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Abstract An investigation on the step-coverage of PECVD and O; ThCVD oxides was undertaken to
implement into the void~free inter metal dielectric planarization using multi-chamber system for the
submicron double level metallization. At various initial aspect ratios the instantaneous aspect ratios were
measured through modelling and experiment by depositing the oxides up to 0.9ym in thickness in order to
monitor the onset of void formation. The modelling was found to be in a good agreement with the ob-
served instantaneous aspect ratio of TEOS-based PECVD oxide whose re-entrant angle was less than
5°. It is demonstrated that either keeping the instantaneous aspect rato of PECVD oxide as a first layer
less than a factor of 0.8 or employing Ar sputter etch to create sloped oxide edge ensures the void-free
planarization after O; ThCVD oxide deposition whose step-coverage is superior to PECVD oxide. It has
been observed that O; ThCVD oxide etchback scheme has shown higher yield of via contact chain than

non etchback process, with resistance per via contact of 0.1 ~0.32/un’
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M+A(1 C/A)
—2A -B/A

[A/R]i= 7} "t}

Step coverage at side wall = B/A
Step coverage at bottom = C/A
[A/R]: = M/Sm
[A/R] =Ti/Si

| @ :enfrant angle
/

Fig. 1. Definition of step coverage, entrant angle,

and aspect ratio(AR). In the case shown, the en-

trant angle is negative(that is, re-entrant).

M : metal thickness

Su . space between metals

A ' oxide thickness on metal

B ! oxide thickness at metal side wall
C ! oxide thickness on metal space

S; :Su—2B

T, :M+A-C

[A/R], : initial aspect ratio

[A/R]; : instantaneous aspect ratio
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Table 1. Instantaneous aspect ratio obtained
by modelling at various initial aspect ratios in
the case that deposited oxide thickness is 3, 6
and 9k A respectively.

M/S:[A/R]| [A/R] | [A/R] | [A/R]
7/8 0.9 14 2.8 12.1
7/7 1.0 1.7 4.0 — (void)
7/6 1.2 2.5 8.2 — (void)

Here we assume that the oxide step coverage
at side wall and at bottom is 0.4 and 0.7,

respectively.
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Fig. 2. Process scheme for step coverage and en-
irant angle measurement.
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Table 2. Process equipments and conditions.

Oxide source| Equipment Proceoss Power | Pressure
temp(C)| (kW) (Torr)
PE SiH, Novellus 400 1.0 22
PE TEOS AMT 390 0.45 9.0
0; TEOS AMT 390 - 60.0
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Fig. 3. FTIR spectra for inter metal dielectrics.
(a) O; ThCVD TEOS oxide.
(b) PECVD TEOS oxide.
(c) PECVD SiH; oxide.
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Fig. 4. Step coverage and re-entrant angle as a function of aspect ratio and oxide thickness for SiH,-based
and TEOS-based PECVD oxides as well as TEOS-based O3 ThCVD oxide. The arrows indicate the onset of

void formation.
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trant angle at 6k A as a function of aspect ratio.
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Fig. 6. Hlustration of cross-sectional SEM for step coverage and re-entrant angle measurement.

(a) [A/R);=10
(b) (A/R1i=14

(c) Profile of atternating 3k A IMD and 300 A PE SiN layers over patterned steps.

(d) Void formation over Al steps.
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Fig. 7. Instantaneous aspect ratio for ScH,-based,
TEOS-based PECVD oxides, and TEOS-based O,
ThCVD oxide as a function of oxide thickness.
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Fig. 9. SEM micrographs showing process sequence of in-

situ planarization.

(a) as-M1 patterned/initial PECVD oxide deposition.

(b) Ar sputter etch/O; ThCVD oxide deposition.

(¢) Anisotropic oxide etchback/final PECVD oxide deposition.

(d) as—-M2 patterned.
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Fig. 10. Via contact chain yteld(%) and via con-
tact resistance(ohm/via) as a function of via con-

tact size and in-situ planarization scheme.

Fig. 11. Cross-sectional SEM of vias by in-situ planarization.

(a) as-0; ThCVD oxide etchbacked.
(b) as~03; ThCVD oxide remained at vias.
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