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Abstract— A novel technique, which uses Cl;/0» mixed gas
in the electron cyclotron resonance (ECR) etching system, has
been proposed to remove the antenna charging effect of the
MOS capacitors with 5-nm-thick oxides during polysilicon gate
etching, The Cl,/O2 can cause the trenching effect and prevents
the gate oxide from the charging damage. Furthermore, the ECR
system can provide high polysilicon/oxide selectivity so that the
Si substrate under gate oxide is not directly bombarded by the
ions. Consequently, the E:; degradation of the MOS capacitors
disappears as the trenching effect is apparent by using moderate
Cl2/O2 mixed gas.

I. INTRODUCTION

N order to avoid the RIE-induced damage, much effort

has been put into the development of high-density plasma
sources for dry etching at low pressure, e.g., electron cyclotron
resonance (ECR) excitation. Although ECR plasma etching
technology for submicron fabrication has many advantages, the
plasma nonuniformity is often severe in a low-pressure etching
system and easily leads to the so-called antenna charging effect
in MOS devices. For this charging effect, it indicates that
plasma nonuniformity often leads to the positive or negative
charges accumulated in isolated antenna regions of the wafer
and subsequent gate charging resulting in oxide degradation
[11-[3]. For the MOS capacitors, a new mechanism of the
electrical damage by charging during poly-gate etching has
been reported [4], [5]. During the poly-gate etching period,
the exposed poly-Si provides a low-resistance path across the
wafer so that there is surface current and no charging current.
However, as the endpoint approaches, the surface current paths
across the wafer become too resistive or disrupted, while the
conductive paths surrounding the resist pattern are still intact.
This results in a brief period where the accumulated charges
can tunnel some weak points so that the Fowler—Nordheim cur-
rent (/) becomes very significant. Although the mechanism
of antenna charging effect during poly-gate etching has been
established, the technology reducing the electrical damage
induced by plasma charging during poly-gate etching has
not been. According to the mechanism mentioned above, the
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charging effect can be effectively improved by first etching-off
a narrow peripheral edge around the gate-pattern.

II. EXPERIMENT

Polysilicon-gate MOS capacitors were fabricated on the
(100)-oriented, 15 Q-cm, p-type wafers. After the field oxide
with 500 nm thickness was grown on silicon wafers, the
gate oxide windows were wet-etched with 100 pm X 100 pm
area. The thermal gate oxide was grown in No/O2 ambient
to have the thickness of about 5.0 nm. After a 400-nm-thick
polysilicon layer was deposited, the samples were POClI;-
doped to have the resistivity of 20 £//cm?. The polysilicon gate
was then defined as a rectangular pattern with 100 x 100 ysm?
area by wet etching or plasma etching. The MOS capacitors
with wet etching are the control samples. The polysilicon
was covered with the aluminum. Finally, the backs of these
specimens were etched and deposited with the aluminum
metal in order to form the ohmic contact. In this work,
ANELVA ECR 6001 was used for poly-Si etching. The etching
parameters included: SFg flow rate (10-20 scem), Cly flow
rate (90-105 sccm), O9 flow rate (5 sccm), microwave power
(250 W), RF power (35 W), chamber pressure (2-3 mTorr)
and overetch (10, 50, and 100%).

III. RESULTS AND DISCUSSION

In our ECR etching system, for the fluorine-containing
plasma, the etching profile is undercut severely and the polysil-
icon gate becomes progressively more narrow. However,
for the chlorine-containing plasma, the poly-gate is outward
slightly because the polymer deposition is easy to accumulate
in the two sidewalls of the etched polysilicon [6]. In Cly/O9
etching system, the oxygen radicals can remove the polymer
deposited on the polysilicon (form CO5, CO, HyO). Ions (oF,
Cl;) can also remove the polymer via the ion bombardment
during the etching process. Therefore, the polysilicon can be
etched by the oxygen and assisting-ion. It is also believed
that the chlorine radicals are not only weakly bound to the
surface but also mobile on the etched sidewall surface [7], [8].
Since Cl radicals can move more rapidly along the polysilicon
sidewall surface, it results in an attack of the sidewall bottom
and leads to the trenching effect after the polymer removal by
the oxygen and assisting-ions. Because high polysilicon/oxide
selectivity is very important for the gate etching, only the
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Fig. 1. (a) The SEM picture and (b) schematic of the specimen with
95/5 scem (Cl2/O2) plasma etching.

