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APPARATUS AND METHOD FOR IN-LINE INSPECTION OF A WAFER CHUCK
BACKGROUND OF THE INVENTION

H (1). FIELD OF THE INVENTION

The invention pertains to the general field of semiconductor
integrated circuits, more particularly to the coating and imaging

of wafers with photoresist and associated problems.

(2) DESCRIPTION OF THE PRIOR ART

During the processing of integrated circuits, semiconductor
wafers are coated with phoéoresist and then exposed to ultraviolet
light many times. The photoresist is applied by dispensingﬁit_onfo
the surface of a spinning wafer, centrifugal forcé then causing it
to spread out evenly over the surface. 'After the photoresist has
been baked on a hot pléte, it is exposed to ultraviolet light while
being held in position on the exposure system'é chuck (see FIG. 1).

This is for the purpose of defining in it a precise'pattern, a
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The inv&ntidn pertains to the general field of sem conduct or -~
integrated circuits, nore particularly to the coating and i nmaging...

of sWaf ers wi th photoresist and associ ated probl ens. ﬂ*____ﬁEPL&dgﬁéi:N ﬁ
DESCRI PTI ON OF THE PRI OR ART During the procCessing ofr————=—
Integrated circuits, -sem conduct or wafers are coated with

h ' d 1 1,0l |.i | T,
phot or cdaicetl ZekataBE Fhe Brteciiitbsiaphy . Fon ¥adiY Ao {Feino '8
ot or e/ S°HE AIITETH AT -
cvenly S ept ARy, 4%, pESREELLORTILAN, e fame chuckindfHuR xo

hot platRyid tthe @4aReEChdOh URLEINGC Plotd L1 ¥ bBplication as well as

during photolithography.

Since the tolerances involved in photolithography (as applied
to integrated circuits) are well under 1 micron, it is imperative
that the ' chuck be kept meticulously clean at all times.
Unfprtunately, photoresist application is not a particulérly clean
process so it is necessary, in practice, to check the chuck's
surface each time it is to be used for photolithography and, if

necessary, remove it for closer inspection and possible cleaning.

Prior to the present invention, our practice had been to
inspect the chuck's surface visually and, if in doubt, remove it )
for closer inspection and_possible cleaning. The removal and
cleaning of the chuck, though necessary, is time consuming and,
therefore, expensive. What was needed was a reliable method of
rapidly inspecting the chuck's surface that did not involve its
removal from the line. We have been unable to find such an

invention described in the prior art.
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being held in position on the exposure system s chuck (see FIG 1).

This ijs for the purpose of defining indf a precise pattern, a -2-

process referred to as photolithography. For reasons rel af th = Q“BEEN
efficiency of a production line, the same chuck may be usgd to A%J; D

waf er both during photoresist application as well as dur

phot ol i t hogr aphy. Si nce %ﬂﬁﬁ“ n photollthography
(as applied to integrated circdi géeg%xgﬁhlﬂﬁygﬁi#hﬁcron S

i nperative

It is an object of the present invention to provide an
apparatus that allows the surface of a semiconductor wafer chuck to

be inspected for cleanliness without removing it from its position

in a production line.

Another object of the invention is to provide a method for

using such an apparatus.

Yet another object of the invention is that it enable the .

inspection to be carried out rapidly but be at least as reliable as

off-line methods.

These objects have been achieved by scanning the surface under
inspection with a laser beam théreby creating a computer readable
image of the surface. A previously created image of the surface,
made when it was known to be completely clean, is stored in the
computer and 1is subtracted from the current image prior to
displaying it. Thus any departures of the surface from a state of

complete cleanliness are readily seen.
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that the chuck be. kept. meticulously clean at all tines.
Unfortunately photoresi st application is not a partlcularly cl ean process

so™'t is necessary, in practice, to chetk the chuck's suff EaCIT (T e 11
is to be used for photolithography and, if necessary, refoVv ﬁ*EFB FAS| R |
I nspection and possi bl e cl eani ng. Prior to the prds entJF%ﬁEﬁﬁ i
our practice had been to innspest PESCRIWEKOS SErfREeDRARIRGSY and, 1 f |n
doubt, renove it for closer inspection and possible cleaning. The

renoval and cleaning of the chuck, though necessary, is time consum ng
and, therefore, expensive. What was needed was a reliable nethod of
rapidly i nspeE;lG-ng 1t hehowacktle s appacatusat ofi dtimet pressnte inventdomy alin

fromthe |line. ‘have been unable to find such an
1sometr1c view.

FIG. 2 is a plan view of a wafer chuck of the grooved type.
FIG. 3 is a cross-section through FIG. 2.
FIG. 4 is a plan view of a wafer chuck of the pin type.

