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Abstract. The purpose of this study was to characterize a new pad conditioningh dexyms of
corrosion resistance and CMP performances, such as removal rate, foomityi and
contamination of metals and particles on wafers. The new conditionkgvdssmanufactured using
a pattern process on ceramic substrates and a diamond CVD on faitdrsgates. The point size
and numbers were easily controlled by the pattern process and a udiéonond film growth was
achieved by the CVD process. Conventional conditioning disks often encounteanpsadich as
scratches due to the diamond segregation and the metal contaminhiabnisvdue to the dissolution
of Ni during the CMP process. The new conditioning disk eliminatedilneeas of microscratch and
metal contamination from diamond segregation and metal dissoluti@sotexhibited a high
corrosion resistance when treated with corrosive chemicals, stizaand KOH. No differences in
removal rate and non-uniformity were measured, unlike those with thentammad conditioning
disk. Also, the defects and particles on polished wafers were redsiogdthe new conditioning disk.

I ntroduction

Pad conditioning during CMP (Chemical Mechanical Planarization)riecessary process for the
constant removal rate and non-uniformity [1]. The structure and propeftigslishing pad are
important in determining the polish rate and planarization abilith@fCMP process [2]. During
CMP, the change of pad surfaces is not uniform, thus the micro pores pad surface can be easily
blocked by slurry residues [3].

The conditioning process of the CMP pad is a necessary to maiotestact removal rate and
uniformity during CMP [4]. Commonly used conditioning disks are composedeéaif@plated Ni on
SS (stainless steel) substrates to combine abrasive diamonds.coheentional conditioning disks
cause problems such as scratches because of the diamond segesghtlim metal contamination
resulting from the dissolution of Ni surface during CMP [5]. Sintgand CVD methods have been
studied and developed in order to solve these problems [6]. However, thesmomddisks were
still prone to scratches and metal contamination on polished sugpeeialy in the acidic metal
CMP processes.

In this study, the ceramic based conditioning disk was introduced tma&iethe scratches and
the metal contamination during CMP. The change of removal rates fautisden polished surfaces
were evaluated with the corrosion resistance in various acidic and alkaline alsemic

Experimental Materials and Procedure

The SN, ceramic based conditioning disk was manufactured by a pattern ashiceand the
diamond CVD processes. The grooves on the ceramic substrate nenaee by Hunatech precision
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milling machine (HNT-G-W150) and the shape and density of patterms adjusted for the
optimization of pad conditioning. The diamond film was deposited thick enouptotect SiN,
patterns and enhance the performance of conditioner. A thermal CVB@raceomplished using
Hunatech CVD equipment (HNT-CVD-1200), was used for the diamond film deposition.

The corrosion resistance of the ceramic conditioner was evalnatedlic and alkaline solutions
with various pH values using,B, (30 wt%) and KOH (45 wt%) chemicals. After dipping the disks
in these chemicals for a week, the surface morphology were observed using FESEM.

Strasbaugh polisher (6DSSP) was used for the polishing test and mahmelyurethane pads
(IC 1000, Rodel Co.) and ILD slurry (Cabot SS-25) were used for theimguas. Eight inch
8000A-thick USG wafers were used for the oxide CMP. The polishingmeders were set
accordingly ; head pressure 7 psi, conditioner pressure 3 psi, platdr2§pgen, head speed 25 rpm
and slurry flow rate 125 ml/min. The polishing and conditioning time wetdrom 1 to 5 minutes.
The removal rate of USG wafers was measured by an ellipso(R&i€liD, Rudolph Co.). Defects
on the patterned wafers were analyzed by KLA 2132 after post Clghicg. Particulate
contamination was measured using laser surface particle scanner (SFS-6200C6enc

Results and Discussion

In the ceramic conditioner, every point of groove patterns acts @dsnaond abrasive in a
conventional conditioning disk. The many parameters, such as point size and numbespiveoint
controlled to optimize the conditioning disk as shown in Table 1. In ord=raloate the polishing
performance, the removal rate and non-uniformity of USG wafers fdr ti@ ceramic and
conventional conditioners were measured and compared. Figure 1 showsetatsr structure of
the pattern used for polishing test.

