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Abstract

Ru thin films were etched using CF4/O:2 plasma in an ICP (inductively coupled plasma etching) system.
The maximum etch rate of Ru thin films was 168 nm/min at a CF4+/Q; gas mixing ratio of 10 %. The
selectivity of SiO2 over Ru was 1.3. From the QES (optical emission spectroscopy) analysis, the optical
emission intensity of the O radical had a maximum value at 10 % CF4 gas concentration and decrease
with further addition of CF: gas, but etch slope was enhanced. From XPS (x-ray photoelectron
spectroscopy) analysis, the surface of the etched Ru thin film in CF4/O: chemistry shows Ru-F bonds by
the chemical reaction of Ru and F. RuFyx compounds were suggested as a surface passivation layer that
reduces the chemical reactions between Ru and O radicals. From a FE-SEM (field emission scanning
electron microscope) micrograph, we had an almost perpendicular taper angle of 89°.
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Fig. 2. The etch rate of Ru film and selectivity of Ru
to SiO; as a function of additive contents of
CF; gas.

As-dep €< Ru %3} CF/O, 7t& E 3|l
wtel 4 zhE Ru web gAY 383 ARALH
& ZAbet:, CFs 729 A7tawE dasy] 93
XPS 4% 9tk 2¥ 3¢ (a9 Ru3d % W F
158} XPS narrow scan =9 EHE BojF3 9ol
29 3(a)¥ Ru 3d9] narrow scan 2HEH & e
W #Aoltt. Ru 3d&= doublet FElE 283.979F 279.8
eVelAl Zkzt Ru 3d 32 9 Ru 3d 52 327 YES
th O.5+e] 27l M Ru-Ru Z¥e A= A4 g
& VeI A9 RuO2-z 289 WAzt Boli, CFy

1018

Intensity [Arbitrary Unit]

Binding Energy
(a) Ru3d

CF (9% V0

WWWWWM

_e il a Fl " i " L

Intensity [Arbitrary Unit}

A
700 [ 90 685 680
Binding Energy

() F1s

a® 3. CF/0r 7F& Efulel wel 2)2tgl Ru 9
9 §A9) (a) Ru 3ds} (b) F 1s¢] XPS
narrow scan =¥ EY,

Fig. 3. (@Ru 3d and (b} F 1s XPS narrow scan

spectra of etched Ru thin films as a func-
tion of CF#/0; gas mixing ratio.
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Fig. 4. SEM micrograph of etched Ru thin film at
additive 80% CF; into 20% Oo.
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