range of 95/5-100/5 sccm Cly/O4 is chosen. Furthermore, the
density of the chlorine radicals increases as the Cla/Og flow
rate ratio is raised from 95/5 sccm to 100/5 sccm. Meanwhile,
the oxygen additives and assisting ions still effectively remove
the polymer. Therefore, the probability of the attack of the
sidewalls by chlorine radicals is higher with increasing Cl
radicals. Consequently, the 95/5 sccm Clp/O9 cannot provide
a remarkable trench on the polysilicon sidewall bottom, but
the 100/5 sccm one can. As the endpoint approaches, the high
surface current cannot flow toward the gate oxide, leading to
charging damage. Hence, better electrical characteristics can be
achieved via this technique. The polysilicon sidewall bottom
will exhibit the obvious trenching effect as the polysilicon
overetch is set at zero. Generally, the practical process adopts
the 35% overetch, at which point the trenching effect on Si
substrate is very different due to high selectivity (low oxide
etching rate), as will be shown. Hence, a 100% overetch is
used for considering the practice as well as depicting the
trench effect. After the 100% overetch, the SEM pictures and
schematics with the recipes of 95/5 and 100/5 sccm Cly/O4
are shown in Figs. 1 and 2, respectively.

For the distribution of gate oxide breakdown field (Epq), the
Weibull plots of In {~In [1— F(E)]} for the MOS capacitors
with Cly/Os (95/5 scem) 10% and 50% overetch and ones
with wet etching are shown in Fig. 3. As shown in this figure,
for the specimens with plasma etching, the degradation of Eyy
distribution for the MOS capacitors is obvious in comparison
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Fig. 2. (a) The SEM picture and (b) schematic of the specimen with
100/5 scem (Cl2/O2) plasma etching.

—o— 5 nm Oxide : Plasma Overetch 10%
- -0 - - 5 nm Oxide : Plasma Overetch 50%
—0O- - 5 nm Oxide : Wet Etch

2r
) E CL/O, =95/5 scem
2 of
0 F
i r
E L
= C
— D
3F
4 :....m..l...m....rﬁ...l....l.u#
14 15 16 17 18 19 20 21
Breakdown Field (MV/cm)
Fig. 3. Time-zero dielectric breakdown distribution for the MOS capacitor

with the gate oxide window of 100 x 100 um? arca.

to the control ones with wet etching. It is also found that the
data for 10% overetching and 50% overetching matches quite
well, as shown in Fig. 3. (It implies that the Epq degradation
mainly results from the Iz stressing of the gate oxide in a
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Fig. 4. Time-zero dielectric breakdown distribution for the MOS capacitor
with the gate oxide window of 100 x 100 um? area via the trenching
technique.

brief period before the poly-gate etching is finished. After the
endpoint, the small vertical gate edge is exposed to the plasma,
leading to only a small amount of charges accumulated on
the poly-gate.) Therefore, the electrical characteristics of the
specimens with 10% overetching is similar to the ones with
50% overetching.

The Weibull plots of In{~1n[l — F(E)]} for the MOS
capacitors with Cla/Oy (100/5 sccm) 50% overetch and ones
with wet etching are shown in Fig. 4. In this etching recipe,
as endpoint approaches, the periphery of the poly-gate pat-
tern will be etched-out at first. Consequently, the antenna
charging effect does not occur resulting in better electrical
characteristics.
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IV. SUMMARY

The Ejq degradation induced by the ECR antenna charging
effect on the poly-Si gates can be effectively improved by first
etching-off a narrow peripheral edge around the gate-pattern.
The technique can be achieved by using 100/5 sccm (Clz/O2)
in the ECR etching system. Furthermore, the good anisotropic
profile and high polysilicon/oxide selectivity to avoid direct
bombardment of Si substrate under gate oxide by the ions can
also be obtained in this etching recipe.
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