18 *MAY 2604 ROUNDED SURFACE FOR THE PAD CONDI TI ONER USI NG H GH TEMPERATURE

" BRAZI NG BACKGROUND OF THE | NVENTION (1) Field of the Invention The {8 MAY 2004
invention generally relates to a chem cal nechani cal polishing process used
in sem conductor nmanufacturing and, nore particularly, to a pad conditioner

used to renove build up of residue and slurry from an abrasive polishing

pad during a chencal §nd nechani cal polishing process of a sem conduct or
waf er. (2) Descrm]i SURFAGE FOR TE85PADCONDEIONER WSING BIGHT t en uses a

combi nati on of chem cal and mechanical polishing (CW) to reduce the
t hi ckness and pl anarize a thi nTEMRBRARIREBRAZDSGwWaf er. Typically, the
wafer is placed in a polishing head and makes contact with a rotating
polishing pad having a slurry applied thereto. Oten the polishing head
hol ding the wafer also rotates nmaking the planarization process nore

uniform Fig. la and Ib iIIBMK@R@UmeFmVWDCU”em art for the
CWP process. Fig la shows a cross section of the process, while Fig |lb
shows a nore sinplified top view The wafer (not shown) is contained

| aterally by a wafer carrier 106. To facilitate 1

(1)  Field of the Invention

. The invention generally relates to a chemical mechanical polisﬁing process used
in semiconductor manufacturing and, more particularly, to a pad conditioner used to
remove build up of residue and shiry from an abrasive polishing pad during a chemical

and mechanical polishing process of a semiconductor wafer.

(2)  Description of Prior Art

Semiconductor fabrication often uses a combination of chemical and mechanical
polishing (CMP) to reduce the thickness and planarize a thin film coating on a wafer.
{ Typically, the wafer is placed in a polishing head and makes contact with a rotating
polishing pad having a sturry applied thereto. Often the polishing head holding the wafer

also rotates making the planarization process more uniform.

Fig. la and 1b illustrate schematically the current art for the CMP process. Fig 1a
shows a cross section of the CMP process, while Fig 1b shows a more simplified top

view. The wafer (not shown) is contained laterally by a wafer carrier 106. To facilitate




18* MAY 2004 thin film planarization, uniformpressure is applied
mechani cgl |y from above to the carrier 106 hol ding the wafer firm § 8y 280
t he polishing pad 100. The polishing table 102 and polishing pad 100 are
rotated at a set speed about axis A2 by adjusting the polishing table
drive nmechani sm 104. The carrier drive nmechanism 108 will rotate the wafer
carrier 106 about axis Al at a second predeterm ned speed. During the CW

process an B Aim plagarization; yeiferorpressiugs spplisdmechadical e dbavistothgh a spi got
110. During the polishing operation residue fromthe wafer and particles
in the sl ucatyien i@ holdingithg wafen firplyragaingfthe jrdisiiaglpadOi@). Qhe polishing tibk S r educes
the thin filmrenoval rate and can result in yield |loss. For this reason,
the pad i s 1f2eadphliskihg padcidGdid iotanaitat a Setapadnbintiagis a2 thhdjustisgheal | y havi ng
a di anond abrasive crystal electroplated to the |ower surface (not shown)

I s pressed palishingsablée bévenaethdsin Wod.! Théirg Ay AecHaaignalOR Wil fditae ghel e pad .
100 and rotated about axis A3 by the conditioner drive nmechanism 114. This

condi ti oni R@fere@eiEAIl6ABoR RIS MAEQNIBRIMBIniR f %uri'ng éﬁ@‘e pol i shed,
but often is perfornmed as a separate step with de-1oniz (D) water

appl i ed top;&essmaqu&b@mﬁ%mmwl1rsri99ﬁ,§é,ié§m;§§gﬁ% sHEsI3A Byl en needed

because constant contact of the conditione cause

the pad 10@hdfRIMEA ofdtiioR F1RE %@%?wggg%@g&gmamgggﬁygé@ug& gt rating

in cross section the current art nditionin ndi ti oner

) 112 havi ng pgrek bfthe pa AT e ARLE iy RatleY e Hin FSmoval rate and can result in
: yield loss. For this reason, the pad is periodically conditioned. The conditioner 112
typically having a diamond abrasive crystal electroplated to the lower surface (not
shown) is pressed against the pad 100 while being moved radially across the pad 100 and
rotated about axis A3 by the conditioner drive mechanism 114. This conditioning
operation can be performed while a wafer is being polished, but often is perfoﬁned asa
separate step with de-ionized (DI) water applied to the pad. The conditioning process is

only performed when needed because constant contact of the conditioner 112 and pad

100 wonld cause the pad 100 to wear out prematurely.

