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Surface chemical state analysis of Cu film reacted with organic
acid under Cu-CMP process

Hidetatsu MIYOSHI*, Reiko SAITO*2, Satoka AOYAGI*2, Masahiro KUDO*4

ABSTRACT: Cu Chemical Mechanical Polishing (Cu-CMP) has been regarded as one of the most promising
techniques for the development of Cu interconnection with low-resistance used for microelectronics devices. In
order to establish optimum CMP conditions, it is inevitable to understand the chemical states of the Cu film surface
under the process. In this study, we used TOF-SIMS to investigate the chemical reaction between Cu and quinaldic
acid (C,oH;NO,), paying a special attention to the equilibrium states of the formed complex, reaction speed, and
pH dependence on the reaction. It was found from the evaluation of the secondary ion intensities from Cu, qui-
naldic acid molecules and Cu-quinaldic acid complexes that (1) characteristic secondary ion peaks originating from
the complex formed by the reaction between Cu and quinaldic acid were observed, (2) the intensities of these sec-
ondary ion peaks changed with the soaking time, (3) the reaction rate was dependent on the pH of the solution and

(4) The amount of the residual complex on the saturated surface maximizes at about pH4.
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Fig. 1(a) : The positive TOF-SMS spectrum before soaking in the acidic solution.
(b) : The positive TOF-SMS spectrum after soaking in the solution of pH3.2
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Fig.2(a) : The time dependence of the averaged secondary

ion intensities at pH6.
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Fig.2(b) : The time dependence of the averaged secondary

ion intensities at pH3.1.
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Fig.3 : The pH dependence of the equilibrium time of

the reaction.
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Fig.4 : The structure of quinaldic acid complex.
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Fig.5 : The amount of the residual complex on the

Cu substrate.

pHRTH 2 Z & T, BRI DEEOFERITEMT
B0, THITHACuDBEMHEELEL 720, THioOEIZ
WL EEBEPRESNIME (V7 A7) BR
T HREREMNRH D & E X BN D, XpH2. SOREHEREE,
BERMOEVWHO ($W30MLLLE) IBL T, BT
WZCuERF N, THONY YEREHLTWDHONR
REF oz &hb, SEEPRERE LTHEEL TV
RWEFIBEETAZ L LD LNE,

XN U U BSERAGRE TiX, CulBERE TCusiCu
AKERE L LTSN, TP UVEBBRRET HiEE
ZLBD, bLLiFCuiCut 4 F v tiotz ETX IV
CUBMKRMBEA LT, Cu- AU UBmER L2, 2
NHACUBEREICAET 2HEE L HAREENRZE LN
5, BRENDEEIZOWVWTIE, Cuf A IMEIZH LT
XFNDUBMENERMT B Z EBRMONTVER (K4
M), TOF-SIMSA~Z hLHIZITZ O % EHR R
THEE—27 L3 LAZRERERDZEOCURT &
XTIV UBAFIOEREND - PEBEIN
TW3, TOF-SIMSIZRIT 2 ZRA 4 RIS
BV A—Y—FET T, REICHEKENDSTOHE
EEMIRBR LKA A= BBRIENhS L&
TWAZ EEEET B L, CuREICIIRZEREE L IZR
72 BALFEEEE L B PR LAY TEET 5 FIREEA
HDD, Cul st R EIZREF L X TV VBB —IRA A
BEBR TR X Y Cub F4 b1 v B ERR
THAREE LD Y, FHRZRA A VERBREZRBRL
TWAHLDEEZILND,

4. £EH

XN UL RS LTICulERE D b D ZIRA A
MEEORBKENELD (1) TV UEBEECUDREEL
T8RN LD E— 7 B LNITRY, ZTOBRENERKE
DRGERIC LV ET B2, QpH4AFHETERSH
BEERDOBRIR B EL, pHE T T < LpH32~4R2E
F TIHERBIIEL toTWE, TR XY bpHE TS
LEEIRIBITHEL o TV Tk, (3) pHOEWEKRF T
X, CO RS ERESNDIDEFREBICES ETOR
RN 2B 2L, (4) pHOBD XTIV s
D B EE DS ABITHE9AY, pH2. 5FHE S L < ik LL
FTCIMREEABES N TLEIZ L, S2HLMICL
72o DX D IZTOF-SIMSEIY, REKREBOMITEZEL
T, Cu-CMPD X 5 7o fEern Y- B A RE 7 v & X DFFAH
WCHEFCEDTHDEERD,

L%, BITORBELZ EF 320X F LU ERE
Cl' A A 2EEREIETCHEREINILLEDE



TOF-SIMSHIE L Ti§bhn 5, EEREDORA~NY L
DHER, RU2EHMMEAVEBEORIGEE, Bk
BEORMSERFTS LT, et A0EEI(LIcS
RO DHERELRETH-OOHANESREI LD L E
ZAbhd,

BEHK

1) Michael A, Fury Solid State Technology May (1997) P.81

2) C.W.Kaanata, et al., Proc. IEEE VLSI Multilev. Interconn.
Conf., pp.144-152, 1991, Santa Clara.

3) B.Luther, J.F.White, C.Uzoh, T.Cacouris, J. Hummle, et al
VMIC Conference June8-9 (1993) P.15

4) C.W.Kaanta, Susan G.Bombardier, William J. Cote,
William R Hill.et al VMIC Conference June 11-12 (1999)
P.144

5) T.Izumitani & S.Adachi “‘Polishing Mechanism of Fused

Silica Glass”, Dig .Technical Papers Topical Meeting on

Science and Polishing, pp.TuB-A1-1~TuB-A1-3, Monterey

(1984)

F.Kaufman, D.B.Thomapson, R. E. Broodie, M. A. Jaso,

W.L.Guthrie, D.J.Pearson & B.Small : “CMP for Fabri-

cating Patterned W Metal Futures as Chip Interconnects™,

J.Electrochem.Soc.. 138 (11),

pp-3460~3464 (1991)

7) SEHREFFEF  USP6046110(/3T > hF 13—y, (kk)
%2

8) B.O.Kolbesen and W.Pamler Fresenius Z Anal Chem(1989)
333:561-568

9) H. Hirabayashi, H. Kaneko, N. Hyasaka, M. Higuchi,
Y.Masa, J.Oshima Japanese Journal of Applied Physics
(1995) 30a-k-8 P.811 (1995)

6

-




