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Pad conditioning restores degraded pad surfaces after wafer polishing in chemical mechanical planarization (CMP) using
diamond-embedded conditioner discs. However, conditioning also causes pad cutting, thickness reduction, and profile
deformation. While previous studies mainly focused on reducing pad cut rate (PCR) and improving profile uniformity, the
fundamental cutting mechanism between conditioner cutting edges and the pad remains unclear. This study investigates the
cutting mechanism using CVD conditioner discs with different cutting edge densities under varying conditioning loads to
control contact area and load distribution. PCR and pad profile analyses revealed that cutting behavior is primarily governed
by the load applied to individual cutting edges. Higher localized loads increased the contribution of cutting to overall material
removal. In the pad edge region, where the conditioner partially overhangs the pad, altered contact geometry caused a
transition in cutting mode. In this region, the number of active cutting edges had a greater influence than the load per edge.
These findings clarify the cutting interactions between CVD conditioner edges and pad surfaces during conditioning and
provide a physical foundation for optimizing conditioning parameters to improve pad management in CMP processes.
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Fig. 3 Four experimental conditions schematically illustrated
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Table 1 Conditioning experiment recipe

Sweep cycle [cyc/min] ’
Number of zone [N] 12

‘ Platen 87
Velocity [rpm] Conditioner 103
Start 370

Swing radius [mm]
Return 50
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Fig. 5 Three cutting modes are observed according to the cutting
depth of the cutting edges, with increasing contribution in the
order of rubbing < plowing < cutting as the depth increases
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Fig. 7 Definition of side edge and end edge based on the cutting
edges—pad contact interface when the conditioner path
partially overhangs the pad edge: lateral contact defines the
side edge, and frontal contact defines the end edge

322 FA DEJHIHE Z=2mjo| O|Xl= B

Fig. 6(a)i= Disk AS ARE3F 9= 2] Autolm, (A) G
o=t} (B) GoolA] o] Zavt o 27 Yehdtt o] sj=
of Ao HFdh= (B) FHolA Arldel 2-8-35t= st5ol
7] djzol Cutting®] BlFo] S7tsk= ¥, (A) G99 Side
Edgeol| A= S Aol Iofstz darde] 471 iz o=
7] gEo g e 2 9},

U2 Fig. 6(d)= Disk C= ARR3H A3, (B) 99 R}
(A) FollA ol FA27F ¥ =2A vehdt) o= (B) ¥99l
H Habdo] 2F45l= 5)520| it's}x] oo} A 7}A] HAF 2
E % Cutting®] H|50| ”O}X]% HH, (A) 9919 Side Edge
o= S At Frofst= AAPE Y] 7 B tliEoE w
oFa} 2 9lr}

Figs. 6(b)¢} 6(c)y= Y3 Disk BE ARE-5E HATIMY sH%
T gt Aot dabge] A8t 5 ohe9] Aol w
2} PCRZ ZolstA Uebgtou, & wao] sYUste=z (A)
A (B) FHolA 9] = Zmatd Fo] A P
AR Ags Al ol A% Eﬂ 2 oA Arld
o] A& shks HIte g gf 2utd g4 W3 A ve
LA 9422 AALRIT.

thA] el Disk A9} Disk CX® CVD HAR 747} o2
Haas 285k S W4 Aolz Qs dAge] H5 sk
o] YefA|aL, (A) Oﬂ%ﬂlﬂi S Aol Folsh= A9
N7h AA) 74 2 AufstA] ok wehA il A4 Ztolof]

o AuFA 0 2

ﬂw

R

11~1 e

=
[e]
A=

U2 g% 24 st s Z2skel ga4o o 2 G )
A Aow &LEA_E}

Conditioner
1
1

Fig. 8 Conditioning that follows the inclined pad surface, leading to
progressive slope steepening

3.23 ZCIMY £ Z20| M2 Y= TRk

AC|Ag Agko] FAP4E e maste] Zabw 7]-27]
7} 43 Fhmeb s RS BRI 4 9tk o] Fig. 83} o]
A AUZE e 23 Aol T AR AYSH: T4
S ECEIER r A2 te SEsks 2 (Gimbal) B4

Japoz mekErh12

Disk A2] 7, zﬂw AlzFo] 7kl wet Cuttingo] 4
gHoz wol WAIE (B) AolA T= maujele] A 7)
2717 B4 FhEet Zao] Uehdth ukel Disk Colqs
Side Edgeol oJ§t 2w A4fo] aEjniAl, (A) Qole] ZAbw
71717} ¥ 27 Z7hehe Aol ek,

£ qAToME CMP = AT|AelA AT AY tholop
Eluj_]_ JHE 7]— 7(42 E/\—]o] Z%Al— u-ﬂ;qqzoﬂ ] ]1— Oflb'l—__.
= ArAY