FIG. 5 is a cross-section through FIG. 4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, we show there a semiconductor wafer chuck
1, mounted on tilt plate 2 which is itself mounted on an X-Y stége.
Said stage comprises an X-stage 3 and a Y-stage 4. Positioned
above said X-Y stage is a'laser beam emission source 5 (such as,
but not limited to, helium-neon or helium~cadmium) which emits a
continuous, low power laser beam 6. S_has been directed so that
beam 6 strikes a point somewhere on the surface of chuck 1,

following which it is reflected away from said surface as beam 8.
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inVenfion described in the prior art.
SUWARY COF THE | NVENTI ON It is an object of the present invention _
to=provi de an apparatus that. allows thegsurface of a senic i

chuck to be inspected for cleanliness wthout renoving T{ig@ﬂaﬁfsﬂ#\b BEEN b
REPLACED

position 1in a production |ine.
Laser beam detector 7 is positioned so as to receive beam 8,

-

producing an output sidgnal 9 whose value is proportional to the
intensity of 8. The relative positions and angular orientations of
5 and 7 are permanently fixed relative to one another. Tilt plate
2 is used to ensure that the plane in which the top surface of the
wafer chuck lies is parallel to the plane along which it will be
moved by the X-Y stage. Once this condition is met, beam 8 will
continue to entér detector 7, without need to change the angles of
5 and 7 relative to 1, even if the location of chuck 1 reiative to

that of beam source 5 is changed.

X-stage 3 and Y-stage 4 are caused to move, independently, by
drivers 13 and 14, respectively. Signais from the stepping motors
{not shown) that power 13 and.14 can be used to provide computer
readable information as to the exact location of chuck 1 at any
time. Additionally, output signal 9, which is proportional to the
intensity of the reflected beam 8 can readily be digitized, thereby

rendering it computer readable as well.

By meané of computer softwaré, the X-Y and reflected beam’
intensity information can be utilized to move, in a systematic
manner, the spot where beam 6 strikes the surface of 1 (so that all
points on the surface of 1 are struck by the beam once, and only

once), associating with each such point a value for the intensity

his Sheet Has Been RTlaced

T



Anot her object of the invention is to provide a nethod for wusing such _an
appar at us. Yet anot her object of- ghe invention is t '%SBEEN
the' inspection to be carried out rapidly but be at |east a 'Pﬂﬁrﬁﬁgg-g%g

of f-1ine methods. These obj ects have been achi eved Ky sca

surface under inspection with a Iaser bean1thereby creating a conputer

readabl ¢ WIS ddtad BdAre T Pidd 6 SbddPOf Sfotds SH'EREC

made when.it was known to be conpl et ﬁy clean, is stored I'n the conputer
and i s gdiprEred headryhanayr 4286, Iimg:eeamllq;r daepldy&al o¥i BHel tomplitier 88Y
departures of the surface froma state of

monitor as a picture of the chuck's surface.

A picture of the type just described can be creéted in a few
minutes without the need to remove the chuck or any of its
associated_parts. This is particularly important if, for example,
the chuck is part of a production line which would be disrupted if

the chuck had to be removed for inspection.

The inspectidn itself can be performed by examining the
aforementioned picture. While many defects such as dust particles,
wisps of photoresist, etc. would easily be seen in a picture of
this sort, slight local irregularities in the surface of the chuck
itself might be mistéken for defects. Therefore, as an important
feature of the present invention, a picture of the chuck, formed
when the chuck is known to be extremely clean (for example when it
is brand new) is stored in the computer as a reference picture.
When a picture is formed for inspection purposes, values for the
reflected beam at the corresponding points in the reference picture
are first subtracted (by the computer). In this way, any’
irregularity seen on the screen is immediately known to represent

a departure from a completely clean chuck surface.

In a second embodiment of the invention, the laser beam and
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conplete cleanliness are readily seen. H’S%"E';EETHASBEEN_'
BASED 1 -

-4- ; BRI EF DESCRI PTI PN OF THE DRAW NGS

shows the apparatus of the present invention in isonetric view T
FIG 2 is a plan view of a wafer chuck of the grooved type. FIG 3
is a cross-section through FIG 2. FIG 4 is a plan view of a wafer

chuck ofgdii&etiidh ¥P€em are provided with their own X-Y driving system.
During picture formation, the chuck (including its X-Y driving
system) is kept stationary while the beam and 'detector are
systematically'mo§éd. Since the relative motions involved are the
same, picture formation in this embodiment is the same as in the
first.embodiment. Although the second embodiment would appear to
be more expensive than the first, it offers several advantages:
it may be difficult, inconvenient, or expensive to modify the X-Y
stage'that comes with the chuck; and, should it become necessary
to remove the chuck's X-Y stége (for repair or for maintenance), a
_temporary replacement may be used without any interruption of the

inspection capability prbvided by the present invention.

In addition to holding the wafer during the application of
photoresist, the chuck is also used durihg'photolithography. Since
the tolerances involved in the latter operation are well under 1
micron, it is clear that the semiconductor wafer must be supported
by the chuck in a manner that holds it firmly in place without, at
the same time, introducing either stress or distortion to the

wafer's top surface.

