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l..Introduction
During the plasma processes for ULSI fabrication, the

thin gate oxides can be exposed to a high electric field, and
the electric field can affect the fixed oxide charge and inter-
face state densities. The interface state density is reduced
when the damaged device is annealed in either a H, or D,
ambient [L,2].Recently, it has been reported that a device
annealed in a deuterium ambient is much more tolerant to a
stress field than the one annealed in hydrogen ambient tzl.
Also, it has been reported that deuterium annealing is more
effective at neutralizing the interface states than hydrogen
annealing [3]. In this work, the effects of low temperature
hydrogen and deuterium annealing on the plasma process
induced damage for a device with a gate oxide thickness of
5nm are examined with charge pumping method.
2. Experimental

The substrate material was a p-type (100) CZ silicon wa-
fer with electrical resistivity of 10C).cm. The test device with
LDD sffuctures were formed using a standard CMOS process.
The gate oxide thickness was 5nm, and the effective channel
length and width were 0.35pm and 8.75pm respectively. The
antenna patterns were a peripheral comb type with a line
width of 0.35pm and the antenna ratio (AR) of 1 - 10k. The-
se antenna patterns were exposed to plasma only for the poly-
Si gate or metal processes. To examine H, effects on plasma
process induced damages, the test samples were annealed at
450"C for 2 hours in a H, (7.5Vo in Nr) ambient after the
metal-l process. The D, annealing effects were examined at
450"C and 480'C for 90min., 2 hours, and 3 hours, respec-
tively. Contrary to the H, annealing process, the D, annealing
treatments were performed after the full process flow. The
stability of H, and D, passivation was observed after applying
the ac voltage stress of the pulse waveform to the gate elec-
trode.
3. Results and Discussions

For an n-type MOSFET, the charge pumping currents
were measured and the results are shown in Fig. 1. The sam-
ples subjected to the poly-Si gate process (poly-Si gate sam-
ple) show much less CP currents than those subjected to the
metal process (metal sample). The peak CP current is a
measure of the interface state density, indicating that the
metal process induced more interface states than the poly-Si
gate process. The CP current increases with the antenna ratio
for metal samples. The effects of H, and D, annealing on Cp
current are shown in Fig. 2.D, annealing was more effective
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than H, annealing for both the metal and poly-Si gate samples.
These results indicate that the D, annealing is more effective
at reducing interface states than H, annealing. When the sam-
ple was subjected to H, annealing and then to D, annealing,
the effect of additional H, annealing was small. The Si-D
bond is more resistant to hot carrier excitation than the Si-H
bond. This may be caused by the coupling of the Si-D bend-
ing mode with Si bulk phonons resulting in a reduced disso-
ciation rate compared to Si-H. The ac voltage stress tests with
the stress pulse height are shown in Fig. 3. In Fig. 3, maxi-
mum CP current is abruptly increased at 3.2V of the gate
sffess voltage. This means that the accelerated electron has
the sufficient energy to break bonds if the voltage is higher
than 3.2V. Therefore, we applied the gate voltage of 3.2V for
the electrical stress tests. The stability of interface property
was observed after applying an ac voltage stress and the re-
sults are shown in Fig. 4. The CP current increases
monotonically with stress time. The rate of increase in CP
current is increased with the antenna ratio for both the poly-
Si gate sample and the metal sample. This result implies that
there is the latent damage, which may be reappeared by the
applied stress. The effect of the D, annealing temperature and
time on stress is examined in Fig. 5. The stability on stress is
enhanced at higher annealing temperature. When the H, an-
nealing precedes the D, annealing, the better stability of the
interface properties is shown. However, at 480"C of D, an-
nealing temperature, the preceded hydrogen pretreatment has
little effect. The stability on the stress for the samples an-
nealed at different annealing ambience is shown in Fig. 6.
The D, annealing is more effective than H, annealing, and the
rate of increase of the D, annealed sample is almost the same
as that of the no annealed sample. The Si-H bond has almost
the same bond strength as that of Si-D bond. But the mass of
hydrogen is smaller than that of deuterium, and the Si-H bond
has a higher vibration frequency than Si-D bond. This in part
may gives rise to the large kinetic isotope effect observed
under stress conditions [2,41. However, the mechanism of D,
annealing with H, pretreatment needs further understanding.
5. Conclusions

For a test device with a gate oxide thickness of 5nm, the
metal process induced more plasma damage than the poly-Si
gate process. D, annealing was very effective in curing the
interface damage and enhanced the strength to withstand an
electrical stress. When D, annealing temperature and/or time
increased, or H, annealing preceded, the stability is enhanced
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significantly. The mechanism of D, annealing needs further
explanation.
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Fig. 1. Charge pumping currents for poly-Si gate and metal sam-
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Fig. 4. Maximum CP currents versus the ac stress cycle for poly-Si
gate and metal sample. I Stress cycle = lsbc
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Fig. 5. Dependency of the stability on stress for the Deuterium
annealing temperature and time.
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Fig. 2. Maximum CP currents versus antenna ratio for the samples

annealed at different annealing ambience.
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Fig. 3. Maximum CP currents versus the pulse height for the ac

pulse stress test.
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Fig. 6. The stability on the stress for the samples annealed at dif-
ferent annealing ambience
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