincides with the photographing position 20a based on
the encoder signal Se (step S$30). When there is no
coincidence, the determination of step S30 is repeated.
When there is coincidence, the trigger signal generator
110 outputs a trigger signal St (step S40). Outputting
of the flash signal Sf directly after outputting of the
trigger signal St is then as described above.

Next, the image reader 130 receives the image
signal Si obtained by the CCD camera 20, generates
image data Di that is an image photographed for the
electrode and the vicinity of the electrode from
this image signal Si, and the temporary memory 140
temporarily stores this image data Di (step S$S50).

Next, the X-~Y stage controller 120 makes a

determination as to whether or not image reading in
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5 not the case, the processing returns to step 530, the process of sen_dlng v
a trigger signal at the time of a trigger is repeated until the image reading

in the X-direction is complete (step S60 -> S30 -- S40 -4 S50 S(?O)..
When image reading in the X-direction is 10 complete, a determination is
made as to whether or not the photographing position 20a has rgach_ed _
the end position. P2 (step S70). When image reading in the X-direction is
no: complete, step S30 is returned to after carrying out.a process from
step 586 t¢ 5110°15 described below tandithe process is repeated sintih

the photographi osition 2Ca reaches the end position P2 _(§7O -+ S80
S90 180%3%1(\51)”-;%50 9%4%“9 S50 SE0'S576Y° ACHESGH btioN isHowrenter

giveroktheiprocess frameS8Q &0.5110.20 When adetermination is.made,
in the process in step 870 that the photographing position 20a has not

reachBGfife 8Rd PositmP2ethesk anstageecorttiatier SE20 generates Bs is
presqu@dtwgtgra%%ntr(%lhségnal Sm and provides this signal to the X-Y

ocess

stage 40 in order to 25 move the positiort of the Motintitgtable SFthe X-Y

stage-46 mountedswitls the semigonductowater Qs that the, e ipe
photographing, position 20a of the CDD camera 34 20 Lines UP with j[he
Y-co8 diﬁgatEr(f&P@s’bdrﬂiﬁ&?@%@dﬁh}éﬁfdﬂthéW@Ild\mm@elec@d{i@@step the

580):Next, thedmage timmer 150 generates ttimmed; image data DI by,

performing trimming on the image data
— 560). When image reading in the X-direction is
complete, a determination is made as to whether or not
the photographing position 20a has reached the end
position P2 (step S70). When image reading in the
X-direction is not complete, step S30 is returned to
after carrying out a process from step S80 to S110
described below, and the process is repeated until the
photographing position 20a reaches the end position P2
(570 — S5B0 = S90 — 5100 — S110 — S30 — S40 — 550 —
S60 — 870). A description is now given of the process
from S80 to S110.

When a determination is made in the process in
step 570 that the photographing position 20a has not
reached the end position P2, the X-Y stage controller
120 generates a prescribed motor control signal Sm and
provides this signal to the X-Y stage 40 in order to
move the position of the mounting table of the X-Y

stage 40 mounted with the semiconductor wafer 90 so

that the photographing position 20a of the CDD camera
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5 Di stored by the temporary memory 140 so as to cut-out prescribed
areas other than the area including the image photcgraoned for the
electrode 92 (step S90) This trimming process is carried out collectively
for all of the image data Di (spec'ifica’lly, images 10 taken for all of the
electrodes 92 laid-out in the X-direction),stored by the temporary memory
140. Next, the image trimmer 150 creates data for the trimmed image
data Di' that is added with supplemental information including prescribed
numbgts ahtecomments M5 btilized-by thie probe mark €heckingunit 7@ ne
when, checking probe rH;s step 5100). Further, the large capacity
memn%%yn%é%gfor%%s?heg] %La & V\g/\?'ifhgtheél §ﬁﬁ3[5l%ﬂilenéﬁlti?\?o &tlon added by
the image tirmer 150- (step;5110): After thisthe.above processing.
returns 20 to step S30 and the processing is repeated until the

photdgtaphirtppesifien 20a reachesthe endrposition R The image data

pr.oc§§s_ng>£ro(g1 gteptshEQQ to 5110 can be carried qut using the moving

time for moving the” position of the Mourting GBle 6P tHE XY stayesE =Gt

25 therprocessing of siep S80hdVhen the pracessing speed of the « 1.
computer 10 and the scoring speed of the hard disc 16 are sufficiently

fast, ACHHigaraticiPear becadopted hereahese prodsssestane ified
out immesi @q%@;@% the g@g(%g capture processin ofosﬁw 350, These
processes may also be carried out concurréntly with fiie p?&ce%%Wof
step 680 ;and pracess=eswexecuded sthereaftefdcifically, images
taken for all of the electrodes 92 laid-out in the
X-direction) stored by the temporary memory 140.

Next, the image trimmer 150 creates data for the
trimmed image data Di' that is added with supplemental
information including prescribed numbers and comments
utilized by the probe mark checking unit 170 when
checking probe marks (step S100). Further, the
large capacity memory 160 stores the data with the
supplemental information added by the image trimmer 150
(step S110). After this, the above processing returns
to step S30 and the processing is repeated until the
photographing position 20a reaches the end position P2.

The processing from steps S90 to S110 can be
carried out using the moving time for moving the
position of the mounting table of the X-V stage 40 in
the processing of step S80. When the processing speed
of the computer 10 and the storing speed of the hard

disc 16 are sufficiently fast, a configuration can be
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When it is determined in step S60 that the photographing position 20a
has reached the end position. P2, the image capture operation for the
semiconductor chip is complete. Further, when there is a semiconduc 10
for chip for which images are to be read-in present, the above processing
is started from the beginning after completion of the probe mark checking
operation described in the following. 3. Computer Probe Mark Checking
Operation 15 Next, a description is given with reference to the drawings
of a préeessidgrproceduresretating-tosthee opetationsfor checking prehed; -
markgtof the ¢ mélUt%élo-) An image taken of an electrode including a

probé mark take ‘MobEand 3R imagetare of ankledtrede poTY .

enas
includeg sae semicanauictarghin A before forming 8 probe mark formed

by checking electrical character- istics (hereinafter referred to as "probe
test"\art thé Babjeterrbe theckéd sorprobeimarksarernecassasy dndhe ted
oper%%%n léoarfccheercting for probe marks. 25 A description is now given for

the overall processing procedure including the probe mark checking

operation. FKanllis adlowchartshawingthe.overalk3S processing
procedure when carrying out probe mark checking in this embodiment. in
step B1° pRBFGGTApRG firtdde processinsfor srodeldegistration) fsosition

carrigdy oytip orgler %o register probe marks as models formed 5 under

. - g u O ra O 1
ideal conditions on all of the electrode mcluded °* the semiconductor

chip is complete. Further, when there is a semiconduc-
tor chip for which images are to be read-in present,
the above pfocessing is started from the beginning
after completion of the probe mark checking operation
described in the following.

3. Computer Probe Mark Checking Operation

Next, a description is given with reference to
the drawings of a processing procedure relating to the
operation for checking probe marks of the computer 10.
An image taken of an electrode including a probe mark
taken as a model and an image taken of an electrode
92 included the semiconductor chip 91 before forming
& probe mark formed by checking electrical character-
istics (hereinafter referred to as "probe test") on
the subject to be checked for probe marks are necessary
in the operation for checking for probe marks.
A description is now given for the overall processing
procedure including the probe mark checking operation.

FIG. 11 is a flowchart showing the overall



10

15

20

25

at a prescribed semiconductor chip. Specifically, when the subject to be
checked for probe marks is as yet not influenced in any way by the
prescribed test probe (for example, in the case of a new product), in order
to 10 make the position of a newly formed probe mark clear, a probe ,
mark is formed using a prescribed test probe on a dummy wafer that as
yet has no probe marks, or on a new chip. The positions etc. of probe
marks formed in this manner are therefore substantially ideal with 15 no
abndthiyiities’ PYocessiT s then Gatried ot M ordet touséallofthe
imagagfof e electiades Lomed withprobe, marks Ind0is Way NS bing
following probe mark check operation. This Ehotogpap g “operation IS
exactlyrthessgme astheéphofographing 20 apesatien descrined aheve with
reference to FIG, 8 etc. and description thereof is therefore omitted. In

stepBY: prBcessifg (ﬁ}%d%??ég?%éti&{ ProcBadiNG) Rcatfidd butgrmed
calculate andsave baryeentric, coprdinates fer BROQJGeT@é%%%%@St{%E'EQded
25 the model by analyzing the images for the electrodes mcludln_g the
probetmarks esnstithting thenmodels cabtainediby image ptadessing forvhen
modgkgegﬂs ration 3 7 O%)é rtgg'icléi known met'nods are used to calculate

barycentric coordinatss Using fhis Rind " irAgE arfafjsis Fot éxanifle, not

the region eseupied:bya the prabe markdngluded in theiimage of the pixels .

5 constituting the boundary are detected based on
example, in the case of a new product), in order to

make the position of a newly formed probe mark clear,
a probe mark is formed using a prescribed test probe
on a dummy wafer that as yet has no probe marks, or on
a new chip. The positions etc. of probe marks formed
in this manner are therefore substantially ideal with
no abnormalities. Processing is then carried out in
order to use all of the images for the electrodes
formed with probe marks in this way in the following
probe mark check operation. This photographing
operation is exactly the same as the photographing
operation described above with reference to FIG. 8 etc.
and deséription thereof is therefore omittéd.

In step 82, processing (model registration
processing) 1is carried out to calculate and save
barycentric coordinates for probe marks constituting
the model by analyzing the images for the electrodes
including the probe marks constituting the models

obtained by image processing for model registration
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luminance of the pixels and the barycentric coordinates of the probe
marks are calculated based on the coordinates of the pixels. The
barycentric coordinates are coordinates in a prescribed coordinate
system 10 preset with respect to the semiconductor chip 91. The manner
in which layout information is including ig; the information relating to this
coordinate system is stored in the wafer information memory 105 is
described above. The barycentric coordinates are calculated for 15 all of

the préb&imarks-and dfe stoted i telarge heasacitysmemory 160

together with information such as_prescribed numbers utilized at the time
of probe-mark checkigﬁg due %ogthce pro ]énr%gﬁ?cﬁgéﬁﬁg lﬁﬁi]’[sl%l.rfﬁ1 the
followimgy vasions alculations-are-eafried, outh 20 baged:onobarysentria,
coordinates for the probe marks but coordinates for characteristic points

expr&8&§ing iRBIGBE propariEsdfat afe E8mmMBRESaP6f tHespiobes hsarks

(such@ss tqrt@@m_gletﬁ@ng@%@d@gﬂ'ga&%@%%% %é%'@?t%% etc.)

may also be used in place of the 25 barycentric coordinates. Information

obtainedithroagh the precessing of step Sdcandstepss2 £an hesused nates

repeg&edﬁlﬁ until the 38 prescribed test probe exhibits abnormality’ To this
itw

end, SUffiEE 18 APy DUt ThESE Protesses OriceS fife LAsthrdbe has
been-used,igter %C%$%W@eﬁ% in. js possiple H?Er&'?:% IQEeLSi%ibggo@gkna tes

probe will be 5 mounted at any one of a plurality of test devices,
are coordinates in a prescribed coordinate system

preset with respect to the semiconductor chip 91.
The manner in which layout information Ia including in
the information relating to this coordinate system is
stored in the wafer information memory 105 is described
above. The barycentric coordinates are calculated for
all of the probe marks and are stored in the large
-capacity memory 160 together with information such as
prescribed numbers utilized at the time of probe-mark
checking due to the probe mark checking unit 170.
In the following, various calculations are carried out
based on barycentric coordinates for the probe marks
but coordinates for characteristic points expressing
included properties that are common to all of the probe
marks (such as, for example, minimum Y-coordinate image
coordinates, etc.) may also be used in place of the
barycentric coordinates.

