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BACKGROUND OF THE | NVENTI ON '

Technical Field This invention relates to polishing pads
used for cr XYW snoot h, . ultra-flat surface on BODHSI&IBHMS as
gl ass, sem conductors, dielectric/netal conposites and integrated
circuits. It particularly relates to the bulk 10 structure of such
pads and their ability to allow optical in-situ end point

detection during the polishing or planarization process.

Background Art It is desirable to effect planarization of
integrated circuit structures in JEEJS@@&Eﬁ#ﬁ%%W]Of sem conduct or wafers
dur%ng t he manufacture of nultilaye ' rated circuits. The

pl anari zati on nust be very precise, providing a waf er surface that
varies froma given plane by as |little as a fraction of a ‘m cron.

Thi$ is usually acconpl i shedBACKGROUNR QE THE Y

pol i shing, on gn apparatus nost often conprised of a rotating table,

usual I'y circular, onto which is affixed a polishing pad, a wafer
carrier which presses t he waf €Fechinival Fiehht o t he pol i shing pad, and a

20
means of supplying chegicals . and, abrasi ves.to the polishing pad in
the formof a slurry. %Wg’ftl?é’rF‘BPsmP&‘smngpﬁ‘gng‘if%ﬁr?Hﬁ’%gWﬂ
sem conduct or waf qltfa-fit eurfieé b kidhienisas igliss, 3émicondhiétdrs, dielectric/méthianar i zat i on
apparatus are manufactured by | PEC Pl anar, Strausbaugh :

Manuf act uri ng and Cewpostpeandintegrated cirpuits; dhpationiasiygelptes tothebulis A
particular prqpl egeRGe WP hich pldy R indt RS bith SHELGRARY ehPpoi € S
detection during the polishing or planarization process.
Bacm' und Art
It is desirable to effect planarization of integrated circuit structures in

the form of semiconductor wafers during the manufacture of multilayer

15  integrated circuits. The planarization must be very precise, providing a
wafer surface that varies from a given plane by as little as a fraction of a
micron. This is usually accomplished by CMP, chemical-mechanical
polishing, on an apparatus most often comprised of a rotating table, usually
circular, onto which is affixed a polishing pad, a wafer carrier which presses

20  the wafer flatly onto the polishing pad, and a means of supplying chemicals
and abrasives to the polishing pad in the form of a slurry. Apparatus for
polishing thin, flat semiconductor wafers are well known in the art. Such
planarization apparatus are manufactured by IPEC Planar, Strausbaugh
Manufacturing and the SpeedFam Corporation among others.

25 A particular problem encountered when planarizing semiconductor wafers
on such apparatus is the determination that a wafer has been polished to the

' desired degree of flatness. Most end-point detection methods shown in the
| ' art rely on the change in the surface structure of the wafer as an overlying




on such apparatus is the determ nation that a wafer has been polished to

t he desired degree of flatness. Mst end-point detection nethods
shown in the art rely on the change in the surface structure of
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| ayer is renoved. Thus flatness is not easured, but is only considered
secondary to renoval of the overlying layer. In U S Patent 5,036,015 it is
the change in friction between the wafer and the polishing pad which

I ndi cates an end-point. In U S Patent 5,240,552 the thickness of the wafer

5 i s measured byabPR réfidVedS ThuPlatheds istol Mdastf@AUBItiConlPddiSideded U. S. Pat ent
5,337,015 speci al €l ectrodes underneath the polishi I’ll pad al ong. with an

el ectrical |y grouSeroadEste samavgl ofthy everyige laver. Ja&J. S+Patent SABGOITB&S sl urry . |
al l ows the diel ec%é%&yﬁﬁ&ghm%mmgwgm&megpvi ces for in-y ?
a

situ measurenment of thickness are very conplicat nd rely on specialized
10 el ectronic ci indigatesyntend-poiot iiplU.SHPaterd 51240,652 rhesthickressof the ws&ad of v

bolioning 5 HBasued by thd shabtit o mBedl sconBieStavet B SR ecr bscopi o
devi ce 0 MBasur ¢ 5,337,015 specd et uideilitthé bolifing phbalalg wich e vl or 1

