DESCRI PTI ON

WORKPI ECE MACHI NI NG DEVI CE AND WORKPI ECE MACHI NI NG METHOD

TECHNI CAL FI ELD
[ 0001]

The present i nventionrel at es to a nmet hod and an appar at us
that prevent a fracture in a workpiece by detecting that a
wor kpi ece is not properly put in a holding hole of a carrier
prior to processing in processing of a workpiece by which the
wor kpi ece is held in the holding hole of the carrier and both

surfaces of the workpiece are processed at the sane tine.

BACKGROUND ART
[ 0002]

In the past, when, for exanple, a thin plate-Ilike
wor kpi ece such as a silicon wafer is flattened, a doubl e-side
pol i shi ng appar at us or a doubl e-si de | appi ng appar at us has been
used. For exanpl e, the doubl e-side polishing apparatus has a
di sk-shaped carrier with a pl anet gear at t he outer edge t her eof
bet ween upper and | ower turn tables to which a polishing pad
formed of urethane foamor a nonwoven fabric is attached. By
hol ding a workpiece in a holding hole of this carrier and
mutual Iy rotating a sun gear and an i nternal gear whi ch engage
t he pl anet gear, therotationand orbital notionof thecarrier
are generated. By this rotation and orbital notion and the
rotati on of the upper and | ower turn tables and the sliding
notion of the upper and | ower turn tables and the workpi ece,
t he upper and | ower surfaces of the workpiece are polished at
the sane tinme. During polishing, inorder to performpolishing
efficiently, polishing slurry is supplied froma plurality of
hol es provided in the upper turn table.

[ 0003]



The upper turn table is provided with an up-and-down
not i on mechani smand, i napositiontowhichtheupper turntable
i s noved upward, the carrier i s di sposed and a wor kpi eceis held
by the carrier. There are a case where hol di ng of t he workpi ece
is perfornmed nmanual |y by an operator and a case where hol di ng
of the workpiece is perfornmed by using an automatic handli ng
apparatus (refer to, for exanpl e, Patent Docunent 1). After the
wor kpi ece is held, the upper turn table is noved downward,
wher eby t he wor kpi ece and the carrier are interposeed between
t he upper and | ower turn tables.

Inorder tocontrol thepolishingrate, there are anethod
of changi ng the slidingrate of the workpi ece and t he upper and
| ower turn tabl es by changing the rotation rates of the upper
and |l ower turn tables, the sun gear, and the i nternal gear and
a method of controlling a polishing | oad.

[ 0004]

An upper turn table hol ding sectionis usually provided
with a nmeasuring instrunment that neasures the weight of the
upper turn table. For exanpl e, when the upper turntableisin
a position to which the upper turn table is noved upward, the
measuri nginstrunment measures thetotal wei ght of t he upper turn
table. Inapositioninwhichtheupper turntableisnovedfully
downward, since the total weight of the upper turn table is
appliedtothewrkpieceandthecarrier, theweight of the upper
turn tabl e measured by the nmeasuring i nstrunment becones zero.
When the upper turn table is gradually noved upward fromthe
positioninwhichthe upper turntableis noved fully downward,
t he wei ght of the upper turntableappliedonlytothe workpiece
and the carrier starts to be gradual |y supported by the upper
turn table holding section. That is, by appropriately
controlling the hei ght position of the upper turntable, it is
possi bl eto apply a desired polishingloadtothe workpi ece and

the carrier.



Cl TATI ON LI ST

PATENT LI TERATURE

[ 0005]
Pat ent Docunent 1: JP-A-2005-243996
Pat ent Docunment 2: JP-A-2013-78826

SUMMARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0006]

If a workpiece is polished in a state in which the
wor kpi ece hel d by the carrier i s not properly put i nthe hol ding
hol e of the carrier, that is, astate in which abnornmal hol di ng
of the workpi ece has occurred, the workpi ece flies out of the
hol di ng hole and is broken. In this case, instead of nerely
causi ng a breakage of the workpi ece which has fl own out of the
carrier, there is a high possibility that chain reaction
br eakages of t he ot her wor kpi ece and the carri er are al so caused.
In addition, the gear, the polishing pad, and the turn table
of the apparatus are sonetines broken.

Thi s undesirably results inareductioninyields caused
by a breakage of the workpiece, a reduction in productivity
caused by the processing apparatus restoration work, and an
increase in cost caused by the replacenent of the broken
apparatus part and polishing pad.

[ 0007]

As a cause of abnormal hol di ng of a workpi ece, there are
a case where the workpiece is not properly inserted into the
hol di ng hol e fromt he begi nni ng and a case where t he wor kpi ece
I's properly insertedinto the holding hole but |lies out of the
hol di ng hol e duetotherotationof theturntables, for exanpl e,
beforethe start of polishing. It is believedthat such abnor nal

hol ding i s caused by a sinple operation m stake when hol di ng



of a workpiece is perfornmed manually by the operator and is
caused by insufficient functioning of the apparatus due to a
breakdown or the |i ke when hol di ng of a wor kpi ece i s perforned
by using the automatic handling apparatus.