Table 1. Pattern structures of ceramic conditioners used for polishing

Point sizeym) Valley (xm) # of point Channelgm) Channel pitckym)
1st 0.04 0.3 46158 0.5 2.5
2nd 0.04 0.5 13279 1 4.3
3rd 0.03 0.5 2816 - 4.3

i

Figure 1. The schematic structure of a pattern used for polishing test ; P : CoitingP. Cell
Size, V : Valley(Point to Point), G : Groove(Cell to Cell), CPhannel(Cell Block to Cell Block), CP
: Channel Pitch(Channel Height)

Figure 2 (a) shows the SEM cross sectional image of diamondyfdmwin on ceramic substrate.
The TTV (total thickness variation) of grown diamond film was below 1&igure 2 (b) shows the
SEM images of grooved ceramic point and the patterned grooves ornccsudistrate after the CVD
process. Point size and point positions were uniform compared with convenbtadgioning disk
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as shown in Fig. 2(c). It was considered that the contact areadyepad and disk could be controlled
by the pattern structure and point size.

o

Figure 2. SEM images of (a) deposited diamond film on tki¢,Suurface, (b) CVD diamond coated
on SgN4 patterns and (c) conventional conditioning disk with electroplate technology

The corrosion resistance of ceramic conditioner was measureitlio @&ed alkaline chemicals,
such as kO, at pH 4.6 and KOH at pH 12. Figure 3 shows SEM images of the icedesk after
dipping in chemicals for a week. No changes in surface morphologyolveezved on conditioners
treated in chemicals.

(@) (b) (©)

Fig 3. SEM image of CVD diamond coated ceramic disk after treated inQa)ardd (b) KOH for a
week

Figure 4 shows the removal rate and non-uniformity of USG wafers tisgg types of ceramic
conditioning disk with different number of points as shown in Table 1. Theva rate of wafers was
observed to be dependent on the number of cutting points. As the number of poidset: from
40,000 to 2800, the removal rate increased from 1,400 to 860 and the stability of polishing
performance improved. This is because when the number of points dectieaskedyn force per unit
point increased and the ability of conditioning improved. The polishing peafarencould be
effectively improved by controls of point number and pattern shape of the conditioning disk.

Figure 5 shows the removal rate and non-uniformity of USG waféraviteramic conditioning
disk having optimized point numbers and pattern shape. The polishing tegési@sned for 130
hours and the pad was changed once during the polishing test. The retiesesnegth a conventional
disk were performed for comparison. The removal rate was 1,700 A/mie, ndri-uniformity was
about 6 % during the polishing. Also, the stable removal rate and good WIMNth in Wafer
Non-Uniformity) and WTWNU (Wafer To Wafer Non-Uniformity) weobserved when wafers were
polished continuously.
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Figure 4. Effect of groove patterns on polishing performance
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Figure 5. Removal rate and non-uniformity of polished oxide through the ceramic conditioner

Figures 6 and Figure 7 show the particles and total defects onwa&®s after polishing as a
function of conditioning time. The sudden increase of the number of psrdoé defects was
observed on polished wafers with the conventional disk when polished for 20 hoemspdarticles
and defects decreased and stabilized after polishing for 40 hours. YWied &0 the ceramic disk,
the levels of particles and defects added were lower than thtreeafnventional disk. The particles
and defects were stabilized within 12 hours.
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Figure 6. Number of particles added after polishing as a function of conditioning time
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Figure 7. The number of total defects added after polishing as a function of conditiomng tim

Summary

The new ceramic based conditioning disk was introduced and comparedhevitbrtventional Ni
plated stainless steel conditioners. This disk was manufactured Bgkhesubstrate patterning and
CVD deposition of diamond film on the ceramic patterns. The new ce@nditioning disk has
many advantages such as flexibility for formation of pattern amellext corrosion resistance.
Although the ceramic disk was treated in severely corrosive solutions for a wekknages on the
conditioner of diamond surface were observed. The constant removahdagead non-uniformity
were also observed even if the conditioning process was performed oveour80 The number of
particles and defects can be reduced using the new ceramic dskaithes were found on polished
wafers due to the absence of diamond particles on the ceramic based conditioner.
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