Referring now to Fig. 2 illustrating in cross section the current art for pad
conditioning. Here a conditioner 112 having a flat, diamond abrasive crystal lower
surface 118 is pressed against the pad 100. The diamond crystals 118 are usually
electroplated to a nickel alloy conditioner 112. Unfortunately, this arrangement causes
the conditioning to occur non-uniformly which in turn results in non-uniform material

removal from the wafer. The non-uniform conditioning is caused by two factors. The



surface 118 is pressed against the pad 100. The dianond crystals 118 are
usually ,electroplated to a nickel alloy conditioner 112. Unfortunat alﬁyMAY 2004
this arrangenent causes the conditioning to occur non-uniformy which in ‘
turn results in non-uniformmterial- renoval fromthe wafer. The

non-uni form conditioning is caused by two factors. The 2 18 MAY 2004 first
factor is dye to the increased friction at the leading (left) edge of the _
condi ti onerfirgufactor Fpetozthelingicased lfridtionat ihe feadidg ef Pedot 8FIHE REndiglaf {74 MOtion
bet ween the pad 100 and conditioner 112. The secong factor 1s that, due to

t he shape ofhis sdditbmaliiciionesults Em thb eslatik Woki¥n Sa%er?‘tﬂ@gﬁ%ldbsa?ﬁ during the
reac

condi tioning process (typically DI water) wll not theé center of the

condi t i onercofidifione#2.0THeesecdidTRt6H TS Wat, Qud %itﬁe Jc¥ a@%ﬁ@% lgh %Igl b g}stbh od is

that the low pH slurry attacks the dianond crys @rticles

to fall ofstusdothowmOLed rhgihd @Jnﬁﬁ*"mgPﬁ‘%%s%r(ﬁ'ﬁiﬁygﬁfmﬁ%%%ﬁ%ﬁ?ngt t enpt

to address problems with pad conditionint

-uni for m ty redoh the RafeLhtih : 0 ~2U ama, et al.. feaches_ a :nethod
using a specific poli shi%’”g‘ﬁlgg‘ﬁﬁ%?‘ol?'go\?’?f? roblemwittithis pad eenditianingni ng t ool

whi ch has p@ ' formio the shape of the backing film
used on the \Exlg‘a 25%@'%?;%@ s%%%ﬂ%gg gﬁt&w’:ﬁn ffylfﬁ@p 1§ crinepericlesin &l a

met hod usi Qg k& ¥Shsk ' he -conditioner in place thereby elimnating
sli ppage of the con |et%%¥&%?§afeﬁatent

Other approaches attempt to address problems with pad conditioning and
maintaining polishing uniformity. U.S. Patent 5,605,499 to Sugiyama et al. teaches a
method using a specific polishing pad along with an oscillating conditioning tool which
has a shape designed to conform to the shape of the backing film used on the wafer
carrier. U.8. Patent 5,667,433 to Mallon teaches a method using keys to locking the
conditioner in place thereby eliminating slippage of the conditioner. U.S, Pateﬁt
5,823,854 to Chen teaches a method utilizing an automated measuring process to
determine when the polishing pad needs conditioning. U.S. Patent 5,904,615 to Jeong et

{' al teaches a method using a disc or cup shaped conditioner while providing ultrasonic
vibration to the conditioner. U.S. Patent 5,906,754 to Appel et al teaches a method where
polishing and conditioning are performed simultaneously. There are three embodiments
of this invention using conditioners with a lower surface having triangular teeth,

rectangular teeth and dimples, respectively.



