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ABSTRACT

A significant influence of thermal nitridation on the electrical characteristics of nitroxide films was found in this
study. Nitridation at temperatures lower than 1000°C results in a great negative shift of flatband voltage V. However, the
value of Vg continuously decreases with the increasing of nitridation time at nitridation above 1000°C. After annealing of
nitroxide films in N, gas at 1000°C for 30 min, a decrease of Vg, compared with the same nitridation conditions, was ob-
served. From quasi-static C-V measurements, it shows that not only interface fixed charge @ss but also surface-state density
Ngg are reduced in the decreasing of Vg after annealing the films in N, gas. This effect is more prominent for nitridation at
lower temperatures; however, there still exists some degree of reduction in Vg for nitridation at higher temperature and
longer time. The negative bias-temperature instability, sometimes called “slow trapping,” is revealed by accelerated aging
with negative gate bias at elevated temperatures. It is found that the instability problem is more severe for samples which
are nitrided at lower temperatures but N, annealing can reduce the negative bias-temperature instability. After N, anneal-
ing, nitroxide films prepared with nitridation above 1150°C provide good properties for MOS devices.

Currently, thermally grown SiO; film is used as a
gate insulator in MOSLSI’s. According to the scaling
method (1), a reliable thin insulator is required for
VLSI applications. However, due to several serious
problems of thin SiO: films, including low resistivity
to the diffusion of impurities (2, 3), high field insta-
bilities (4-7), and hot electron effects (8-9), we can
expect that the quality of SiO; films becomes inade-
quate for VLSI devices when the thickness of the gate
oxide is getting thinner.

Thermal nitridation of SiO; is considered to be the
best candidate to replace SiOz as the gate insulator in
films less than 300A thick since this material has
demonstrated excellent masking characteristics against
diffusion of impurities, remarkable improvement in
dielectric breakdown voltages, larger dielectric con-
stant, and good stability of MOS structure (10-12).

In this study, relatively thick nitroxide films (around
650A), instead of thinner nitroxide films, were chosen
because we could eliminate the poor quality factor
caused from unreliable thin oxide films. This paper
shows that the interfacial characteristics of MOS struc-
ture can be improved by applying Np annealing on
nitrided oxide films.

Experimental

Electrical measurements were made on MOS struc-
tures. In this experiment, n~type, (100) oriented sili-
con wafers, with resistivities ranging from 4 to 7 Q-
cm, were used. These wafers were cleaned in a hot
solution of HySO; -+ HOz and rinsed in deionized
water. Oxide films with thicknesses of around 650A
were thermally grown on the wafers in the ambient
of wet oxygen gas. The oxidized wafers were proceeded
to thermal nitridation in ultrapure ammonia gas. The
nitridation temperature and time were varied from
900° fo 1200°C and from 30 min to 3h, respectively.
After this process, the wafers were divided into two
groups. There was a group with no additional pro-
cessing, the others were annealed in nitrogen gas at
1000°C for 30 min. 1 um in thickness of aluminum was
deposited on the wafers, and a metal pad of 100 mil2
was then patterned using the conventional lithography
and etching techniques. After metallization, the wafers
were sintered at 450°C in forming gas for 30 min.

The value of flatband voltage Vpr was calculated
on C-V curves. Bias-siress tests using an applied volt-
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age of —20V were made on MOS capacitors at 300°C
for 3 min to reveal the negative bias-temperature
instability. A quasi-static C-V technique was used to
determine the interface fixed charge @ and surface-
state density Ng;.
Results

For samples without Ny annealing, the changes of
flatband voltages Vyp with respect to nitridation tem-
perature and time are shown in Fig. 1. Nitridation at
temperatures lower than 1000°C results in a great
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Fig. 1. The changes of flatband voltages Yrp with respect to
different nitridation temperature and time for samples without Np
annealing.
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Table I. Qs and midgop N;s vs. nitridation time for samples that were nitrided at 950°C and received N3 or no N3 annealing
NO Ny annealing N2 annealing
30 min 60 min 90 min 180 min 30 min 60 min 90 min 180 min
ass (cm™2) 6.6x10" | 5.07x10" | 4.92x10" | 2.2x10" | sx10" |3.8x10" | 2.14x10" | 1.04x10"
Nss (cm2ev!) | 7.82x10'0 | 4.68x10' | 5.08x10" | 5.55x10" | 5.78x10'0| 4.4x10" | 4.55x10" | 4.96x10"

