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Abstract — Chemical mechanical polishing (CMP) is a hybrid surface-polishing process that utilizes both
mechanical and chemical energy. However, the recently emerging semiconductor substrate and thin film mate-
rials are challenging to process using the existing CMP. Therefore, previous researchers have conducted studies
to increase the material removal rate (MRR) of CMP. Most materials studied to improve MRR have high hard-
ness and chemical stability. Methods for enhancing the material removal efficiency of CMP include additional
provision of electric, thermal, light, mechanical, and chemical energies. This study aims to introduce research
trends on CMP using ultraviolet (UV) light to these methods to improve the material removal efficiency of CMP.
This method, photocatalysis-assisted chemical mechanical polishing (PCMP), utilizes photocatalytic oxidation
using UV light. In this study, the target materials of the PCMP application include SiC, GaN, GaAs, and Ru. This
study explains the photocatalytic reaction, which is the basic principle of PCMP, and reviews studies on PCMP
according to materials. Additionally, the researchers classified the PCMP system used in existing studies and pre-
sented the course for further investigation of PCMP. This study aims to aid in understanding PCMP and set the
direction of future research. Lastly, since there have not been many studies on the tribology characteristics in
PCMP, research on this is expected to be required.
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AZ R ke Ak Az o] YFHoR F4y
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(Lapping), &12H(Grinding) 52] 71AI7F 37 ©]% &
H A3 S (Damaged layer)2] AA<} dlo]H 2R 9] =
% ¥4 7Z7](Surface roughness)s 2317 95}
Z-8-Frh4].

27} A|ZolA 9] CMPE 42AF 7+ E2](Shallow trench
isolation; STI), &%+ A1 (Inter-layer dielectric)®] 3
3}, 24 v (Metal wire)2] 4 5ol 85 wie
A &) Ak} o3t wet 1 F8430] A
A F7rsaL ATHs].

e HZ WEA] 7pe] e P A8 2ok
thHslel] we) thedst vheAg- 7)9 A E kg A
A7F = S Q). thaEe] WHEAE AlAAES 3t
o7 w9 g Eo] o] 315H4 o]} 7]A1H
oNUAE FAlol E&3l= CMPE 53 7= AR
A 7€ (Material removal rate; MRR)Z XHAZ7E
SRBkEH $lo] ofelgo] wWEAL ik CMPoA o] vt
2 AEAA B8 CMP 7H Al 59 AE7FsA
(Sustainability)®] ¥gollA oA £ARE o3 &E
2] (Slurry), 31=(Pad) 53 & CMP &RF9] AM-S
S0 3374 e AAA BEE A S/

olF FE3I] flald AFAES CMPelX 9] 518k
WSS S7A1717] 18 ke FEie] B ey
g AFE TIPSl ok CMPE] 28 S
A3l &8 7 A= v 2

(a) A7191A] (Electric energy)

(b) ElA|(Thermal energy)

(c) YAl 9= (Light energy)

(d) 714 o4 A] (Mechanical energy)
(e) 38} 9lA](Chemical energy)
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A7UA S F&ahs o REE H7]-818k7 A4
eks}(Electrochemical mechanical planarization; ECMP)
[919} Asl|o]- 23} (electrolytic ionization) CMP ¥21[10]
o] Ut} ECMP= 2] utete] ests flsto] 7
Aom A75eE AqUAE FEl el vhEre] o
135S RHEDL o] & 7IAIF SR A ASRE WAolA
Tk, Bhatel] 23 AF7E EEjoksty] wiigol] 7k Al
g o] o) ofelgol mE Y AR AeA=R &
o] "t Asfjol 23} W2e] CMPE €2l2E A=
&l ol2slete] CMPE] 288 A F IAT &
gf2jet A= Aol shebs] whg-(Ishel flal 34l Al
270l A7 em vt 4zt 85 EATE AR

HAUAIE ol&sl= CMP WA &2lE] 255 X
A3l Arthenius®] 2o W& seikg S8 o5
= AR, 222l e] Selg] S8 2419k 9
7; 87, W o] ot e AL B
Art.