5,823,854 to Chen teaches a nethod utilizing an autonmated neasuring process
to «eterm ne when the polishing pad needs conditioning. US. Patent@ MAY 2{]&4
5,904,615 to Jeong et al teaches a nethod using a disc or cup shaped
conditioner-while providing ultrasonic vibration to the conditioner. U S.
Patent 5,906, 754 to Appel et al teaches a nethod where polishing and
conditioning are perforned sinultaneously. There are three enbodi ments of
this invention using conditi SHMMARKtOF BHEANEENTUORNace havi ng triangul ar
teeth, rectangular teeth and dinples, respectively. 3 SUWARY OF THE

| NVENTI ON A princi pal object of the present invention is to provide a CW
process which polishes the wafer equally across the wafer surface by

ci rcunventing th‘éppm)]izﬂlehjsct of eheppebetyinvenion W td ﬁﬂb{}iﬁ@? V\ﬁgkés%)%%ég'ual In n

doing this, material renoval at the edge of
that at thepaisheselie wafstdgubl ckdds Bhé |
(bl QAL st 0 Al Bilvefing {16 Brc

sem conduct or material. Another object presen

provi de an danged by edn-uBiESA e Pohdif; i of .the poljshing
pad used in CVP. Anot her obj ect é?nﬁeﬁ’g?g;genp l"g’ﬁfa]iaéﬂi d’dg?(’f’%nd t he

life of thahpwhiestilng: Shl ng pr ocess Yet anot her
S oV L SO A AT

obj ect of the present invention i1s t Reen t he
semiconductor material. -

e&?‘?ls to

Another object of the present invention is to provide an improved mechanism for

uniform conditioning of the polishing pad used in CMP.

Another object of the present invention is to extend the life of the polishing pad

used during the polishing process.

Yet another object of the present invention is the reduction in friction between the

leading edge of the conditioner and the polishing pad.

A further object of the present invention is equal distribution of shurry under the

conditioning surface of the conditioner.

Another object of the present invention is to provide an improved method of

bonding the diamond crystals to the lower surface of the polishing pad.




| eadi ng edge of the conditioner and the polishing pad. A further object of
‘the.present invention is equal distribution of slurry under the 9004
conditioning surface of the conditioner. Another object of the preseﬂiea MAY '
invention is to provide an inproved nethod of bonding the dianond crystals
to the lower surface of the polishing pad. 4 1 8 MAY 2004 r A still further

© object of the present invention is to provide an inproved nethod for

uni f orm condi t i dritildurtier bbiectpbitieprdsay ipastistsigeh hrovigm Dot A g

condi t i one%uy\n th a n(;l;)nvex | ower surface. These objects are achi evgd by I
using a cokdivnifomeconditioning of e\pOKsHIR R @q\gp . dlangnd crysta
abragi ve surface. The nodifi ca;p?on in gr?gép%ﬁlre ug"?as t %‘gonp?fllog%ri bhet ween

the pad ancomvex tbivier eut®iceand al so allows the slurry to reach the center of

the conditioner. This results in a nore uniformy conditioned surface which-:
then yields nore uniformy polished wafers. BRI EF DESCRI PTI ON OF THE

DRAW NGS I n the acconpanying draw ngs formng a naterial part of this

description, tpKeSe bjedtd@¥Mchieved by using a conditioner with a convex lower surface

covered by diamond crystal abrasive surface. The modification in shape reduces the
friction between the pad and conditioner and also allows the slurry to reach the center of

o the conditioner. This results in a more uniformly conditioned surface which then yields

more uniformly polished wafers.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is

shown:

Figs. 1a and 1b illustrate a schematic representation of the current art in CMP

{ . including the conditioner. Fig. 1a shows a cross section of the CMP apparatus, while Fig.

1b shows a top view of the CMP apparatus.

Fig. 2 illustrates the pad and conditioner of the prior art and shows the relative

motion between them.



