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Abstract —Chemical mechanical polishing (CMP) is a hybrid processing method in which the surface of a wafer
is planarized by chemical and mechanical material removal. Since mechanical material removal in CMP is
caused by the rolling or sliding of abrasive particles, interfacial friction during processing greatly influences the
CMP results. In this paper, the trend of tribology research on CMP process is discussed. First, various friction
force monitoring methods are introduced, and three elements in the CMP tribo-system are defined based on the
material removal mechanism of the CMP process. Tribological studies on the CMP process include studies of
interfacial friction due to changes in consumables such as slurry and polishing pad, modeling of material
removal rate using contact mechanics, and stick-slip friction and scratches. The real area of contact (RCA)
between the polishing pad and wafer also has a significant influence on the polishing result in the CMP pro-
cess, and many researchers have studied RCA control and prediction. Despite the fact that the CMP process
is a hybrid process using chemical reactions and mechanical material removal, tribological studies to date have
yet to clarify the effects of chemical reactions on interfacial friction. In addition, it is necessary to clarify the
relationship between the interface friction phenomenon and physical surface defects in CMP, and the cause
of their occurrence.

Keywords — chemical mechanical polishing(8} &} 71 Al & <A v}, tribology(E 2Fo] &2
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A), friction force(VF&),

.M B (inter layer dielectric; ILD)] 84, F&014 A&
13t 77 (damascene) B ©15 “d7H (dual damascene)

3}8}71A)2 HArk(chemical mechanical polishing; CMP)  7H4] 4] &3 JE 7|&o]tH1-3].
AL WA Azl shuE wiEAE 713 CMP 3A& 1 o]2o] Yxsl= H}g} 710 i}sm
(substrate) 0.2 FE] ALEE T Q= APE doln  JAH AFEAA W] §3E AnpkE 71ES 9
(silicon wafer)e] A|ZoA FTAAZY] GHAMFEE & vlshy HH=A] AZM= vt Z2(deposition) 0]—,—

Zke] E2(shallow trench isolation; STI), =7} gt
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Aol shehA] FHNRE-S &3kl YA, ANEAA W)
AU S (mechanism)ol] o] @& FEL 7]E9] 7|7
2 <Aul(mechanical polishing)dll 7]¥He F32 3t}
w2k, CMP EokllAE AuldAf(abrasive)ol] 2|3t
71 Al o] vhE(friction)?} vHE (wear)@Adoll o]
gb oheket ArE @] FeE s Qi

B =olMe CMP 349 7k wiFAYSel tist
o] 7+ers] AHelsta, oleh #HE Efo]E2X
(tribology) el thal Avhstaral gict Bglh 7]1&
Aol digk RS 3 CMP 34 71=9] olsf¢t
S Sl 2ok EgfolEgA] Aol Hate] ARE
st} gt

2. CMP EMAH HAHUEF

CMP 342 ditd o= s|stalla} Anfyd=rt -
B £8P slurry)E vAl E7](asperity)E 717 vl
Z(polishing pad) 912 FF3l] FHA fo]¥ W
A== 518 RESSS AnldAtel J8) 7AlA R
AARs AEZAA HAUSES [4,5]. ©
o] AulQiRtel] o3k 71A1E AZAAE A8l el
AEE ThetA AulEi=et glo)HE XA S
S5 WA I

CMP FA el }01‘4% AnpeiAts F2 At
(Si0,), M2loH(Ce0,), FHLHALO;) ol 713t
3zt e Aol A4 ‘I]rﬂ' ok YRS AP
T Ath6, 7]. CMPE ArkSiAte] Z71= 4 nmoll
Al i nm JEe] FA7]olH &ElE] Wl dAte]
< 48l 7hy &85 2deith

dArplE= Z2] 9B (polyurethane) o2 A 2% 7
v ZEeee] e RA X FEyF ARSEA 9
om, seigle] gt FFF 7ol AHEE s
oF AAE A A7 (debrisy’t WIEE F UEF
8. FESH, ThololE= AT MU (conditioner)E ©]
L8 33 5 dAvp=e] e FH3 xHARE
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Fig. 1. Material removal mechanism of CMP.
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Fig. 2. Schematic of CMP conditioning.