[ 0008]

The following is believed to be the reason why the
wor kpi ece properly inserted into the hol ding hole |ies out of
the hol ding hole before the start of polishing.

The water or slurry collected in the hol ding hole of the
carrier placed on the lower turn table gives buoyancy to the
wor kpi ece and makes t he wor kpi ece easily |ie out of the hol di ng
hole. Mdire specifically, in comopn doubl e-side polishing
appar atus and doubl e-si de | appi ng apparatus, one carrier is
often capable of holding one workpiece or a plurality of
wor kpi eces and a plurality of carriers, for exanple, five
carriers are often provided in the apparatus at regular
intervals, that is, at aninterval of 72°. When a workpiece is
hel d by acarrier, atarget carrier of theplurality of carriers
I's noved to a specific workpiece set position by rotating the
I nternal gear and t he sun gear. The oper at or manual | y makes t he
carrier disposed in this specific set position hold the
wor kpi ece or t he aut omat i ¢ handl i ng appar at us nekes the carri er
hol d t he wor kpi ece. Aft er wafer hol di ngperformedbythecarrier
in this specific set position is finished, by rotating the
I nternal gear and the sun gear 72° in the sane direction, a
carrier whichis imediately next to the above carrier is then
noved to the work set position (this operation is sonetines
called index of carriers). By repeating these holding of a
wor kpi ece and index five tinmes, all of the five carriers are
each made to hold the workpiece. Under the above-descri bed
conditions that allow the workpi ece to acquire buoyancy and
easily lie out of the carrier, when the carrier is noved and

rotated as inindex, thereis apossibility that the workpi ece
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lies out of the carrier.
[ 0009]

I norder todetect abnornal hol di ng of awor kpi ece, nanual
verification is sonetinmes perforned by the operator after
maki ng the carrier hold the workpi ece, but it is not efficient
to make t he operator directly performsuch manual verification
because it takes tinme to do so.

Mor eover, a net hod of judgi ng the occurrence of abnor mal
hol ding of a workpiece if a difference between the height
posi ti on of an upper turntabl e detected by al aser di spl acenent
sensor and a reference position exceeds a threshold value is
known (refer to Pat ent Docunent 2). However, this nmethod causes
an increase in cost for introducing the |aser displacenent
sensor.

[ 0010]

The present i nventi on has been made i nvi ewof t he probl ens
descri bed above, and an object thereof is to provide a
processi ng apparatus and a processi ng net hod t hat can detect
abnor mal hol di ng of aworkpi eceinashort timew thahighdegree
of precision at | owcost before the workpi ece is processed and
prevent breakages of the workpiece and the processing

appar at us.

SOLUTI ON TO PROBLEM
[ 0011]

To attain the above-described object, the present
i nvention provides a workpiece processing apparatus that
processes both surfaces of a workpiece at the sane tine by
hol di ng t he wor kpi ece i nahol di ng hol e of acarrier byinserting
t he wor kpi ece thereinto, noving an upper turn tabl e downward
to a fixed position, and interposing the carrier holding the
wor kpi ece between the upper turn table and a | ower turn tabl e,

t he wor kpi ece processing apparatus including a control unit



that i s providedw th a storage medi umon whi ch a pol i shing | oad
nmeasur ed when t he upper turntabl eis noved downwardtothefixed
positionin astate in whichthe workpiece is properly heldin
the holding hole of the carrier is recorded in advance,
cal cul ates a difference between a pol i shing | oad measur ed when
the upper turn table is noved downward to the fixed position
inastate in which the workpiece is held in the hol ding hole
of the carrier and the polishing | oad recorded on t he storage
medi um and judges the occurrence of abnornmal hol ding of the
wor kpi ece if the calculated difference exceeds a threshold
val ue.

[0012]

Wthsuchaprocessingapparatus, it is possibletodetect
abnor mal hol di ng of aworkpi eceinashort ti mew thahighdegree
of precisionat | owcost beforethe workpi eceisprocessed. This
makes it possi bl e to prevent breakages of t he workpi ece and t he
processi ng apparatus efficiently and i nprove productivity.

[ 0013]

The wor kpi ece processi ng apparatus nmay be a doubl e-si de
pol i shing apparatus or a doubl e-side | appi hg appar at us.

Inthis case, it is preferable that the control unit is
a control unit that is capable of updating the polishing | oad
recorded on the storage nmedi umin advance in accordance with
t enpor al changes i na polishing pad of t he doubl e-si de pol i shing
apparatus or a lapping turn table of the doubl e-side | apping
appar at us.

[ 0014]

Wth such a control unit, it is possible to prevent an
I ncorrect judgnment of the occurrence of abnormal hol di ng of a
wor kpi ece from being made by a tenporal reduction in the
t hi ckness of the polishing pad or the | apping turn table and
prevent breakages of t he workpi ece and t he processi ng appar at us

for a long period of tine.