In general, two types of wvacuum chuck have been used for
holding the semiconductor wafers in place. The first, known as the
grooved type, is illustratéd, in plan, in FIG. 2. A series of

concentric ridges 21 project above the main surface of the chuck 22
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FI'G 5 is a cross-section through FIG 4.

OF THE' PREFERRED EMBODI MENTS Refesring to FI G
sem conduct or wafer chuck 1, nounted on tilt plate 2 i ch | REPLAGED
nounted on an X-Y stage. Said stage conprises an X-sta Ria—Y=stage 4.
Posi ti oned above said X-Y stage Is a | aser beam em Ssi on source 5 (such as,

but not J,iqm ﬁ[eequ,
conti nuoél?s ow powe:g%{pl ser bea Q’;E?é%? harsK gle d| rected si(e;rﬂt 1aie’[s’ibesaurrﬁ:t%s as
strikes 3 pairat d§§2ﬁ%e‘£ﬁrﬁ?&?ﬁ @“‘%‘Eeam ghhqf&w:hoav hb8! tRY dgpdkt-ghicé lot S

refl ected avvay fromsaid s ace as
: 'a series of grooves) and connected to a source of vacuum (not

, TRVG SSHEBW HA’SEB.E;ET@

shown). FIG. 3 shows a cross-section view. of FIG. 2 made at AA .
Not apparent in FIG. 2, but seen in FIG. 3, is shaft 24 used for
rotating the chuck. Said shaft can be mounted directly toc a spin
mo:tor (without the X-Y stage) during resist appl'ication. In
addition, a cross-section through a semiconductor wafer 25, 1n

place on the chuck, has been added for illustrative purposes.

The second type of chuck, which also employs a vacuum as the
securing means, is knqwn as the pin type. It is illustrated, in
plan, in FIG. 4. A large mumber. of flat-topped pins such as 41
extend upwards from main surface 43 and serve to support the wafer
in a similar manner to the ridges in the grooved type. Holes such
as 42 are drilled through 43 and connected to a source of vacuum
{not shown}. In order to aésist in placing the wafer symmetrically
over the center of rotation, insertable rims, corresponding to the
diameter of the wafer being processed, are also used. For example,
rim 44 might be used while 6 inch diameter wafers are being
processed while rim 45 might be used during the processing of 8

inch wafers.

FIG. 5 is a cross-section made at BB in FIG. 4. Not apparent

in FIG. 4, but seen in FIG. 5, is shaft 46 used for rotating the
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out put - ‘'signal 9 whose value is proportiangl-to the |ntensd
relative positions and angul ar orientations of 5 and 7 aré-
fixed relative to one another. Tilt plate 2 is used to ensure that the
plane in which the top surface of the wafer chuck lies is parallel to the
pl ane al gpackhi o idagddiohe a ER¥ad - dthenXthrsuatea seREeohiusteentaiegn
s met, beam 8 will continue to enter detector 7, without need to change
t he angl £3, ofin 5paade’ ¢#l aiHe/echick, €Hes iBedrhe dddeal | dorof ithuskrative
relative to that of beamsource 5 is changed. .
purposes.

Laser bean1detector 7 is positioned so as to receive beam §] . %%?===ﬂ
i's positi i v LJHgég Eﬁg BEEN *

While the invention has been part;cularly shown and described
with referenée to the two preferred embodiments discussed above, it
w111 be understood.by those skilled in the art that various changes
in form and details may be made without departing from the spirit
and scope of the invention. For example, either embodiment could
be successfully implemented using'either of the chuck designs that

\.‘
have just been described above.

What is claimed is:
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X-stage 3 an f aused to-nmpwve, independently, by zgfiyeEs 13
and 14, resMﬂMﬂ!’,ﬁﬂ@ﬁMs fromthe stepping motors “{not-- shown)--Lhat..
power 13 and "14 ¢ccam be U o0 provide conputer readable infornmation as to
t he exact |ocation of chuck 1 at any tinme. Additionally, output signal 9,
whi chchackt oplxs taddiot i ¢mw, tderdsy-asct jomfthtmuglefa aamicdrdncBoranafendi |y
be digitized, thereby rendering it conputer readable as well. By
meansd®f conppilecesobhwatize tdteadk,y das r beeoct @ddedanfor ntidhsrsrative

i nformation can be utilized to nove, in a systemati:c nmanner, the spot

wher ePpBrBRRFESstri kes the surface of 1 (so that all points on the surface
of 1 are struck by the beam once, and only

While the invention has been part;cularly shown and described
with reference to the two preferred embodiments discussed above, it
will be understood by those skilled in the art that various changes
in form and details may be made without departing from the spirit
and scope of the invention. For example, either embodiment could
be successfully implemented using-either of the chuck designs that

: N
have just been described above.

what is claimed is:
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once), associating with each such point a value for the intensity