t aken out of the polishing operation beforé the expected end point

is reached so thatelesiisallysrounded nolishing tablgand theusernfia condngtive sren t he waf er
31 L o ! bRt i 1 B e, BB B0, (1S
an apparatus for eimmeasagement of thicknesharewefyccomplicdted and relpen specialivédhg machi ne
LA T R T e e
used on the under ghaiglicatedifginBibRbd, Wiftrs areehoved Wém the polishing t he
di sadvant age of renoving part of the wafer fromthe polishing process at
apparatus and flatness is measured using a spectroscopic device to measure
the oxide film thickness. Usually, the wafer is taken out of the polishing
operation before the expected end point is reached so that excess polishing
15 doesnot occur. Then the wafer is reinserted into the polishing machine for
polishing to the desired endpoint.
U.S. Patent 5,081,796 shows a method and an apparatus for carrying
the wﬁfer while on the polishing machine out over the edge of the polishing
pad so that a rapid method of measuring the oxide jayer, such as laser
20  interferometry, can be used on the underside of the wafer. This method has
the disadvantage of removing part of the wafer from the polishing process at
any given time so that the wafer does not receive uniform polishing at all
times. This is also true for the optical end point detection method in
semiconductor planarizing polishing processes shown in U.S. Patent
25  5,413,941. It would be very desirable to have a machine upon which such
laser light measurements could be employed while the wafer is continuously

under total polishing conditions. '
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SUMVARY COF THE | NVENTI ON . A pad is provided for use on a
machi ne for the polishing of silicon waf ers which allows the use
of optical detection of the wafer surface 5 condition as it is being

pol i shed. This acconplished by m“h ' Pgﬂ![E entire pad or a
porti?on t hereof out of a solid unitor mi{|toto) yner nﬂslhieEel¥Il\ﬂqh no
intrinsic ability to ab#opad ipprovidedforasé os s umchinefor thegolishiwof siiconh i s

transparent to the li.ght.b being used .tq detect the fer surface

condisti on by opti cé*raf%whls@%%‘hﬁﬁﬁ%f%@ﬂ%&ﬁﬁ@m | i ght 10

having a wavel eggt homiﬁéﬂisiﬁasem%aaﬁhéﬂ. ’iﬁ@aéc@nﬁﬁﬁﬂdﬂﬁe&ﬁh&ﬁ%éﬂée sui tabl e
ads.

for the construction of these p o TAI LED
DESCRI PTI ON OF THE eptite®ad paportion thereof out of a solidh uniformy pelysesr iskeet withpads now

bei ng used for the-gﬁl '!- s el &‘ﬁ V\EIB i e made of from
a solid uniform pol yrreré‘;sun'“e}gfé)&fﬁ}gsder ar ort %}%sgg[?i e %lgn U S. Patent
5, 489, 233 whi ch i s tranasparentitol the light ibeans peing i1sedad idetect the wafer surface
condition by optical methods. Polymers which are transparent to light
10 having a wavelength within the range of 190 to 3500 nanometers are suitable

for the construction of these pads.

DETAILED DESCRIPTION OF THE INVENTION
There are polishing pads now being used for the polishing of silicon
15  wafers which are made of from a solid uniform polymer sheet. These are
described in U.S. Patent 5,489,233 which is made part of this specification
by reference. The solid uniform polymer sheet has no intrinsic ability to
absorb or transport slurry particles. This inability to absorb or transport
shurry particles distinguishes the bulk properties of polishing pads made from
20  the solid uniform polymer sheet from the bulk properties of any prior art
polishing pads. All prior art pads have a bulk structure which is made up of
fibers, contains pores as a result of either being filled with microballoons or
blown during manufacturing, or are filled with abrasive. Although the prior
art pads might be made from a solid polymer, they have a bulk structure
25  which is opaque to 2 beam of light because they are not a uniform structure
and will severely scatter any light beam directed onto them. The surface of
the polymer sheet useful for the present invention may be provided with both
v macrogrooves and microgrooves which transform the solid uniform sheet



by reference. The solid uniform polyner sheet has no intrinsic ability to
absorb or transport slurry particles. This inability to absorb or transport
slurry particles distinguishes the bulk properties of polishing pads nade
fFom 20 the solid uniformpolynmer sheet fromthe bul k properties of any
prior art WO 97/06980| i shi ng pads. Al prépr art pads have aPCUURSGAB443Ct ure

which is nade up of fibers, contdins pores as a result of either
being filled with mcroball oons or bl own during manufacturing, or
are filled with abrasive. Al though-the prior art pads m ght be
made froma solid polyner, they have a bulk structure 25 which is

opaque to a beam ofintp agexcellent polishingiped. As pointed cmt inthé teferenced ULS. (Ratent

The pol ymer  sheet deapu xBPY pis gl bOBRIS ool e SR REorb It o i (1

bot h MaCT Gt dhes; KAGHAONSIPcarbungtes i yfhs bt polyesRrsS ol i d 8
uni f or m sheet . 97/ 06921 o
PCT/ US96/ 13443 Since all of these can be made of a polymer which is transparent to light into

an excel |l ent poli shi M h | at ent

5, 489, 233, such%pa%ﬂ%g@%éd e out ﬂ%f ydfggf)?[g%@if@g&pn&%%@#gﬁ

i ncl udi ng pol yur et bamade which pliow i sitpeng-painb dete¢tion, using loptical methodssughk st er s.
Since all of these ca ge ﬁde of a polymer which is transparent to |ight