[ 0015]

Mor eover, the present invention provides a workpiece
processi ng nmet hod of processing both surfaces of a workpi ece
at the sane ti ne by hol di ng the wor kpi ece i n a hol di ng hol e of
acarrier byinsertingthe workpi ecethereinto, noving an upper
turn table dowmward to a fixed position, and interposing the
carrier hol ding the workpi ece bet ween t he upper turn tabl e and
alower turn table, the workpi ece processi ng nethod i ncl udi ng
steps of : recording in advance a polishing | oad neasur ed when
the upper turn table is noved downward to the fixed position
inastateinwhichtheworkpieceisproperlyheldintheholding
hole of the carrier; calculating a difference between a
pol i shing | oad neasured when the upper turn table is noved
downwardto the fi xed positioninastateinwhichthe workpiece
is held in the holding hole of the carrier and the recorded
pol i shi ng | oad; and judgi ng t he occurrence of abnornal hol di ng
of the workpiece if the calculated difference exceeds a
t hreshol d val ue and processi ng t he wor kpi ece after perform ng
hol di ng of t he wor kpi ece agai n and processi ng t he wor kpi ece as
Isif the calcul ated difference does not exceed the threshold
val ue.

[ 0016]

Wth such a processing nethod, it is possible to detect
abnor mal hol di ng of aworkpi eceinashort ti mew thahighdegree
of precisionat | owcost beforethe workpieceisprocessed. This
makes it possi bl e to prevent breakages of t he workpi ece and t he
processi ng apparatus efficiently and i nprove productivity.
[0017]

Processi ng perfornmed on t he wor kpi ece may be doubl e- si de
pol i shing or doubl e-side | appi ng.

In this case, it is preferable to include a step of
updating the polishing | oad recorded i n advance i n accor dance

wi th tenporal changes in a polishing pad which is used in the



doubl e-si de polishing or alapping turntable whichis usedin
t he doubl e-si de | appi ng.
[ 0018]

By doing so, it is possible to prevent an incorrect
judgnent of the occurrence of abnormal hol di ng of a workpi ece
frombei ng nade by a tenporal reductioninthethickness of the
pol i shing pad or the | apping turn table and prevent breakages
of t he wor kpi ece and t he processi ng apparatus for al ong period
of tine.

ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0019]

In the present invention, in processing of a workpiece,
since it is judged that abnormal hol ding of a workpiece has
occurred if a polishing | oad nmeasured when an upper turn table
i's noved downward to a fixed positionin a state in which the
wor kpi ece is held in a holding hole of a carrier shows a
di fference greater than or equal to a threshold value froma
pol i shi ng | oad under normal conditions, it is possibletodetect
abnor mal hol di ng of aworkpi eceinashort timew thahighdegree
of precision at | owcost before t he workpiece is processed. By
hol di ng t he wor kpi ece agai n dependi ng on t he detectionresult,
it is possibletoprevent efficiently breakages and breakdowns
of the workpiece and the processing apparatus such as the
carrier and peri pheral parts. This nakes it possi bl eto prevent
a reduction in yields caused by a breakage of the workpiece,
a reduction in productivity caused by the restoration of the
processi ng apparatus, and an increase in cost caused by the
repl acenent of the broken part and polishing pad.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0020]
FIG 1 is a schematic view depicting a doubl e-side



pol i shi ng appar at us as an exanpl e of a processi ng appar at us of
the present invention;

FIG 2 is a schematic view depicting a state in which,
i n the doubl e-si de polishing apparatus of FIG 1, a carrier by
whi ch a wor kpi eceis properly heldis interposeed between upper
and | ower turn tables;

FIG 3 is a schematic view depicting a state in which,
i n the doubl e-si de polishing apparatus of FIG 1, a carrier by
whi ch a wor kpi ece i s not properly held is interposeed between
t he upper and | ower turn tables;

FIG 4isaschematic viewdepictingadoubl e-sidelapping
apparatus as an exanple of the processing apparatus of the
present invention,;

FIG 5is adiagramindicatingtheresults of a polishing
| oad in Exanple 1; and

FIG 6 is a diagramindicating the results of tenpora

changes in the polishing |oad in Exanple 2.