A8tk (Fig. 2).

3. CMP Tribo-System

°
o7 skal Qlof Tk T vEEdE
FHEslth Park 5[9]2 CMPL] Eglo]R Al AH
(tribo-system)S 7]1¥-&&2]-Arpdj=e] Jozakgo g
A5t CMPllA €] mhz Bl mpPEE S kA <
=8 37 840 s oJal WAEA ErkFig. 3).

2 AF9, 10eM = F H Alelell FA17F /Y€
7oA Aol WS o, mjnyEEe] gk nf
ZA| 4 (coefficient of friction; COF)Q] W3S *'du]

o]&] (journal bearing)oll X2 Stribeck A o2 Arg3}
3 )}, Stribeck FA(Fig. 4y &89 A=),
Z9] FAFWN), GYPAG Fahpypl w2 wpEA S
o] WslE YepL lom, A HeyEe] 23l wet
Z3A18-E (boundary lubrication)d%], &332 (mixed-film
lubrication)®d &, &4 A & Z(elastohydrodynamic
lubrication)d %, 9W-rrfﬂ]7012'(hydrodynamic lubrication)
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Fig. 3. 3-elements in CMP tribo-system [9].
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Fig. 4. Coefficient of friction as a function of y/N/P
(Stribeck curve).

yHoz FREL
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4-1. OFEE DUEY A2

CMP Ego|r A289E olsfal] side 34 &
WS wle] =X o] A= ook stk CMP 34
oA 1:!]— Hes SAske e A R FEE

ok A WA B (Fig. S(@) Arkl=el 3 AME
—‘i"—%‘@]{* OITH 1] SlelHel X‘*‘l"s}b nhaE S
Z4387] Sfal BlMshe Anlsi=e] Akl 3 Al
ME ke Aajige A= B FJr U}oﬂ
=o} ule] AR Aeldl] AME FHele ol
Itk B AL Alxe] Ato] JntalA|Rt, 714 l &
8ok el v SAHE o] ot &3
REEA] Fogell AgEE gl A-gskerl
7} et

oA 2 (Fig. S(b)ye 3dske Autel] 2183t
T 98 S4ske delth12). ¥ Bdle Y
As B8 F slon FFEEANA 24 7Fsdt
= WP BE 3L SAY F e Aol A
Alzgle] Ago] Batsite wadol gl

Al A B (Fig. S(e)e EERFO RUHIE
S AR v el Aol a2y BERRS
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Fig. 5. Three kinds of friction force monitoring systems
for CMP.
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4-2. CMPOIAM2| Df&tsdat

2 HoMe CMPAA ] i el tigk <
2908k ). ParkE (91 A7t £ElElE &85
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Al 27000 £ 02 oty AAS] fHaste]
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Fig. 6. Effect of pad conditioning on friction force [9].
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Fig. 7. Frictional characteristics of CMP with SiO, and
CeO, abrasives [9].

in-situ ATIM1] 79 exsitu ATIMFe] 9wt
@“}’\]7}"1] o ‘j}é_}e:’—J Havt Aves Ae #ld
T om ogd dAe vzl FHAATL A

tq”]—’“ﬂ v2= ff}— Argall =32 SAthFig. 7).

WEH, STI CMPY 2 AMEE= Alglol £8Es
LR AkskEre] A\ Aol AMgske B, AEl7h €
gok= g npEe] MAs] Srkske S Belth
gL oleld Aol Asfue] Ws) Awut v
Al2lob AR7E vt F HlFe] w2 %?43] el
MAEA s Ao didsial vk

CMP 49| 7P dwtd 71 ‘ﬂfv\“ﬂ At 3
Zieof] ek vhEe] Wsks duni o] Sk
5 npEEo] Skeke A Holi, ISR 5
7hehd whEe] ta hash "ok S 7Tl w
2 v Aadidel tial e dvAlEe v
o o3 &9t &= Al vt