Information obtained through the processing of

step S1 and step S2 can be used repeatedly until the
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a configuration is preferable where the information is shared by the
plurality of test devices via a prescribed network, etc. In step S,
photographing (image processing for 10 use in difference operations) of
the electrodes included at the semiconductor chip 91 before a probe test
is carried out. This image processing maysbe carried out for all of the
electrodes included at a prescribed semiconductor chip 91 or may be
carried out is for only the four electrodes arranged in the vicinity of the
cornérssofthe semit6Aductorehipe9h iThis may ralsobeicarriedout foriall

of th ctrodes.of the iconductor chips included on the
sem%ogr%?ﬂué?gr wafer %%tq‘:gep&%ib?@ {5 defeet ohiVF Sfober afks fornfae e

20 by the finalprobemest gvepanhen aplurality-of probe. marks.are, . ;¢
formed at a single electrode by performing difference operations on
images dhtainet sy tHerimade proeessing andtimsgestfopaftet alplarality

of prohe tesss.In this embodiment, a difference operation 25 is,not
carried out for all of thsé elegtro?esifl bt él‘ggét(r}ri\f)t%% isGiven faterfith

respecttorthié getaitst of the contensrFhe eleatde images,ebtained by,
this 35' o.ifference operation image processing can he used in detailed

checkofthE ProbéY.al 1 reepa L hedc of~¢@ Jatety st whersutilized

in a detailed ohegk it is,Bref ,_aéq-g to carry out the above photographing
5 processing on all of the semiconductor chips.
In step 83, photographing (image processing for

use in difference operations) of the electrodes
included at the semiconductor chip 91 before a probe
test is carried out. This image processing may be
carried out for all of the electrodes included at a
prescribed semiconductor chip 91 or may be carried out
for only the four electrodes arranged in the vicinity
of the corners of the semiconductor chip 891. This may
also be carried out for all of the electrodes of the
semiconductor chips included on the semiconductor wafer
90. It is possible to detect only probe marks formed
by the final probe test even when a plurality of probe
marks are formed at a single electrode by performing
difference operations on images obtained by the image
processing and images for after a plurality of probe
tests. In this embodiment, a difference operation

is not carried out for all of the electrodes but a
description is given later with respect to the details

of the content. The electrode images obtained by this
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In step S4, probe testing is carried out on all of the semiconductor chips
included in a prescribed semiconductor wafer 90 using a prescribed
probe test device installed with the prescribed test probe. 10 Probe marks
to be taken as targets of probe mark testing are formed by the probe
tests. In step S5, photographing (image grpcessing for use in probe mark
checks) of electrodes including probe marks formed by the probe tests is
carried out by the 15 probe mark reading device. This operation is the
abové 1phictographing operation described-with yeference to bElGisB:atcin

This differs from the case for the model registration image processin
(step%elﬁnl&ea?tﬁ%r“ec%s fgﬁ&siﬁiﬁ@ﬂ%a?%ﬁé%r?ﬁBFé)plsjt)JeOﬁ%?% ed
formed 20:by, a different prahastest (for example, foythe, previoustime or

earlier) may also be present in the image for the electrode obtained by
photddraphirigras svelPas the probe mark formed bydkie probe destafming

step 56, prescribed pr og§lmg%< checking 25 pracessing is earried out
based on electrode images obtained in image processirg forUse in probe

mark cheeks:(step S5 4 Therdetailed sontents of this precess,are,, 11
described in the following. A further detailed check is carried out in step

S7 baded ofi réstitsoBETES ih SteprS6 {probednark reheokirgs o ibed

e L S S I e

readdevice installed with the prescribed test probe.
Probe marks to be taken as targets of probe mark
testing are formed by the probe tests.

In step S5, photographing (image processing for
use in probe mark checks) of electrodes including probe
marks formed’by the probe tests is carried out by the
probe mark reading device. This operation is the above
photographing operation described with reference to
FIG. 8 etc. This differs from the case for the model
registration image processing (step S1) in that there
is the possibility that one or more probe mafks formed
by a different probe test (for example, for the
previous time or earlier) may also be present in the
image for the electrode obtained by photographing as
well as the probe mark formed by the probe test.

In step S6, prescribed probe mark checking
processing is carried out based on electrode images
obtained in image processing for use in probe mark

checks (step S5). The detailed contents of this
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from the large capacity memory 160 and a detailed analysis of the shape
and size of the probe mark etc, is performed. This detailed check is
typically 10 carried out under the observation of an operator. This detailed
check may be omitted if necessary. Next, a description is given of the
detailed procedure for the probe mark checking operation shown in step
S6. FIG. 12 is a flowchart showing the 15 processing procedure relating to
a probe mark checking operation of the computer 10. =irst, a probe mark
checkingit1 20 thatds oneb fuhctiontimplémented by the computer 10
carries out l'&ni_tg%l ‘@%m calculation processing (step 5210) to 20 calculate

a vector (hereinafter féfeffed’to as iftial Vebfor Fihdicating Hhe xtéritts

whicls the, pesitiop;of -the probepark foemed dueto the probe test differs
from the position of the probe mark registered as a model (step 5210). A
descfptior b theodetails D123 the Processing (subreutine)dor this initial
vectogl%%lguloa%ion proc%%n will now be descLibed with reference to

FIG. 13. FIG. 13 is a fiowchartshowing 41 the wroceda e t6rthis Pe

sabretnire.rThe prgbe mark.ehecking-unit 446 reads gutiraage ;datafon
the corners of images of electrodes obtained in the probe mark checking
imagEBcESSing 15D IBP A% Feats it datfordodr eledtrodesed

‘hereafter yeferredtq as "cauer pads”).aranged in the vicinity, . .
is performed. This detailed check is typically
carried out under the observation of an operator.
This detailed check may be omitted if necessary.

Next, a description is given of the detailed
procedure for the probe mark checking operation shown
in step S6. FIG. 12 is a flowchart showing the
processing procedure relating to a probe mark checking
operation of the computer 10.

First, a probe mark checking unit 170 that is one
function implemented by the computer 10 carries out
initial vector calculation processing {step S210) to
calculate a vector (hereinafter referred to as "initial
vector") indicating the extent to which the position of
the probe mark formed due to the probe test differs
from the position of the probe mark registered as
a model (step S210). A description of the details of
the processing (subroutine) for this initial vector
calculation processing will now be described with

reference to FIG. 13. FIG. 13 is a flowchart showing
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of the four corners from the large capacity memory 160 (step 5211). Next,
the probe mark checking unit 170 detects the 10 probe mark formed due
to the probe test from the images for the corner pads obtained in step
S211 (step 5212). When just one probe mark is included in the image for
each of the corner pads, detection of the probe mark is straightforward.
However, there are also cases where 15 one or more probe marks formed
by different (previously carried out or earlier) probe tests exist in addition
to thé probe Frakforméa bytheprobeiest inthis case, the probe mark

formed by the pr Qg test on this ,occasion is dete b rforming. a
difference 20 opgratlkc))% E%?v{/%eﬁ}%ﬁgq%%%e%no %hgtggrn%érg[)gﬁdso%%téirﬂ%%le

in step5211@nd the images:for the cemerspads before thisrobetest.cq
obtained in the image processing for use in difference operations (step
S3). 'HIG- " Rre VW ltstratitg tHis diferice 25 eperation. (rmage A

F1G. d4.showsan magedor  eatnerRad [T nefore.a prohe et an
image B of FIG. 14 shows an image for a corner pad atter a probe a1

est, différenceloperation’'is threre betweer image £.a8d imagen's poLtions: « v
that are common to both images shown b{ the dashed line in image C

are déleted sbThat, a3 SHOWh - TabRC 1an #hage R} for P& EdFier 60
pad insluding only a probe mark formed by the probe test or, this

occasion is obtained. This probe
Next, the probe mark checking unit 170 detects the

probe mark formed due to the probe test from the images
for the corner pads obtained in step $S211 (step S212).
When just one probe mark is included in the image for
each of the corner pads, detection of the probe mark is
straightforward. However, there are also cases where
one or more probe marks formed by different (previously
carried out or earlier) probe tests exist in addition
to the probe mark formed by the probe test. 1In this
case, the probe mark formed by the probe test on this
occasion is detected by performing a difference
operation between the images of the corner pads
obtained in step S211 and the images for the corner
pads before this probe test obtained in the image
processing for use in difference operations (step S$3).
FIG. 14 is a view illustrating this difference
operation. Image A in FIG. 14 shows an image for

a corner pad for before a probe test and image B of

FIG. 14 shows an image for a corner pad after a probe
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mark is referred to as a corner probe mark. Continuing on, the probe mark
checking unit 170 calculates barycentric coordinates for the corner probe
10 mark from, an image for the corner pad including the corner probe
mark obtained in step S212 (step 5213). The well-known method for
calculating these barycentric coordinates,is described above for the
model regis_ra- tion processing (step S2) and the fact that the 15
barycentric coordinates are coordinates of a prescribed coordinate
systéerfi Presetlih the Sehficonductopehipat lisalse desenibed-alfoveisNext,
the péokt)e mark .checkir}gg unit 170 calculates a barycentric coordinate

central position Ci from the 20 BaryCentric Cabrdinates for the' crmer™mon

probe inaiksrobtainedsnstem$23:3 (step 5244)J heibarycentic, poskion.
of the probe mark does not always coincide with the central position of an

electf6dé afidl the déittral positiorPERisithetafoeetie vieihityfepwhich 25for
there,is ng.caincidence with the central position of the semiconductor chin
91. Next, the probe mlé?l?%ﬁggﬂﬁg ?Jrﬁ?tyf'/ao BAIRGates 45 ng%]érp)‘?gertﬁ?fc the
coordinate: centsal position Enotreakjlen harycepcre cogrdinatesfop the o
model corner probe marks read in step S215 (step S210This central
positiGh Ent s tHehRERRY Witerdtha &bt poBiFieRsS BRthk-

Senﬂcondu@QﬁEhﬁhg%@nQQPeéE%ng%BBgHQQrQiggéhtfgguﬂ%%t 170
calculates barycentric coordinates for the corner probe
mark from an image for the corner pad including the
corner probe mark obtained in step S212 (step S213).
The well-known method for calculating these barycentric
coordinates 1s described above for the model registra-
tion processing (step S2) and the fact that the
barycentrié coordinates are coordinates of a prescribed
coordinate system preset in the semiconductor chip 91
is also described above.

Next, the probe mark checking unit 170 calculates
a barycentric coordinate central position Ci from the
barycentric coordinates for the corner probe marks
obtained in step S213 (step S214). The barycentric
position of the probe mark does not always coincide
with the central position of an electrode and the
central position Ci is therefore the vicinity for which
there is no coincidence with the central position of
the semiconductor chip 91.

