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Abstract - We investigated the initial growth mode of Cu deposited on polyimide at room temperature
using x-ray photoelectron spectroscopy. We could find that when Cu is sputter-deposited on the po-
lyimide, Cu-N-O complex of strong interaction is mainly formed first, Cu-oxide of weak interaction is
formed successively, and then finally metallic Cu grows. From these results, we could conclude that Cu/

polyimide interface consists of Cu-N-O complex and Cu-oxide.
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Fig. 1. C(1s) core-level XPS spectra measured during in-

situ formation of the Cu/polyimide interface as a func-
tion of Cu coverage at room temperature.
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Fig. 2. N(1s) core-level XPS spectra measured during in-
situ formation of the Cu/polyimide interface as a func-
tion of Cu coverage at room temperature.
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Fig. 3. A proposed model for the interfacial interaction
between PMDA-ODA polyimide and Cu during sputt-
ered deposition of Cu on the polyimide. (a) Basic units
of the molecular structure of polyimide. (b) Interactions
between Cu atoms and polyimide.
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Fig. 4. O(1s) core-level XPS spectra measured during in-

situ formation of the Cu/polyimide interface as a func-

tion of Cu coverage at room temperature.
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Fig. 5. Cu LMM x-ray induced Auger peaks measured
during in-situ formation of the Cu/polyimide interface as
a function of Cu coverage at room temperature.

Journal of the Korean Vacuum Society, Vol. 6, No. 3, 1997



192 ol .

2 ool AN BYTE B AABTHE RS ¢ % 9
o} 8 polyimides]ol Curk ZH5)E 271 4e)e) /b3

F71 sof A5 JFEYE UehfolE aeln
570 eV Zoll vebd & Sl 83hE2 Cu0 A3t Cu-0-
C complex7} 1tH[15]. O(1s) ~HEH|| A Cu-0-C com-
plex® A¥Hoz AZT F QA A AR
Cu IMM Auger A E Ao A% Cu-O-C complexE 2
Yoz #elaA = FaArt. 568 eVol Lieh= 1o
A= metallic Cu[15)7F £AL ZalFo). o] Cu LMM
Auger A8 E o] Ayl2 BE| polyimide Yol 4] Cu &
o) w2 AHoAe] Co AAHREE B} A4 A
gAF oz o = gleith Cudl FF 27)(Cu/C=0.11)
= Cu-N-O complex7} 7} slth7h 20 Curt 2259
(Cu/C=0.21) Cu AFEE(Cu-0-C)o] o] FAH 1, Cu/C=
0.31°| M £-E{5= polyimide 2} ATH514] £ metallic Cu7}
2349 XA g Metallic Cus) o] F71E45E
F3F Cu 2HEP] K o|Ael CuAtstE FolArt
B5lo] g8siAle R Y, £ Cu 29
k)

A3k )@ 2 ), CwC=069 oldhe] Az

im ofn My

Cu i 8lg o] EAFTE ¢ + st

olde] AANE S Tt Ml Fig 637 2 ¢
HEE 9& & ot Polyimide o) Cug 32 A7 &
u, Cu/polyimide®] #¥d=, N(1s)2} O(1s) A2HEH
o ZHE o & = A o] Cu-N-O complexs} Cu
AF3HE(Cu-0-C complex)o] %7](Cu/C=0.11)%€] FA|
o EA3}l1, Cu-N-O complext &3} +7HCu/C<

0.39 993 :N(1s) AR EH o 2 BE)E Cu A Eo] &
A8k FIHCU/C<0.55:0(1s) 2B EZH o 2 HE)R T}

A Fo B} Ao 2 Cu LMM Auger ~HE
A#E o]g3W, %7)(Cu/C=0.11)]= Cu-N-O
complex7} &0 F7} Hthz}, Cu/C=0.21 oAt A+=
Cutgtgo]l Bu}p 71 S AIft} o35 Cuof S35+
7 Wbl wel, polyimide®} Cudl HHg-0 2 218 g%

—2—

Cu-oxide

L_g_l
i

Polykmide

Fig. 6. A proposed cross-sectional shape of the Cu/po-
lyimide interface.

sl ez, A6, Al 3%, 1997

E¥4o] 7hol el ekztel Ao BF 1 o o]
Aol Avfz, A2olM FFEE CuZt polyimide ¢
Cu-N-O complexol| 4] Cu AH3}E2 A43it}st, o ol4t
A3 AEE Nt 07} Cu FRA ALbA A = me-
tallic CuZ AA3cte A& oulgith. Cu 4tstERT
Cu-N-O complex?} Z7] AZAAA AN #HA PAH=
718 Cu-N-O complex®] heat of formation Zt[17]e] -
303 kJ/mole 2 -169 kJ/mole?] & zt= Cu 4HehE(Cu-
0-C complex Cu;09} carbonyl BF 4 ¢}e] oFgl A lo]
o2)Rg o2 & 38 /b4 Custsts B st
So] & dojuy] W&l Aoz Agd F Qv Ay
% 0 g, Cu-polyimide ¥+2-of 2|3} Cu/polyimide #/™H-&
Fig. 6o vehioial= Ay dAHezs= Cu-N-O
complex$} Cu A Eo] Ejtso] e Fejg o] Fof
7} A1k, polyimide T} 74714 Cu-N-O com-
plex7} F7} 511, Cu Foll 7PHE55 Cu 3HEo] F