DESCRI PTI ON OF EMBODI MENTS
[ 0021]
Her ei nafter, an enbodi nent of the present inventionw |
be descri bed, but the present inventionisnot limtedthereto.
The i nvent ors of the present i nvention conducted a st udy
to attain the above-descri bed object of efficiently detecting
abnormal hol ding of a workpiece at lowcost. As aresult, the
i nventors have found that a polishing |l oad whichis appliedto
a wor kpi ece when abnor mal hol di ng of t he wor kpi ece has occurred
beconmes | arger than a polishing |load which is applied under
normal condi ti ons and, by eval uating adifference betweenthese
polishing | oads, it is possible to detect abnormal hol di ng of
the workpiece in a short tinme and conpleted the present
i nvention.
[0022]



First, a workpiece processi ng apparatus of the present
invention wll be described. This processing apparatus
processes both surfaces of a workpiece at the sanme tine by
hol di ng, for exanple, a thin plate-like workpiece such as a
silicon wafer in a holding hole of a carrier by inserting the
wor kpi ece thereinto and interposing the carrier holding the
wor kpi ece between an upper turn table and a lower turn table
by nmovi ng t he upper turntabletoafixed position, and exanpl es
thereof include a double-side polishing apparatus and a
doubl e- si de | appi ng appar at us. Here, t he doubl e-si de pol i shi ng
apparatus i s taken up as an exanple and will be described with
reference to FIG 1.

[ 0023]

As depictedin FIG 1, a doubl e-si de polishi ng appar at us
1 of the present invention includes an upper turn table 2 and
alower turntable 3 whichare provided so as to face each ot her
vertically, and, to each of theturntables 2 and 3, a polishing
pad 4 is attached. At the center between the upper turn table
2 and the lower turn table 3, a sun gear 6 is provided, and,
at the outer edge thereof, an internal gear 7 is provided. In
acarrier 5, aholdinghole8for hol di ngaworkpi ece Wi s forned.
At thetime of doubl e-side polishing, thecarrier 5is di sposed
bet ween the upper turn table 2 and the ower turn table 3 in
a state in which the carrier 5 holds the workpiece Win the
hol di ng hol e 8.

[ 0024]

Quter teeth of the carrier 5 engage the teeth of the sun
gear 6 and the internal gear 7, and, as a result of the upper
turn table 2 and the lower turn table 3 being rotated by an
unillustrated drive source, the carrier 5 revolves around the
sun gear 6 while rotating onits own axis. At this tine, both
surfaces of the workpi ece Wheld in the holding hole 8 of the

carrier 5 are polished at the sane tinme by the upper and | ower
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polishing pads 4. At the tinme of polishing of the workpiece,
polishing slurry is supplied to the polished surfaces of the
wor kpi ece viaaplurality of through hol es providedinthe upper
turn table 2 froman unillustrated nozzle.

[ 0025]

The upper turn table 2 can nove upward and downward by
a servonotor 9 and a servonotor cylinder 10 and the height
position thereof can be controlled accurately. At a | ower end
of a shaft of the servonotor cylinder 10 fromwhich the upper
turn table 2 is hung, a load cell 11 which is coupled to the
upper turn table 2 and neasures a downward | oad i s provided.
As depicted in FIG 1, the | oad which is nmeasured by the | oad
cell 11 indicates the total weight of the upper turn table 2
when the upper turn table 2 is noved upward and the upper
polishing pad 4 is not in contact with the workpiece W As
depictedinFIG 2, whenthe upper turntable2is noved downward
and t he upper polishing pad 4 is in contact with the workpi ece
W part of thetotal wei ght of t he upper turntable2is supported
by t he wor kpi ece Won the | ower turn table 3. This part of the
wei ght supported by t he wor kpi ece Wi s t he pol i shing | oad which
is applied to the workpiece W Therefore, the |l oad which is
neasured by theload cell 11 at thistineindicates adifference
between the total weight of the upper turn table 2 and the
polishing |load which is applied to the workpi ece W
[ 0026]

As descri bed above, froma difference between the | oad
whi ch is measured by the | oad cell 11 and the total weight of
the upper turn table 2, the polishing |l oad whichis appliedto
t he wor kpi ece Wcan be calculated. It is possible to control
this polishing | oad by adjusting the height position of the
upper turntable 2. The hei ght position of the upper turntable
2 at which a desired polishing |oad can be obtained i s used as

afixed position, and, at the tinme of polishing, the upper turn
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tabl e 2is al ways noved downward to t he sane fi xed position each
tinme.

The carrier 5 can be nade t o hol d t he wor kpi ece Wby manual
operation which is perforned by an operator, but a robot arm
that transports the workpiece Wto the holding hole 8 of the
carrier 5 and inserts the workpi ece Winto the hol ding hole 8
may be provided.

[ 0027]

Furt hernore, the doubl e-side polishing apparatus 1 has
a control unit 12 provided with a storage nmedium13. On this
storage nedium 13, a polishing |load (hereinafter sonetines
referred to as a polishing |oad under normal conditions)
nmeasur ed when t he upper turn table 2 i s noved downward to the
fixed positioninastate in which the workpiece Wis properly
hel dintheholdinghole8of thecarrier 5isrecordedinadvance
For exanple, the storage nmedium 13 nay be provided as an
el ectroni c mediumconnected to the control unit 12 to nmake it
possible to provide the control unit 12 with the function of
recordi ng the above-descri bed polishing | oad on the storage
medi um 13 and the function of readi ng the polishing | oad from
the storage nedi um 13.