Next, the probe mark checking unit 170 calculates
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Finally, the probe mark checking unit 17C calculates a vector.(hereafter
referred no as "initial vector" drawn from the central position Cm
calculated 1's in step 5216 to the central position Ci calculated in step
3214. (step 5217). This initial vector can "hen be used in the following
processing as a vector indicating shifts from the probe mark registered as
a model to a probe mark formed by the probe tes*. 15 When the
subroutine processing shown above ends, the processing shown in FIG.
12 isreturngd ¢o.t The reason! foracalculating the initialnegtor usingther he
centrgcji ?osition Ci calculated based on the barycentric coordinates for the

corner probe mark and 2 thetdsritral poshion Erflealctries bagsaion
baryeentris caordinate of the madel corer probe mark js;described. in
detail with reference to FIG. 15. FIG. 15 is a schematic view illustrating
initiaPg&ctbr ealctiation. tAseniiconductow bhipe910:showntin£lGod5ihason
six 23 el étro%eesm921 to 926 and th,ese9e|ectrodeks‘ include probe marks
931 0 936 formed by A probe’test “Fhe probemalits 831 16 B36egisteret
as modets-44 correspondirg to these probe marks are. shown by the
dotted lines in FIG. 15 and the barycentric positions of the probe marks
are shown By Bross¥matks ARcdhtersectiorcpeink oha limelconrigtting

SemeondLatr Sip 910 2rta WS GoRasging Sror=d T0 = »ikicia)
vector") drawn from the central position Cm calculated
in step $216 to the central position Ci calculated in
step 8214. (step S$217). This initial vector can then
be used in the following processing as a vector
indicating shifts from the probe mark registered as
a model to a probe mark formed by the probe test.

When the subroutine processing shown above ends,
the processing shown in FIG. 12 is returned to.

The reason for calculating the initial vector
using the central position Ci calculated based on the
barycentric coordinates for the corner probe mark and
the central position Cm calculated based on barycentric
coordinate of the model corner probe mark is described
in detail with reference to FIG. 15. FIG. 15 is a
schematic view illustrating initial vector calculation.
A semiconductor chip 910 shown in FIG. 15 has six
electrodes 921 to 926 and these electrodes include
probe marks 931 to 936 formed by a probe test.

The probe marks 831 to 836 registered as models
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barycentric positions of the corner probe marks 931 and 936 is_taken_as a
central position Ci of these probe marks. Similarly, an intersection point of
a line 10 connecting barycentric positions of model corner probe marks
E33 and 834 and a line connecting barycentric positions of model. corner
probe marks 831 and 836 is taken as a ggntral position Cm of these
probe marks. An initial vector Vi. that is a vector going from 15 the central
position Cm. to the central osr tion p . C_is not completely the same as
vectors fronstherbarycentric: positionscofthemedel-carnen prebesmarks

831, 833, 834 and 836 to the barycentric positions of the correspor_1d- ing
corne%%ero 8 mar s%’:?f@ﬁ Qﬁ%andlésé.“‘?hé% RASHATOI thiS is that

the (for example, naw)test robe farming theprohe marks takenas ., o

models has an ideal arrangement and vectors indicating directions o
shiftifg of fHee test prdise: shedldtale besthbisameand: shoutd be equahto-i ¢

the initial vectors. H ver, 25 a test prgbe used a number of times in
probrgtct%sjiésl O%ay%%\é\%%nflee bent, %?lié)p%%& fafend>duais aged of

deterioratien:sodbatithe-arangement mayshiff flam43. she ideal  Eurther,
there may be s - Ring from the ideal position at the time of pogﬂonm_g_the
semiEEAdGEBF ERip FEC 1R 1arficWlAr, daseswihere theredsslightsshiftingand

in the oo, dregigns or In 2 dne drecfion pf (glation frm e ldeal e
position

marks. Similarly, an intersection point of a line
connecting barycentric positions of model corner probe
marks 833 and 834 and a line connecting barycentric
positions of model corner probe marks 831 and 836 is
taken as a central position Cm of these probe marks.

An initial vector Vi that is a vector going from
the central position Cm to the central position Ci is
not completely the same as vectors from the barycentric
positions of the model corner probe marks 831, 833, 834
and 836 to the barycentric positions of the correspond-
ing corner probe marks 931, 933, 934 and 936. The
reason for this is that the (for example, new) test
probe forming the probe marks taken as models has an
ideal arrangement and vectors indicating directions of
shifting of the test probe should all be the same and
should be equal to the initial vectors. However,

& test probe used a number of times in probe tests
may become bent, chipped or worn etc. due to age

deterioration so that the arrangement may shift from
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on the occasion of mounting of the semiconductor chip 910 on the X-Y
stage 40 are common. Shifts in the direction of rotation can then be seen
as relatively large variations at the corner pads of the semlcondgc 10 tor
chip 910. In this embodiment, the initial vector described above is
calculated taking note of corner probe myasks in order to average out
shifts in the direction of rotation and other shifts. It is preferable to
calculate vectors from probe marks taken 15 as models for all of the
electrodestBGrébe Marksh formediby theprobie test irf order t6campletely

aver t the shifts. On the other hand, this processing takes a great
peaties Slodetaba g b gélEﬁl%]fibﬂqn%’l%d. It

deal of time due to there eing a gréélnte deal Bf

goes withottisaying-20 hatgt isireferable, Todetegtihe probe marks at
high speed. The above configuration is preferable with regards Fo this |
point du o the faet that calebfdtiy the initial vector rakitigrroteioftheor in

four er,pads..i [ eraging out shifts in, Th direcﬁtion of 25
rotatiqgrf%n %stugf% Eigﬁ(}t?yp%igrb% %r;éér? r%?%g 8s t6 “enabié T?niﬁ SVectors "
be caltulatedtquickly. ot this emodiment the ipitial vectars-are-46n;
calculated using the centre. oosi_tio Ci and tie central position IC:m.
Howeg\}eor, ft's 5?%90 poSsibie® €5 obtairt fife Ffif@Vectordrafnsirom ame

average-asition gksome.arallof the t{%re\{ Se%téicsp 035 rlxt ioanss ?tfe latively
large variations at the corner pads of the semiconduc~
tor chip 910. In this embodiment, the initial vector
described above is calculated taking note of corner
probe marks in order to average out shifts in the
direction of rotation ahd other shifts. It is
preferable to calculate vectors from probe marks taken
as models for all of the electrodes to probe marks
formed by the probe test in order to completely average
out the shifts. On the other hand, this processing
takes a great deal of time due to there being a great
deal of calculation involved. It goes without saying
that it is preferable to detect the probe marks at high
speed. The above configﬁration is preferable with
regards to this point due to the fact that calculating
the initial vector taking note of the four corner pads
is capable of averaging out shifts in the direction of
rotation in a sufficiently reliable manner so as to
enable initial vectors to be calculated quickly.

In this embodiment, the initial vectors are
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S the model corner probe marks 831, 833, 834 and 836 to an average
position for some or all of the barycentric positions of the correspondlng
corner probe marks 931, 933, 934 and 936. Further, it is also possible to
calculate the initial vectors based on prescribed probe 1'10 marks other
than the model corner probe marks and fhe corner probe marks.
Referring again to FIG. 12, when the initial vector calculatin_g process
(step 5210) finishes, the probe mark checking unit 170 carries Ol_Jt
deternfination A5 range caléliation proeessing in-draer €0 determine the

quality.of.the,probe.marks (step 5220). As described above, providing
thereté;e?étr?c% %b‘ﬁgrgrﬁrgﬁﬁés (\stﬁf%h th§ “test probe, the prote matks Tofméd at

the electrode: padsrhy theiprobe test-are-Positioned jn @ vicinity 20.that i
in a direction and distance shown by the initial vector from the probe mark
take 3§ A'oleP L TREMENGE indicatiig the limitthiatear be said tabens of

this vigjnity, i, referred fo here as the deferminatiop _range, It is necessary
to decide this determinatioerlngS rgngé ﬁaﬁin@g into c%n%d%%ﬂoﬁ Hh dmouht
of shift:of: the prebe mrarkipositfon-formed due $0 a presenked tesf Rrobe; -
taken as a model, a maximum amount of shift of 47 all of the probe mark

POSItions Tormad [ the fest ProBERAKET 48 ol F Hie nivtets, arrsa 931,
amountnf shift agcursng duexo.age deterioration dug to a, numpber, of
probe tests. The following a description _
calculate the initial vectors based on prescribed probe
marks other than the model corner probe marks and the
corner probe marks.

Referring again to FIG. 12, when the iﬁitial
vector calculating process (step $210) finishes, the
probe mark checkingbunit 170 carries out determination
range calculation processing in order to determine the
quality of the probe marks (step 5220). As described

‘above, providing there are no abnormalities with the
test probe, the probe marks formed at the electrode
pads by the probe test are positioned in a vicinity
that is in a direction and distance shown by the
initial vector from the probe mark taken as a model.
The range indicating the limit that can be said to be
this vicinity is referred to here as the determination
range. It is necessary to decide this determination
range taking into consideration an amount of shift of

the probe mark position formed due to a prescribed test

probe taken as a model, a maximum amount of shift of
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5 with reference to FIG. I..6 and FIG. 17. FIG. 16 is a schematic view
illustrating an amount of shift due a first probe Pl and FIG. 17 is a
schematic view illustrating an amount of shift due to a second probe P2. In
the drawings, Ra shows an extent 17l of shifting of probe. mark position_s
formed by the first and second probes B1 and P2 of different sha_p(_es, with
a dotted line showing the range of this shifting. This amount of shifting Ra
can be obtained in advance using numerical calculations from the amount
of flexing 453 ahdebendihg based ancthetshape afthedirsband secend -

probes P1 and P2, rigidity of metal constituting this m_aterial, and applied
load ért%?ﬁuﬁﬁéﬁrhl%inatﬁé drawintfs ER6iFS the AAkiMUNT2RRENCST

shift imall of the-prabe.mak positions. 20 fermed by all of the test probes

used when the first and second probes P1 and P2 are taken as moda(-;-l.test

prob88PRi5 drhoirtbshift-RR canTdasilydelobtained framdbe positionsn

of all gf s models. For example, it is possible
\Y

the probe marks regjstered _
to constL:erIFZ) calcufating a gsl}f%re cg‘e Bafivéerra rédpective minimum.
value and reaximung vadue, foran X-coordinate, a_@glahsYt'PQQEq{@atgnfogmolunt
barycentric coordinates for a probe 48 mark registered as a mode-, d v,d's

valuéd forwhiehdtiess e firericesis largeryRtvoetodgivé valliejand then

take gla'ﬁe\{@al\lé% (V,Vit\pilgvav‘ a@fgs%%g‘y:{'ngh%gmao#g&nt of shift due to
a second probe P21 In the drawings, Ra shows an extent
of shifting of probe mark positions formed by the first
and second probes Pl and P2 of different shapes, with
a dotted line showing the range of this shifting.
This amount of shifting Ra can be obtained in advance
using numerical calculations from the amount of flexing
and bending based on the shape of the first and second
probes Pl and P2, rigidity of metal constituting this
material, and applied load, etc. |

Further, RM in the drawings shows the maximum

amount of shift in all of the probe mark positions
formed by all of the test probes used when the first
and second probes Pl and P2 are taken as model test
probes. This amount of shift RM can easily be obtained
from the positions of all of the probe marks registered
as models. For example, it is possible to consider
calculating a difference between a respective minimum
value and maximum value for an X-coordinate and a