- 6- "of the reflected beam This infqormation is readily stored in the of
the'reflected beam This information is readily nput er’
menory and, also, is.readily displayed on the cc*muaﬂun’]mﬂnm as a

pi cture of the chuck's surface. icture O

descri bed cap be &ﬁegg gré@u eéS%% ?%Dﬂées.mﬁphout the need te reane the

chuck or any of its SOCIa This is particularly inportant if,

L?grﬁgﬁgglﬁf thQaQgéﬁfcéﬁdﬁéférq&afePraﬁ&Gﬁiﬂgviﬁ&eaﬁhﬁﬁﬁe¥oghgf96e;

a laser beam emission source, positioned relative to said

chuck so as to cause said laser beam to strike said upper
5 surface at an oblique angle and then be reflected;

a laser beam detector that provides a first output
signal, located in fixed relationship to said laser beam
emission source, and directed to receive said reflected beam;

means for moving said chuck and said laser beam emission

10 source relative to one another;

a second output signal that provides information
concerning the location of said source and said chuck relative
'to one another;

means for forming pictures of said upper surface from

15 information contained in said first and second output signals;
means for recording and displaying said pictures;

means for electronically subtracting one of said pictures
from a different one of said pictures; and

means for recording and displaying the result of said

20 electronic subtraction.

2. The apparatus described in claim 1 wherein said laser

beam emission source comprises a helium-neon laser.

3. The apparatus described in claim 1 wherein said laser



the chuck had to be renoved for inspection. The i n Itself
can be perforned by exam ning the aforenentione iﬁl’ many
defects such as dust particles, mﬁsps-oilphotor easily be
seen in a picture of this sort, slight |ocal |rregu arltles in the surface
of the chudk itself mght be m staken for defects. Therefore, as an

| rpor t ant % ature of the %resent I nvent.i l,cture of. th huck forned

when the chuff3™s &SRR o BgrgftF@W@F§53%egn%8ﬁ&Pm- 5&B‘@

brand new) is stored in the computer as.a reference picture. v%en a
picture is forned for inspection purposes, values for the reflected beam

at the corre%pondbﬁglgﬁ#&f%ﬂd%téﬁ%éfiﬁ§§”£ﬁ EiQEW“i 5%§%e1ﬁr§%1d means

subtract ed
for moving said chuck and said laser beam emission source

relative to one another comprises a fixed chuck and a moveable

S laser beam emission source.

5. The apparatus described in claim 1 wherein said means
for moving said chuck and said laser beam emission source
relative to one another comprises a fixed 1laser beam

emission source and a moveable chuck.

10 6. The apparatus described in claim 1 wherein said upper
surface comprises:
concentric trenches, evenly spaced relative to one
another; and
holes, connected to a source of wvacuum, uniformly

15 distributed in said trenches.

7. The apparatus described in claim i wherein said upper
surface comprises:
a plurality of pins of uniform height upwardly projecting
from said upper surface; and
20 .holes, connected to a source of vacuum, uniformly

distributed in said upper surface.



|rregular|ty seen on the screen is imedi ately known

departure froma conpl etely clean chuck iyrface ”"m“mlﬂjﬁgp H"l
embodi ment of the invention, the | aser béam a @Cl 50N+ syt em
are provided with their own X-Y driving systen1 During picture fornmation,
the chuck (i'ncluding its X-Y driving systenm) is kept stationary while t he

beam and detector _are _systematically npoved, Since the relative notions
i nvol ved are8-he A method for inspecting the surface of a wafer chuck

comprising:
providing a laser beam emission source;
providing a laser beam detector having an output signal;

5 directing said laser beam to strike said surface at an

oblique angle, thereby producing a reflected beam;

positioning said beam detector in fixed relationship
relative to said laser beém emission source so as receive said
reflected beam;

10- electronically processing said output signal together
with locational information produced when said laser beam
emission source and said chuck are moved relative to one
another, thereby forming a pictﬁre of said surface; and

recording and displaying said picture.

15 9. The method of ciaim 8 further comprising:
forming and recording a first picture of said surface
while said surface is known to be extremely clean;
forming and recording a secend picture after said wafer
chuck has been used to hold semiconductors wafers while they
20 were coated with photoresist; and
eléctronically subtracting said second picture from said

first picture and displaying the result of said electronic

subtraction.



saire, picture formation in this enbodinent is the same as
enbodisrent. Al t hough the second enbodingnt- woul d ap “{“&“‘}H \“\
expensive than the first, it offers several advantag

difficult, inconvenient, or expensive to nodify the XY stage t hat comes

wi th the chuck; and, should it beconme necessary to renove the chuck's X-Y

stage (for repair g9f fn@tﬂ@ rkf]ie'@i‘é‘a.‘?ﬁ 8%1:&:?&3?:9%5 ;BE@EGE?&(S}\ %ei&?ed

wi thout any interruption o i nspection capabl provi

present !nveg?hg com rlseknaaﬁgi%hﬂﬂnhenthgbﬂg the waf er durlng the
application o photor55|st the chuck i1s also used during

phot ol i t hography. Since the tolerances involved in the latter operation
are well under 1 mcron, it is clear that the sem conductor wafer nust be

support ed 11. " The method of claim 8 wherein said laser beam emission

source comprises a helium-cadmium laser.