5 having a wavel eﬁﬁ "the range of 190 to 3500 nanoneters, pads can

be made which allow in ThétralpateiGans caltehddedy atiy bf'de Aiditiodsknowii 80ds such

as interferonetry. . . The transparentplmgads can be nmade by any
of the met hods knokhpse skilled in the art ofyaakingnolynasy sheet agcastipg andh ki ng pol ynmer

Chor mopl ast i o rat etk s, The pobmel by b5} Sermdpibsio et PR will tbadfon, | |,
will flow and is t temperatuneatiwbich it will Bowsawnd ds then fogmed by a processsudhrag or
extrusion. The pad g et} ShnliRY. e fad AR be WndRiotdBlg polymer
where the reactive ingredients are mixed together and heated in a mold to a
temperature at which the mixture sets. If the sheet as cast meets the
15  thickness specifications desired, it may be used as is for the polishing
operation. As an alternative, the pad sheet may be sliced out of the polymer
as cast.
If one wishes to have just a transparent window in an otherwise
opaque pad, a possible method of manufacture would be to castarodora
20  plug of the transparent polymer. This casting can then be inserted in the
opaque polymer in its mold while it is still liquid making sure that there is
compiete contact between the transparent plug and the opague polymer.
After the opaque polymer has set it may be unmolded and sheets for pads
with transparent windows may be sliced from the casting.
25 As shown in U.S. Patent 5,489,233, pads useful for chemical-
mechanical polishing of integrated circuit wafers which are made of a
polymer sheet which has no intrinsic ability to absorb or transport slurry
particles must have in use a surface texture or pattern comprising both large



tenperature at which the m xture sets. If the sheet as cast neets the 15

where the reactive ingredients are m xed together and heated in a nold to a

t hi ckness specifications desired, it may be used as is for the polishing
operation. As an alternative, the pad sheet may be sliced out_ofthe polyner
as cast. WO 97/06921 If one wishes tos have just a transg3r&RPsEHAtow in
an ot herw se opaque pad, a possible nethod of manufacture would be
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still liquid making sure that there is onpl ete contact between the
transparent plug andsmﬁbﬂ@p&melpolrywemﬂbe thereforaAsmemmfcmpadFmopol ynmer

wi ndgws rmy b o 1HEH AR A48 Bl Alimels when ool 8877 7

Pat ent 5, 489, 233, mcbtmafmhe:ﬁahmi@mmkparmpomnommﬂslﬁ@pﬂﬂol i shing of
integrated circuit wafers which a of a pol yner sheet "whi ch
has Ao intrinsic quWVBﬂ’éﬂgg‘?’Hg’é FREGo Since the st in the flow particles

must have in u I,
must have ! S Zhanfefs3ERIatve] Lokt x@%&c&s&meu%wanhehgnmw

PCT/ US96/ 13443 is measuring the changes in the wafer surface. and

small fl ow channel s. T therefore. s i.nt e
the smal| anpbunt of S|3 SWH"%%"Z"%”PP% n%‘& °Wﬂa&8ﬁ?r'§%§§sgﬁ Si tu
opti cal rreasurenerﬁoﬁsmﬁgmgb;hichtammmﬂsemweammheﬁmhmemwhl ng pad.

One -can conpensate r thys |nterferenc Since the slurry in the flow
5 channels is ré!"&’aﬂge?tj ted ereuit fﬁ?@@?eeaﬁths@tmswéa of the

si gnal which
It is also poslsol bIe or ohe"to |ﬁ°lgrt gé}é’nSo I nto any ??d ﬁa tiges of

pol i shing pads whisold asPeliten by Redely IngeofiNewark, dDélaware faad filled andéiertblowre al

composite urethanes such as IC-series and MH-series polishing pads also
manufactured by Rodel, Inc. of Newark, Delaware. Such pads are not made
from a solid uniform polymer sheet which has no intrinsic ability to absorb or

15  transport slurry particles. They are by their pore-containing nature
intrinsically capable of slurry transport. A hole could be cut through any of
these pads and a plug of solid transparent polymer inserted to act asa
window for optical end-point detection. It would be best that the surface of
the solid polymer plug have a surface texture or pattern as described in U.S.