A A F7H CUAIE o83 CMP WA S
CMP &85 37 & = WAjdolle wsht o
A3 FEafol & A7E Fol Ut

oA & o]&-3F CMP WHOZ= 294 F(Ultra-
violet(UV)light)E ©]-8-g+ 35wl 4}8}H(photocatalytic oxi-
dation)Z -85 9121, photocatalysis-assisted chemical
mechanical polishing (PCMP)Z}aL E=&1TH12,13]. PCMP
© T2 %2 MRR S4S Ad 73 S5 e
2 AFEL e CMPY A5 s 913 tijke s
Hez2 9l

£ dpelre UV 25 Z83k= CMP 7]&d] A3t
AT TS AElskr AA7EA A7E Al s
Zep g5 FUPHoR ey Aol #al 7les)
LA} ji
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UV #& &83k= CMP= 357 (Photocatalyst) Rt
S Bgat] S8l st WA Eole dE
g ol&3lal k. UV FE o83t 7|Ee] 3350 vk
712 3718, A, FAE] T 1 HskgoR B
o] &5 UrH14].

FEuj2 &4 7153 EEZE TiO,, SrTiOs;, ZnO,
Zr0,, WO; 5°] AREHIL Slent 7Fg wol sl
Ue B2 T 7HE E=2 TiOeltH15].

CMPIM = F2 TiO, FZFuol ©J3h F1ls} w5
ggskar 9t Tio, =7 (Band-gap) ©1/d<] Welluix]
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g A3 FR o] HAsh go] wste] A%
S Bl EA] Whshe] W2 Fal 3 SAfolE
201(0,), A2H SR @0 WEDl] Hlo|=5

tZ(-OH)°] A=t} [16].

TiO, + v > h" + ¢ 0
e + Og - 02- (2)
h' + OH — -OH 3)

CMPOAE B0 wga] ols) A Slol=24
tiel 9@ 743 g adieh sejeiste) sl
sl HAUES 7RI B0 g2 ol
CMP A BSRMS-E T 2APE Hjol7} Slort, 35
How ia) e A SEE F7HE $7107)
£ a9 Ao deid gk,

3. PCMP H& i &y

UV %< 283 CMP Wi 2 2ol 333t
£ WA g 719 Aol B3k Aol SgE T glon,
AR 27} ARl B A b Al ZeHTk.

A UV #S 283 CMP7| 885 a7 9l
o] tie] F= Al AAl= SiCet GaN o|t}. o]F
3 A 71E9] CMP )L o] 88 79 3lshy <t
Ao 9sle] Y& MRRS 7EA™W CMP 7kl S
gt Alke] 20E 3 Uk, 21 Hholl GaAseF 22 7]
T 2l UVE 283 CMPe] g0 33k A7t
BHE ek

HEEA] 22hg uheh A2 2] (Copper; Cu) A
o] g2+ ¥kx|eh(Diffusion barrier) O & AR EE FHE
(Ruthenium; Ru) CMP|| thgt UV 39| o]g-o] Hilx]
I Utk Ru B Ad) & ==l os) gk
et 22 2 B IR B Awe) slehE oF
A4 wiZe] CMP oflgo] WELt. Table 12 UV 3
S 283 CMPe Y A A7 AxEE Ze
Zo|t},

UV S 883 eMmpoll 3 A= 2t 247}
SiCe} GaNell 5= o] glon ol= M=o At
o] ZTIsFaA TAEKE 7o) Fdlelar k)

4. PCMP CMP A|AEH

4

UV 3% 28381 CMP A28l 7] 271 ezt
itk A WAlE v sj=e] AR UV AlEE HA)

Table 1. Target materials in PCMP researches
Author
2007 Hong S. H. et al. [17]
2012 Kubota, A. et al. [18]
2012 Ohnishi, O. et al. [19]

Material Year Reference

2014 Sakamoto et al. [20]

2017 Zhou, Y. et al. [21]

SiC 2017 Lu, J, et al. [22]

2017 Yuan, Z. et al. [12]

2018 Tanaka, T. et al. [23]

2020 Yan, Q. et al [24]

2021 Lu, J. et al. [25]

2021 Wang, W. et al. [13]

2015 Wang, J. et al. [26]

GaN 2016 Wang, J. et al. [16]
2022 Wei, W. et al. [27]

GaAs 2005 Hong, S. H. et al. [28]
Ru 2021 Wang, C. et al. [29]
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Fig.1. PCMP systems that irradiate UV light (a) on the
pad and (b) below the quartz platen.

slo] =20l FEEE S8l UV 3& Akl W
HolthFig. 1(a)). 7 A WHS A9 H¥HQuartz
platen) E3l x| sl CMP 718-2] Al (Interface)
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0% UV L 2R WielthFig. 10)).