CVD ?—jél"é' 7H—,—7]— X2 th= Disk A, Disk B, Disk Cof tj
o Bolst ATAY R S AT AYS Sue A,
4TI A POROL € S G bl ol 4

B et Heas slsele) HE o] grasiel A
g AeE= 15 sksol S7kekaL, I Ay} 37k AA =
=(Cutting, Plowing, Rubbing) % Cutting®] H|Zo0] AX|= A
o7 gelskqint.

w5k O MY AZE o] 2 s meuole umst Az,
VA fann Az e ATE Belos, dAmz s



676/ July 2026

PgAe] GG olget Aol WS TEE A4 A%
2 2L SS9 1gAte] Geleld CVD AadT =
o 5w Fefoll wel End Edged} Side Bdges T-3}5ict
| FAR Qo) WAl Mot PHow

sso, A Bgak A% 59 A7 ) A4
2 WRE Mgt W, Side

Edgeo A APge] Sulo] sjeo} Yastnz gardel 1%
815 27] ek 9 GAe] Folslt o] 447t ¢

12

2 dAFE sj= AAgolA CVD Hibdo] gj=of u]x]

>
ofs
3
=
v
22}
e
re
-
rir
]
@)
=
HE
£
[
K
u
o
ne
filo
N
2=
o
ot ofy

o AEuo] T2 YA BE Qe Tefsigons g A
AU Tz AlE 8 AT s Al glo] o) &
82 710HE 4 92 Holek.

ACKNOWLEDGEMENT

o] MAls FAtStaL 7= ATFAAARI(2E)el Sfste] At
=305

REFERENCES

1. Lee, H., Kim, H., Jeong, H., (2022), Approaches to sustainability
in chemical mechanical polishing (CMP): A review, International
Journal of Precision Engineering and Manufacturing-Green
Technology, 9(1), 349-367.

2. Luo, J., Domfeld, D. A., (2001), Material removal mechanism in
chemical mechanical polishing: theory and modeling, IEEE
Transactions on Semiconductor Manufacturing, 14(2), 112-133.

3. Kim, H. J,, Jeong, H. D., Lee, E. S., Sin, Y. J., (2003), Velocity
and friction force distribution in rotary CMP equipment, Journal
of the Korean Society for Precision Engineering, 20(5), 39-46.

4. Lee, S., Kim, H., Ahn, D., Jeong, H., (1999), A study on novel
conditioning for CMP, Journal of the Korean Society for
Precision Engineering, 16(5), 40-47.

10.

11.

12.

Park, B., Lee, H., Kim, H., Seo, H., Kim, G,, Jeong, H., (2004),
Characteristics of friction affecting CMP results, Journal of the
Korean Institute of Electrical and Electronic Material Engineers,
17(10), 1041-1048.

Lee, H., Lee, S., (2017), Investigation of pad wear in CMP with
swing-arm conditioning and uniformity of material removal,
Precision Engineering, 49, 85-91.

Son, J., Lee, H. (2021), Contact-area-changeable CMP
conditioning for enhancing pad lifetime, Applied Sciences, 11(8),
3521.

Lee, D., Lee, K., Jeong, S., Kim, H., Cho, H., Jeong, H., (2019),
Effect of diamond abrasive shape of CMP conditioner on
polishing pad surface control, Tribology and Lubricants, 35(6),
330-336.

Harsha, A., Tewari, U., (2003), Two-body and three-body
abrasive wear behaviour of polyaryletherketone composites,
Polymer Testing, 22(4), 403-418.

Jeong, J., Shin, Y., Shin, J., Jeong, H., (2026), Convergence
behavior of pad surface microtexture under CMP conditioning,
Materials Science in Semiconductor Processing, 207, 110512.

Korkut, I., Donertas, M., (2007), The influence of feed rate and
cutting speed on the cutting forces, surface roughness and tool—
chip contact length during face milling, Materials & design,
28(1), 308-312.

Zhou, Y., Davis, E. C., (1999), Variation of polish pad shape
during pad dressing, Materials Science and Engineering: B,
68(2), 91-98.

Jiho Shin

M.Sc. candidate in the Department of
o | Mechanical Engineering, Pusan National

University. Her research interest is CMP pad

conditioning.

E-mail: jh.shin@pusan.ac.kr

Jongmin Jeong

Ph.D candidate in the Department of
Mechanical Engineering, Pusan National
University. His research interest is polishing
pad surface and pad conditioning control.

l E-mail: jmjeong@pusan.ac.kr



THUSSSX| M43H MT7S July 2026 /677

Yeongil Shin

Ph.D in the Department of Mechanical
Engineering, Pusan National University. His
research interest is copper CMP and dishing
control.

E-mail: 0il5108@pusan.ac.kr

Haedo Jeong

Professor in the Department of Mechanical
Engineering, Pusan National University. His
research fields include chemical mechanical
polishing (CMP), grinding, polisher and
consumable design, and post-CMP cleaning.
E-mail: hdjeong@pusan.ac.kr