Y-coordinate for barycentric coordinates for a probe
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of shift RM being bigger t:"ian the amount of shift Ra 5 depends on one
presence of slight variations in the shape etc. of each test probe and the
presence of slight variations in a fitting position varying slightly from a
calculated position. Further, RT in the drawings shows the maximum 1;
amount of shift in all of the probe mark pgsitions formed by all of the test
probes taking into considers-- tion shifts occurring due to age deterioration
due to carrying out a plurality of probe tests. This amount of shift RT can
easily be‘obtainedtfromcalkef thenlisipositions of probe marksactuallych

formed but g;ig['%s troublesome and takes a great deal of time as it
requires a great teat of RalctilatiorPard MolvEs & Substéntial Bfmdimit ofnd

processing.dt.gees withoyt 1saying thatdtisprgferable tg detegt the probe,
marks 20 at high speed. The amount of shift RT is calculated by
multiplyirfg the-ambuhe of shift RWVE by arpresctibed rcoefficient kargerthan

1lob g&&e@dﬂ@skin in%%econsideration expe ience of the influence of age

deterioration. This may also be calculated takihg ihtS 28 CoHsideration the

amountzqfeshift of therfalgoraek probe mearks «The deternination range
of the probe mark checking unit L70 has a determination range that is a
circlewitAthe CafctAdtearshiftramodnit R T 2% & reditis oNext rthiegrobe

markghegking, ugit 7,7Q reads images for electrodes taken as targets of a
probe meé%& cgﬁeck fr%m. the EPgTeag§€a£t<§Sn%%%noo?y 160 (step S23C)

Further, RT in the drawings shows the maximum
amount of shift in all of the probe mark positions
formedkby all of the test probes taking into considera-
tion shifts occurring due to age deterioration due to
carrying out a plurality of probe tests. This amount
of shift RT can easily be obtained from all of the
positions of probe marks actually formed but this is
troublesome and takes a great deal of time as it
requires a great deal of calculation and involves
a substantial amount of processing. It goes without
saying that it is preferable to detect the probe marks
at high speed. The amount of shift RT is calculated
by multiplying the amount of shift RM by a prescribed
coefficient larger than 1 obtained taking into

consideration experience of the influence of age

deterioration. This may alsc be calculated taking into

consideration the amount of shift of the four corner

probe marks. The determination range of the probe mark

checking unit 170 has a determination range that is a
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3 Next, the probe mark checking unit 170 carries out processing to
determine quality of probe marks included in the read-out electrode

images (step 3240). A description of the details of the processing
(subroutine) for this quality determination process 10 Will now be

described. FIG. 18 is a flowchart showingg the procedure for ti.s

subroutine. The probe mark checking unit 170 reads out from the large
capacity memory 160 barycentric coordinates for probe marks
pre-régisteéred-ds-modets eerresperididg 15itbthereleotrodds reacoutinius .

step 5230 (step,5241). Next, the probe mark checking unit 170 calculates
coordinates%f%gg'pgﬁ]fr?te ina (Ojtﬁ%cﬁgnr And tistance Spddified By tha disitial

vectarcajeulated-inestep 5230 dror the barycentde positions of the prabe «
marks 20 taken as models read out in step 5230. Idea_ly, itis preferable
to setfife-deferflindtich Farigeetakiip this poittresroenter becduse theré s

a barycentric. coordinate for the probe mark forme a probe test in the
vicinity of this poin{% the center coor i%a%é}g 2}\§ﬂ\]lr¢gx:(,1 ae{a Sgolblfelrerwsarl?ug
checkingounit 170 sets the: determinatian range assa eiselertaking the
amount of shift RT calculated in seep 5220 as a radius and taking 50 the

ce:-ter Egordiithte of thE detérindiion Fage KciRRIRR stepee242 48 ) -

centey (step.5243).Here; thedletermination range is taken to.be a circle

but any kind of shape such as P. square, etc. is also possﬁ’a e.
(subroutine) for this quality determination process
will now be described. FIG. 18 is a flowchart showing
the procedure for this subroutine.

The probe mark checking unit 170 reads out from
the large capacity memory 160 barycentric coordinates
for probe marks pre-registered as models corresponding
to the electrodes read out in step $230 (step S241).

Next, the probe mark checking unit 170 calculates
coordinates for a point in a direction and distance
specified by the initial vector calculated in step $230
from the barycentric positions of the probe marks
taken as models read out in step S230. 1Ideally, it is
preferable to set the determination range taking
this point as center because there is a barycentric
coordinate for the probe mark formed by a probe test
in the vicinity of this point (the center coordinate).

Next, the probe mark checking unit 170 sets the
determination range as a circle taking the amount of

shift RT calculated in step S220 as a radius and taking
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Further, the probe mark checking unit 170 detects probe marks from a
prescribed region of the electrode image within the determination range
set in step 5243 (step 5243). Well known image processing methods

such as detection methods based on pixel luminance etc. can 1C be used
in dete=ion of probe marks, !_ is thereforg not necessary to check the
whole of the image for the electrodes because in this embodiment, only
probe marks for a prescribed region within the determination range are
deteéted. RS tharetererpossilile do détect probenli5:matks athighespeed.
Next, the prohe mark detecting unjt 170 determines_whether or not probe
marks are detected in step'5243° (step 5244) When &:probé mark i§ e
detected, the prolie anadkis dateemineddoile, gead the determination2G
results are stored in memory |Oa etc. and the processing of FIG. 12 is
returhe8 %o 6tel 5244)5 \Wheha proleirek is hot détectdd;theprebele .

mark is de ' to ad, the determination results are stored in
memory et(t:f‘.%r a%ydﬂtgr% pr%%t{s |ﬁé%()el° FiG. gi]zcgeﬁ%k fetdrned to (?{e({p gﬁﬁ@)c.ts
In step&244nahien gardiof a rohe markds detected \withinfthec) cct rode
determination range, this is handled as -hough a probe nark is not
detettBd’51 “HedHuse 18 WSI8 Ot thé piobe Fadrkcaimot be deiested? 43

FIG. 49152 yiew showjng an example ¢f probe patk detection in probe,

mark quality determination processing. An image %ﬁ% of an electrode

showsirfletection methods based on pixel luminance etc. can
be used in detection of probe marks. It is therefore
not necessary to check the whole of the image for the
electrodes because in this embodiment, only probe marks
for a prescribed region within the determination range
are detected. It is therefore possible to detect probe
marks at high speed.

Next, the probe mark detecting unit 170 determines
whether or not probe marks are detected in step S243
(step S244). When a probe mark is detected, the probe
mark is determined to be good, the determination
results are stored in memory 10a etc. and the
processing of FIG. 12 is returned to (step S244).

When a probe mark is not detected, the probe mark is
determined to be bad, the determination results are
stored in memory etc. and the processing of FIG. 12 is
returned to (step S245). 1In step S244, when part of a
probe mark is detected within the determination range,

this i1s handled as though a probe mark is not detected
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5 FIG. 19 includes a probe mark 937 formed by a probe test on a current
occasion and probe marks 957a, 957b and 957c formed by probe tests

on a previous occasion and beforehand. Further, the probe mark B37
registered as a model corresponding to the probe mark 937 is shown 10
by the dotted lines in FIG. 15 and the barycentric positions of the probe
marks are shown by cross-marks. Referring to FIG. 19, probe mark 937 is
present within a circle of radius RT from the center coordinate of the
determination rangevard a prébe nsark:is detected fromdSthedmagescted.

within the c%?glarld&termination ran%e. A determination js therefore made
that the probe hark 937 i good' FiGS 20118 aViefr shidwifigd furtH?®

exampleiofaprehe mark detectioninprobemark quality. determinas 20
Lion processing. Each of the elements in FIG. 20 which is the same as in
FIG. A & gRreitthe sameunteral ’and desceipton thereof iscomitted.

The example shown in FIG. 20 differs fram example shown in FIG. 19
in that grbb{e%mjéﬁ(c g&%ss o?eéjerné:boetjtgia@( a éggle)%? Qger% fis RTHSMthe

centercaorsinateaf the determinas tian 2ange 2oda probesmaskis o571
therefore not detected fr_om the image within the circular determination
rang882 X detdrifiv6A iSthet6fte nt&dé thatthé probe reark 98%7dsion

TR NE D e Hlbe PR ARL....
as a model corresponding to the probe mark 937 is shown
by the dotted lines in FIG. 15 and the barycentric
positions of the probe marks are shown by cross-marks.
Referring to FIG. 19, probe mark 937 is present within
a circle of radius RT from the center coordinate of the
determination range and a probe mark is detected from
the image within the circular determination range.

A determination is therefore made that the probe mark
937 1is good.

FIG. 20 is a view showing a further example of
probe mark detection in probe mark gquality determina-
tion processing. Each of the elements in FIG. 20 which
is the same as in FIG. 19, is given the same humeral,
and description thereof is omitted. The example shown
in FIG. 20 differs from the example shown in FIG. 19
in that probe mark 937 is present outside a circle of
radius RT from the center coordinate of the determina-
tion range and a probe mark is therefore not detected

from the image within the circular determination range.
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5 based on the reso7ts of the quality dete.rmi_naLion process, the probe
mark checking unit 170 omits the process of step 5260 when the probe
mark is poor and carries out the process of step 5270, and when the
probe mark is good., carries out the process of step 10 5260 (step S250).
Next, the probe mark detecting unit 170-¢arries out a probe mark cosltion
determination process to determine whether or not the probe mark
position is good for each probe mark that is determined to be good 15

step’5260) e Arprotective part {passivation partds themmalkey fornied inthe
vicingigt%/pf ,tge egge of an electrode and problems such as conduction
defects efc. r%ay?herefore occur in the probe test when --he region

occupied bydhe probeg mark:overlapswith the regien fer20 the protective.
part. It is therefore necessary to determine that the probe mark position is
poof\wkhén Sthis ki efedveriabpirg- eecirso Speeificaliprmaxiffumeand ,

miniglau (ya(l)uesC%re calculated f tsle X-coordinate and Y-coordinate of
the proige mark and qﬂ%ﬁ?y%fg th%ofrz greob%u%%ﬁ%ogﬁi%%ﬁ? fen "
detepminetsby determining: whethereenatitheseacoordinates-fall a-thi.
the region o- the protective car-. "3 FIG. 21 is a view showing maximur

valuBs aneSmirimunt ¥8. uesfor Kiedordirates @pel Yecobrdirakssest probe
marks, 1o £IG. 21, Max shows the maximum, value, of the, X:coordinate of

the probe mark, Xmin shows the
probe mark is good, carries out the process of step

5260 (step S250).

Next, the probe mark detecting unit 170 carries
out a probe mark position determination pfocess to
determine whether or not the probe mark position is
good for each probe mark that is determined to be good
(step S260). A protective part (passivation part) is
normally formed in the vicinity of the edge of an
electrode and problems such as conduction defects etc.
may therefore occur in the probe test when the region
occupied by the probe mark overlaps with the region for
the protective part. It is therefore necessary to
determine that the probe mark position is poor when
this kind of overlapping occurs. Specifically, maximum
and minimum values are calculated for the X-coordinate
and Y-coordinate of the probe mark and quality of the
probe mark position is then determined by determining
whether or not these coordinates fall within the region

of the protective part.
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5 minimum value of this X-coordinate, Ymax shows the maximum value
of the Y-coordinate, and Ymin shows the minimum value of the
Y-coordinate. The image 927 of the electrode shown in FIG. 21 has a
protective part formed in the vicinity of the edge. However, none of 10 _
Xmax, Xmin, Ymax and Ymin fall within the protective part and the region
occupied by the probe mark 937 can therefore be determined not to
overlap with this protective part. Problems may, however, occur in cases
where the 15ifegiéh oteupiedilsywthe probeomark 93¢ is «(ilﬁﬁeet@dthta_cli .
rotective part, and it may therefore be necessary to perform a detaile
Ehecmsr}téglggi).v I#tﬁ%sa Ve Probe’ koSG deterffiRasom piccess £
the extent of iher ipsoximity efithe regionyaccupied by the probe mark 937,
20 and the protective part is collectively determined. The follqwmg Is a
deschptioh @with Teéfsreféa s FIG. Zsz:I@ﬁQkZeismaviler:N Shﬁwmglgka)wsf the
orderline determining this extent of proximity. When the value of one
gf Xrgrgﬁ%(;%%ﬁ Vr%él)? a%ig g]rqnllr? isg? a coBrdinAfe53 coffEspdnaing the
outside of afirstaorderlize 903, vthe probe mark is within,or is extremely, .
close to the protective part and the probe position is determined to 54 be

~ poor"WheRthe WAl i£a covrd-acecotiesponding He insideof 107 rst -

borderfie 01t jsa gogrdinale gqriespanding to outside of a second,
borderline 902, the probe mark does not over ap with
formed in the vicinity of the edge. However, none of
Xmax, Xmin, Ymax and Ymin fall within the protective
part and the region occupied.by the probe mark 937 can
therefore be determined not to overlap with this
protective part.

