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‘Superthin O/N/O Stacked Dielectrics Formed
by Oxidizing Thin Nitrides in Low Pressure
Oxygen for High-Density Memory Devices

H. P. Su, H. W. Liu, G. Hong, and H. C. Cheng, Member, IEEE

Abstract— High-performance superthin oxide/nitride/oxide
(O/N/O) stacked dielectrics have been successfully achieved
by oxidizing thin nitride films in low-pressure dry-oxygen
at 850 °C for 30 min. Since the nitrides exhibit a better
oxidation resistance to the low-pressure dry-oxygen than to
the atmospheric-pressure dry-oxygen and wet-oxygen, the low
pressure oxidation obtains a thinner oxidized nitride for the
high-density dynamic-random-access-memories (DRAM’s) and
metal-oxide-nitride-oxide-semiconductor (MONO’S) memory
devices. In addition, this dielectric possesses low leakage current
and excellent time-dependent-dielectric-breakdown (TDDB)
characteristics. Therefore, this novel recipe is promising for
future ULSI technology.

OR high-density DRAM and MONO’S memory devices,

oxide/nitride (O/N) stacked dielectrics formed by
atmospheric-pressure (AP) wet-oxidizing thin SizN, in a
short duration have been extensively applied. As currently
practiced, the SizN, cannot be reduced below 70 A because
it cannot withstand the wet-oxidation step [1]. This limits
the implementation of the oxidized nitrides for the higher-
density memory devices, even though this dielectric exhibits
low defect density and the techniques are sophisticated for
industry. Some recipes and new materials [2], [3] were studied
to meet the requirements of further scale-down rules. However,
many obstacles still exist to be conquered. In this study, a new
technique of oxidizing thin SigNy in the low-pressure (LP) dry-
oxygen is proposed to fabricate high-performance dielectric
which possesses low leakage current, high reliability, and high
capacitance for the memory devices.

(100) oriented, 2.5-3.5 Q-cm, both p-type and n-type
Si wafers were used. After RCA cleaning, the LPCVD
SizNy films were deposited at 750 °C for various times.
The thicknesses of SizNy films (¢x ;,;) were measured to
be ranging from 23 A to 84 A by an ellipsometer using
a constant refractive index of 2.0. Then, some specimens
were atmospheric-pressure-dry-oxidized (760 Torr) and low-
pressure-dry-oxidized (0.5 Torr) in pure O, ambient at 850 °C

Manuscript received: June 9, 1994. The research was supported in part
by the Republic of China National Science Council (ROCNSC) under the
Contract No. 83-0404-E009-050.

H. P. Su and H. C. Cheng are with the Department of Electronics
Engineering and Institute of Electronics, National Chiao Tung University,
Hsinchu, Taiwan, ROC.

G. Hong is with United Microelectronics Corporation, Hsinchu, Taiwan,
ROC.

IEEE Log Number 9405754.

—pa] P dry-oxidation

°

flective Oxide Thickness (A)
[+
o

LRI

—a—AP dry-oxidation

. ==w=AP wet-oxidation

T

L]
o

LA LI L B B e

D

P SIS T N SR S
20 40 60 80 100

Initial Nitride Thickness (A)

(=}

Fig. 1. The dependence of the effective oxide thickness of the dielectrics
fabricated by oxidizing the nitride films with different oxidation schemes on
the initial nitride thickness.

for 30 min. In addition, some wafers were also wet-oxidized
in an atmospheric-pressure pyrogenic ambient at 850 °C for
5 min. After a 2500 A-thick LPCVD poly-Si was deposited
and subsequently POCl3-diffused at 850 °C for 30 min, the
MOS capacitors with various dielectrics were fabricated.
To avoid the charge depletion effect, positive (+Vg) and
negative (—V g) gate-bias I-V measurements were conducted
on n-type and p-type substrates, accordingly. The effective
oxide thickness is determined by the high-frequency CV
measurements and calculated by using a dielectric constant of
3.9 for the oxidized nitride films.

Fig. | shows the dependence of the effective oxide thickness
(toz.efs) of the dielectric fabricated by oxidizing the SizNy
with different oxidation schemes on the SizNy thickness. For
all the samples with ¢y ;,; above 60 A, the Si3N, films
oxidized by different schemes exhibit the similar ¢,; of5. It
reveals that the thick nitrides have similar oxidation resistance
for all the oxidation methods. For the AP wet-oxidation, the
tN,ini below 60 A show fast oxidation and the lowest tozeff
is 54 A. As for the AP dry-oxidation, the dielectrics display
fast growths only as the SizN, decreases to be as thin as 40 A
and the .55 of 50 A is obtained. In contrast, for the low-
pressure oxidations, the SizNy still indicates a mild oxidation
even as the SisNy to be lower than 40 A and the minimum
tox.eff 15 46 A. Therefore, the low-pressure dry oxidation can
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Fig. 2. The leakage current densities as a function of the effective oxide
thickness (to;.css) for the low-pressure-dry-oxidized (LPDO) and atmo-
spheric-pressure-dry-oxidized (APDO) specimens. The samples were mea-
sured at Vg = +3.3 V for the n-type wafers and Vg = —3.3 V for the
p-type wafers.
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Fig. 3. The plots of time-to-50 % accumulated failure versus inverse
electrical fields for various dielectrics after the constant voltage stressing from
+9 MV/cm to +10 MV/cm at 100°C.

retard the fast growth of the oxidized nitrides as the ¢y ;,; is
thin and can obtain very low t,q efy.