5 12. The method of claim 8 further comprising:
fixing the position of said laser beam emission source

and moving said chuck.

13. The method of claim 8 further comprising:
fixing the position of said chuck and moving said laser

10 beam emission source.

14. The method of claim 9 wherein said first picture

comprises a picture of a wafer chuck that has never been used.

1S. The method of claim 9 further comprising:
examining the result of said electronic subtraction; and
15 deciding, based on said examination, whether.said chuck

should be taken off line to be cleaned.

16. The method of claim 8 wherein said inspection is

performed in-iine;



by- the chuck in a manner that holds it firmy in place without, at " the
sanme ti#me, introducing either stress or distortion t m “Ep
surface. In general, two types” d# vacuum Chlﬂmngm ﬂmmsl for
hol di ng t he sem conduct or mafers in place. The first,*krfowt a8 the " grooved
type, is illustrated, in plan, in FIG 2. A series of concentric ridges

21 project above i4fig HE%HO?“?%aEfa §hﬁ%§F HeK 23ia 1n38Fctlon is

- 8- and serve to suppor arge nunber hol'es, such as
performed in-line.

18. The method of claim 8 wherein said inspection is

performed in less than about 10 minutes.

] 19. The method of claim 9 wherein said inspection is

performed in less than about 1 minute.



23, are drilled through surface 22 (which now has the app;
seriesof grooves) and connected to a source of vacuum (
3 shows a cross-section view of FIG 2 nﬁ%e at AA Not ap
but seen in FIG 3, is shaft 24 used for rotating the c :
can be mounted directly to a spin notor (wthout the X-Y stage) durlng i
resi st application. In addition, a cross-section through a sem conduct or
vaf er 23ppiddrud! AREMEFObNEOL Qﬁ%NEhﬁ&PE%gNaQP%dWRﬁR bhﬁgt rative purposes.
The second Type of ChUTK; securing
nmeans, is known as the pin type. It is illustrated, in plan, in FIG 4. A
| arge munber of flat-topped pins SUCﬁB?@RﬁéT extend upwards from main
surface 43 and serve to support the

Tﬁe chuck that holds a semiconductor wafer during
photoresiSt.application and subsequent photolithography must be
kept meticulously clean at all times. Conventional visual
inspection is inefficient and leads to more frequent removal of the
chuck for cleaning than is necessary. The present invention
describes a fast in-line system for inspecting the chuck's surface.
A laser beam scans the chuck's surface forming a picture that is
compared to a picture of the same surface made at a time when it
was known to be completely clean. The difference between these two
images is displayed on a screen, so the presence of any foreign

matter on the chuck's surface is readily apparent.

- —— e —

FIGURE 1 IS SUGGESTED FOR PUBLICATION
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in*a simlar manner to the ridges in the grooved type. Holes such as 42
are dri’lled through 43 and connected to,a source of vacuum (not shown).

In order to assist in placing the wafer symretrically over the center of
rotation, insertable rins, corresponding to the dianeter of the wafer
bei ng processed, are also used. For exanple, rim44 mght be used while 6
I nch di anmeter wafers are being processed while rim45 m ght be used during
the processing of 8 inch wafers. FIG 5 is a cross-section nade at
BBin FIG 4. Not apparent in FIG 4, but seenin FIG 5, is shaft 46 used
for rotating the : .




-9- chuck. In addition, a cross-section through a sem conduct or

waf er o - 47, in place on the chugk, has been added for illustrative
puf-poses. ' Wil e the invention has been particularly shown and
descri bed with reference to the two preferred enbodi nents di scussed
above, it wi |l be understood by those skilled in the art that

vari ous changes in formand details may be nade w thout departing
fromthe spirit and scope of the invention. For exanple, either
enbodi ment could be successful l'y inplenmented using either of the

chuck designs that have just been descri bed above.

‘ ) J
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Waat is clainmed is: chuck. In addition, a cross-section through a
sem cpnductor wafer 47, in place on fhe chuck, has been added for
illustrative purposes. Wil e the invention has been particularly
shown and described wth reference to the two preferred enbodi nents

di scussed above, it wll be understood by those skilled in the art that
various changes in formand details may be nmade w thout departing fromthe
spirit

45 41 44 4)1 43 47 44 45 4]

42 42 5@«46'
FIG. 56
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APPARATUS AND METHOD FOR IN-LINE INSPECTION OF A WAFER CHUCK
BACKGROUND OF THE INVENTION

(1). FIELD OF THE INVENTION

The invention pertains to the general field of semiconductor
integrated circuits, more particularly to the coating and imaging

of wafers with photoresist and associated problems.