Problems may, however, occur in cases where the
region occupied by the probe mark 937 ‘is close to the
protective part, and it may therefore be necessary to
perform a detailed check (step S7). 1In the above probe
mark position determination process, the extent of the
proximity of the region occupied by the probe mark 937
and the protective part is collectively determined.
The following is a description with reference to
FIG. 22. FIG. 22 is a view showing a borderline for
determining this extent of proximity. Whenvthe value
of one of Xmax, Xmin, Ymax and Ymin is a coordinate
corresponding to outside of a first borderline 901,
the probe mark is within or is extremely close to the

protective part and the probe position is determined to



5 the protective part but Is relatively close and the probe mark positi_on is
determined to require further investigation.. When the value a coordinate
corresponding to inside of the second borderline 902, the probe mark is
distanced from the protective part 10 and the probe mark position is
determined to be good. The results of thig determination (poor, requires
further investigation, good) are stored temporarily in memory etc.

Referring again to FIG. "_2, when. the above probe 15 mark position
deterhfination prodess (stép 5250)ends; theprobeimark determisationiing
unit 170 performs processing to make a prescribed classification header
based on €ach of §1fe Géfermiration et temporarily “storéd ifmemory

etc.. the.classificationheagdermay 204nclyde forexample, test date,

tester number, probe model (model probe mark) number, wafer product
namé Cwaterlot aufttber, €hip number, pir: (efectrode) number] gyrobeth

determinati robe quality determination). results, probe position
deter?n?ligaﬁg%%gﬁ%s‘f%anpda %% pkr)élsggrib%drp%%ﬁé W& déteRignand the

parameters, etc: kThe prebe determinationfpreberparkguality cyrtney
determination) result,; include data indicating "good" ss or t'poor" as
results' 86Btaled LAThe pfolse. rhafk qadlity détermirationipracess (step

5240&@99@'8@5%%%10%‘ Ff;(s?agai%%c Obe Jetemualion angee soz,

calculation process (step 5220). The probe position. determination

pmmegg probe mark is distanced from the protective part
and the probe mark position is determined to be good.
The results of this determination (poor, reguires
further investigation, good) are stored temporarily in
memory etc.

Referring again to FIG. 12, when the above probe
mark position determination process (step $260) ends,
the probe mark determination unit 170 performs
processing to make a prescribed classification header
based on each of the determination results temporarily
stored in memory etc. The classification header may
include, for example, test date, tester number, probe
model (model probe mark) number, wafer product name,
wafer lot number, chip number, pin (electrode) number,
probe determination (probe quality determination)
results, probe position determination results, and
prescribed probe mark detection parameters, etc.

The probe determination (probe mark guality

determination) results include data indicating "good"
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includes data indicating "poor”, "requires further investigation", and

"good" obtained in the probe mark position determination process (step
5260). Prescribed probe mark determination parameters may include
barycentric coordinates for a probe mark, and Xmax, 10 X_mln, Ymax and
Ymin values, and may further include area and aspect ratio of the probe
mark obtained through prescribed calculations. The classification header
including the above content correlated with image files of _the electrodes

is stoved Tw¢a 15 prescribed fddebetcirtw):lthawlarg&clmam?/ mﬁtgﬂ"kl){)rguality
160. By.using this classification header, images of electrodes to be

checgg %gﬁgbnea Eﬁ%?erﬁ@odjgﬁjna‘téae%nﬁzr%% Ut dufing tetailegnount RT

checks {step37); carried QHE@E%WW§Q§ORO£$Rgéh§é¥99?49§@% process
detecting unit 170 reads out. images for all of the electrodes includéd in

the serhroneuétor-chifod ancbdetepmines whethercomnotachieckipg hass s
been.performed (step 5260). When al| of the images are not read out, in
orderl%ccrie%%eosut&aar? 531%(%%81‘8% nexCélectrodE Ahe procéss bR gtep

52301 isreetutned to,and theaboye-processing s sepgated. uptil gl of the,
images are read out (5230 -- S2/40 56 S250 -- (F260) 5270 S2fi0 ->
52307 ° WheAalIG fainiade. o rare read sout, (etiecksFap all of the prabe bed

marks,ingluded,in the semieondyetor chi; 91 are, comolete, Continuing on,

photographing of the
barycentric coordinates for a probe mark, and Xmax,
Xmin, Ymax and Ymin values, and may further include
area and aspect ratio of the probe mark obtained
through prescribed calculations. The classification
header including the above content correlated with
image files of the electrodes is stored in (a
prescribed folder etc. of) the large capacity memory
160. By using this classification header, images of
electrodes to be checked can be efficiently designated
and read out during detailed checks (step S7) carried
out afterwards.

Next, the probe mark detecting unit 170 reads

out images for all of the electrodes included in the
semiconductor chip 91 and determines whether or not
checking has been performed (step S280). When all of
the images are not read out, in order to read out an
image for the next electrode, the process of stepk8230
is returned to, and the above processing is repeated

until all of the images are read out (S230 — 8240 —
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5 electrodes included in the nexr semiconductor chip included in the
semiconductor wafer 90 takes place, and then the same processing as
described above (step 5210 to step 5270) is commenced in order to
check probe marks on the electrodes. This process is then repeated 1C
until photographing and probe mark chegking are complete for al_ of the
semiconductor chips included in the semiconductor wafer 90. In the
above, the probe mark checking operation of the computer_ 10 Including

the abové procéssing (step 15 B2 10 t6 3tép 52703 idcarriddhout after of

compietion ot Jbe patographing, eperation, o I cleplrades 9LING  one

semiconductor chip but if the processing speed of the compuTie
sufficientlys highs itis atsa possibles témcanyout the probe mark checking
operation for each 20 pad every time a single electrode is photographed.

These0perations mMay Aiso bé Bartied BlHCESHEIRRIMIS 4 Effécts
Accoxdingitodhis-embodiment, the prabe mark sreading device .. moves

the semiconductor wafer 90 25 mounted (g}?tt’rhes ﬁwr%lu%%ggﬁggferin%%p
X-directidnata fired speedrusingrthe-Xe¥ stage=40 owith pictures being and
taker%j{ order of the electrodes lit up by bursts of Ji light from. the light
source 30 by'the"CED BAMETS 207 With tHRSEoniitfaticn, the proBe markd

reading devige sk imgapable Hiacquiting images.for glecirodss and, read
probe marks without putting a user' to any trouble
marks on the electrodes. This process is then repeated
until photographing and probe mark checking are
complete for all of the semiconductor chips included in
the semiconductor wafer 90.

In the above, the probe mark checking operation of
the computer 10 including the above processing (step
S210 to step S270) is carried out after completion of
the photographing operation for the electrodes of the
semiconductor chip but if the processing speed of the
computer 10 is sufficiently high, it is also possible
to carry out the probe mark checking operation for each
pad every time a single electrode is photographed.
These operations may also be carried out concurrently.

4, Effects

According to this embodiment, the probe mark
reading device 1 moves the semiconductor wafer 90
mounted on the mounting table in the X-direction at a
fixed speed using the X-Y stage 40, with pictures being

taken in order of the electrodes lit up by bursts of
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5 and in a short period of time. Further, according to this embodiment, the
probe mark reading device 1 is configured so as to phqtograph _
electrodes lit up for a short period of time by bursts of light from the I'|ght
source 30 in order using the 10 CCD camera 20. With this configuration,
the probe mark reading device is capable,of ensuring that images taken

do no7 blur and also that images can be captured with a device _
configuration that is straightforward and inexpensive compared with .
contrbl-gsingidevices havingh L5 physical Sbu@xste&.cggwtﬁm%g@trgmg
to the first embodiment, the trigger signal generator 110 included in this
probe. lﬁarlgr?)é“asdiﬁé) %%%%%rgﬁéﬁlﬁtes%@&orﬂm& ReFrespoAd-ing tBevice

central pesitieps of all of the glectrades;tg e 20 photographed based o

layout information la relating to the layout of the semiconductor chips 91
storetlSAthe "waferiafotmatiohmemary 105randitheskayoutokithe ft rogbl e
elect s. 92 etc, As a result, it is possible to read a multiplicity of probe
mark%q%}rr%l%daatséhr%ﬁ tiplicity 25 of electfSdes which are by no means

arranged atrequal<infervals-and for whichithe possibility of the layout ;.
position changing depending on the semiconductor wafer 58 exists at
high fgf)ﬁéd.r Mffedderdatéscdingits thisrdmbodiaentpthves probeimarkgraph

read @ge@ec\éig% &Q”ieﬁco%_t"?g Fensy Yr1noi Q% %ig g E%rg:iceo%p%riaryg ng ;Ogu rsts
images only when calculating
of light from the light source 30 in order using the
CCD camera 20. With this configuration, the probe mark
. reading device is capable of ensuring that images taken
do not blur and also that images can be captured with
a device configuration that is straightforward and
inexpensive compared with control using devices having
physical shutters, etc.

