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Abstract — Electrochemical mechanical planarization (ECMP) was developed to overcome the shortcomings of
conventional chemical mechanical planarization (CMP). Because ECMP technology utilizes electrochemical reac-
tions, it can have a higher efficiency than CMP even under low pressure conditions. Therefore, there is an advan-
tage in that it is possible to reduce dicing and erosions, which are physical defects in semiconductor CMP. This
paper summarizes the papers on ECMP published from 2003 to 2021 and analyzes research trends in ECMP tech-
nology. First, the material removal mechanisms and the configuration of the ECMP machine are dealt with, and
then ECMP research trends are reviewed. For ECMP research trends, electrolyte, processing variables and pads,
tribology, modeling, and application studies are investigated. In the past, research on ECMP was focused on basic
research for the development of electrolytes, but it has recently developed into research on tribology and process
variables and on new processing systems and applications. However, there is still a need to increase the processing
efficiency, and to this end, the development of a hybrid ECMP processing method using another energy source
is required. In addition, ECMP systems that can respond to the developing metal 3D printing technology must be
researched, and ECMP equipment technology using CNC and robot technology must be developed.
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Fig. 1. Schematic of Cu damascene process.
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Fig. 2. Schematic of dishing (a) and erosion (b) defects.
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TAE 7| = gh5].
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A 228 Cu ECMPe} 7|3 249} %l ECMP
7l 3 A &5l Hal Lolr iz} g

=

2

2. HI|EE7 A BEE ¥Xe 7Y

7]1&8] Ao 853 Y= ECMP A28 71&
o] CMP A8z} )ik 2 SARIRIRE, 71 Ty
Al A7188H wke-S gk AY 5571 (Power
supplyy’} 712 FH|=ojof gkt o 71F Tl <l
o|¥= Y=H(Anode) 2 AZE AL v} A= S At
(Platen)® (Cathode)o] F-2Fdt}. CMPel= €
Ant = S5 2= Aol AAAe] JES §F
I} A A718keHA wHg-S- 913t As) o (Electrolyte)
< F AT AR olF3b] fIst E(Holey2 XYL 2
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7t o)Edhs B2 9L 3} Fig 32 ECMP Al
o] NFeS v},
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Fig. 3. Schematic of ECMP system with an anode
connected to (a) the center of the sample and (b) the
edge of the sample.
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3. ECMP MEMAH HZHUE

Joeng?] A9l W= Cue] ECMP ¢ AE A
HAUFE Cu] &alot 58 F(Passivation layer)
AL Slsk A71seA whea 71A14 A8 AAS] &
4 At Aol o) 7EH o= HEA Cue
CMP A& AA HAUZH FAKRE 202 Holu, 418t
WS B8k Cu o]22] Al Qlojr] sleh4] wkg- €]
A71AA S FAlOl o]-&gths oA xfel7} Slt.
ECMPdI| 9o #1718}k whg-& B3t S4¢] 83l
Eq. 19] #l2idlo]e] ¥ (Faraday’s law)S wl2lal it
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Fig. 4. Cu ECMP mechanism (Adapted from ref. [9] on
the basis of OA).
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Table 1. Parameters of Cu ECMP (Adapted from ref.

Hpgl

359

Table 2. Continued.