SN UV B2 ARk el 3§ A28 7
o] rRsithe el gl Wk, QAR Fhge
olFolAE AN I WL YN HE of
#&o] whEth Eg CMP A3 Akl UV o] A}
ol YL we F5Ae] v,

29 AN o) §3) s UV B 2Alee W
W A28 PAo] Biste] deolsish Aol Ao
UV %2 2Ak] 913 Avbel] 7 (Holee] 97
ek, et CMP 7k3o] ol ol Amel g
2 UV 32 2 gk el itk

UV 32 288 CMPO B ASoe A2 7
239] Bl el B 757 R WAl el s =

AR E g3t 3

5. SiC PCMP

SiCE &2 7o} 313H4 g Aol <3l dAnf 71
Al AFeE 34 Alzke] Hadk AAjolr), olo Tkt Wb
HOZ SiCe AW FHE] 9% EE0] o]FoA]
3k L F st UV 3 E8ske WiEeE o
A 717 AR o8] ATt FHof $hrk

2007359 Hong S[171°] 28] UV #& o83
Sice] A <Anf 7o sl Basict 2719 A+
EolXE FEFuE &8s &L UV 2L Bl &
2] W2l -OHZ AAA71E WEolAt}. Kubota S18]
2 4H-SiC 713e] UV #& o8-t dAulellA ksl
2(H00)2 ARESRE 749 B} & MRRS &HE 4=
S RIS, Ohnishi 5191 ©RJEA| (Anatase)
TiO, 3=} 2 o] 83+ UV-assisted SiC CMPol| 3 &
TE FsI9eH, UV FYUSE= 365 nm L o
S3lHA FAll CMP A W] 712 378 245
th 250 AT A3l mEW 2H(0,) 17104 UV
35 283 73 MRRO] ZA PSS BRI 4= Qi)

Sakamoto 5[201 172 nm, 200-400 nm 3132 A
UVE 520 &83lo] SiC CMPel B3t Q72 5333}
Rom, AvJIAEE Ceria(Ce0,)2 &850t 259
A= A T HF Sice] FHAZ7]E= Ra 023 nm
FARE, 71 AR oM 7HS AR 31T

FEn) w38 o]-&3h= SiC CMPolA 2] 71 wA
UZEL ZujE o] &5E Tioel o8l 73k Alslae A
H -OHZ YAA SiCE SI0E AT AriiAt
o &J3)| o1& AAsk= H8E wETt. Ishikawa F[30]
of waw =) W3-S58 Sicet -OHY 3} b

r)
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2% o7 Eq. 49} 7t}
SiC +4-OH + O,— Si0,+2H,0 + CO, “)

Zhou T[2112 &= A2 E TiO, YAE ~ZgolE
ol-gall An} sj=o] FHe FAAF = Fgsie]
SiC CMPE 3890t} 7ol 5 wt%e] H.0, 3 wt%
9] KOH, 25 wt%2] F=Zog 4lg]7KColloidal silica)
UAH100 nmy’t TR E2lE]E ARSIt 252 A
AL Fal TiO, gHde] S7HEl wet UV 28 283
SiC CMP2] MRRe| Z7FekE &lssitt.

Lu 5[22}& SiC CMPo|A 9] v S FE3I7
$131 600 nm 21732] L=T}o]oR2= (Nano-diamond) &
g2lell Tioss YT Sele)E ol&siier Tiovt =
BEA] 2 Eulg]e] 9-Re CMPE S8l W2 #9
AR7IE grd ¢ USS Flsinh

Yuan 5[12]& Az} £3& 98] H,0.9 KFeO. S
ARE-5F 28| UV-assisted CMPo|A] H,0.5 E35H=
27t KFeO, 2 Xotehe Sejgin & 4ks) &
2 A $](Oxidation reduction potential)2} ¥ MRR2
7S BT

Tanaka 5[23]& &9 TiOAtololEs, 71EE
(Cathilon)+tle]oR2= | TIO+71EE+Tlolo 2 =S H 7}
g EelE|ES ol &3 Bl AFES AAsIem, Tio+
FHE4tholelR a2 A" SHEE o83 UV-
assisted CMP A] EHAE7|= H 36.4% FFH4)
=W, MRRE 7H E+Ttoloteti-S 289 £ele
o Hlste] IA F7HEe 18I TiO+Diamond+
Eo] £ SeEle] A5, MRRE =AW 71414 A
FEAA A efEh] witel] 23 x)7t dske A
e BAATH