Further, according to the first empbodiment, the
trigger signal generator 110 included in this probe
mark reading device calculates coordinates correspond-
ing to central positions of all of the electrodes to be
photographed based on layout information Ia relating to
the layout of the semiconductor chips 91 stored in the
wafer information memory 105 and the layout of the
electrodes 92 etc. BAs a result, it is possible to read
a multiplicity of probe marks formed at a multiplicity
of electrodes which are by no means arranged at equal

intervals and for which the possibility of the layout

position changing depending on the semiconductor wafer
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5 initial vectors, with determination of quality of the probe marks in other
probe mark checks then being carried out based on initial vectors and
prescribed determination range (shift amount RT). It is therefore possible
to determine probe mark quality and probe mark 10 position of probe
marks formed by a final probe test at adugh speed even in cases where a
plurality of probe marks are included in the image taken for an eLectrode.
For example, if difference operations are to be carried out of subtracting
the iffagesSfor beforéa pR&5E 15 test from the images for one thousand

electrodes (j.e..109Q pins),.the, time required to perform one difference
operation is gpSromeéter%y%%%dﬁ]ﬂ Tse”(:cf)rllJ[d%lealsnciE ﬁ%o%ﬁ%' rrlg‘cjuifte%eto read

out gnecimage for hefore the Jinal probe test éssincthe erdes 0£30suning
milliseconds. 20 The time requires to read all of the probe marks is

theréfofé it T 6rder DFD3EPSScdiivfs (HppEGmately foitr minties: lintthisy
respegt, when the prohe mark checking, of this ¢ JHb%‘%"%%%tﬂ%a”!f%d out.

on images for one thousand electrodes, the time 25 required t6"detect one

probienwack isainkthe iorder bt 1 @miliseconds and aicheckenf allthggprobe
marks is cognpleted in ter seconds. It can therefore be 59 unders'_:cod

that Thé probe mark Chacking of" his- mBsdifent cantb® Eafed e Rcht
extremely-high-spesd. [Fugber, accerding to adifference qperationir: _ -

pixel units, the--e is the possibility of erroneous detections
possible to determine probe mark guality and probe mark
position of probe marks formed by a final probe test at
a high speed even in cases where a plurality of probe
marks are included in the image taken for an electrode.
For example, if difference operations are to be carried
out of subtracting the images for before a probe
test from the images for one thousand electrodes (i.e.
1000 pins), the time reguired to perform one difference
operation 1is approximately 200 milliseconds and the
time required to read out one image for before the
final probe test is in the order of 30 milliseconds.
The time required to read all of the probe marks is
therefore in the order of 230 seconds (approximately
four minutes). ~In this respect, when the probe
mark checking of this embodiment is carried out
on ilmages for one thousand electrodes, the time
reguired to detect one probe mark is in the order of
10 milliseconds and a check of all the probe marks

is completed in ten seconds. It can therefore be
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5 c--c. occurring d,-le to shifts at the time of acq-u'.si*-.ion of an image but
according to the probe mark checking operation of this emboo]ment,
reliable probe :Wars cheeks can be carried out without be!ng !nfluenced

by shifting at the time of image acquisition or changes 10_ in pixel
luminance etc. because relative position -detection is carried out based on
an initia'l' vector. 5. "Modified Examples In the above embodiment, the
central coordinates and photographing position. 20a for the (images 51.

15 ineldiits intages-takentfor the) electrodes Qaﬁoijmrd;e' i h.oé Gﬂm%u:atl[c)m
is adgpted having just a single electrode 92 included in the image data Di
but tr%e% tbn%c{r%ggrn%fjéig&roﬁes? 8216 He Fhdtographdd 6hice idy. disopeed.

multipler Fos example, when ceptral positien 20.0f %dﬁfééig@wge in pixel
connecting the central positions of adjacent electrodes, le. the central
positiohs ot adjagEnt électrodles andiphidtographing ppsm@uté%oai g € e2c5t ions
coincide, th wo electrodes 92 included in the image data Di. 25 .
0. 3 A v Ao 33 x5 fHagh CL B ARagee 1 £1on
takervforawoielectrodes 92aandi920y with this copfiguration;, Thecentral
positions of n0 the -egions. within trimming borderlmes 528_1 and 52,)
corre¥pohdingto thé g@éﬁo&é@Qﬁ&W@Zﬁ@éﬁ@ﬁé@ gasilysbenark

CalC%@t@gﬁéo@atﬂeh!%y%téE‘floéﬁ‘aéi&’g !%ithout being influenced by

shifting at the time of image acquisition or changes
in pixel luminance etc. because relative position
detection is carried out based on an initial vector.

5. Modified Examples

In the above embodiment, the central coordinates
and photographing position 20a for the (images 51
including images taken for the) electrodes 92 coincide.
A configuration is adopted having just a single
electrode 92 included in the image data Di but the
number of electrodes 92 to be photographed once may
also be multiple. For example, when central position
of a straight line connecting the central positions of
adjacent electrodes, i.e. the central positions of
adjacent electrodes and photographing position 20a
coincide, there are two electrodes 92 included in the
image data Di.

FIG. 9 is a view showing an example of an image 51
including images taken for two electrodes 92a and 92b

with this configuration. The central positions of
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relating to the layout etc. of the electrodes 92a and 92b indicated by the
wafer information memory 105. It is therefore straightforward to set
trimming boundary lines 52a and 52b with respect to the image 51.
Trimmed image data Di' is therefore easily created from an image taken
for electrodes 92a and 92b within 10 trimming boundary lines 52a and 52b
without it being necessary to perform trimming processing by recognizing
the image taken for the electrode 92a and 92b using well-known image
recogritiorf processing. When thér@CDacdmere20 has extremelyigh 15

resoluti [ es. for a_greater number of electrodes can be obtained
e R et Kb

using one-time photographing opera%ions.

exampie of yamimage Sllinelkuding nages takepfor fayrand.ahalf, 1,
electrodes 92a to 92e. Central positions of trimming 20 borderlines 52a to
52e CoTédpotling té fifiagey takere for thefelebfodés 92a 10 92e56an and

easily similafly be, calcplated from layout information la relating to the
arrangement olf electrodé?s etc. ir‘félgiceitlédliglry}ffhrem\?vt(%l%egrninlflcefrr?r(lD tonlg5 :

membty 165:A«plarality o trimmedtimage: 25 data Bi:compasechof
images taken for the electrodes 92a to 92e within the trimming

bordeRBE 24 h'85¢ carftheneasily B Aiades Here thedintage forabe
C J. electrogde ;926 is Qiﬁg%rgegat%ecpayjse the WH]%Ie of the pagsil r3110tcreated

photographed ‘cut a configurat_on where the w olé of the ?mage IS

createddy synthesisewith ke rémainiigctrodes 92a and 92b within
trimming boundary lines 52a and 52b without it being
necessary to perform trimming processing by recognizing
the image taken for the electrode 92a and 92b using
well—knowﬁ image recognition proéessing.

When the CCD camera 20 has extremely high
resolution, images for a greater number of electrodes
can be obtained using one-time photographing
operations. FIG. 10 is a view showing an example of
an image 51 including images taken for four and a half
electrodes 92a to 92e. <Central positions of trimming
borderlines 52a to 52e corresponding to images taken
for the electrodes 92a to S2e can easily similarly be
calculated from layout information Ia relating to the
arrangement of electrodes etc. indicated by the wafer
information memory 105. A plurality of trimmed image
data Di’ composed of images taken for the electrodesb
92a to 92e within the trimming borderlines 52a to 5%e

can then easily be made. Here, the image for the
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portion of the image taken next is also possible. 5 Accoraing to the
configuration where mages for two or more electrodes are acquired

through one photographing operation, it is possible to acquire images for
two or more electrodes in order in the time that the CC- camera 20 takes -
to photograph a single i0 image. It is thefy possible to move the (mounting
table of the) X-Y stage 40 at a speed of two times greater, or more. With
this con_f__guration, the probe mark reading device is capable of

acquitii imagés fore elettidties it rederprobeemarks inte stiil shottee 152d

period.of time, .. n the above madified example, the_plurality of -
photographed electrgdes are adjacent to each other C|)nnthwe%/§1'ﬁae|retc}?i%n“’e?sOl ©
showrfintRIG i1G.g Hoivever ca cenfigyration:wheresa piuraliyef remaining
electrodes adjacent to each other in the Y-direction or 20 a plurality of

electrédés 8ljaent i e ABR BEhériik e "kidirettion it #res¥-direttion
are photographed.ange is alse.possible, With this copfiguration, it is
possible to make the distance renoved inc%he Y-directioné%)? tﬁéﬂages tor
photégraphing positioheaftercctrnpletion of @oireadinghindthenX-stirection
large q?)ccexam le, two lines or more). It is then possible to acquire

images- of electrodes and fead probe'atks s ShBAHETROFGTES Hme if
zho abeveembodiment.o thewi-ah2 1 source:3Q lights upthe prescribed;

portion by generating
that the CCD camera 20 takes to photograph a single
image. It is then possible to move the (mounting table
of the) X-Y stage 40 at a speed of two times greater,
or more. With this configuration, the probe mark
reading device is capable of acquiring images for
electrodes and read probe marks in a still shorter
period of time. 1In the above modified example, the
plurality of photographed electrodes are adjacent to
each other in the X-direction as shown in FIG. 10.
However, a configuration where a plurality of
electrodes adjacent to each other in the Y-direction or
a plurality of electrodes adjacent to each other in the
X-direction and the Y~direction are photographed once
is also possible. With this configuration, it is
possible to make the distance moved in the Y-direction
of the photographing position after completion of
reading in the X-direction large (for example, two
lines or more). It is then possible to acquire images

of electrodes and read probe marks in a short period of



(@]

a high-intensity burst. of light for just a shorrt. time 5 of a few
microseconds from one time of being provided with a flash signal Sf so as
to enable the CCD camera 20 to acquire a photographed image with no
blurring. Providing that the configuration is capable of taking images that
do not blur, a configuration where a 10 shytter device is provided at some
point in the light path from the light source 30, via the semiconductor
wafer 90 to a light-receiving element built-into the CCD camera 20 so as
to narmadly block the light path, and then open the light path for just a

short period 15 of time. The shutter device may aI§Q be implemented
electronically’ Actording 16 thBEE ChRfigiratibhs, HEighessdree 30 is by

no means; Lrmated te adflash. suchias, for example, 3 xenon flash; lamp.
=t is also possible to adopt a configuration where the X-Y stage 20 20 is
contfolledidh suchea mannep thatthe Speedra Movemesntbefore, maving to:

the electrodes at the photographing position is slowed down in order to
gl i #??6 thatare' st MGred 1Howsoar ties!

take"images Using the €D came

averagerspeedwidrbecome sloyveramth, 25 this configuration due to.. .-
repeated acceleration and deceleration. The above embodiment is
thereford tnGredpieterable Wherpmoveamknt cakes plade ava fixed fastH3

speed. I fg aoye embodiment, 3 confiquration is adopted wherea ,

photographing position 20a’is
images that do not blur, a configuration where a
shutter device is provided at some point in the light
path from the light source 30, via the semiconductor
wafer 90 to a light-receiving element built-into the
CCD camera 20 so as to normally block the light path,
and then open the light path fér just a short period
of time. The shutter device may alsoc be implemented
electronically. According to these configurations,
the light source 30 is by no means limited to a flash
such as, for example, a xenon flash lamp. It is also
possible to adopt a configuration where the X-V stage
40 is controlled in such a manner that the speed of
movement before moving to the electrodes at the
photographing position is slowed down in order to take
images using the CCD camera 20 that are not blurred.
However, the average speed will become slower with
this configuration due to repeated acceleration and

deceleration. The above embodiment is therefore more

preferable when movement takes place at a fixed fast
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consecutively moved by moving the position of a semiconductor wafer 90
be photographed using an X-Y stage 40. however, rather than using an
X-Y stage 40, a camera moving device or camera oscillating device
where the photographing position 20a is moved in the X-direction or
Y-direction by changing the position or 1Q photographing angle of the
CCD camera 23 could also be provided. Moreover, it is also possible to
have a configuration where a reflection angle changing device is
providet: Where a reflecting mirror is arranged and the X-Y stage omitted
sothatani ag&gft e electrode 15 92 is provided to the CCD camera 20

via the reflecting” mifrd?, With the pHBESgrapRing Pdsitior 8 tha'ced
cametmg0dhen being shanged in the X-direction.and the, YY-direction by

changing the angle of the reflecting mirror. Moreover, a configuration
whefe BREfogFaplkihg 20°pesitibrsrare toasetutivedys inoved tofasa result

of ap %ngogr'ate combin tipn f these configurations is also possible. In
the at?ovevgm%%%i}frﬁénff aa%énf?gurgﬁor? To RAGOPIET HriETe efsciisies o Y

includedyen acsingleo25-semicendueter ehimof . semiganductor wafer 90, |
are photographed in order but it is also possible to photograph the whole
of the SéffcohdiietorWaféf 98GR 64 orders Namelyi it is alsopossible<o

photparaph slectiades g2 Jnelded 90.2 LB f semicndugor  Shipe

dur_ng phctograph. _ng'in the X-direction in order. +nothe
X-direction or Y-direction by changing the position or
photographing angle of the CCD camera 20 could also be
provided. Moreover, it is also possible to have a
configuration where a reflection angle changing device
is provided, where a reflecting mirror is arranged and
the X-Y stage omitted so that an image of the electrode
92 is provided to the CCD camera 20 via the reflecting
mirror, with the photographing position of the CCD
camera 20 then being changed in the X-direction and the
Y-direction by changing the angie of the reflecting
mirror. Moreover, a configuration where photographing
positions are consecutively moved to as a result of
an appropriate combination of these configurations is
also possible.