[9] on the basis of OA) Year Author Target material ~ Ref.
Category Parameter 2008 Ng et al. Cu [23]
Conductive solution 2008 Jeong et al. Cu [24]
Oxidizer 2009  Tripathi et al. Cu [25]
Chemical Corrosion inhibitor 2009 Han et al. Cu [26]
parameter Chelating agent 2009 Gao of al. Ta [27]
pH i(eiljlltlstor 2009 Gao et al. Ta [28]
Electrical Polishing pad type 2009 Sulyma et al. Cu [29]
parameter Electric contact area 2009 Je'ong et al. i Cu [30]
Mechamical Prossure 2010 Tiley et al. Ti-6Al-4V, IN718  [31]
parameter Relative velocity 2010 Fukuda et al. Cu [32]
Other Temperature 2010 Sulyma et al. Ta [33]
parameter Agitation 2010 Jeong et al. Cu [34]
2010  Tominaga et al. Cu [35]
2011 Gao et al. Ta [36]
‘A% (Voltage) 501 tt. 7144 a4z 7 Avt o) 2012 Chen et al. Cu [37]
=9} FA g7} oH, FAF 2= dnl = 2013 Lee et al. SS304, SS430 [38]
o] el 8 F7, 171 = Y (Electric contact area), 2013 Guo et al. Cu [39]
718 4E (Pressure), At %= 5ol UAth. Table 12 2013 Joo et al. Cu [40]
Jeonge] AL Cu ECMP 9081 ol [o], o 204 Pnetal =~ Ejg
S A9 O =1 ian et al. u
Mt B2 428 R Aol 2014 Bian et al. Cu [43]
4 ECMP 947 =8t 2014 Bian et al. Ru/Cu [44]
: = ° 2015 Deng et al. SiC [45]
2016 Mohammad et al. Review [46]
41 AEdE A7 S A e 2% 24 2017 Muraa et al. Sic [47]
E AFolME 94 A= ECMP] A+ B3 H4 2018 Yang et al. SiC [48]
< AAEATE Table 2= A== WxE 5819 2018 Yang et al. SiC [49]
ECMP #¥ =F2] {5 (2003-2021), AR, A+ it 2018 Murata et al. GaN [50]
A2AE A3 Ao|th 2019 Yang et al. SiC [51]
2019 Liu et al. Cu [52]
Table 2. Historical review on ECMP papers 2019 Mohammad et al. SS276, SS304 [53]
Year Author Target material Ref. 2019 Gao et al. SiC [54]
2003 Lee et al. SKDI11 [10] 2019 Yang et al. SiC [55]
2003 Chen et al. 5CrNiMo, 2Cr13  [11] 2019 Wu et al. Cu [56]
2004 Economikos et al. Cu [12] 2019 Wu et al. Cu [57]
2004 Li et al. SiC [13] 2019 Yang et al. SiC [58]
2005 Emery et al. Ag [14] 2020 Gao et al. SiC [59]
2005 Goonetilleke et al. Cu [15] 2020 Bai et al. SS316L [60]
2005 Pettit et al. Ta [16] 2020 Xu et al. Cemented Carbide [61]
2005 Suni et al. Cu [17] 2020 Murata et al. SiC [62]
2006 Liu et al. Cu [18] 2020 Guo et al. Cu [63]
2007 Mellier et al. Cu [19] 2020 Seo et al. Cu [64]
2007 Goonetilleke et al. Cu [20] 2021 Zhao et al. SLM SS304 [65]
2007 Truque et al. Cu [21] 2021 Yang et al. SiC [66]
2008 Shattuck et al. Cu [22] 2021 Yang et al. SiC [67]
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etc (Ag, SKD11, 5CrNiMo, Ti-6Al-4V, IN718, GaN, Cemented Carbide)
15%

Fig. 5. Materials covered in ECMP studies from 2003
to 2021.

Z71¢] ECMP 7= ¥iRbe F7dolv 287
I ZERIEI) T EH/RS S8l AFEIIo vE
TAE CMPIX B3 AT 2AE 18 A 7 T
o] ool wleh upAlg A9l Cuel ECMPoY| #3t
A77F A= AT Table 29} Fig. 5ol wi=w, 200343
o]F o] o]z ECMP A7olM 2] tid &4l Z 48%7F
Cuelth. B3 Cu vl ] SF A9 o 2 o] gu= &
2(Tayell A5 A7(8%)7F Aol olFojHTt. =L 5F
o e8] 27 718} 2A0(Ag, SKDI11, 5CrNiMo,
Ti-6Al-4V, IN718, GaN, Cemented Carbide)l] #3F &1
Tt ZH2F 8%S} 15%% XA|gt), 3, 2015d% o] F
A wiAd] g #o] FrlslA] 7]Ee] CMPE
o8NS W AT 71 AlZte] 87E= SiC ECMP
AT7F =L SAvk Wbk ECMP el $lo ¥4
Z2AE ZA Cudt SiICE FEHATY & 5 o

ECMPl| &3t 3] oAl 718k wk-(dsle)

Tribology
Design/Application 5%

9%

Process
39%

Fig. 6. Research topics on ECMP studies from 2003 to
2021.
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42. ECMP & ZHsfy ¢
ECMPe] Slo] dajoe] 248 7k thid 2ol wh
2} gt 71 i 2l Aol lojok &)
& ECMP= F2 F5FE5 7 o}
ECMP&- Haf & S|