Yan 5241 €28 Wel H,0.8 TiO, 3%, <8¢
pH, UVY] 3= (Light intensity)°ll W& PCMPe| sk
ATE st AR Aol wWER, UV 2% 1000
mW/em®, H,0, &% 4.5 vol%, TiO, % 3 gL, pH 11
ol 71 A& ] MRRS ES]

Lu T[25F 35ul ¥ HE (Fenton) EIE ©]§
&t] 4H-SiC CMP9] & 3ol A3 A+E 33t
Ak 25 AFelMe S8l Hell A== -OHY
S S48 OH FHde] S71gl et MRR
o] APH o= F7IHS Wt

< Wang 5[131> e 50y 942200 nm, 2.0
wi%) €3¢t FFWE TiO, 4% FE FAd
(K:S,05) T2 71ke] 722138} 314 (sulfate radical-
based advanced oxidation processes; SR-AOPs)yS CMP
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Abrasive

Fig. 2. SiC PCMP mechanism.

o ggaldict. 25 dFoME £2l8] pH 63 It
ShEE 3 wi%, TiO, T 0.2 wt%olld & MRRS
L=Rss A=

A7 A= SiC PCMPol| #31 a0l gz
718 WIFUE(Fig. 2)& #Em) vkso] oa) whlsk=
-OHe} SiCele] 2kl B3] PA=E SioE 714l
Ao g AAsR= Aolth

2

6. GaN PCMP

GaN< LED(Light emitting diode)§ &A|2 & zt
S QIA|RE, SiCe} PRIV R = Zwe) 318k oF
78 wiiol] CMP7F o] &R 4 A Ut o]
3 FAES FE317] 2l8le] GaN CMPl= A UV
FE ol &3l ABEAA BES STMTIE AT o)
FoJA AL et

Wang 5[261& GaN CMPo|4] H,0,-Si0, 7]k
& o]g-3at FFul glo] UV #E RAlsle A
< AABIIH 252 H0,-Si0, 7I5F £8j2le] HA =
7 pHE AP S Bl g5 5, kst 3] 3
S &8¢ AFE FAIGT AP &8s Fho=
£ UVA(400~315 nm), UVC(280~190 nm), HA50]}
om, UVA 33E 0|83 CMP Al 7F¢ E& MRR
(102.74 nm/hyS g5 4 U3t olw GaN=} -OHS]
3}8kA] Wk ol 2] 52615 wETh

oo

2GaN + 6OH - Ga203 + 3H30 + N2 (5)

Wang 516} 21%] 27 9] Alglolofel] 30 um 7
9] N-type GaN-= HVPE(Hydride vapor phase epitaxy)
£ o]&3te] FF T H.0--Si0, 718k &8 E Wi
22 Ti0,, SnO,, Fe,0; FE1] B4 ZARIATE 2
=2 A3S 53l TO, FEFE AREse 7390l SnO,,
Fe,0:5 AM-3lE 7A9-HT} & MRRS &R 5= 3l
S Il

Wei 5271 ABHAIZ H,0,, NaClO, KMnO.E 3L

Abrasive

UV light G2,0;

. -OH
2 O OH .on /

Fig. 3. GaN PCMP mechanism.

H3l¥9e™, 1.0 vol%e] H.OxpH 514 MRR 380.3
nm/he} Ra 0.065nm, 2.0 vol%<2] NaCIO(pH 8) =71
o4 MRR 404.6 nm/he} Ra 1.61 nmE ZH3IT}
KMnO,¢] 7%~ 0.3M(pH 2) 27104 MRR 128.5 nm/
WS 7RIAS, NaCl SDSE 371sh= 749 MRRo|
s gRlski

GaN PCMP9l| #3+ A5 3 Wz AEAA v
AYZE(Fig. 3 F=m) k3ol oJs) w¥sh= -OH}
GaNele] Abslig-g B3l F4=e Ga,0,5 71A8 S
2 AAsk= el

7. GaAs PCMP

GaAse= AZF(Sipl Blsle] 93t FHS §8= <
3 2 288 dHT F o] HFHA LR Fgo]
HATh GaAsE Yo Z 3= UV 3S 43 CMP
o gt A= Bol LAFRAE AT, PCMP A9
%271(20053)e Hong 5[28]9 2l A=At}