In the above embodiment, a configuration is
adopted where electrodes 92 included on a single
semiconductor chip of a semiconductor wafer 90 are
photographed in order but it is also possible to

photograph the whole of the semiconductor wafer 90 in
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In the case of this kind of photographing, which 5 photographed
electrodes correspond to which semicon- ductor chip can easily be
determined based on the layout information la relating to layout etc. of
the semiconductor chips indicated by the wafer information memory 105.
10 In the above embodiment, feedback ggntrol can be carried out based
or the encoder signal Se from the X-Y stage 40. However, without basing
control on this encoder signal Se, in cases where reliable determina- tion
of a position wheredhe maunting table of thes X=Y 45 stage40 is;jintended
to beeif ossible using the X-Y stage controller 120, it is also possible to

carry olt” controrbased B tHidSHterded ﬁ&éiﬁ&rjr.jiﬁ%h_@ abpgiconductor
embodimentaa.prabe ghark£hecking, operation iscartied Qut on images,
for electrodes 2C obtained by consecutively taking pictures of a semicon-
ductérwafer 9g6m (@ molriting<table of) arh XY stage 4ymoving-at a

fixed eted using a, CCD camera 20.. However, it is sufficient for images

takeh of electrode pads 1o existin ordér toTiRBIEment e frobeemare?s

checking-operaiiop. Has by 10 Meaps NEGESSANLIA; CayQUtdhe 1o
aforementioned photographing operation as a prerequisite of the probe
mark:EHEtKing OpeFation-65 arid,for ekample dmbges.or electrodds hiay

cloctious o by L T A A donE T B emat 1on
memory 105,

In the above embodiment, feedback control can be
carried out based on the encoder signal Se from the X-Y
stage 40. However, without basing control on this
encoder signal Se, in cases where reliable determina-
tion of a position where the mounting table of the X-VY
stage 40 is intended to be is possible using the X-Y
stage controller 120, it is also possible to carry out
control based on this intended position.

In the above embodiment, a probe mark checking
operation is carried out on images for electrodes
obtained by consecutively taking pictures of a semicon-
ductor wafer 90 on (a mounting table of) an X-Y stage
40 moving at a fixed speed using a CCD camera 20.
However, it is sufficient for images taken of electrode
pads to exist in order to implement the‘probe mark
checking operation. It is by no means necessary to
carry out the aforementioned photographing operation as

& prerequisite of the probe mark checking operation



may then be provided to this device, so that probe mark 5 checking is
carried out based on these provided images. The embodiment as
described above may also be applied to probe mark Lest devices for
performing just probe mark checking operations. LLLYQ WISE 66 CL A |
M S I. A probe mark reading device (1) fpg reading, when testing electrical
characteristics of a target object (91) having a plurality of electrodes (92),

5 probe marks (937) formed on the electrodes, the probe mark reading
device'€ompfising anrilleminktingenechanisar (30)dvhichudlluminates: ared
electrode as a phatographing target among the plurality of electrodes; 10

a phoﬁtgg‘rr]r:(i;jpﬁa mreeghaa%?sfjr?l R50) W ff:%p&]]lo %qg?gﬁéaﬁtl?éhst pg?’ta(?fe%ié Qt
leastcane-elestroderbuminated Dbytherilluminating, mechapism at a .+ ; co
photographing position (20a) thereof to obtain image information of the
electfgde, tHepHotographiritemeenanishs being &5 suppliedwithramimage r k
of said.at.| one electrade, for a predetermin eriod of time at the
pho?%r%%ﬁ%%& p%géit?!o%r% %210%1 , t%‘é%p?%%%?égm%rﬁe%qﬁ%see bBihg Set %o 4848
prevéntethenimagiedram hecamingtluered: Bphotegraphing tasgetpesitian
changing mechanism 20 (40) to sequentially place at least one electrode

as a Phétbgrapifg farget anfbibt tresplirality of fecirbdesjust probe

mark checking operations. '
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at the photographing position of the photographing mechanism; and a
memory (10a) which stores the image information 25 obtained by t.he
photographing mechanism. 2. A probe mark reading device accordlng to
claim 1, wherein the photographing target position changing mﬁgﬂﬁ?ﬁ%
I e

sequentially places an electrode _!_OYP yagl[- 67 as a phptograp_ |
target among the plurality of electrodes at the photographing position at a
time gap not shorter than a time required to photograph the elgctrode by
the photographing mechanism. 5 3. AIprébé; Marfs reading device

according to1claim whersin thedlluminatingmegchanism comprises a_flash

for emitting a flash of light, and emits a flash of light for a pre(fé‘:[eff:n%?n o9
periodBEfimesfkila1thes Betirodends the photographing darget is placgd at

the 1Q pk raphing. position, to supply a photographed image of said at
least %§§ 8e ect?ggepto}?%glﬁ%tggl% Wi %Eé’cl%%i@r%?ﬂ?Aﬁ#@ﬁe hrark,

reading-device-aseording 190 dlaimdafuthencomprising 15 the memory
(10a) which stores layout information concerning layout positions of th

pluralitf6f éleafdaes éavhe targenpbisctrand a trigger mechanism

WhmhsDed@E??&ﬂﬂ%ﬁnating mechanism (30) which illuminates
an electrode as a photographing target ameng the
plurality of electrodes;

a photograph mechanism (20) which photographs at
least part of said at least one electrode illuminated
by the illuminating mechanism at a photographing
position (20a) thereof to obtain image information of
the electrode, the photographing méchanism being
supplied with an image of said at least one electrode
for a predetermined period of time at the photographing
position (20a), the predetermined time being set so as
to prevent the image from becoming blurred;

| a photographing target position changing mechanism
(40) to sequentially place at least one electrode as a
photographing target among the plurality of electrodes
at the photographing position of the photographing
mechanism; and

a memory (1l0a) which stores the image information
obtained by the photographing mechanism.

2. A probe mark reading device according to
claim 1, wherein the photographing target position

changing mechanism sequentially places an electrode
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position of the electrode to be photographed by the 20 photographing
mechanism on the basis of the layout information stored in the memory,
and when the photographing target position changing mechanism moves
the electrode as the photographing target to the photographing.positioms,-
instructs the photographing 25 mechanism to photograph. 5. A probe
mark reading device according to claim 1, which further comprises a
probe mark checking 68 mechanism which determ_:.nes P.O
Cl-défectivEnass fiéfet Wenécs 64 cradatsrmiinede Pralse. irark dricluded

in the e basis of the i e information.stored in the memory,
and igniv@vgﬁ]:%%% r%t%e%nﬁwfrégﬁéglﬁ% hechanism liS(I;lJCPu% esaminitialc 9P
vectorcaletlating:mechanismeangd probeinark to photograph the
non-defectiveness/defectiveness determina- tion mechanism, the initia-
vector gﬁlgﬁ%?i%g)?ﬁeéﬁﬁni@ﬁ?%%?\ﬁﬁﬁ% Ralchfate Hntifitial vector from a

position 10of a presregistergd m%&?gf mark tq a_positio lQ%ﬁmee
e y

mark formed on a prede-ermined electrode among the pluralit

elecf6dés, and tHeeprobe miark hohwuefectivengssidefeativenessmprises a

dete inagio mechanism servi%%tto determine whether or 15 not a probe
as or

mark formed 6n the electroie phiotdogtaptied by tHe pRbtbgiaphing? lash
mecbanisiyis-logatecwithina sredefermiped delerpynaliar. gL, ¢he

including a position in a direction: and distance of the initial vector

electrode as the photographing target is placed at the
photogrgphing position, to supply a photographed lmage
of said at least one electrode to the photographing
mechanism,

4. A probe mark reading device according to
claim 1, further comprising

the memory (10a) which stores layout information
concerning layout positions of the plurality of
electrodes on the target object, and

a trigger mechanism which specifies a layout
position of the electrode to be photographed by the
photographing mechanism on the basis of the layout
information stored in the memory, and when the
photographing target position changing mechanism moves
the electrode as the photographing target to the
photographing position, instructs the photographing
mechanism to photograph.

5. A probe mark reading device according to

claim 1, which further comprises a probe mark checking
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from the position of the pre-registered model probe 20 mark relating to an
electrode different from the predetermined electrode. 6. A probe me_lrk
reading device according to claim 5, wherein the probe mark checking

mechanism further includes a probe mark position determin%i;li"?@,g?/\”w
mechanism which determines whether Qrot a probe mark of the o

electrode photographed by the photographing mechanism is located in a
predetermined region set' n LL YYIi \NO3 69 the vicinity of an edge _of the
electrode. A probeymark readingdemiee acco;.dinc to claim 5, yvhereln the
probe mark checking mechanism further includes a classification header

generator the GlassifiC&ton ﬂ%%@?@éﬁé&%ﬁr r?lécﬁa_ﬁi’éﬁésté?fv”iﬁ‘gft@d
genegateclagsification headgr !mo%@t'%a!'afe'ugwgthqg”%g%ﬁt'so” f the
information which identifies each electrode among the plurality o
electtfdes and fdeterrninatiort reselt informationcofdhe prebe mark 10
non-defecti\{%ne%s/dgfectiveness determinigﬁg\ means mechanism, and to

store the classification FEZdEF ThforMafion v fiia Mane Rt in
relationwith dhe dmage infarmation gfeach electrode. 8, A probemark

reading device according to 15 claim 5, wherein the initial yector
calcilattreniethanish ineliides avdetectiot mechanismavhich dietects @ -

mobgfgﬁ”ﬁechanism,the initial vector calculating mechanism

serving to calculate an initial vector from a position
of a pre-registered model probe mark to a position of
a2 probe mark formed on a predetermined electrode among
the plurality of electrodes, and

the probe mark non-defectiveness/defectiveness
determination mechanism serving to determine whetﬁer or
not a probe mark formed on the electrode photographed
by the photographing mechanism is located within a
predetermined determination range including a position
in a direction and distance of the initial vector
from the position of the pre-registered model probe
mark relating to an electrode different from the
predetermined electrode.