WA, 25|, o, pH 284 502
B HalHe] AxS =
g o] Wol ARSI Art. AksAlE A<l A
71818k 918 sk e o, S5 et
o % o] WA= 9L St AR 5
= H,0;, HNO;, Fe(NO;);, KIO;, (NH,).S:0;z 5] ©]
SETH9]. FAUAAIE AlsH 2 RE 4] F28 W
Aske 9GS 51 side] FAE glolFe] ECMPell
A o9 SHEE Hesl = TS o tidolu o=
A Age WAk =52 T AsAle s W)
B4 AAEAN FEHog To 9d3] F4 o] L)
ZAgtem A2 (Citric acid), 24K Oxalic acid) 52
714K (Organic acid)Z} Z2]21(Glycine), SNE]IT] o]
(Ethyendiamine) 53 7+ +-714H(Inorganic acid) 5]
ARE-E AL ATHI].

AL B9l Hol ANE AL F IS & T, d
3}E(CI), oFEIO| E(CH,CO0), ZF 2113} (F) 53
72 Tz} o] 2o} Bl (S0,M)eF A TR} o]
o] AUTH68]. pH ZHAI= 1M 52 7S Ad &
Aoz Hade] pHE FgH oz sl e gt
T} Table 3 7Fs thd 248 ECMP 3]l AHS-#
AsfHe] 14& HofFrt

43. ECMP 33 His & mjE o7
ECMPIX2] 574 wiseol] a3k A7 kel CMP
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Table 3. Electrolyte for ECMP
Electrolyte

* HO,+KNO;+Glycine [15]

H.O,+H;PO, [17]

* H,0,+KNOs+Citric acid [20]

» H,O,+Citric acid+Additives [21]

* H;PO,+K,HPO,+BTA(Benzotriazole) [22]

* H,0,+H,SO,+KOH [23]

* H,O,+H;PO,+BTA+Ethylene diamine+Citric

Ammonium+KOH [24,30]

Oxalic acid+Hydroxyethylidenediphosphoric

acid(HEDP)+Glycine+5-phenyl-1-H-

tetrazole(PTA)+Colloidal silica [25]

* KNO;+HNO; [26]

Cu * H,O,+Oxalic acid [29]

* H,O,+H;PO,+BTA+Glycine+Citric

Ammonium [34]

HiPO, [37]

Glycine+Thiosalicylic

acid(TSA)+Abrasives(SiO,, TiOs)+Dispersing

agent [39]

» H,0,+Citric acid+BTA+Colloidal
silicatKOH [40]

* NaCl+HEDP+5-methyl-1H-
benzotriazole(TTA), Tribasic ammonium
citrate(TAC) [41-43]

* HEDP+TTA+TAC+KOH [56,57]

+ KIO; [16]

* HO,+KCl+Acetic acid+Alumina abrasive
[27,28]

* KBr+KNO; [33]

H,O0,+NaNO;+Acetic acid+Alumina abrasive

[36]

* Silica slurry+KNOs;+H,0, [13]
* Ceria slurry [45]
SiC  » NaCl [48,51,55,58]
* H,0,+H,SO0, [49,67]
* NaOH+Abrasive [59]

GaN « Ceria slurry [50]

* NaNO;+Na,SO, [10]
Stiitrellejs/s * NaNO; [11,65]
sieell Colloidal silica [31]
Alloy * NaNO;+Abrasives(SiC, SiO,, ALO;) [38]
. NaOH+KNO;+NaNO,~. [61]

Ru/Cu « HEDP+BTA+Ascorbic acid(AA) [44]
Ag + KOH [14]