Hong 528} Ti0,-H.0,-H,0Z 7A€ &£#8E °]
43 AFE FIF e $A AFe 2714 FH| S
A2 49 AvKQuartz platen) S3] 2] 3HF-olA]
CMP 7F¢] A (Interface)> 2 UV 3-S FAlske W
e eyt 258 PCMPE 288 749 Uuky
ol CMP R AEAA €88 =4 & IS &
1F o1} TiOS] FEFm| =M o] A Hes] Hs]A]
= X3S

8. Ru PCMP

WA 228 Cu #iAe] Sl WA 2ho 2 AMS-E=
Ruell gk PCMP 7= # 2ol Wang 5[29]°1 I3l
T = A

Wang 5291 0.15 wi%] H.0.7} ZFE 60~70 nm
=Z7)e] EF=2olg Ay7H5 wi%) <23 (pH 9.5~10.0)2
0|83t K.S,058] 71l mE AEAA Bl Hst
ATE T AFAT UV EE L8] 22 73
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T, Ko$,05 Tl 5715k et 40 mM7HA= MRR
o] F7Fk= ZAES HoA| R 1 o delM= A St
SHA] &= ATE HATE ol d42> Ru XHY
RuO,/RuO; Ak3}uto] ‘3*45157— FHYH ez B
olth, v} UV FLe A= A= K.S,0s 8a0)
Z7Fgel E}E‘r MRRO] A&Ho 7 Frtsldt. o=
K>S:0¢7F UV 73 3lol|A RuO2} A& 08 wksale]
7IAH =2 AA oM Fe oo 2HS eV o
Fo= Holt}

9. &

ot
i
02,'1

o

PCMPE= 71¢] CMP 207 F83 MRRE &
shEx FEEE e 2AE e A
ot BENE L8she 7397 UV Bike S8ohe 7
FHIR= 2 MRRE EHo|7] vl 2 TiO, 35|
= ARshe A7 W2 Aotk e AR 9]
PCMPl 43 A= 35 ukgo] ofs 2Ash= -OH
of aafjote] M- Arsker] HEEaL ok o
2 PCMPE] v7U 5ol 3t Bt 202 olslE <l
ofgf o} 7he dAEo] Yo F Zo= AT TH(Fig. 4).

A WA= UV 3 AR e CMP 5 7k 25 ®
stol] thgk Aot CMP 5 UV %9 2Aks &g
o] exo] B W Fog Holn], AEH CMP
ol that Arellri= ofu] ElEiso] 25e] ol
oIt sheukge] @Aspt BAD 7kl At met
A g5l wkgol o9k sheky Wkt 2= el ot
§}_§_]'-;_q ‘i‘l’%‘g] X%EE— §]—o]b‘1- .JJ_g_/v]o] 011;}_.

T Wle Ve ddselM &8 Tio, YAt &
glol A7k w TiO7F MRRe] v]x)= el sl &

Future Research Directions for PCMP

A Study on the
change of

A study on the
effect of TiO,

A study on the
variation of

processing on the surface

hardness of

abrasive pad

by UV light
radiation

temperature in mechanical
CMPby UV material

light removal on
irradiation MRR

Understanding the PCMP Mechanism

Fig. 4. Future research direction for PCMP to understand
the PCMP mechanism.
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A dert sk ele] el d7iEE Tiose vIgol
A, ‘?—i%—ﬂ E3UA £l (Mixed-abrasive slurry)]
ho] 71AIE ABA A FF vd Zle

Al “Wb UV 3 AW mE drll= 31 7459
Halolth, CMP § AnPl=s= Z2]$-dleh(Polyurethane)
ARZ o]FoA Q7] wiizol] UV ol <5l W 7Jsprt
WA E 7hs/de] ot 53] SiC ¥ GaN CMPolA <}
o] Anp =7t UV ol AT kg He 45 =
®H Wste] 7hsAdo] Eobd Aog welth

vR]Eo 2 5 CMP WalolMe od 7|7t &

Qb B ATAFEC 23l EgfelERA] 54 A% A
T7F olFolF it PCMPOA 9] EgtelBaA] EA40]
e A= Bol o FolxA] &t7] whEel ool 3k
A7F 872 Zo® Hilth
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