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Abstract

For nonvolatile memory applications, a novel
oxide grown on polysilicon by anodic oxidation
(anodic polyoxide) is first investigated. In this
work, the electrical characteristics of anodic
polyoxide is discussed and compared with the
conventional thermal polyoxide. The results
show that the anodic polyoxide exhibits
considerably excellent characteristics, i.e., low
leakage current, high breakdown electric field,
and high reliabilities.

1. Introduction

For nonvolatile memory applications, the
scaling down of device geometry requires high
quality thin polyoxide in order to keep a high
gate-coupling ratio and improve the data
retention characteristics. However, the polyoxide
films formed by high temperature oxidation still
suffer from high leakage current and low
dielectric strength, compared with the oxide
grown on single-crystalline silicon [1-3]. These
can be attributed to the non-uniform thickness of
film and the asperity at
polysilicon/polyoxide interface, which can lead

the polyoxide

to a serious enhancement of localized electric
field [4-5). In this work, anodic oxidation of
polysilicon is first proposed, and anodic
polyoxide is investigated and compared with

conventional polyoxide prepared by furnace.

2. Experiment

40 nm-thick oxide was prepared on P-type
wafers with thermal oxidation. Then, 300-nm
thick in-situ doped polysilicon layer (poly1) with
sheet resistance of 35 / was prepared at
550 . Anodic polyoxide was grown in 0.01wt%
citric acid solution at 35 V for 3 min. For
comparison, polyoxide grown by furnace at
850 was also prepared to serve as control
sample (thermal polyoxide). Subsequently, a
second layer of in-situ doped polysilicon (poly2)
of 300-nm thick was deposited. Some anodic
polyoxide samples received a post-poly2
annealing with RTP at 700 for 30 sec in N,
After
defining poly2, all samples received a 500nm-

ambient (i.e., post-anneal samples).
thick oxide via PECVD as a passivation oxide.
Contact holes were then opened, and 500nm-
thick TiN/AVTIN/Ti electrode was deposited and
patterned. As  shown in  Fig. 1,
poly2/polyoxide/polyl capacitors were
completed. Finally, all samples were sintered at
350 for 20 min in N7 ambient. From C-V
measurement, the thickness of anodic and

thermal polyoxide is 7.0 nm.

3. Results and Discussion

Figure 2 (2) and 2 (b) compare the current
density vs electric field (J-E) characteristics
under positive (+Vg) and negative (-Vg) bias for
anodic-polyoxide

as-grown,  post-annealed

samples and thermal polyoxide sample. The
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Fig. 1. Cross-sectional view of n’-polysilicon/
polyoxide/n”-polysilicon capacitors.
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Fig. 2. J-E characteristics of anodic polyoxide
compared with thermal polyoxide under (a)
positive bias (+Vg) and (b) negative bias (-Vg).

anodic polyoxide depicts smaller leakage current
and higher onset of tunneling field than those of
thermal polyoxide for both bias polarities. In
addition, for anodic polyoxide the phenomenon
that the onset tunneling field under bottom
injection (+Vg) is lower than that under top
injection (-Vg) does not appear. The higher onset
of tunneling fields indicate that the enhancement
of localized electric field is less severe. It
implies that for anodic polyoxide the roughness
at polysilicon/polyoxide interface has been
reduced, compared to that of thermal polyoxide.
In fact, atomic force microscopy (AFM) has
verified that the roughness at polysilicon/anodic
polyoxide is indeed better than that for thermal
polyoxide.

Furthermore, anodic polyoxide can sustain a
much higher current density near dielectric
breakdown. The
heights under positive bias for thermal, as-
grown, and post-anneal samples are 2.1, 2.7, and
2.7 ev, respectively; while those under negative
bias are 2.3, 2.6, and 2.6 ev, respectively.

Figure 3 (a) and 3 (b) compare the Weibull
breakdown field (E,q) plots for as-grown, post-
annealed anodic-polyoxide samples and thermal

effective electron barrier

polyoxide sample under positive and negative
biases, respectively. For thermal, as-grown, and
post-anneal samples, the breakdown electric
fields at 50% cumulative failure under positive
bias are 9.1, 152, and 154 MV/cm,
respectively; while under negative bias, they are
10.2, 139, and 14.4 MV/cm, respectively.
Clearly, anodic polyoxide samples show higher
breakdown field than thermal polyoxide sample
under both bias polarities. This results show the
anodic polyoxide has more densified film quality
and more stable Si-O bond structure than
thermal polyoxide.
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Fig. 3. Weibull breakdown field plots of anodic
polyoxide compared with thermal polyoxide
under (a) positive bias and (b) negative bias.

It is well known that the higher quality
oxide the less electron trapping. The Weibull
charge-to-breakdown (Quq) plots under +40
mA/cm? and -40 mA/cm’ stress are shown in
Figure 4 (a) and 4 (b), respectively. For thermal,
as-grown, and post-anneal samples, the Qpq at
50% cumulative failure under +40 mA/cm’
stress are 0.4, 2.1, and 2.4 Clen?, respectively;
while under -40 mA/cm’ stress, they are 0.3, 1.6,
and 2.4 Clcm?, respectively. Anodic polyoxide
samples show larger Quq than thermal polyoxide
sample under both current stresses. The anodic

polyoxide samples indeed suffer from less
electron trapping and thus have larger Qpq than
thermal polyoxide sample.
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Fig. 4 Weibull charge-to-breakdown plots of
anodic polyoxide compared with thermal
polyoxide under (a) +40 mA/cm’ stress and (b) -
40 mA/cm’ stress.

4, Conclusion
In conclusion, application of anodic oxidation
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on polysilicon is first proposed. The anodic
polyoxide has higher effective electron barrier
height, higher electric breakdown field and
higher  charge-to-breakdown  than  the
conventional thermal polyoxide. A post-poly2
RTA treatment can further improve the electrical
characteristics of anodic polyoxide. From these
excellent characteristics, we believe that anodic
polyoxide will be a highly potential candidate as
high quality thin polyoxide for nonvolatile
memory applications.
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