Because the 1., .57 of the AP wet-oxidized SizgN4 cannot
be further scaled down to be below 54 A, this experiment
puts efforts on the low-pressure-dry-oxidized (LPDO) and
atmospheric-pressure-dry-oxidized (APDO) samples. Fig. 2
shows the leakage current densities as a function of the ¢y, £ ¢
for the LPDO and APDO specimens, which the samples
were measured at Vg = +3.3 V for the n-type wafers
and Vg = —-3.3 V for the p-type wafers. The current
densities of the LPDO specimens is obviously lower than
those of the APDO samples as the ¢, ¢ is below 60 A.
Particularly, the significant improvement in leakage current
is observed for the LPDO samples as the {o; .5 is smaller
than 50 A. Exceptionally, the low leakage current of the
samples with the ¢y ;,; of 23 A is measured, which is
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Fig. 4. The remained dielectric thickness as a function of the etching time
for the AP and LP dry-oxidized nitrides with an initial nitride thickness of 63
A after a step-by-step diluted-HF etching.
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Fig. 5. The AES depth profile of the sample with a 63 A-thick initial nitride
after LP dry-oxidation.

attributed to the significant oxidation of the nitrides, as shown
in Fig. 1, and needed to be further studied. The TDDB
characteristics were carried out by applying constant electrical
field stressing ranging from +9 to +10 MV/cm at 100 °C. Fig.
3 shows the time-to-50 % accumulated failure as a function of
inverse electrical fields for various dielectrics. All the defect
density distributions of various dielectrics are comparable to
the conventional oxidized nitrides, i.e., the AP wet-oxidized
samples. For the dielectrics with ¢y ;,; of 42 A and 63 A,
the LPDO specimens also possess higher reliability than the
APDO samples. In contrast, for the samples with the ¢y ;n:
of 23 A, both the LPDO and APDO specimens undergo
significant oxidation, and therefore express different TDDB
characteristics.

To realize the compositions of the LPDO samples, a step-
by-step diluted HF etching (HF:H,O" = 1:100) [4] were
performed. Fig. 4 shows the remained dielectric thickness
as a function of the etching time for the LPDO and APDO
specimens with ¢y ;,; of 63 A. The remained thickness of the
dielectrics is measured by the ellipsometer using a constant
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refractive index of 2.0. Three segments of etching rates were
observed for the LPDO samples, but only two for the APDO
samples. Because the etching rate of the SizN, is much slower
than that of the SiO,, it can be conjectured that an O/N/O
structure is formed during the LPDO and a N/O structure for
the APDO. The composition of each layer was further proved
by the AES depth profile, as shown in Fig. 5, for the samples
with tx ;n; of 63 A after the LPDO. It has been reported [5]
that oxygen will diffuse through thin nitrides and therefore
form the bottome oxides. Hence, the main difference is that
top-oxide can be grown upon the thin nitrides for the LPDO
but not for the APDO. Since the O/N/O structure has been
reported to significantly lower the leakage current and increase
the reliability [6], the distinct top-oxide is therefore surmised
to be the main factor of improving the electrical characteristics
for the LP dry-oxidation samples.

Due to the better oxidation resistance, the toz,efy Of the LP
dry-oxidized SizN4 can be further reduced. Furthermore, the
dielectrics possess the low leakage current and high reliability
because of top-oxide growth. Therefore, this novel technique
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to form superthin O/N/O dielectric is promising for the high-
density memory devices.

REFERENCES

[1] Z. A. Weinberg, K. J. Stein, T. N. Nguyen, and J. Y. Sun, “Ultrathin
oxide-nitride-oxide films,” Appl. Phys. Let., vol. 57, no. 12, p. 1248,
1991.

[2] G. Q. Lo, D. L. Kwong, P. C. Fazan, V. K. Mathews, and N. Sandler,
“Highly reliable, high-C DRAM storage capacitors with CVD Taz0s5
films on rugged polysilicon,” IEEE Electron Device Lett., vol. 14, no.
5, p. 216, 1993.

[3] H.C.Chan, V. Mathews, and P. C. Fazan, “Trapping conduction, and di-
electric breakdown in Si3N4 Films on as-deposited rugged polysilicon,”
IEEE Electron Device Lett., vol. 12, no. 9, p. 468, 1991.

[4] M. M. Moslehi, C. J. Han, K. C. Saraswat, C. R. Helms, and S.
Shatas, “Compositional studies of thermally nitrided silicon dioxide,”
J. Electrochem. Soc., vol. 132, no. 9, p. 2189, 1985.

[5] T.S. Chiao, C. L. Lee, and T. F. Lei, “Ellipsometry study on refractive

index profiles of the Si02/Si3N4/Si02/Si structure,” J. Appl. Phys., vol.

73, no. 4, p. 1732, 1993.

K. Kobayashi, H. Miyatake, M. Hirayama, T. Higaki, and H. Abe,

“Dielectric breakdown and current conduction of oxide/nitride/oxide

multi-layer structure,” J. Electrochem. Soc., vol. 139, no. 6, p. 1693,

1992.

(6