[ 0028]

The control unit 12 is connected to the |l oad cell 11 and
can receive the | oad neasured by the |l oad cell 11 and cal cul ate
the polishing load froma difference between the | oad and t he
total weight of the upper turn table 2. Moreover, the control
unit 12 has a control program that calculates a difference
bet ween t he pol i shing | oad neasured when t he upper turn table
2 is noved downward to the fixed positionin a state in which
the workpiece Wis held in the holding hole 8 of the carrier
5 and the above-nentioned polishing |oad under nornal
conditions and, if the calculated difference exceeds a

t hreshol d val ue, judges the occurrence of abnormnmal hol di ng of
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t he workpi ece W
[ 0029]

Her e, judgnent of the occurrence of abnormal hol di ng of
the workpiece will be described in nore detail.

As depicted in FIG 3, when abnormal holding of the
wor kpi ece Whas occurred, that is, part or the whole of the
wor kpi ece WI i es out of the hol di ng hol e 8, the hei ght position
of the upper turn tabl e 2 observed when t he upper poli shi ng pad
4 makes contact with the workpi ece Wi s hi gher than t he hei ght
posi ti on observed under normal conditions. At this tinme, even
when the upper turn table 2 is noved downward to the fixed
position, the height position of the upper turn table 2 is
actual Iy higher than the fixed position because the workpi ece
WIies out of the hol ding hole. Therefore, clearance d> (refer
toFI G 3) betweenthe upper and | ower turntabl es becones | ar ger
than cl earance di (refer to FIG 2) between t he upper and | ower
turn tables under normal conditions.

[ 0030]

Therefore, as described earlier, since the upper turn
table 2 is al ways noved downward to the sane fixed position
a polishing load which is applied to the workpiece under
abnormal conditions becones | arger than a pol i shing | oad whi ch
is applied thereto under normal conditions. Thus, the control
program j udges that abnormal hol di ng of the workpiece W has
occurredif adifference between t he cal cul at ed poli shing | oad
and the polishing load under normal conditions exceeds a
t hreshol d value. Here, the threshold value is not limted to
a particular threshold value and can be determned as
appropri at e dependi ng on t he type of the processi ng appar at us,
t he si zes of the workpi ece and t he upper and | ower turn tabl es,
variationsinthepolishingloadwhichis measuredwhen abnor mal
hol ding of a workpiece has occurred, and so forth. The

variationsinthe polishingloadhere are caused by adifference
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inthe state of abnormal hol ding, such as the extent to which
the workpiece lies out of the holding hole, the nunber of
wor kpi eces in which abnormal hol ding has occurred, or the
direction in which the workpi ece | ies out of the hol ding hol e
with respect to the hol ding hole.
[ 0031]

Wt h such a processi ng appar at us of t he present i nventi on,
it is possible to detect abnormal hol di ng of the workpiece W
with a high degree of precision in a short tine before the
wor kpi ece Wis processed. This makes it possible to prevent
breakages of the workpiece and the processing apparatus
efficiently and i nprove productivity. Moreover, since it is
necessary only to provide a control unit and there i s no need
to introduce a new neasuring instrunent such as a |aser
di spl acenent sensor, it is possible to control an increase in
cost .
[ 0032]

The thickness of the polishing pad 4 used in the
doubl e-side polishing apparatus 1 is gradually reduced by
wearing out during polishing and regul ar dressing. Moreover,
the thickness of the carrier is also gently reduced in
accordance with the length of time the carrier is used.
Ther ef ore, the cl earance bet ween t he upper and | ower turntabl es
observed when t he upper turn table 2 is noved downward to t he
above-described fixed position when the workpiece is held
properly is gradually increasedin accordance with areduction
i nthe thickness of the polishingpad4andthecarrier 5. Since
thisincreaseinthe clearance reduces the polishingl oad which
is appliedto the workpi ece W the polishingload under nor mal
condi tions decreases with tine.

[ 0033]
Thus, it is preferable that the control unit 12 has the

functi on of updati ngthe polishingl oadunder normal conditions,
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t he pol i shing | oadrecordedonthe storage mediuml3i n advance
i n accordance with tenporal changes in the polishing pad 4 of
t he doubl e-side polishing apparatus 1. \Wen the processing
apparatus of the present invention is a double-side | apping
apparatus which wll be described later, the polishing | oad
under normal conditions is updated in accordance with tenporal
changes in a lapping turn table of the doubl e-side |apping
appar atus. The tenporal changes here are changes i n thi ckness,
for exanple, as described above.

As for the polishing | oad under normal conditions which
i s to be updated, howt he pol i shing | oad under normal conditions
changes in accordance with tenporal changes in the polishing
pad 4 is recorded on the storage nedium13, and the polishing
| oad under normal conditions can be updated based on the
recorded changes in the polishing |load. Alternatively, the
pol i shing | oad under normal conditions nay be updated to the
average value of the polishing loads in the nost recently
performed several operations of processing of the workpiece.
This function of updating the polishing |oad under normnal
conditions by the control unit 12 can be autonated.