Material

Ta

oM = 7 4 =7 MRROY PIAE 9% B
the A% 21x 718kt ikgol whe Aol A
Aol Z3o] BiEoA] k. 3 Wil B3 Are
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2 A5 7RIAE AYS WsiiA MRRe| Hels &
el W o= FlgE|lon, oo At AofelA
29 710 w2} MRRE S8k 748S Holt}12]. o]
g A5 AAL G T2 H$] 7HH7](Potentiostat)
£ o83l SAENCH, 539 5 (Potentiodynamic
polarization) A3-& F3ll A8 A|A7} o] FAA = A5
oF 23R ke A5 vwdS o A5 AA Al F
o A FolM o =2 AR 2AEE 1T
[18]. T3} Tiley S[3112 ECMP &4 Al7to] wh2 Ti-
6Al-4V Z2A°] MRR¥} %17]35}F8} whg-S- 413151 01
F5E Z2 343 AA Fde FF3SI8T Li 539]
L =8 FAS (Permittivity)S 7= PAE g3l
ECMPeXe] ¥HARYE dHsle A75 A
v FEL (Rutile) TiO, AP} 7182] A=7HSIO,) 9AF
o Hlgte] FHAAY] FH 50| 3-8 RISt
Jeong 5[24] Fig. 3(b)2] dlolH7} 2Hd == e
o] ECMP A=|el|4] fo]s] ewefo] 2h&45 gt
ANE AA #LEE 98 F IS AFF o= K1}
ATt

719 24, 53] SiC 2 GaNell #3t ECMP A=
7% CMPoIA 9] e MRRS SE-38}3 7™ (Mirror-
like)?] W FRE 9t Aol 2Ho] wHA ).
Murata 5 [47}- SiC 7]#] THAZ7] FHE 3l Al
2]oHCe0,) YAl Z2)-3-d eh(Polyurethane)©] &
PR ARE3IN o™ 90 7FF- - Ra 1 nm ©]3ke] ¥H
< SR Al Buslar vk Gao S[54] SiC
ECMPl| CeO0ll 33 E2]2~=l (Synthesized polystyrene)
o] ZHE YA ol &I HF Ra 0499 nme| 3%
HAZZ|E R3S Yang 5[48]& AFM(Atomic
force microscopy)Zt XAl #7A} E3%H (X-ray photo-
electron spectroscopy)E ©1-8-51%4 SiC ECMP ZgollA]
9] Abslat &A4S ERISINTE. Yang 5[49]8] E tlE <A
TollA= AFME ©]8314 SiC ECMPeA1 <] ¢|%] 7
E(Etch pit)e] 43780l 3l Aeiom of|x] mEe] A
Fe 7] AN AefolsS HTOEH AT
8-S HIFEITE Murata S50} GaNe] ECMPoIlA
A ZgH A (Solid polymer electrolyte)} UV
ZATE o83 o™ GaNe| ®H AHEE B3l A7kl
w2 A5 AA 5EL FrFeI

ECMP A} si=of] #3F A= 7 A5 Alelol] sl
NE T3] gk &0 wix|et Age 7] FFE 9
gk Sj= Fxd B AFE BERTS 4 o, s
oy 34 W] THE dyEte B At ol F
oA JA] %t} Jeong S[241> v} = =9 HijX|
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Fig. 7. Structure of ECMP pad proposed by Tominaga
et al. redrawn from ref.[35].

9 =717¢ MRROﬂ B MRS HoFelom #dsgh
A71¢] &5 si=el wix]sk= 2] MRR# MRR®] +
A= 6‘7“011 o] HE SRISIITE Liu 538> ECMP
= Zo wjxo] e 717eH 5 XS B8l Al
AA gLdEE ZAEIY. Tominaga $[351 F 35
A5 AlolE EEmE st 2 9o E25-E
=7} £3k8 ECMP J=E AorsIAt) (Fig. 7).

44. ECMP EZI0|EEX| o7

CMP= A& A|AC Qo] AW w2k 3 o8
37g017] wizoll AE AA wAUFS] olsE 9
glole2A] A7t aEeh Z22v ECMPol| &
Tl lof tiFEe] AtE 718k wkgel o
Al g FAol Az Aol FFEo] o, EdfolER
] ogoll A3t A= o= Bo| o]Fox]|x] ¢k 3l
o} Ng 52312 Asfjde] pHoll W& Cu ECMP uhzt
Aol #3le] Al em 7P vk wlEAIG(0.1387
£0.0095)2 HolE pH 1404 7P 453 BHAA7]
(Ra 4.6 nm)E X3t} Joo 5[40]2 F-& tJ2=F(Pin-
on-disk) |9} Z$] 7PH71E o835l ECMP 71 5
npz A=} Bl Z4(Tafel curve)s F5310om A
718kek el wke-3} mhk dogol] tisl] &3kt Bian
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