Figs. la-and Ib illustrate a schematic representation of the current art in
CWP ,including the conditioner. Fig. |la shows a cross section of tMWzgg&
apparatus, while Fig. |b shows a top view of the CWP apparatus. Fig..2
illustrates the pad and conditioner of the prior art and shows the rel ative
notion between them 5 18 MAY 2004 Fig. 3 shows in cross-section the

condi tioner of the present invention illustrating the convexity of the
condi ti oni ng surfigceshoREBCRISTEtine OF CDREiPREBERRPREVBOBHIENIGdhr I i Ng
now nore particularly to Fig. 3, there is shown the cpndlploner_Blg W th
conditionin@esmnkﬁQaﬁﬂMkNMﬂmﬂmgpnﬁ&ent invention. This figure illustrates
the convexity of the conditioning surface. Typically the conditioner 312
has a thickness (dimension A) of between about 10 to 25 nm The thickness
of the conditioning surface 318 at the center (dinmension C) is between
about 0.5 to Snm The thickness of the conditioning surface 318 at the
edges (dinension B) is between about 0 and 4. 8mn Thi s allows the thickness

di fference between thjggmpﬁor@@g- Pﬁﬂg ning surface to
measure a m ni num of about O nun very y conve to a maxi mum of

the entire thickness of the condltlonlng surface (nore convex). The
conditioning surface 318 is typically a -

Referring now more particularly to Fig. 3, there is shown the conditioner 312 with
~ conditioning surface 318 of the present invention. This figure illustrates thg convexity of
- the conditioning surface. Typically the conditioner 312 has a thickness (dimension A) of

between about 10 to 25 mm. The thickness of the conditioning surface 318 at the center
(dimension C) is between about 0.5 to Smm. The thickness of the conditioning surface
318 at the edges (dimension B) is between about 0 and 4.8mm. This allows the thickness
difference between the center and the edge of the conditioning surface to measure a
minimum of about 0.2 mm (very slightly convex) to a maximum of the entire thickness of
the conditioning surface (more convex). The conditioning surface 318 is typically a
diamond abrasive crystal grit. Molecular bonding using high temperature annealing

( ' (brazing) is used to attach the diamond crystal to the nickel alloy conditioner 312. This

bonding method will not be susceptible to attack by the low pH slurry.

Using a convex shaped pad conditioner, the present invention circumvents the
problems created by non-uniform pad conditioning thus providing a CMP process which
polishes the wafer equally across the wafer thereby resulting in even planarization of thin

film semiconductor material. In addition, the use of the convex pad conditioner extends



di anond abrasive crystal grit. Ml ecul ar bonding using high tenperature
anneal ing (brazing) is used to attach the dianond crystal to the HigFlgY 2004
all oy conditioner 312. This bonding nmethod will not be susceptible™to
attack by the low pH slurry. Using a convex shaped pad conditioner, the
present invention circunvents the problens created by non-uniform pad
condi tioning thus providing a CMP process which polishes the wafer equally
across t hdhelifeof themolighige padsised dusipgithe nolishing pragrss kudaeduses e fiidtion i | m

sem conductor material. In addition, the use of the convex pad conditioner
ext ends 1&etween tigdeadingedge dEthe tonditénpodndshs pujishinglpads Ebk prasenhipvétienpol | shi ng
process and reduces the friction between the |eading edge of the

condi t i ongesuits th ¢goal disstibigion iofj sipag nnden eheporditdting suvfact dfale congBidhdrs i n equal
distribution of slurry under the conditioning surface of the conditioner
and provi ded pravides uord wiform oostitid iy ¢f3hofoliskife Pl isedinTMPATiHBRd in CVP.
Finally, brazing the dianond crystals to the underside of the nickel alloy

condi t i onéirazigy the damondtestalls &6 the 0REkriies HRRMitIREaI0yohdHiSneafstng@ndi ti oner
that is not attacked by the low pH slurry used in CVWP. This elimnates the

pr obl em whgglecuttir BoRIBEWEMThAdr§stalS R HnBitbh@That s PR UyABE fowrAtS| NY
scratches on the wafer surface. Wile the invention has been particularly

shown and sA@§GistdRECMP! This lAIRRS ehel Pobit /et Bidna drnitiRad) her eof
it wll be understood by thése skilﬁg% In thg artnthat va?%%%ﬁ%c anges in

form and deé @intfiol@%alng RAGHM S W AFRAHENT rom the spirit and
{

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, 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.