6. A probe mark reading device according to
claim 5, wherein the probe mark checking mechanism
further includes a probe mark position determination
mechanism which determines whether or not a probe mark
of the electrode photographed by the photographing

mechanism is located in a predetermined region set in



formed by testing the electrical characteristics, by calculating a difference
between the image information, 20 stored in the memory, of the electrode
the electrical characteristics of which have been tested and the image
information of the electrode photographed before testing theieleetrigad;:
characteristics, and a calculator mechanism which calculates an initial 25
vector from the position of the pre-registered model probe mark to a
position of the probe mark detected by the detector. 0YU WISE: 10 A
probeifiark: féadiht device acecbidintto-faim! Scviredein the initial

vector calcylator, cal tes the initial yector from a rosition of each pre
registered r?ﬂbdeﬁpr%%geg%wa%% inaﬁr?éa %ggco#ewgﬁoﬁg’lﬁa rogﬁjéngf t%%pfour
electrodes |acatech in-thien viciaities o ormers of the testdarget te @ sm
position of a probe mark formed on each of the four electrodes, and the
prob& ThafERor-Yetdcivenessitetsdizivenéss ToaerimirdtiorRtor,

mechanism, gletermines whether r RaLthe. piahe mark formed on fe

m,.
electrode is located within a predetermined determination range including
a positioniirga diregtion amdedistames iof the initial vectiak 10i Arprabe: ion
mark test device for testirl}?, when 15 testing electrical characteristics of a

a

target Shj8ct Ravinge2 piurafit ‘o Blectidded"v2) proteimarksient ifies

each electrode among the plurality of electrodes and
determination result information of the probe mark
non-defectiveness/defectiveness determining means
mechanism, and to store the classification header
information in the meaﬁs memery in relation with the
image information of each electrode.

8. A probe mark reading device according to
claim 5, wherein the initial vector calculator
mechanism includes

a detection mechanism which detects a probe mark,
formed by testing the electrical characteristics, by
calculating a difference between the image information,
stored in the memory, of the electrode the electrical
characteristics of which have been tested and the image
information of the electrode photographed before
testing the electrical characteristics, and

a calculator mechanism which calculates an initial
vector from the position of the pre-registered model

probe mark to a position of the probe mark detected by

the detector.
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formed on the electrodes, the probe mark test device comprising: an
initial vector calculator which calculates 20 an initial vector from a position
of a pre-registered model crobe mark to a position of a orobe mark
formed on a predetermined electrode among the plurality of electtodes; vise
and a probe mark no:;-defectiveness/defectiveness 2i determination
mechanism which determines whether or not a probe mark formed on the
electrode photographed by the photographing mechanism is located
within 21 a’oredet® i detefmistien range chiding 2o pésitiondn a

d.rection:and distance of th, initia| ,vector fom the position of the
pre-registered mode:: probe mark relating to an electrode different from 5
the predeteraiined electrode: prabe mart reading methed for readiig.cach

when testin%é“glectrical characteristics of a target object including a

plurdlity of 8fectiotes pfsbe markS Rt orftheddléefodes, theprabe

markteading method L0 compE ..sing;1(al'plaging an.electrgde ata,
photographing position of a photographing mechanism (20); (aﬁ)

illuminiating. by an ithdmiratingrmeckianise thes electrogeplaced atdbe tion
photographing.position; 15 (a3) photographing the illuminated electrode
with ¢ eazi%t%kg?a%ﬁﬁé m%c%%%?srﬁrén%a(?f]tp%ﬁintghiﬁwfé@r electrodes,

and

the probe mark non-defectiveness/defectiveness
determination mechanism determines whether or not the
probe mark formed on the electrode is located within a
predeternmined determination range including a position
in a direction and distance of the initial vector.

10. A probe mark test device for testing, when
testing electrical characteristics of a target object
having a plurality of electrodes (92), probe marks
formed on the electrodes, the probe mark test device
comprising:

an initial vector calculator which calculates
an initial vector from a position of a pre-registered
model probe mark to a position of a probe mark formed
on a predetermined electrode among the plurality of
electrodes; and

a probe mark non-defectiveness/defectiveness
determination mechanism which determines whether or
not a probe mark formed on the electrode photographed

by the photographing mechanism is located within
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information obtained by photographing, the photographing mechanism,
being supplied with an image of the electrode during a predetermined
period of 20 time while the electrode is to be photographed; and (a4)
receiving and storing the image information. 12. A probe mark reading; s
method according to claim 11, wherein {he step (al) includes sequentially
placing the plurality of electrodes at the photcgraph- 25 ing positior_l ata
predetermined moving -need determined in advance to ensure a time gap
not shoRtef thare é”ﬁﬁtﬂégwﬁmj\ﬁﬁl@tﬁequine@jﬂgeamem@qnage. .
LLO\égsvyf 72‘13.aA grobe Enark cca IapgS method according to claim

11, wherein the atep (a2} includes emitting 2 T of fight toward thes

electrade for & predeiemined; pedad of time, to.supply,an image ofdhe:
electrode to 5 the photographing mechanism. 14. A probe mark reading

metHotPascataing oo ERlir EL, Whieh fakthek semprisés (a5 rdatefmining
non-defectiveness/detectivepess of a probe mark formed on the

electrode, and in which the (a5) includes: 10 (a5-1', calculating an initial

vector as a Vectora fromvaepasition eka praJegistered modelprobe-markto-r
a position of a probe mark formed on a predetermined electrode among

the piGrality'8f Eettibies2and ta5-2F tetembihmg of a target object
n0”@%&¥W¥§HS&QdSBﬂ¥Q§QQ§Sof electrodes, probe marks formed

on the electrodes, the probe mark reading method
comprising:

(al) placing an electrode at a photographing
position of a photographing mechanism (20} ;

(a2) illuminating by an illuminating mechanism the
electrode placed at the photographing position;

(a3) photographing the illuminated electrode with
the photographing mechanism and outputting image
information obtained by photographing,

the photographing mechanism being supplied with an
image of the electrode during a predetermined period of
time while the electrode is to be photographed; and

(a4) receilving and storing the image information.

12. A probe mark reading method according to
claim 11, wherein the step (al) includes sequentially
placing the plurality of electrodes at the photograph-
ing position at a predetermined moving speed determined
in advance to ensure a time gap not shorter than

a photographing time required to acguire one image.
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is of the probe mark, determination of non-defectiveness/defectiveness of
the probe mark including determining whether or not the p.robe mark .
formed on the electrode photographed by the photograph- ing mechanlsm
is located within a predetermined 20 determination range includlmgtay‘:};,,) WISE
position in a direction and distance of the-initial vector from the_ position of
the pre-registered model probe mark relating to an electr_ode different

from the predetermined electrode. 15. A probe mark reading method
according t6325 claimrthbawherdin insthe (ad) nhffzmb@togclﬁ?@l}lang tk?e
mechani otographs a predicted photographing position of a pro
maer%% %ﬁ? gl?:'’ctrggglgj:a%lri1 %%h&%&?aph J tarEL 6 SAPROBE Farke

method:ehtestingi when ciasiing alectrical characteristics of @ target object

including a plura_it, of e_ectrodes, orebe m‘arks fo_rr_ned I onthe .
elect?GdestheprobBinartktesting iethod icomprising: () ealeulatingan: o

e " L bo
initi C yector from a OSIUOHLOf a pre reglstered_ model pro
marall<é %{)@ géﬁﬁagﬁ%%tg%}%b%“rﬁgﬁ{fé%éd on a predetermined 10

electrode airiong thecplaralityof elec= 7odes; and (h2) deteppining .
non-defectiveness/defectiveness of the probe mark, determination of

non-defedivehes¥/iefctiveness bf tratprobesnarie inclddingrdetermining
whether oot ihe PEobe MaK oo+ 5 veness of a probe mark formed

-on the electrode, and in which the (ab) includes:

(a5-1) calculating an initial vector as a vector
from a position of a pre-registered model probe mark to
a position of a probe mark formed on a predetermined
electrode among the plurality of electrodes; and

(a5-2) determining non—defectivenéss/defectiveness
of the probe mark, determination of
non-defectiveness/defectiveness of the probe mark
including determining whether or not the probe mark
formed on the electrode photographed by the photograph-
ing mechanism is located within a predetermined
determination range including a position in a direction
and distance of the initial vector from the position of
the pre-registered model probe mark relating to an
electrode different from the predetermined electrode.

15. A probe mark reading method according to
claim 11, wherein in the (a3) the photographing
mechanism photographs a predicted photographing

position of a probe mark on an electrode as a
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15 formed or. the electrode is located within a predeter- mined

determination range including a position in a direction and distance of the
initial vector from the position of the pre-registered model probe mark

relat- ng to an electrode different from the predetermined 20 electro;ggjﬂ, ?mw
A probe mark test method according to ¢laim. 16, further comprising (b3) "
determining whether or not the probe mark of the electrode is located in

a predetermined region set in the vicinity of an edge 25 of the electrode.

18. Aprote ridgrk test rmethisd-according to claim _6, further comprising

(h4) generating 4 classification header information including information
w_h'ch ideiit%}és égacEfwré) e%t%%én{a%(%ﬁé tﬁ\ézrgpu?gli@r%oft%% trodes And”

information-concesningidetermination:of the (b2yand SIORRGthe: o ject
classification header 5 information in relation to each electrode. 19. Ti
probe narkitedt niethidd Heebrding o Salai 167 whereirrtre step(b1)ormed

includes; (hl-1),detecting a prope mark, formed on the . electrode b
testing the electrical characteristic ,§by ?Omgaﬁculgﬁﬁgﬁngiﬁg?gﬁcoeg
betweeamcthesimmage information of the electrode the electrical
characteristics of which have been tested and the image information of

the electroR PhStddfabted BEfcte tedtingithe electrieal ahatacteristics,

and from a position of a pre-registered model probe mark to

a position of a probe mark formed on a predetermined
electrode among the plurality of electrodes; and

(b2) determining non-defectiveness/defectiveness
of the probe mark, determination of
non-defectiveness/defectiveness of the probe mark
including determining whether or not the probe mark
formed on the electrode is located within a predeter-
mined determination range including a position in
a direction and distance of the initial vector from the
position of the pre—registeredbmodel probe mark relat-
ing to an electrode different from the predetermined
electrode.

17. A probe mark test method according to
claim 16, further comprising (b3) determining whether
or not the probe mark of the electrode is located in
a predetermined region set in the vicinity of an edge
of the electrode.

18. A probe mark test method according to

claim 16, further comprising (b4) generating
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i5 (0-2) calculating an initial vector from the position of the pre-registered
model probe mark to a position of the probe mark detected the step
(bl-1). 20. A probe mark test method according to claim 16, wherein the

pre-registered model probe mark relatingsto a corresponding one of four
electrodes located in the vicinities of corners of the test target to a

position of a probe mark formed on each of the four electrodes, and 25 .
the (B2} SRéitides determininty WhetHerorio- aprébe hvarkrformed orithel on

eleciinde s locaizd within 2 predefermined determinatipn ragge Including
a! iS),']) dull:, %s position n direction an distance. r?t e fnitial® vector.
electrodes and information concerning determination
of the (b2) and storing the classification header
information in relation to each electrode.

18. A probe mark test method according to
claim 16, wherein the step (bl) includes:

(bl-1) detecting a probe mark, formed on the
electrode by testing the electrical characteristics, by
calculating a difference between the image information
of the electrode the electrical characteristics of
which have been tested and the image information of the
electrode photographed before testing the electrical
characteristics, and

(b1-2) calculating an initial vector from the
position of the pre-registered model probe mark to a
position of the probe mark detected in the step (bl-1).

20. A probe mark test method according to
claim 16, wherein the (bl) includes calculating the
initial vector from a position of each pre-registered
model probe mark relating to a corresponding one of
four electrodes located in the vicinities of corners of
the test target to a position of a prébe mark formed on
each of the four electrodes, and

the (b2) includes determining whether or not
a probe mark formed on the electrode is located within

a predetermined determination range including a
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position in a direction and distance of the initial

vector.