The pol i shing | oad under normal conditions may be updat ed
i naccordancew th tenporal changesinthecarrier 5inaddition
to the above-descri bed tenporal changes in the polishing pad
4,

[ 0034]

By doing so, it beconmes possible to deal with tenpora
variations in the polishing |oad under normal conditions. The
rate of reduction in the thickness of the polishing pad 4 is
very |l ow, and, by automatically updating the polishing | oad
under normal conditions, it is possible to detect an abnor mal
condition with a hi gher degree of precision wthout inpairing
reliability even when t enporal changes occur in the polishing

pad or the lapping turn table.
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[ 0035]

In the above description, explanations have been gi ven
by t aki ng up t he doubl e-si de pol i shi ng apparatus as an exanpl e
of the processing apparatus of the present invention, but the
present i nvention can al so be applied to a doubl e-si de | appi ng
apparatus andit i s possibletoobtainthe sane effects as those
descri bed above.

In FI G 4, adoubl e-sidelapping apparat us of t he present
invention is depicted. As depicted in FIG 4, a double-side
| appi ng apparatus 21 includes upper and | ower turn tables 22
and 23 (|l apping turn tables) provided so as to face each ot her
vertically. The lower turn table 23 has a sun gear 25 at the
center on the top surface thereof, and a ri ng-shaped i nternal
gear 26 i s provided at the outer edge thereof. Mirreover, onthe
outer periphery of a carrier 24 which holds a workpiece W a
gear section engagi ng the sun gear 25 and the i nternal gear 26
is formed, and they forma gear structure as a whol e.

[ 0036]

The carrier 24 is provided wwth a plurality of hol ding
hol es 27. A wor kpi ece Wto be | apped i s hel d by being inserted
intothis holdinghole?27. Thecarrier 24isinterposeed between
t he upper and | ower turn tabl es 22 and 23 and produces pl anet ary
gear notion, that is, revolvesandrotatesonitsaxisasaresult
of therotationof thelower turntable 23. At thistine, slurry
I's suppliedto the workpi ece Wand bet ween t he upper and | ower
turn tabl es 22 and 23 vi a t hrough hol es 29 provi ded i n t he upper
turn table 22 froma nozzl e and bot h surfaces of the workpi ece
W are | apped.

[ 0037]

In the same way the case with the description of the
above-descri bed doubl e-side polishing apparatus, there are
provi ded a | oad cel|l 28 above t he upper turn table 22, the | oad
cell 28 neasuringaloadinthedirectionof theupper turntable
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22, and a control unit 12 connected to this load cell 28.
I ncidental ly, though not depicted in FIG 4, the | oad cell 28
and the upper turn table 22 are coupled to each other. It is
possible to calculate a polishing (lapping) load which is
applied to the workpi ece Wfromthe | oad neasured by the | oad
cell 28. Moreover, it is possibleto calculate, by the control
unit 12, a difference between a polishing | oad neasured when
t he upper turn table 22 is noved downward to a fixed position
inastate in whichthe workpiece Wis heldinthe holding hole
27 of thecarrier 24 and a pol i shingl oad under normal conditions
whi chi s recorded on astorage nedi uml3 and j udge t he occurrence
of abnormal holding of the workpiece Wif the calcul ated
di fference exceeds a threshol d val ue.

[ 0038]

Next, a workpiece processing nethod of the present
invention will be described. Here, a case where doubl e-side
polishingis perfornmed on a workpi ece by usi ng t he doubl e-si de
pol i shi ng apparatus 1 of the present i nvention depictedinFIG
1 wll be described as an exanpl e.

Asisthecasewiththedescriptionof theabove-descri bed
doubl e- si de pol i shi ng appar at us, a polishing | oad (a polishing
| oad under nor mal conditi ons) neasur ed whent he upper turntable
2 is noved downward to the fixed positionin a state in which
a wor kpi ece Wis properly held in the holding hole 8 of the
carrier 5 is recorded in advance.

Then, a wor kpi ece Wto be polished is inserted into the
hol di ng hol e 8 of the carrier 5 nmanually by the operator or by
a robot armand held therein, the upper turn table 2 is noved
downward to the fixed position, and the carrier 5 holding the
wor kpi ece Wi s i nterposeed between the upper turn table 2 and
the lower turn table 3.

[ 0039]
Inthis state, a polishing | oad which is applied to the
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wor kpi ece Wis calculated fromthe | oad neasured by the | oad
cell 11 and a di fference between t he cal cul at ed pol i shing | oad
and the recorded polishing |Ioad under normal conditions is
calculated. If the calcul ated difference does not exceed the
threshol d val ue, the workpiece Wis polished as is; if the
cal cul ated di fference exceeds thethreshol dval ue, it isjudged
that abnormal hol ding of the workpiece W has occurred and
hol di ng of the workpiece Wis perfornmed again.