scdpe of the invention. 7 18 MAY 2004 CLAIM 1. A polishing pad conditioner
for renmoving the buildup of slurry and sem conductor filmfrom sai Ctl;lS MAY 2004
pol i shing pad produced during chenical nmechanical polishing conprising %
conditioner having its entire | ower surface which is convex in shape. 2.
The pad conditioner according to claim1 wherein said | ower conditioning
surface has @aeenter thiekness of no nore than about 5 nm 3. The pad
condi ti onerl. aAgelishingpddcosditiondr for WiBsvahgdthe Bhitliub QPRI 9:3@ b urface
has a thickness at the edges of no m)rg;tht han gbou?ngf. r%ﬂ&ﬁlhﬁ%i pad
condi t i onerfilaCEdih il BotsRing mad Hroductl LAl j: Wel; I1t10ning. surface
has a difference ins?hi c_ghesgﬂob%jt mgﬁﬁ%]%%ﬁfé%égg anaagjgg%hé?g%ﬁm Meeast 0.2
mm 5. The pathdaRmei fdvipals AGRAbILNGrEfe #hRhM donvbemshipesai d | over
conditioning surface-is conprised of dianond grit nolecul arly bonded to a
ni ckel alloy by high tenperature brazing. ( 6. The pad conditioner
according to claim1l wherein said conditioner rotates and noves radially

on said po |2'. Sﬂéﬁd%@ﬁdiﬁoner according to claim 1 wherein said lower conditioning surface has

a center thickness of no more than about 5 mm.

3. The pad conditioner according to claim 1 wherein said lower conditioning surface has

-

a thickness at the edges of no more than about 4.8 mm.

4. The pad conditioner according to claim 1 wherein said lower conditioning surface has

a difference in thickness between the edges and center of at least 0.2 mm.

5. The pad conditioner according to claim 1 wherein said lower conditioning surface is

comprised of diamond grit molecularly bonded to a nickel afloy by high temperature

brazing,

6. The pad conditioner according to claim 1 wherein said conditioner rotates and moves

radially on said polishing pad.

7. The pad conditioner according to claim 1 whereby de-ionized water is applied to said

pad during said pad conditioning process.




7. -The pad conditioner according to claiml| whereby dc-ionized water is
applied to said pad during said pad conditioning process. 8 18 NAYAZORAY 2004
A polishing pad conditioner for renoving the buildup of slurry and

sem conductor filmfrom said polishing pad produced during chem ca
nmechani.cal poli'shing conprising a conditioner having its entire |ower
surface which is convex in shape with a center thickness of no nore than
about 5 nmand an edge thickness of no nmore than'about 4.8 5 mm 9. The pad
conditioner according to claim8 wherein said | ower conditioning surface is
conprised of dianmond grit nol ecularly bonded to a nickel aIon by hi gh

t enper at u.e Aipcdizhing padlédndifibRerFate Qﬁﬁggie(mﬁ upao(\f% rdi ngls%@m(): im8 wherein

sai d conditioner rotates and noves y *on CtBéd 11. The
pad condi filbpofiieh said ek ] |on d water is applied to
said pad during tﬁg pg‘gq)go?gﬁt .@égﬁ“ﬁa :) %3’“}1 ca!ﬁ?"gﬁh’i“%ﬁ?fﬁgf%
condi t i ongdonfifiont urr and emc: nduc filmfrom
the pol i shlorlllg pad- pr\ﬁgucehnﬁl}?‘l”%rgsué & }&154' ‘%{‘Hflé {Pepd %?ﬁn -conpri si ng

a-- a co i ntire.lo rface which is convex in shape
- a ﬁﬁbkﬂe@é‘@ﬂ’nohﬂ&le%naﬁéut%mmandane ge tlncL:lkness of no more than about 4.8 P

5 mm,

¢ 9. The pad conditioner according to claim & wherein said lower conditioning surface is

comprised of diamond grit molecularly bonded to a nickel alloy by high temperature

brazing,

10. The pad conditioner according to claim 8 wherein said conditioner rotates and moves

radially on the polishing pad.

