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A Novel Two-Step Etching to Suppress
the Charging Damages During Metal

Etching Employing Helicon Wave Plasma
Huang-Chung Cheng, Wendy Lin, Tzong-Kuei Kang, Yean-Chyi Perng, and Bau-Tong Dai

Abstract—A two-step etching has been performed to eliminate
the plasma charging damages during helicon-wave plasma metal
etching without selectivity loss. This technique utilized a normal
etching recipe to remove the Al film and followed by an optimized
etching recipe for the overetching step. By increasing the bias
power and decreasing the source power, the optimum etching
recipe can cause the plasma more directionally and reduce the Al
charging damages. Eventually, the damage mechanism was also
reported.

I. INTRODUCTION

T HE dry etching technique is widely used in the manu-
facturing of ULSI circuits. Unfortunately, recent studies

on plasma metal etching indicated that the performance of
MOS devices is degraded by charge built-up on gate oxide
[1], [2]. Some studies also proposed that the plasma etching of
aluminum was one of the main processes which caused gate
oxide damages [3], [4]. This problem has become a serious
concern in the multilevel metallization schemes because the
charges were built up not only through polysilicon gates but
also through isolated interconnection metal lines.

The plasma-induced damages can be annealed out at high
temperature prior to metallization [5]. But, post metallization
can not endure such high temperature. Linet al., reported
that the damages can be minimized by reducing the magnetic
field during the overetch step of the metal etching using the
magnetically enhanced reactive ion etch (MERIE) system [6].
However, the suppression of charging damages in helicon
wave plasma have not been evaluated.

In this letter, the metal etching parameters under helicon
wave plasma was therefore optimized to minimize the charging
damage. A novel two-step etching were then performed to
suppress the oxide damages. The mechanism of the charging
damages is also reported to explain the results.

II. EXPERIMENT

Polysilicon-gate MOS capacitors with 4.5-nm gate oxide
were fabricated on p-type substrate. After the polysilicon gate
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Fig. 1. The leakage current as a function of the overetch time. The leakage
current of the wet control sample was also shown for comparison.

was patterned by wet process, aluminum films were deposited
by means of thermal evaporation. The aluminum was then
etched into antenna structures with the same area but with
different peripheral length.

The aluminum etching was done using ANELVA-ILD4100
helicon wave plasma etcher. A recipe with the Cl/BCl flow
rates of 70/14 sccm and the source/bias powers of 1900/70 W
was performed as the normal etching recipe. The plasma
parameters were then optimized to minimize the charging
damages. Furthermore, a two-step etching utilized a main Al
etching with the normal recipe and an overetch step with the
optimum recipe to suppress the charging damages. The leakage
currents of the MOS capacitors were also measured to monitor
the degrees of the charge damages.

III. RESULTS AND DISCUSSION

Fig. 1 shows the leakage current as a function of overetch
time. The leakage current for the sample without overetch is
indistinguishable from that of the wet control sample. It reveals
that the damages are not induced during the metal etching. In
addition, the leakage currents increase with the overetching
time. It suggests that the charges are collected through the
edges of the Al patterns but not through the isolated conductor
surfaces near the endpoint. Hence, more charges were built-up
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Fig. 2. The leakage current as a function of the normal etching and the
optimized etching. The overetch time is set at 120 s.

and result in the increase of leakage current with the overetch
time.

Fig. 2 shows the leakage current induced by the plasma
charging for the optimized Al etching. A good suppression of
antenna effect during Al etching was achieved with the bias
power of 170 W and the source power of 1400 W. The leakage
current is shown very close to the wet control sample. The
leakage current for the normal etching was nearly twice as high
as the one with optimized etching. However, a drawback for
the optimized condition is that the increased bias power will
move the etching from ion-assisted chemical etching toward
physical sputtering. It means that the etching selectivity, Al to
photoresist and Al to SiO, will be reduced. Therefore, there
must be some compromise between the etching selectivity and
the charging damages.

Hence, a novel two-step etching is performed to eliminate
the charging damages without selectivity loss. At first, a
normal etching recipe with the source/bias power of 1900/70
W is applied for the main etching of Al film. This recipe
provide sufficient selectivity of Al to photoresist to define
the Al patterns. After the endpoint is detected, a second-
step etching recipe with the source/bias power of 1400/170W,
which is also called the optimized recipe in this letter, is
applied to provide highly directional and energetic ions which
reduce the possibility for the ions to reach the sidewalls of Al
patterns. The leakage current as a function of the peripheral
length for the normal etching and the two-step etching is
shown in Fig. 3. It is clearly seen that the normal etching
shows edge intensive antenna effect, i.e., the leakage current
increases with peripheral length. The curve of the two-step
etching shows lower and simultaneously peripheral-length-
independent leakage current. Therefore, the elimination of the
plasma charging damages can be successfully achieved.

The damage mechanism during helicon-wave plasma metal
etching is thus illustrated in Fig. 4. The charges are collected
by the sidewalls of Al patterns during the overetching. The
ions with higher energy will have better directionality and
less influence by the electric field built from the ion charging
on the insulators, such as the photoresist and the underlying

Fig. 3. The leakage current for the two-step etching compared to the normal
etching.

Fig. 4. Schematic diagram of the plasma charging damage mechanism.

field oxide (FOX). Hence less ions will be collected by the Al
patterns and the oxide degradation will be suppressed.

IV. CONCLUSION

The plasma charging damages during metal helicon etching
have been suppressed by the two-step etching without the
selectivity loss. At the first step, a normal etching with
source/bias power of 1900/70 W was applied to provide suf-
ficient selectivity for the Al etching. The second step utilizes
the optimized recipe, i.e., source/bias power: 1400/170 W,
for minimizing the damages during overetching. The leakage
currents for the two-step etching are as low as those for the
wet-control samples and are independent of the antenna ratios.
Furthermore, the edge-intensive charging effect of the helicon
wave plasma on the metal etching is also established.
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