negative shift of Vrp. However, as temperature in-
creases above 1000°C and nitridation time exceeds 90
min, the Vpp value rapidly decreases. Figure 2 shows
the changes of Vyp for samples that were N3 annealed,
the curves have similar tendency of variation to Fig. 1,
but Vrp is smaller compared with the same nitrida-
tion conditions. As temperature increases above 1100°C
and reaction for 180 min, the samples have nearly the
same value of Vgg.

For samples that were N; annealed, the decrease of
Ve corresponds to the reduction of Ny and Qss. This
can be clearly seen in the representative data shown
in Table I. These data are obtained from samples which
were nitrided at 950°C by using quasi-static C-V tech-
nique.

Table II shows data of midgap N4 and Qs for sam=-
ples which were nitrided at 1150°C and had been an-
nealed in Ny gas. Both @ and midgap Ns can be
reduced fo the order of 1010 for a nitridation time
longer than 90 min.

Upon negative bias-temperature aging, the slow
trapping is revealed in the shift of the high frequency
C-V curve to a more negative direction. The magnitude
of flatband voltage difference AVyg reflects the degree
of instability. The dependence of AVpp on nitridation
temperatures with reaction time varied from 30 to 180
min and is shown in Fig. 3. AVgp increases with the
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Fig. 2. The changes of flatband voltages Vg vs. various nitrida-
tion temperatures and times for samples that were N2 annealed.

Table Il. Data of Qss and midgap Nis for samples that were
nitrided at 1150°C and had been annealed in Ng gos

30 min 60 min 90 min 180 min
@ss (em~2) 1.ax10" | 1.1x10" | 2.1x10'0 | 3.6x10'°
Nss (cm-2ev))  15.0x10'0 | 2.7x10'0 | 3.5x10'0 | 1.0x10'0

increasing of nitridation time for temperatures lower
than 1150°C and nearly saturates at higher tempera-
tures of 1150° and 1200°C. However, samples that were
Nz annealed consistently achieve lower AVgg values.
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Fig. 3. The dependence of flatband voltage of different AVrs
on various nitridation temperatures and time for samples with and
without N2 annealing.

Downloaded on 2014-04-28 to IP 140.113.38.11 address. Redistribution subject to ECS terms of use (see ecsdl.org/site/terms_use) unless CC License in place (see abstract).


http://ecsdl.org/site/terms_use

Vol. 131, No, 4

Discussion

As seen in Fig. 1, with the increase of nitridation
time the negative shift of Vgp increases significantly
at 900°C and decreases explicitly at elevated tem~
peratures above 1000“C. This phenomenon might be
interpreted as the following mechanism. At first, the
hydrogen gas produced during ammonia nitridation
processing dissolves into the SiOs skeleton. Then, the
dissolved hydrogen molecules react with the surround-
ing Si-O bondings, forming the dangling bonds. Both
Ngs and Qgs, therefore, increase significantly and cause
the Vgp shift phenomenon (2). The Vgp shift con-
sequently is strongly related to the solubility of hydro-
gen gas in a SiOs layer. Since the hydrogen molecule
is very small in molecular diameter and has nonpolar
characteristics, the solubility of hydrogen in SiOs may
be assumed to be similar to its solubility in aqueous
solution (13). That is, the hydrogen solubility in a
Si0g layer may decrease with the increase of tempera-
ture and be negligibly small at elevated temperatures
above 1000°C compared with that at 900°C. Conse-
quently, the dangling bond formation at temperatures
above 1000°C is not explicitly seen.

The slow trapping instability can be a major threat
to reliability of p-channel MOSFET. The mechanism
of slow trapping has not been established. However,
the effect is greater when initial @ or Ny is large
(14, 15). In the case of Table I, N exhibits the re-
verse. Comparing Fig. 3 with Table I, we can conclude
that the increase of AVpg is due to the increase of Ngs.