11, The pad conditioner according to claim 8 whereby de-ionized water is applied to said

pad during the pad conditioning process.

C12.A polishing pad conditioner for removing the buildup of slurry and semiconductor
film from the polishing pad produced during chemical mechanical polishing comprising a-~
"1 a conditioner ﬁa\}iﬂg its entlre lower éﬁrface which is convex in shap.o.aﬂand 1s
compoéed of a diamond grit molecularly bonded to a nickel alloy by high temperature

5 brazing with a center thickness of no more than about 5 mm and an edge thickness of no

more than about 4.8_mm.




conposed -of a dianond grit nolecularly bonded to a nickel alloy by high
tenperature 5 brazing wwth a center thickness of no nore than abouts&qgnmf2m4
and an edge thickness of no nore than about 4.8 mm 9 18 MAY 2004 ~ 713.
The pad conditioner according to claim 12 wherein said conditioner rotates
and noves radially on said polishing pad. 14. The pad conditioner
according to claim 12 whereby de-ionized water is applied to said pad
during the pad conditioning process. 15. A polishing pad conditioner for
removi ng the buildup of slurry and sem conductor filmfromthe polishing
pad produced during chem cal nechanical polishing conprising a--- a -

condi t i dAetherpad comditioner anqoiding tb olaén 12 whemiresawhionliitiosereomeesnd N shape havi ng
a difference in thickness hetween the edges and center of at least 0.2 mm
16. The mexes radially on saidpolishingpdd.ng to cl ai m 15 wherein said | over ‘
conditioning surface is conprised of dianond grit nolecul arly bonded to a
ni ckel alloy by high tenperature brazing. 17. The pad conditi oner
according to claim 15 wherein said conditioner rotates and noves radially

on sai d1fdlhephd oghditivdher according to claim 12 whereby de-ionized water is applied to

said pad during the pad conditioning process.

15. A polishing pad conditioner for removmg the buﬂdup of shurry and sennconductor

iz

film ﬁ‘om the polishing pad produced during chemical mechanical polishing comprising a—
~a conditioner havmg its entire lower surface which is convex in shape having a -

diﬂ'erencerin thickness between the edges and center of at least 0.2 mm.
16. The pad conditioner according to claim 15 wherein said lower conditioning surface is
comprised of diamond grit molecularly bonded to a nickel alloy by high temperature

brazing,

{ 17. The pad conditioner according to claim 15 wherein said conditioner rotates and

moves radially on said polishing pad.

18. The pad conditioner according to claim 15 whereby de-ionized water is applied to

said pad during the pad conditioning process.

10



18- The pad conditioner according to claim 15 whereby de-ionized water is
applied to said pad during the pad conditioning process. 10 18 NAY} G/ 2004
19. A polishing pad conditioner for renoving the buildup of slurry and

sem conductor filmfromthe polishing pad produced during chem ca
mechani cal polishing conprising a conditioner having a | ower conditioning
surface which is convex in shape and is conposed of a dianmond grit

nol ecul arly bonded to a nickel alloy by high tenperature S brazing having a
difference in thickness between the edges and center of at |east 0.2 nun.
20.- The pad conditioner according to claim19 wherein said conditioner

rotates M pollRkBS phdEdmAltioeOBr Sfod: [Shi d. 21l The pad conditioner
according to clai anp_19_ wher eby ﬁ%ﬁ?ogﬁng?éédﬁﬁmgﬁ PPS? 2P SPREOIB % qi d pad
during tfien pam thopiilishing thfﬁ‘o@ﬁé%ﬁ Qifing dbmical mechanical polishing comprising a

conditioner having a lower conditioning surface which is convex in shaﬁe and is

composed of a diamond grit molecularly bonded to a nickel alloy by high temperature

5 . brazing having a difference in thickness between the edges and center of at least 0.2 mm.

20. The pad conditioner according to claim 19 wherein said conditioner rotates and

moves radially on said polish}ng pad.

21. The pad conditioner according to claim 19 whereby de-ionized water is applied to

‘said pad during the pad conditioning process.

e,
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