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1. Introduction

Al Oj is one of promising candidates for the high-k gate
insulators in sub-100nm MOSFETs. It has some advantages
such as a high barrier height and a good thermal stability
with respect to Si. However, the water absorption is a big
concern because aluminum hydroxides are reported to be
more stable than its oxide in high humidity [1]. In this paper,
we have investigated the water absorption into Al,O; and its
influence on the electrical properties.

2. Experimental

140nm-Al,O; films were deposited by an atomic layer
deposition (ALD) method on HF-last p-type silicon
substrates, and they were annealed at 800 C in N,.
AI(CHj;); and H,0("°0) were used as the ALD sources.

Water including 95% '*O isotope (H,0('®0)) was used
in the experiment in order to distinguish the water used in
the ALD process from that absorbed from moisture. The
water absorption experiment was done in a saturated
H,0(**0) moisture at 40°C for a week. After a top Au
electrode was deposited by vacuum evaporation, we
attempted to dehydrate the samples by means of annealing
as temperatures between 200 and 400°C in N,.

3. Results and Discussion

Figure 1 shows the infrared absorption spectrum of
Al,O, after water absorption. The absorption peak from
3200 to 3700 cm is assigned to the stretching mode of the
hydroxyl groups. Furthermore, SIMS depth profiles show
**0 is located in about Snm depth from the surface (Fig. 2).

Figure 3 shows the TDS spectra after water absorption.
Two main desorption peaks for H,O('®0) are observed. The
peak at 280°C is considered to be derived from the
physically absorbed H,O(**0) from the moisture, because
the peaks due to the other gases are not simultaneously
found. The peak at 375°C can be reasonably assigned to
hydrated (or chemisorbed) H,O('®0) because aluminum
hydroxides start to dehydrate around 300 C [2][3].
Therefore, it can be concluded that the water absorption
substantially induces the hydration reactions in Al,Q,.

The hysteresis width of C-V characteristics increases
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after water absorption (Fig. 4). This hysteresis indicates the
existence of the positive mobile charges rather than the
carrier injection [4]. On the other hand, by the dehydration
annealing above 300°C, the hysteresis width significantly
decreases as shown in Fig. 5. Namely the apparent positive
mobile charge densities decrease with dehydration
temperature (Fig. 6). Note that this temperature range is
consistent with the hydrated H,O('*0) desorption range as
shown in Fig. 3. Therefore, it is considered that the positive
mobile charges are protons or oxonium ions (H;O")
released from the acidic hydroxyl groups (Al-OH).
However, I-V characteristics cannot be recovered to the
initial level by the dehydration process as shown in Fig. 7.
This is explained in terms that the vacancies of protons or
hydroxyl groups are formed by desorption of hydrated H,O
(Fig. 8).

Figure 9 shows the equilibrium H,O pressure (PH,0)
for the reaction of AlLO;+H,O=2AIO0H. We calculated
PH,0 using the relationship AG’=RTInPH,0 and used
thermodynamic data in Ref. 5. Here, AG’, R and T are the
standard Gibbs’ free energy of this reaction, the gas
constant and absolute temperature, respectively. A typical
hydration reaction, ALO;+H,O0 — 2AIOO0H, s
thermodynamically favored when the H,O pressure is
higher than PH,0 of this reaction (solid line in Fig. 9). The
experimental results in this study show that hydration of
ALO; is a relatively slow process at 40°C. However, in
order to eliminate any harmful effects of hydration, it is
desirable to minimize exposure to the humid environment in
the Al,O, gate stack fabrication steps.

4. Conclusions

We have investigated the water absorption into AlO;
by physical analysis and electrical characterization. It
should be pointed out that the hydration reaction proceeds
by water absorption, followed by the introduction of the
positive mobile charges. On the other hand, the dehydration
annealing can reduce those charges, but the leakage current
density is significantly degraded. Thus, in order to obtain
reliable MOSFETS using AL,O; as a gate insulator, a special
care should be paid between the dielectric deposition and



gate electrode formation processes.
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Fig.2 SIMS depth profile of Al,O, after water
absorption. 0 in the absorbed water is located in

about 5Snm depth. In the depth deeper than 5nm, we

cannot distinguish O in the absorbed water from
that naturally exists in water of the ALD source.
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Fig.4 Change of C-V characteristics after
water absorption at 40°C for a week.
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Fig.5 Change of C-V characteristics after
dehydration.
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Fig.3 TDS spectra of Al,0; after water
absorption. Each curve is offset for clarity.
H,0('#0) is absorbed from the moisture into
Al,Q,. The desorption peak of H,0('*0) at
375°C indicates the hydration of Al,0s.
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Fig.6 Decrease of the apparent positive mobile
charge densities by the dehydration annealing.
The shadow region means the temperature
where AIOOH was dehydrated (Ref.2).
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Fig.7 1-V characteristics of Al,0; films.
Leakage current density is increased
by the dehydration annealing.

Fig.8 A degradaton model by water absorption
and dehydration. (a) hydroxyl groups are
introduced by the hydration reaction. (b) Mobile
charges (H") are released from hydroxyl groups

during voltage sweeps. (¢) Vacancies of H" or OH"
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Fig.9 Equilibrium H,O pressure for aluminum

oxide and its hydroxide. The dashed line is the

saturated vapor pressure of water. The typical

hydration reaction, Al,0,+H,0—2AI0O0H, is
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are created by water desorption during dehydration. thermodynamically favored above the solid line.
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