20 Patent 5,489,233 so that polishing activity is close to being uniform over the
entire polishing pad.

In addition to the polymers previously mentioned (polyurethanes,

acrylics, polycarbonates, nylons and polyesters) it is possible to make a
transparent window out of polyviny! chiorides, polyvinylidene fluorides,

25  polyether sulfones, polystyrenes, polyethylenes and ﬁolytetraﬂuoroethylengs.
Such windows can be made by casting or extruding the polymer and then
cutting the polymer to the desired size and thickness.
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1. A pad useful f%dﬂﬂ&ﬂﬂ&bb@&rh&l"s%ch&@é&tﬁér?&é& o B p
| uni

having at |east a portion conprised of a orm polyrrer sheet W th
no i nt 1 nsotainbig) particles aceoss saidsusface, said sprbace texture oy PHtam beings. sai d

pol yner sheet %ma&m&;ateyéﬁmea@utmmmm&&dW@Mh wi thin

the range of 190 to
polymer sheet.

3. A pad according to claim 1, wherein said pad comprises a first

portion comprised of said solid uniform polymer sheet transparent to light
15  and a second portion comprised of a microporous polyurethane structure.

4. A pad according to claim 2, wherein said pad comprises a first
portion comprised of said solid uniform polymer sheet transparent to light
and a second portion comprised of a microporous polyurethane structure.

5. A pad according to claim 1, wherein said pad comprises a first

20 portion comprised'of said solid uniform polymer sheet transparent to light
and a second portion comprised of a filled or blown composite polyurethane
structure, |

6. 'Apad act:ording to claim 2, wherein said pad comprises a first
portion comprised of said solid uniform polymer sheet transparent to light

25  and a second portion comprised of a filled or blown composite polyurethane
structure. | _

7. A pad according to claim 1, wherein said pad comprises a first
portion comprised of said solid uniform polymer sheet transparent to light



3500 nanoneters. 2. ' to claim1l wherein said
solid uniform pol yner sheetlmﬁﬂﬂgﬂlimwlgm th a surface texture or
pattern conprising both | arge +  andusmal s T [*ow channel s whi ch
together permt transport of polishing slurry 10 cont ai ni n,% gart i cles
across sai d ¥OPP% said surface textureyor pattern being PETUSIANR G ced
solely by external neans upon said surface of said solid uniform

pol ymer sheet. 3. A pad according to claim1l1, wherein said
pad conprises a first portion conprised of said solid uniform

pol ymer sheet tramarent to light 15 and a second portion conprised of a
m cr opor ous pol yuiead & sgeondportion cergprised of a solid uniform palymér sheet withene di ng -t o

claim2, wherein . | € | I . Qrtion,conprised of
sai d, solid unifor %@@ﬁgﬂ%&ﬁt@ﬁgéﬁﬁﬁﬁw%"V‘fl%sh?m& secondp“g B a second .
porti ondcorrpri 3ed badinga ijwﬁh@tmrmltmgdi@amd %mﬁsﬁ@bothflarge and

5. A pad according to_clajm 1, rein said pad, conprises a first 20
por ti on conpri sed%WEQQW&L%;]FH’%it?WMEWdWP polishing 8lrryi o | i ght
and a second pert icgRanmgpaiteRs ' }f?g : g;‘ﬁ@@t&ggp ' ret hane
structure. B 6. Aa%gﬁasﬁégc%r méﬁmtlo clairm B%% el nbés?;i d pad
conprises a first solely by extepnal meany upompaid suface of said solid uhiform prilyreerm pol yner

sheet transparent sﬁe%tl i ght 25 and a second portion conprised of a filled
or bl own. conposite pdl yurethane structure. 7. A pad

according to claiml, shapadnacanditg pedainpwhesesis sfd pad comprises a first porti on
i sed of id id i, f nol .Sheet, t t to |jght
O S0 S pafion folpried o 8 bl ptyer o Hasapars 0 i
PCT/ US96/ 13443, d nd : : sq s sheet Wi
and a second portiagnag%crorpr{:%rggng?m%nsggpfﬁs%hr%*nggﬁng%w%r sh‘glg%m\’/vith no
intrinsic ability to absorb or transport slurry particles, said second portion

having a surface with a surface texture or pattern comprising both large and
small flow channels which together permit transport of polishing shurry
containing particles across said surface, said ém‘face texture being produced

15  solely by external means upon said surface of said solid uniform polymer
sheet.

25
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A pad is provided for use on a machine for the polishing of silicon wafers which allows the use of optical detection of the wafer
surface condition as the wafer is being polished. This is accomplished by constructing the entire pad or a portion thereof out of a solid
uniform polymer sheet with no intrinsic ability to absorb or transport slurcy particles and which is transparent to the light beam being used
to detect the wafer surface condition by optical methods, Polymers which are transparent to light having a wavelength within the range of