After hol ding of the workpi ece Wis perfornmed again, it
I s checked whet her or not the workpiece is properly held. This
check may be conduct ed by maki ng a j udgnent agai n as t o whet her
the di fference between the polishing | oads calculated in the
above-descri bed manner does not exceed t he t hreshol d val ue or,
when, inparticul ar, the nunber of workpi eces whose hol di ng was
performed again is small, a check may be conducted by the
oper at or.

[ 0040]

Then, by rotating the upper turn table 2 and the | ower
turn table 3 whil e supplying polishing slurry to the polished
surfaces of the wor kpi ece, both surfaces of the workpi ece Ware
pol i shed at the sane tinme by the upper and | ower poli shi ng pads
4.

[ 0041]

Wth such a processing net hod of the present invention,
it is possible to detect abnornmal hol ding of a workpiece in a
short time with a high degree of precision at | owcost before
t he wor kpi ece i s processed. This makes it possible to prevent
breakages of the workpiece and the processing apparatus
efficiently and inprove productivity.

[0042]

Asisthecasew ththedescriptionof theabove-described

doubl e- si de pol i shing apparatus, it is preferabletoupdatethe

pol i shing | oad recorded i n advance i n accordance wi t h t enpor al
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changes inthe polishingpad (thelappingturntableinthe case
of doubl e-si de | appi ng) whichis usedindoubl e-side polishing.

By doing so, it is possible to prevent an incorrect
judgnent of the occurrence of abnormal hol di ng of a workpi ece
frombei ng nade by a tenporal reductioninthethickness of the
pol i shing pad or the | apping turn table and prevent breakages
of the wor kpi ece and t he processi ng apparatus for al ong period
of time.

[ Exanpl es]
[ 0043]

Herei nafter, the present i nventionw || be descri bed nore
specifically with Exanples of the present invention and
Conpar ati ve Exanpl e, but the present inventionis not |imted
by these exanpl es.

[ 0044]
(Exanmpl e 1)

By wusing the workpiece processing apparatus (the
doubl e-si de polishing apparatus) of the present invention
depicted in FIG 1, doubl e-side polishing of a silicon wafer
with a di aneter of 300 mrmwas perfornmed i n accordance with t he
wor kpi ece processing mnethod of the present invention.
Incidentally, it is assuned that the doubl e-side polishing
apparatus includes a total of five carriers, each having one
hol di ng hol e.

[ 0045]

First, a polishing |load under normal conditions was
neasured and recorded on the storage nmedium The recorded
pol i shing | oad under normal conditions was the average val ue
of the polishing | oads obtai ned by the nmeasurenent perforned
nore than once.

Next, in order to determ ne a threshol d val ue, abnor nal
hol di ng of a waf er was i ntentional |y caused and a pol i shi ng | oad

at this tinme was neasured. Specifically, variations in the
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pol i shi ng | oad wer e neasur ed by changi ng t he st ate of abnor mal
hol di ng of the wafer, such as di splacing the wafer to a snal
extent, displacingthe wafer to al arge extent, displacingthe
waf er to the sun gear si de, di splacingthewafer totheinternal
gear side, displacing the wafer leftward (in a CWdirection)
with respect to the center of rotation of the turn table,
di spl acingthewafer rightward (i na CCWdi rection) withrespect
tothecenter of rotati onof theturntable, displacingonewafer,
and di splacing two wafers.

[ 0046]

The resul ts of t he measured pol i shing | oads are i ndi cated
in FIG 5. FIG 5 indicates the polishing |oad distributions
under normal conditions and under abnormal conditions, and a
pol i shing | oad distribution B under nornmal conditions is not
included in a polishing |load distribution A under abnor nal
conditions and explicitly indicates | ow val ues.

Based on a difference (AP in FIG 5) between the two
pol i shing |l oads, athresholdvalue (6inFIG 5) was det erm ned.
[0047]

Then, each of a total of five wafers was held by a
correspondi ng one of the five carriers and the upper turntable
was noved downward to the fixed position. A polishing |oad at
this tinme was neasured, and a di fference between this polishing
| oad and the above-described recorded polishing |oad under
normal condi tions was cal cul ated. A case where the cal cul ated
di f ference exceeded t he above-descri bed determ ned threshol d
val ue was judged to be abnormal hol di ng, hol di ng of the wafer
was performed again, and polishing was perforned. When such
polishing of the wafer was repeatedly perfornmed and the
preci sion of judgnent of abnormal holding was eval uated,
abnormal hol di ng coul d be judged correctly with a probability
of 100% Thus, no breakage of the wafer occurred.

Si nce t hi s abnor mal hol di ng j udgnent processi ng coul d be
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performed in a remarkably short tine, productivity could be
i nproved as conpared to the existing verification method
manual |y performed by the operator.

[ 0048]

(Exampl e 2)

Doubl e-si de polishing of a silicon wafer was perforned
in the sane manner as in Exanple 1 except that the polishing
| oad under normal conditions was updated in accordance with
tenporal changes in the polishing pad.