(2) DESCRIPTION OF THE PRIOR ART

During the processing of integrated circuits, semiconductor
wafers are coated with photoresist and then exposed to ultraviolet
light many times. The photoresist is applied by dispensingiit onto
the surface of a spinning wafer, centrifugal force then causing it
to spread out evenly over the surface. After the photoresist has
been baked on a hot plate, it is exposed to ultravioclet light while
being held in position on the exposure system's chuck (see FIG. 1).

This is for the purpose of defining in it a precise pattern, a




e i st e

chuck'so as to cause said | aser beamto strike said upperi TETS @ﬂeqﬁgg

an oblique angle and then be reflected,; a | asel ‘beam- eﬁ’t ector
that provides a first output Si gnaF | ocated in fi eg ireI ati Aga7 .
to said | aser beam eni ssi on source, and directed tolired 2

reflected beam, ocess referréﬁeﬁgsa% Bog&"-itﬁgﬁﬂin@.cw el amg%conééﬁﬁ geam

em ssion 10 source relative to € ano
signal that pr mdeﬁllcmémcrmflamproduct;oaonn&r,ntng shhe dioekt nay bef usad do

source and said huck rel t o gne anot her; means for
f or m ng ‘pict uré’s? B T8 ‘&a%ﬁpé’?"tgufiPﬁ rRRgFPTesist jappdicaliionn aso¥eiinad i n
said first andgﬁgwghggg,ﬁgmafm.s means for recording and
dlsplaylng sai | ctures;

Since the tolerances involved in photolithography (as applied
to integrated circuits) are well under 1 micron, it is iﬁperative

that the chuck be kept meticulously clean at all times.

Unfortunately, photoresist application is not a particularly clean
process so it is necessary, in practice, to check the chuck's
surface each time it is to be used for photolithography and, if

necessary, remove it for closer inspection and possible cleaning.

Prior to the present invention, our practice had been to
inspect the chuck's surface visually and, if in doubt, remove it .
for closer inspection and possible cleaning. The removal and
cleaning of the chuck, though necessary, is time consuming and, g
therefore, expensive. What.was needed was a reliable method of |
%(' rapidly inspecting the chuck's surface that did not involve its
removal from the line. We have been unable to find such an

invention described in the prioxr art.



means’ for electronically subtractlng one of said pictures
dlfferent_one of said pictures; and -
di splaying the result of said 20 electronic subtraction.

apparatus described in claim1 wherein said |-aser beaf

~ means for re¢ord|

réé% QT SHEET
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conprises a heliumneon |aser. _ suﬁ@um'6¥h%m9H%§Eﬁ$ﬂﬁtdescr'b6d In claim

1 wherein said | aser

It is an object of the present invention to provide an

apparatus that allows the surface of a semiconductor wafer chuck to

be inspected for cleanliness without removing it from its position

in a production line.

I using such an apparatus.

Another object of the invention is to provide a method for

Yet another object of the invention is that it enable the

inspection to be carried out rapidly but be at least as reliable as

off-line methods.

These objects have been achieved by scanning the surface under

inspection with a laser beam théreby creating a computer readable

image of the surface. 1A previously created image of the surface,

made when it was known to be completely clean,

is stored in the

?L" computer and is subtracted from the current image prior to

displaying it. Thus any departures of the surface from a state of

complete cleanliness are readily seen.




beam e ssi on .source conprises a helium cadm um | aser. ' "i 4— «—Tﬁr‘vé\! SHEE"‘

apparatus described in claim1l wherein said nmeans for

novi n
chuck and said | aser beam enission source ~ %~ relative toliﬁéP agba}@ﬁv 1997

conprises a fixed chuck and a noveable 5 | aser beam em SSion source:
5. The apparatus described in ¢laiml wherein for noving
sai d chuck and said | aser beam erCﬂR&EFo‘?F%C&aF%"N %% gﬁgﬁﬁwq 0 one anot her
conprises a fixed | aser beam em ssion-source and a noveabl e chuck.
10 6. The apparatus described in claim21 wherein sai-d upper

: . F1I1G. 1 shows the apparatus of the present invention in

isometric view.
FIG. 2 is a plan view of a wafer' chuc‘k of the grooved type.
FIG. 3 is a cross-section through FIG. 2.
FIG. 4 is a plan view of a wafer chuck of the pin type.