7t S F2E 0lFn A8e ¢ 4 AUrk

32

4. 4

T

A& oA polyimide 9o Cug in-simz g% 23
A A polyimide $le41¢} Cu A4l wp2+= 313 4
g/dele] wsE XPSE o] &3slo] BAFOTA, po-
lyimide 9101419} Cusl 27144 B4 thato] 25}
Aot 2, S2% Cugl polyimideAlolol] BHE 4
AT PR AT Cu-N-O complexe} ofsh
Agte] Cu AF8HE9) Cu-0-C complex7t ¢l¥H], Cu-N-
O complex:= Cu LMM Auger ~AHEH S 23 ol
F A4, 2d2 AAlE Cu-0-C complexol ofa]A
T olE XPS 2HERSZHEE AT 57} gk
N(1s) core-level 2 ER 0 2 RE], Cuz} F25 v}
2} Cu-N-O complex7} EAs = AL ¥ £ gl9lon,
o]@ A Cu-N-O complex?} B4 &&= 772 Cu/C=0.39
olate] F7ro g AWe| 3] YFGHolt YHE S
o 4= it} O(1s) core-level AHEE 0 2 EE]:= Cu-
0-C complex®] EA= <1 & & QA= 7, Curt 53
bt Cu 4HtE ¥Adol EAHUSH, Culpo-
lyimide Al# o) Cu Abg}lE-o] Cu-N-O complex @A} 17¢
2oe E9 WA B¥Ee AL 4 5 Ak XA
Cu LMM Auger AHE&o||A|=, Hubdel Cuol A%
BA L & gl 27]9 A= Cu-N-O complex7}
F7} 5o} Cu/polyimide ARS HAIst, Cusl F3F



XPSE o}&% CuPolyimide A% o

A7t 7ol whet, Cu 4kgtEo] F7h Ehrt AA 3]
metallic Cu2 A AA4alE AL B £ 9t ojate] A

& F3), Cu/polyimide2] #H-2 Cu-N-O complex
¢} Cu 4FshEo] EFE O le Hej2 4 polyimide ¥
ol 7}7}-&% Cu-N-O complex7} 7} g1, Cu &
o 7t7hEFE Cu 4bstEo] F71 He FEYE ojfn

At AE & o AT

-

KR
=

Al =

2 dFE BSE {93 S BSRI-97-2426)3%
A et 2ol RS AFAE S Yo F T
Hlor ol 7= gyt

ETES

1. C. E. Sroog, J. Polym. Sci. Macromol. Rev. 11, 161
(1976).

. A. M. Wilson, Polyimides-Synthesis, Characteriza-
tion and Applications, K. L. Mittal, ed.(Plenum,
New York, 1984) p. 715.

. R. 1. Jensen, J. P. Cummings, and H. Vora, IEEE
Trans. Components Hybrids Manuf. Technol. 7, 384
(1984).

. M. I. Vasile and B. J. Bachman, J. Vac. Sci. Tech-
nol. A7, 2992 (1989).

. K. W. Paik and A. L. Ruoff, J. Adhesion Sci.
Technol. 4, 465 (1990).

. H. S. Jeong and R. Cd. White, J. Electr. Spectr. Rel.
Phenom. 52, 447 (1990).

Z71A41 2 0A

o Le

) 193

7. R. Haight, R. C. White, B. D. Silverman and P. S.
Ho, J. Vac. Sci. Technol. A6(4), 2188 (1988).

. M. Iwaki, K. Yabe, A. Fukuder, H. Watanabe, A.
Itoh, and M. Takeda, Nucl. Instrum. Methods, B80/
81, 1080 (1993).

. J. O. Olowolafe, J. Li and J. W. Mayer, J. Appl.

Phys. 68(12), 6207 (1990).

D. -Y. Shih, J. Paraszczak, N. Klymko, R. Flitsch, S.

Nunes, J. Lewis and C. Yang, J. Vac. Sci. Technol.

A7(3), 1402 (1989).

M. C. Burrell, P. J. Codella, J. A. Fontana, J. N.

Chera and M. D. McConnel, J. Vac. Sci. Technol. A

7(1), 55 (1989).

A. Ringenbach, Y. Jugnet and Tran Minh Duc J.

Adhesion Sci. Technol. 9(9), 1209 (1995).

J. Charlier, V. Detalle, F. Valin, C. Bureau and G.

Lecayon, J. Vac. Sci. Technol. A15(2), 353 (1997).

G. D. Davis, B. J.Rees and P. L. Whisnant, J. Vac.

Sci. Technol. A12(4), (1994) 2378.

I. F. Moulder, W. F. Stickle, P. E. Sobol and K. D.

Bomben, Handbook of X-ray Photoelectron

Spectroscopy (Physcial Electronics, Inc. USA, 1995).

S. G. Anderson, H. M. Meyer, HI and J. H. Weaver,

J. Vac. Sci. Technol. A6(4), 2205 (1988).

P. N. Sanda, J. W. Bartha, J. G. Clabes, J. L. Jordan,

C. Feger, B. D. Silverman and P. S. Ho, J. Vac. Sci.

Technol. A4(3), 1035 (1986).

. A. Chenite, A. Selmani, B. Lamontagne and A.

Yelon, J. Vac. Sci. Technol. Al1, 2411 (1993).

G. H. Aylward and T. J. V. Findlay, SI chemical

data 2nd ed., (John Wiley & Sons Australasia PTY.

LTD, Sydney, 1971) p. 35.

10.

11.

12.

13.

14.

15.

16.

17.

19.

Journal of the Korean Vacuum Society, Vol. 6, No. 3, 1997



