Tungsten silicide and tungsten polycide anisotropic dry etch process
for highly controlled dimensions and profiles
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I. INTRODUCTION 289+25 nm. The third step is the poly-silicon etch which

Highly anisotropic dry etching of tungsten silicide and results in an endpoint at changes in emission at:239 nm.
tungsten polycides is required for the realization of sub-Resistloss for OCG 825 in a typical process is about 5000 A.
micron low resistance gates and interconnects for use in hlgnl_ RESULTS AND DISCUSSION
performance complementary metal—oxide—semiconductor
(CMOS) and BiCMOS technologies. The current etch A mixture of GFg and Ch was first tried for the WSi
chemistries are not anisotropic, i.e., lateral etching of theétch. It was discovered that the etch builds up polymer on the
tungsten silicide takes place which results in undesirable CI¥VSk sidewall, which is bombarded and removed during the
loss. In many applications a spacer needs to be formed on ttfich. Since the bombardment is anisotropic, the polymer on
polycide sidewall(Fig. 1). Undesirable undercutting can re- the sidewall is not removed and a “foot” of W3will be
sult in nonideal spacer formation for further device fabrica-Produced after resist is stripped. As theFgCl, ratio is
tion. increased, the selectivity between the Wand poly etch

Tungsten silicide etching has been described in literaturéates is increased but more polymers are formed on the side-
using mixtures of SE Cl,, or CF,.2"* However, all these wall, resulting in a tapered profile. When theRg/Cl, ratio is
chemistries have excessive undercutting, no end point detefécreased, the polymer formation is also decreased but the
tion, and poor control of sidewall profile. It is the purpose of WSk and poly etch rates increase at a very rapid rate due to
this brief to describe an etch chemistry using§; Cl,, and increased chlorine radicals in the ambient. High %o@Ix-

0, which forms polymer on the sidewall of the tungstentures are thus not desirable since a decrease in poly-silicon
silicide during the etch in order to avoid undercutthgn ~ ©tch rate is needed once the W3 removed. Figure 2

addition, the etch chemistry allows increase of the criticaShows the cross sections of the stack with two different
dimension by controlling the polymer deposition on the side-CgFe/C|2 ratios. The corresponding etch rates are depicted in

wall. Fig. 3.
Addition of O, in the GF4/Cl, mixture, however, results

Il EXPERIMENTS in a decre.ase qf the polymer buildup and a highly aniso-
tropic, straight sidewall. The polymer can be postulated to be
All etch experiments were performed in a LAM 384T 3 tungsten-carbon based compound that reacts with oxygen
Triode etcher. Power was applied to the lower electft®d&  to form volatile compounds. GFor CF, based chemistries
mode. The temperature of the electrodes was held betweegescribed in prior arts do not provide enough carbon to form
15 and 30° C. Chamber pressure was maintained at 150 mjolymers on the sidewall and hence have resulted in under-
and the He backside cooling pressuresvar for all experi-  cut of the silicide. Figure 4 shows the etch rate variation with
ments. The GFg, Cl, and Q system was explored under change in %Gl in the GF4/Cl,/O, system. It is interesting
two different plasma power conditions. Detailed experimentsg note that in our study, the over all etch rates of oxide,
were performed to determine the etch rates of W§bly-  silicide and poly-silicon does not change much within the
silicon, and oxide under various gas plasmas and rf poweryariation of G, studied as shown in Fig. 5. Excessivg,0
WSi, was deposited in a varian 3190 sputtering systeMowever, can result in excessive side etching of the resist,
from a composite target. Poly-silicon was deposited aynwanted increase of CD, and undercutting of WSThe

625°C using low pressure chemical vapor depositiorfingl mixture results in an optical end point at poly-Si inter-
(LPCVD). The first step in the etch is an oxide etch which is

to be used only if there is an insulator on top of the WSi Stack on oxide
The end point can be detected when the silicide is exposed at

the change in the CO emission at 4526 nm when using a Resist Mask Resist Mask

CHF;:C,Fs chemistry. The second step is main W8tch, Insulator Insulat

the characterization of which is described in detailed next. o

An end point can be detected at the change in the emission at poly-Si_ '
A

¥Electronic mail: rashid.bashir@nsc.com
YAnalog Process Technology Development.
9Presently at: Spectrian, Mountain View, California. Fic. 1. Cross section of the polycide stack.
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Fic. 2. (a) Stack cross section with WSetch using
C,F:Cl,=85:50, ri=400 W. (b) Stack cross section
with WSi, etch using GF:Cl,=100:35, rt=400 W.
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self-aligned butted contact structufeBor example, simulta-
neous contact to the buried poly or silicide film and under-
lying substrate can be formed without a mask.

2500A Oxide

i IV. CONCLUSIONS
Field Oxide

1500A Poly-Si A new etch chemistry has been developed to etch tung-
sten silicide and tungsten polycide films with high control of
e 6. Analed SEM of the stack with WSitched with the final the sidewall profile using a £¢/Cl,/O, mixture in a LAM
(\IIS.SiX. etgr? ‘“:sing gga :CE :Soicz 1"(‘;'0: 3 5’?290C a‘i 4"0\"0 W’e l'gg r‘:]rToyceasnsd 384_T system. The £n the ambient h_elps control_t_he etching
poly-Si etch using GF, :Cl,=85:50 at 100 W, 120 m7. of sidewall polymer and hence provides an additional degree
of freedom in controlling the slope of the sidewall without
significantly affecting the etch rates.

face. The end point is detected by a change in the emission at
wavelengths of 28%25 nm. There is no known reference

of Suc’th an. optlcal end point. Flgurg 6 shows an angl.ed hlgh IM. Wong and K. Saraswat, Symposium on VLS| Technology, Ninth
magnification scanning electron microscd8EM) showing Symposium on VLS| Technology, 1989, pp. 101—102.
the anisotropic profile of the stack etched using the opti- 2w. Beinvogl, U.S. Patent No. 4,473,436984.
mized WSj etch process with a gas mixture of °T.Hwang, S.Rogers, and M. Coe, U.S. Patent No. 4,443(2984.
C2F62C|2202=100235220 at 400 W, 150 mT, arpbly—Si 4(Ciggllglq|ao, F. Shaoyun, and L. Jianzhon, Chin. J. Semicdid.355
etch using GFs:Cl,=85:50 at 100 W, 120 mT. 5R. Bashir, A. E. Kabir, and F. Hebert, U.S. Patent pending.

The polymer-forming recipe can also be used to make °s. wolf and Tauber, Silicon Processing for the VLSI Era, Vol. I, p. 161.
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