111

HZEHIT Y|

Journal of the Korean Institute of Swrface Engineering
Vi, 30, No. 2, APR, 1997

<AFE>

Cl, Ze}zu}E Qrke CuCly 4% 9 PELE ol43
© CuCLe} A7l dg A7

wde, 274
Aed B AR EHR

A study of CuCiyx growth mechanism and etching with CI,
plasma and PEt;(Tri-ethyl phosphine)

3. E. Park and K. B. Kim

School of Materials Science & Engineering, Seoul National University,
San 56--1 shillim-dong kwanak-ku, 151-742, Seoul, Korea

Abstract

The growth kinetics of CuCly layer on Cu was investigated using Cl; gas with/without plasma.
The etching kinetics of it was also studied,. in which PEt; gas as well as Cl, gas were used. When
plasma and DC bias were applied, not only the growth rate of Cullk layer but also the surface
concentration of C} in CuCly layer drastically increased. The growth mode is divided into three re-
gimes, where the thickness of CuCly layer is proportional to t, log t, t'/* , respectively, whether
plasma is applied or not, These three regimes correspond to the surface reaction controlled regime,
the transient regime, and diffusion controlled regime. It is alse identified that the etch rate of Cuis
drastically increased as the Cl; pressure is increased. However, when plasma and DC bias were ap-
plied, the etching rate is decreased, and the CuCl-P-C layer is formed. In addition, as the etching
time is increased, the surface concentration of Cl s increased and CuCl; formed partially.
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Fig. 1 A schematic diagram of the plasma etc-hing
equipment
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Fig. 2 SEM micrographs showing the surface mor-
phelogy of CuClx grown at 7 mTorr
{a) without plasma and (b) with Cl, plasma
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Fig. 3 SEM micrographs showing the surface mor-
phology of CuCly grown at 7mTorr and at var-
ious DC bias: {a) 100V, (b} 200V and {c}
1200V with Ch plasma
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Fig. 4 The surface composition of CuClx layer mea-
sured by RBS with DC bias.

ol m 8435 Cl 35E(Cl Y 53¢ ool
Z7tsked CuCly 47 2R Ol ¥ =8 F7HA4
ox & 9 vk Fig. 55 CuCly 9] SAE
CLgtHell wet vehlleh. RF powerE <l7tst
o Cl, Fe}z2nlE ¥4 A= RF power§ ¢
7VehR] @& Aok rhstx| R Cl, srEe] Fobd
w2} CuCly ¥rere) A4 &57) S7hsides €
4 9lch. =3 RFE powerd <l7bste] Cl, Heb=
vlg FAgstod wakg 4T A97 RE power&
A7b &A F& Aol Hlg CuCly dhehe] A%
£x7} 2 E7EE ¢ 7 drk oA (O &
gtzets FA4sME ZepEnr e Clreld &
#2459 Clel) 2)ake] CuCly w2t Fe R Fi
gz Clol oj&std Aefolrivt Tygsid Hei=
F5457 fE ©e) TASNIATY 24T
wj olg) FzhEct Fig. 68 Cl, Sah=vkg 84
g 735l Zr DC bisse]] W& Cu wel g &
2= CuCly #mhel 27 Wats ClL =% A
o) Frbd mak dEbd Aoz, FAFHE CuCl
wrebe] EAlE AlZhe] what t, log t, tie]l BlEEt
o FrHEe o £ b oldd d¥ ZEae
Sesselmann * g2 A Azl A&} = Cl,



Cl, E204E 97 CuCly 44 B PELE o138 CuChs H7td & a7 115

g 8

4]
g

T Y T T T

{0

8

g

8
g

(@

CuCl, Thickness{A)

-

2 4 & 8 10
Cl, Pressure{(mTorr)

o

Fig. ® The growth rate of CuCly layer with the vari-
ous Cl, pressure; (a) without plasma and {b)
with plasma of 1 min. exposure
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Fig. 6 The change of thickness of CuCly layer as the
time increase at /mTorr
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a) CI Diffusion Contro}

Cu

C) Cu Diffusion Control

b)Y Interface Reaction Control

Fig. 7 A schermatic diagram showing the possible CuCly layer growih mechanisms.
{a) Cidffusion through CuClk layer controls the growth rate
(b) Interface reaction between Cu/Cully controls the growth rate
{c) Cu diffusion through CuCly layer controls the growth rate
(d} Surface reaction controls the growth rate
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50 um

Fig. 9 The plan view micrographs of CuCly surface
etched with PEt; (a}l without plasma and
{b) with plasma observed with optical micro-
scope
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Fig. 11 The change of XPS spectra of {a) Cu sample
and (b} sample exposed to Ch plasma and
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Fig. 13 The etch rate of Cu with the vanous PE1s
pressure for 3min, at 150°C ; Tmin. exposure
after CuCly formation with Cl, plasma
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