FIG. 5 is a cross-section through FIG. 4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, we show there a semiconductor wafer chuck

5{ 1, mounted on tilt plate 2 which is itself mounted on an X-Y stage.
Said stage coﬁprises an x-stage-a and a Y-stage 4. Positioned

above said X-Y stage is a laser beam emission source 5 {such as,

but not limited to, helium-neon or helium-cadmium) which emits a
continuous, low power laser beam 6. 5 has been directed so that

beam 6 strikes a point somewhere on the surface of chuck 1,

following which it is reflected away from said surface as beam 8.




surf ace conpri ses: concentric trenches, evenly _spaced relative..

to one . another; and hol es, connected to 3 ]%gg,r_'g@sﬂ%mwm:
uniformy 15 distributed in said trenchess - 7. he appar at us
described in claim1 wherein said upper surface cornppLses, . "N.U‘!“J 9].
a plurality of pins of uniformheight upwardly projectin k3900 P
upper surface; and 20 hol es, connected to a source of vacuum

uni f or m Y diStﬁééﬁftsgaﬁ'&e%@éf%rugp?é ﬁﬂé&%fﬁﬁ%a s& as to receive beam 8,
- producing an output signal 9 whose value is proportional to the
intensity of 8. The relative positions and angular orientations of
5 and 7 are permanently fixed relative to one another. Tilt plate
2 is used to ensure that the plane in which the top surface of the
wafer chuck lies is parallel to the plane along which it will be
moved by the X-Y stage. Once this condition is met, beam 8 will
continue to enter detector 7, without need to change the angles of
5 and 7 relative to 1, even if the location of chuck 1 relative to

that of beam source 5 is changed.

X-stage 3 and Y-stage 4 are caused to move, independently, by
drivers 13 and 14, respectively. Signals from the stepping motors
{not shown) that power 13 and 14 can be used to provide computer
readable information as to the exact location of chuck 1 at any
time. Additionally, output signal 9, which is proportional to the
intensity of the reflected beam 8 can readily be digitized, thereby

%k“ rendering it computer readable as well.

By mean§ of computer softwaré, the X-Y and reflected beam
intensity information can be utili%ed to move, in a systematic
manner, the spot where beam 6 strikes the surface of 1 (so that all
points on the surface of 1 are struck by the beam once, and only

once), associating with each such point a value for the intensity




12 .

conpri si ng:
provi ding a | aser beam detector having an out put signal;
directing said | aser beamto strike said surface at an

t hereby producifgia {'@flle%‘f:égqae%am Th:.s nformatn.&p%' ti‘Q{%rigr §g&&<¥3§ﬁmme

detector in fixed relationship Ive to said

8.

f & ch uck

Sat--

A nmethod for inspecting the surface of a
providing a | aser befm em ssi on sour,

eam em SSi

source SO as reywuer Spmgmory andy et‘s@.cb.sdrdadany displayed on the computer's

monitor as a picture of the chuck's surface.

A piéture of the type just described can be crea'ted in a few
minutes without the need to remove the chuck or any of its
associated_parts. This is particularly important if, for example,
tﬂe chuck is part of a production line which would be disrupted if

the chuck had to be removed_ for inspection.

The inspectidn itself can be performed by e:iamining the
aforementioned picture. While many defects such as dust particles,
wisps of photoresist, etc. would easily be seen in a picture of
this sort, slight local irregularities in the surface of the chuck
itself might be mistaken for defects. Therefore, as an important
feature of the present invention, a picture of the chuck, formed
when the chuck is knoﬁn to be extremely clean (for example when it
is brand new) is stored in the computer as a reference picture.
When a picture is formed for inspection purposes, values for the
reflected beam at the corresponding points in the reference picture
are first subtracted (by the computer). In this way, any
irregularity seen on the screen is immediately known to represent

a departure from a completely clean chuck surface.

In a second embodiment of the invention, the laser beam and

1.9 NDV 199?
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10 ¢ el ectroni cal | y processing said output signal toggt
| ocati onal information produced when said 1aser beam

rérﬁ‘s”@%W%’
and said chuck are noved relative to one anot her, t. eby]fB

picture of said surface; and recording and dis dvrn*q g

P ormine and 8% gtmn %ftl rshOd pgrf v%a‘%fmggl gﬁther CO%I&&QP%S g

form ng and recor I'ng a pi sur face
surface is knourihg becticer €6Ehatidhfalhe chuck (incldding Agsamedyr @£DFifgNg a
second picture after said wafer chuck has been ‘used to hol d

seni conduct or SSKEEFE} s ifhikeRtt Rptionpryothdleodihed R Pitbt RIESTERF; 3xRd

el ect rom cal | ysy%léglrnéﬁgaﬁw m%@b&l S%QQ@Q tREqé'i %1&& %E%gﬁsd involved are the
same, picture formation in this embodiment is the same as in the
first -embodiment. Although the second embodiment would appear to
be more expensive than the first, it offers several advantages:
it may be difficult, inconvenient, or expensive to modify the X-Y
stage that comes with the chuck; and, should it become necessary
to remove the chuck's X-Y stage (for repair or for maintenance), a
. temporary replacement may be used without any interruption of the

inspection capability provided by the present invention.

In addition to holding the wafer during the application of
photoresist, the chuck is also used durihg photolithography. Since

the tolerances involved in the latter operation are well under 1
micron, it is clear that the semiconductor wafer must be supported

by the chuck in a manner that holds it firmly in place without, at

5('_' the same time, introducing either stress or distortion to the

wafer's top surface.

