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The Effect of Citric Acid on Copper Chemical Mechanical Polishing

Wonduck Jung, Boumyoung Park, Hyunseop Lee, Sangjic Lee, Onemoon Chang, Sungmin Park, Haedo Jeong
Department of Precision & Mechanical Engineering in PNU, School of Mechanical Engineering in PNU’

Abstract : Slurry used in metal chemical mechanical polishing normally consists of an oxidizer, a complexing agent, a

corrosion inhibitor and an abrasive. This paper investigates effects of citric acid as a complexing agent for Cu CMP

with H;O, as an oxidizer. In order to study chemical effects of a citric acid, x-ray photoelectron spectroscopy were
performed on Cu sample after Cu etching test. XPS results reveal that CuO, Cu(OH), layer decrease but Cw/CuO layer

increase on Cu sample surface. To investigate nanomechanical properties of Cu sample surface, nanoindentation was

performed on Cu sample. Results of nanoindentation indicate wear resistance of Cu Surface decrease. According to

decrease of wear resistance on Cu surface, removal rate increases from 285 A/min to 8645 A/min in Cu CMP.
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parameter conditions
pressure 300g/cm’
velocity Table(80 rpm)/Head(80 rpm)

DIW + H:0: 3 vol% + Colloidal

slurry Sillica 3 wt% + Citric Acid
0.0005M, 0.01M, 0.025M, 0.05M
pad urethane pad
polishing time I min

G&P POLIS00

CMP polisher
(G&P Technology, INC.)

320 2 OE

3.1 PN BiEtAE HE

T8 12 PS4 820 o2 Cud 0l
IO BEO0| Bt B8 Cu HEE: B9
2 & QUCH Ol3id a2 &I S&A HE(
&3 oxidation)HIH LIS 218t R 2l(corrosion) &4

SuE 4 ATH +8Y SN Z42 WNE U
o

1]
o
HL
2
o
Q

Ol

t
|

i a2 He g omo °

s
o
o
mo
B o
T 2
a "
ol oz
@@
()
n 2
jor 30
m o
m =
o
% o
oM ™ 4 omy 0oy o 10 0D Y
Qo m e

\J



8 201 A= XPS HIOIEIE Soll Cu sample 222 H
SHE AHEY 0.0005MOIA HSO ZISIAUE CuO
Cu(OHpEE2 A B2 O LA30H LU
Cu/Cu,082 It Stl= AE & += UL X2 Fod
Ol EJI10l EMoIAE CuO2t Cu(OHREE SdllAIDI= &
8 Cu/Cn, 082 & EolAIIIX REE 2 FCH3).
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~asl 0.0005 M
" il -cuo 0.01M
CulCu,0 - 0.025 M
5 3ol __Cu(om), e .05 M
was| t
Ez.o - 1 .
| CuO/Cu(OH),
Rl j g statellite peak y
X )
TOF i
R . . . - R .
025 930 935 940 845 ) 955

Binding Energy(eV)

I8 2. Cu 8E2 XPS Cu2p;; &

32 oA BB OE Cu HEB2 JAH 24X Cu
CMP

FENMON A GIFE SIS Cu EHHS BGIL CMP
Old WM& MO CiHEt JES OIXNEIE 2O0oHED)
Fof LI-QIENECIEE ol HE HIE XASIACE HEE
OIZXNEE LEHWE #8222 H/E HIO 3% D2 E0]
Atk= AE 2J0IBCH4) 118 32 e 2o o2
HE Hl B3IE BOHEC IS B0 B0t 848 HE
He 2282 & £+ UCHL 0IA2 L 20 meat
Cu OIZE2 ZII2t Cu E2 40| B35t ME0IH
OI2 M2 2280 N2 FHL BE0 Bt 48
SYE HOIZAHUA CuB O g HMAH & 5 A= A
£ 2/0IstCh

TAA o8t aEE HEW JIHE JES HIES=Z
&8 CMP Zuet HIWE {8 Cu CMPE & AIGHALCH
8 42 Cu CMP EHHAE AN B2 Ot S
Bt bt XA DIE0I Botste A 20 £C 0l
E FAAe 820 Ml Cu BEHY 012 ME 242 ¢
Ot &g &Xt 12lid Cu SO0IH AOIOIAM Zast=
OIEO0l O EMASE CuE M & R2Z M2l

0016

g 001232777

0.000 LEZS Z #
0.0005 M 001 M 0025 M 0.05M

Concentration of Citric Acid (M)

A8 3. ois B0 OHE HE B

10000
-4~ Removal rate( A /min ) A
8000 |- -
- —
-
E e
o oo e
T -~
B 4000 AT
2000 | e Pressure = f&()Og/t:m2
Table velocity = 80 rpm
A - Head velocity = 80 rpm
o}
s . " i
0.0005 M 001 M 0.025 M 0.05M

Concentration of Citric Acid (M)

J8 4. Cu CMPOIA R4 B2 MHE HOIE

4. & E

22 Cu8 CMPEHOUM S22l L0 =SHZ B
FOAL SO HEO HE MMM OIX
7 BICt

o Cu B0 UAE CuO%2 Cu(OHREE2 2
SRS CwCwOB2 BIISHACEH U=QHEHOI8E S
8 Cu HHY DX 241 SFUS M 29 02X
B2 UEHHE H/E Hie 2461200 AX Cu CMPUIAE
Ol2 NME 24AE AOIE2 BOI6IRUL. ZEBHCZ (u
CMPOIA E2C2I0 ZES0N U= FHLUE2 Cu NFES
BIAMI e SA0 Cu B2 OIZ HES ZAAMTEE
AN IHESH X 32l Cu HOoIH AOIOIA gast= O
&0 SNUHCZE MZE MHE = UTE Z2AECH

&0 &8

[1] Hyunseop Lee, “The effect of slurry Components and
Abrasive on Material Removal in Cu CMP", S4&HTHS!
m BEIAA &2 =3, 2006.

(2] w7, "&EEMTE", HE it

[3] J. Hemandez, P. Wrschka, G.S. Oehrlein, "Surface
Chemistry studies of  Copper Chemical Mechanical
Planarization", Journal of Electrochemical Society,
148(7) G389-G397, 2001.

[4] A. Leyland, A Matthew, "On the significance of the
H/E ratio in wear control", WEAR 246(2000)1-11.