After No annealing, the atomic bonds at the inter-
face of silicon and nitroxide can be rearranged (186).
Both N and Qs are reduced to a certain amount,
therefore, Vrg and AVpp also decrease. This effect is
clearly shown in Fig. 2 and Fig. 3.

Conclusion

The electrical characteristics of the nitroxide films
were studied. The negative direction shift of Vg due
to the deterioration of hydrogen gas can be alleviated
by Ny annealing. Such an anneal also reduces the
negative bias-temperature instability.
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N2 anneal is recommended for nitroxide films which
are prepared with nitridation. above 1150°C to achieve
stable device operational characteristics.

Acknowledgments
The authors would like to thank Dr. C. Y. Lu for
valuable discussions and Miss 8. Y. Wei for typing
this manuscript.

Manuscript submitted June 10, 1983; revised manu-
script received ca. Nov. 7, 1983,

National Cheng Kung University assisted in meeting
the publication costs of this article.

REFERENCES
1. R. H. Dennard, F. H. Gaensslen, H. N. Yu, E.
Bassous, and A. Le Blance, IEEE J. Solid-State
Circuits, se-9, 256 (1974).
. T. Ito, T. Nakamura, and H. Ishikawa, This Journal,
129, 184 (1982).
R Y.(II-IS%I)afuji and K. Kajiwara, ibid., 129, 2102
982).
. M. Shatzkes and M., Av-Ron, J. Appl. Phys., 41,
3192 (1976).
. C. M. Osburn and S. L. Raider, This Journal, 120,
1349 (1973).
. ToH. Distefano, J. Appl. Phys., 44, 527 (1973).
. E. Harari, Appl. Phys. Lett., 30, 601 (1977).
. R. A. Gdula, This Journal, 123, 42 (1976).
. T. H. Ning, C. M. Osburn, and H. N. Yu, ibid., 123,
198 (19786).
10. S. P. Muraka, C. C. Chang, and A. C. Adams, ibid.,
126, 996 (1979).
11. T. Ito, H. Arakawa, T. Nozaki, and H. Ishikawa,
ibid., 127, 2248 (1980).
12. T. (Iltgéo',g‘. Nozaki, and H. Ishikawa, ibid., 127, 2053
13. N. A. Lange and G. M. Forker, “Handbook of
Chemistry,” p. 1092, Handbook Publishers, Inc.,
Sandusky, OH (1956).
14. S. (Iigl;»gi)der and A, Berman, This Journal, 125, 629
15. E. H. Nicollian and J. R. Brews, in “MOS Physics
aEllmgsél‘)echnology,” pp. 794-798, Wiley, New York
16. A. (Il{é7ssi)nha and T. E. Smith, This Journal, 125, 743

W~ O B W N

[y

Submicron Epitaxial Films

V. J. Silvestri* and G. R. Srinivasan*

IBM General Technology Division, East Fishkill Facility, Hopewell Junction, New York 12533

B. Ginsberg
IBM T. J. Watson Research Center, Yorktown Heights, New York 10598

ABSTRACT

This work focuses on the quality of epitaxial silicon deposited when the total thickness grown is in the range of 0.5-0.9
pm from the initial physical interface. Shallow junctions were fabricated to evaluate device potential of the thin films. De-
fect levels were evaluated. The ability to reproduce doping profiles was also evaluated. The studies have shown that the
epitaxial silicon deposited to 0.5 um thickness is suitable for device fabrication. '

This study has focused on evaluation of the quality
of the epitaxial silicon deposited to thicknesses in the
0.5 um range. The concerns with regard to the silicon
quality this close to a physical interface included:
(i) whether doping profiles could be reproduced and
thicknesses controlled, (ii) whether defect levels aris-
ing from the interface would have an effect on devices,
and (iii) whether the silicon obtained would be suit-
able for device fabrication.

* Electrochemical Society Active Member.

Experimental

The concentration profiles in this study were ob-
tained by spreading resistance measurement technique.
Figures containing spreading resistance data- show
either the raw data of spreading resistance in ohms w»s.
depth in microns, or data converted to log of the
dopant concentration vs. depth from the surface. The
spreading resistance data was obtained on samples
beveled to angles of 20 min. An Automatic Spreading
Resistance Probe (Solid State Measurements, Incorpo-
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