InFIG 6, theresults of the polishingl oads under nor mal
condi ti ons and under abnornal conditions, the polishing | oads
transitioningwiththelengthof tinmethe polishingpadis used,
are indicated. As indicated in FIG 6, it is clear that the
pol i shing | oads under normal conditions and under abnor nal
condi tions are reduced, exhibiting al nost the sane sl ope, with
the I ength of tinme the polishing pad is used. The reason i s as
follows: while the fixed position of the upper turn table is
set so as to be the sane position at all tines, the thickness
of the polishing pad is reduced with the length of tine the
pol i shing pad is used.

[ 0049]

As described above, since the polishing |oads under
normal conditions and under abnormal conditions are reduced,
exhi biting al nost the sane sl ope, there was no need to change
the threshol d val ue.

Wi | e doubl e-si de polishing of the wafer was repeat ed,
t he polishing | oad under normal conditions was updated in the
fol |l om ng manner. Update was performed by using the polishing
| oad neasur ed when t he waf er was properly hel d as t he poli shing
| oad under normal conditions every tine polishingwas finished
That is, the polishing | oad under nornmal conditions which was
referredto at the tine of judgnent of abnornmal hol di ng was set

so as to be the polishing | oad under normal conditions which
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was updated at the tinme of the |last polishing.
[ 0050]

By updati ng the polishing | oad under normal conditions
as described above, it was possible to avoid an incorrect
j udgnent of the occurrence of abnornmal hol di ng of t he waf er from
bei ng made by tenporal changes in the polishing pad.

[ 0051]

It isto be understood that the present invention is not
limted in any way by t he enbodi nent t hereof descri bed above.
The above enbodi nent is nerely an exanple, and anythi ng that
has substantially the sane structure as the technical idea
recited inthe clainms of the present invention and that offers
sim | ar workings and benefits falls withinthe technical scope

of the present invention.
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CLAI M5

1. A wor kpi ece processing apparatus that processes both
surfaces of a workpi ece at a sane ti ne by hol di ng t he wor kpi ece
in a holding hole of a carrier by inserting the workpiece
thereinto, noving an upper turn table dowward to a fixed
position, and interposing the carrier holding the workpiece
between the upper turn table and a lower turn table, the
wor kpi ece processi ng apparatus conpri si ng:

acontrol unit that is provided with a storage nmedi umon
whi ch a polishing | oad neasured when the upper turn table is
noved downward to the fixed position in a state in which the
wor kpi ece i s properly held in the holding hole of the carrier
is recorded in advance, calculates a difference between a
polishing | oad neasured when the upper turn table is noved
downwardto the fi xed positioninastateinwhichthe workpiece
is held in the holding hole of the carrier and the polishing
| oad recorded on t he storage nedium and judges an occurrence
of abnormal holding of the workpiece if the calculated

di fference exceeds a threshol d val ue.

2. The wor kpi ece processi ng appar at us according to clai mil,
wher ei n
the workpiece processing apparatus is a doubl e-side

pol i shing apparatus or a doubl e-side | appi hg appar at us.

3. The wor kpi ece processi ng appar at us accordingto claim2,
wher ei n

the control unit i s capabl e of updatingthe polishingl oad
recorded on the storage nmediumin advance in accordance wth
t enpor al changes i na polishing pad of t he doubl e-si de pol i shing
apparatus or a lapping turn table of the doubl e-side | appi ng

appar at us.
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4. Awor kpi ece processi ng met hod of processi ng bot h surfaces
of a workpiece at a sanme tine by holding the workpiece in a
hol di ng hol e of acarrier by insertingthe workpiecethereinto,
novi ng an upper turn table dowward to a fixed position, and
I nterposi ngthe carrier hol di ngthe workpi ece bet ween t he upper
turn table and a |ower turn table, the workpiece processing
nmet hod conpri sing steps of:

recordi ng i n advance a pol i shing | oad neasured when t he
upper turn table is noved downward to the fixed positionin a
state in which the workpiece is properly held in the hol di ng
hol e of the carrier;

calculating a difference between a polishing |oad
nmeasur ed when t he upper turntabl eis noved downwardtothefixed
positioninastateinwhichtheworkpieceisheldinthe holding
hole of the carrier and the recorded polishing | oad; and

judging an occurrence of abnormal holding of the
wor kpi ece if the calculated difference exceeds a threshold
val ue and processi ng t he wor kpi ece after perform ng hol di ng of
t he wor kpi ece agai n and processing the workpiece as is if the
cal cul ated difference does not exceed the threshold val ue.

5. The wor kpi ece processi ng nethod according to claim 4,
wher ei n

processing perfornmed on the workpiece is double-side
pol i shing or doubl e-side | appi ng.

6. The wor kpi ece processi ng nethod according to claimb5,
conprising a step of:

updating the polishing load recorded in advance in
accordance with tenporal changes in a polishing pad which is
used i n t he doubl e-si de pol i shing or alapping turntabl e which

is used in the double-side | apping.
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