In general, two types of vacuum chuck have been used for
holding the semiconductor wafers in place. The first, known as the
grooved type, is illustrated, in plan, in FIG. 2. A series of

concentric ridges 21 project above the main surface of the chuck 22




first *picture and displaying the result of said electronic e = -2======

subtracti on. -8- .13 l -"-1365--‘"@ﬁ@ﬁ”‘s”gﬁ;{
met hod of claim8 wherein said | aser beam emni ssion sodf ce conprg $84 830 3
hel i um neon | aser. 11. The nethed of claim 8 whereih' %8 d-t+-aser—=— 4§
beam em ssi on source conprjises a_heliumgadm umlaser. > 5 17

The method of clZ P8, FPHRAPPEGhpies PAGer- A Tavge mulbel Gf ‘holes, suct ss

23, are drilled through surface 22 (which fiow has the appearance of
a series of grooves) and comnected to a soﬁrce of vacuum (not
shown). FIG. 3 shows a cross-section view.of FIG. 2 made at AA .
Not apparent in FIG. 2, but seen in FIG. 3, is shaft 24 used for
rotating the chuck. Said shaft can be mounted directly to a spin
moior {without the X-Y stage) during resist application. In
addition, a cross-section through a semiconductor wafer 25, iﬁ

% place on the chuck, has been added for illustrative purposes.

The second type of chuck, which also employs a vacuum as the
securing means, is known as the pin type. It is illustrated, in
plan, in FIG. 4. A large mumber of flat-topped pins such as 41
extend upwards from main surface 43 and serve to support the wafer
in a similar manner to the ridges in the grooved type. Holes such
és 42 are drilled through 43 and connected to a source of vacuum
(not shown). In order to aésist in placing the wafer symmetrically
over the center of rotation, insertable rims, corresponding to the

?( diameter of the wafer being processed, are also used. For example,
rim 44 might be used while 6 inch diameter wafers are being
processed while rim 45 might be used during the processing of 8

inch wafers.

FIG. 5 is a cross-section made at BB in FIG. 4. Not apparent

in FIG. 4, but seen in FIG. 5, is shaft 46 used for rotating the



fixing the position of said |aser beam emn ssion source ;E%ﬂgtng¥#@%TSH

sai d chuck.. 13. The method of claim@ further conprijsing
10 geam én@ s&UVoA997

fixing the position of said chuck and noving said |aser
source. ; 14. The method of claim9 wherein said first

conpri ses: a pi ctyre, of ur\@ flon Chgcémts%é;ec N 'lek'&ggndt\ﬁg'tor wa {

The net hod of cIa|n19 cdnpr exam ni ng
sai d ‘el ectroni c 49y btinaghiaes; oﬁnd:he15:huck, ndecivdenid.addagedosn ﬁauﬁltrat:.ve

exam nation, whether said chuck
i purposes.

While the invention has been parti_cularly shown and described
with reference to the two preferred embodiments discussed above, it
will be understood by those skilled in the art that various changes
in form and details may be made without departing from the spirit

and scope of the invention. For example, either embodiment could

TS T LIRS S et mal s pey een g e s
S~

be successfully implemented using 'either of the chuck designs that
: \

have just been described above.

What is claimed is:

of
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Vbe taken off line to be cleaned. 16.  The methqekaf  cLaly

met ..OanfsaiCFa: nmsamﬂlur“ﬁmmmmgrezzﬂgﬁdl_ isgn-I e per f or me” gan: | mﬁrNO Eg? |

The nmethod of clai'm& wierein said i nspection is

chuck. In addition, a cross-section through a semiconductor wafer
47, in place on the chuck, has been added for illustrative

purposes.

While the invention has been partiéularly shown and described
with reference to the two preferred embodiments discussed above, it
will be understood by those skilled in the art that various changes
in form and details may be made without departing from the spirit
and scope of the invention; For example, either embodiment could
be successfuliy implemented using'either of the chuck designs that

. u
have just been described above.

What is claimed is:

——— T
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perfaimed in less than about 10 ninutes. 5 The: rret‘hod of=¢¥
wHerein said inspection is performed in iess than abotE" 1 ni figt-e SHEET
l Dath
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APPARATUS AND METHOD FOR IN-LINE INSPECTION OF A WAFER CHUCK

ABSTRACT

The chuck that holds a semiconductor wafer durihg
photoresist‘application and subsequent photolithography must be
kept meticulously clean at all times. Conventional visual
inspection is inefficient and leads to more frequent removal of the
chuck for cleaning than is necessary. The present invention
describes a fast in-line system for inspecting the chuck's surface.
A laser beam scans the chuck's surface forming a picture that is
compared to a picture of the same surface made at a time when it
was known to be completely clean. The difference between these two
images is displayed on a screen, so the presehce of any foreign

matter on the chuck's surface is readily apparent.

 —————

FIGURE 1 IS SUGGESTED FOR PUBLICATION
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