Lee S[1412 Aviotes) s)dded] we npdoy
A2} A FA A& (material removal rate; MRR)} 413
ARl WAE 7RITaL Bsioint. 2oy QARG
Fer)el me viEduAs Akl v W &
7Fehe 73S HolAw, ARl 2 wite ool

Coefficient of friction

Abrasive concentration (Wt%)

Fig. 8. Coefficient of friction as a function of abrasive
concentration [15].
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and (b) high abrasive concentration [15, 16].
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A S WA e (R ol 22k TS, 16].
F.=n-k-R 3)

A7V ne 71gel Belshe F driAel 8
Urepat.

Sei2l Ul el o) e B9, A=) A
dolAe =e) glojmel 2
],4,] A& wAsk 74_& 7]_;45]_ o=

Choi 5[17] 4 A2 2kstete] CMPellA 4]
7b 92kel 27102 pm, 0.5pm, 1.0 pm, 1.5 pum)ot
Fol w2 vhEEe] ¥skE SAslen, 0.2 ume
27l YAE AT CMP 2AoNE QAFHol
30wt%o7bA S7tehe &9 A15A9] vEEE I MRR
o] s BhseH, 05um 7] o] A
27F AAE ARSSIIE 7 Kim 0] A9k At

A% HAS SERlsknt. ey, dAkekel o
£ MRRE| ¥3hk= Kim 59 d7olrehk= &2 A=t
T 30 wihoZHA B QAET] 9] 2RM ASH e
2 deske A4 Bk

S AFT LI Aol d7AHAEIM 2 A
o] Aol= CMP 34l AR-E= dvp=gl S2e
o) tepo g olgh S4e] AolE BT Luo 5
[18]> CMP ¥7g°] MRR =d#e] 3lo] &eie] ‘41
Yol 27] 3 8 doly = AHSH A (real area
of contact; RCA)NIX €] Fo] QA(active particle)”}
AEAA Sl d&FS = ZAolzkaL sisinh o] &

FEOIM BolAE vl v 54 94 CMP 3
o ASEE TR ARES B4 B 92 S0

2 Helr}
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Lee S[19]2 13nm, 22nm, 61 nm, 118nm =7|
o] A7t YAE o83 CMPIIA MRRE 61 nm
PAZN 7 S7kettht 2 o dolde Aadhs B
Gt 259 AFME Luo 5 FARH €88
W AuldAl =719 B F(particle size distribution;
PSD)e} A= E71¢] Fxd wE F=e} go]y
o] AHEFHAL] ANRS Fdte] MRRO ¥skE AH

4-3. AFEMH U o= FHMHAT|

CMP 340l tigt B2 AFEA =9 do]7
Atolo] AHEZRAF Awpsj=e] FAAZIZ] A|ofe]
F8A4d Hato] thRaL Utk olo] CMP FA M=
AHEHA T Anpze] FHAAT]O] AojE
tololE= t]23E o438 = AYMYS 34 F
Ao 7 g8l JTH20]. CMP FANM AH3
HAo] F93 olfi= flolHe} dAnple E7]9] HE
HollA AFHoz AnfyArt AEA A s
%|7] wfFolct.

Park 52112 &3¢ tholole= YAt £2E 7F
A& A (random diamond disk; RDD)2} o
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diamond disk; UDD)YE &-&3] dAvp= AYMd ¥
o] AYEHA wsls SH3ITE. HE5WAS Fig. 10
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2
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Fig. 10. Measuring system for real area of contact.
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AEWA L H&L 145%7HA S7Fehe AS Bl
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RDDE &3 4% 7P =2 e RolAvh, 51
e E AFAAS Holx &t Wi g
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o FAY F JEF g}

CMPA AHEZHAS =317 8] B A7z}
Eo| HHz WP AAVE /A= FHe H
3t Greenwood-Williamson®] 2dS &85} Qo).
o714 dArpEe] E7] REE ZJ‘FF%E% wHETHAL
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