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1. Introduction thinner oxide, the magnitLrcle of turmeling cunent will increase
Rapid themal processing (RTP) has been used widely in llltra drarnatically. This can be used as a possible reason to e4rlain the

large scaled integlated circuit technology CJLSI) because of its rcduction in tunneling cun€nt in RSO samples since their oxide
snall ttlermal budget. A technology called repeated spike vhich is thickness uniformity is better. Figures tell us another possible
characterized by setting the tempemtwe 10 raEp up and donm reason tlat the more dansity of interface states, the larger of
during process, lite a trapezoid vav4 has been employed for RTP tuEneling cunent. Other literature also support this inference.t2lt3l
systen. ft bad been investigated thrt repeated spike oxidation The smatler interface states density of RSO samples also
(RSO) can improYe gate oxide tlickness unifomrity.[1]1n this contribuies to the reduction ofit's tumeling cwrcnl
work, the oxide reliability prepared by RSO was studied with lle FigureT shows tle defect created on waf€r in RSTIO
compalison of coaventional oxidation method. In addition, saurples. It Erpears to be concenhic circles in shape. These
rcpeated spike treatneNf @ST) vas carried out in nitrogen before defects w€re not obsqyed in T),pica.l+O sarnples. The oxide
oxidation. The oxide and silicon r*af€r after RST also exidbits thickness dishibution of RST+O and Tlpical+O samples. are
obvious different behavior wiltr respect io conventional ones. sirown in Fig.8. Fron Fig.8(a) we can obsuve three local thicker
2. Experimental oxide regioo This regions arc just aeax the contact of wafer and

Figurel(a) and @) slnw ttre rcprcsentive tqaperature profiles three quarts pin hokler: It is suggest that the huge th€rnal shess
for repeated spike and tlpicrl cases, respectively. It should be between silicon and quart induced by RST will create mauy
noticed that RSO has a rel,ative lovr average Foc€ss t€n{,qature defects in silicon bulk and surfac€. So tbat the oxidation rate on
than the tytrical case. The oxyg€n pressuxe was set to be 80 tor. ltre defect region will be enhanced. The RST+O sanple las larger
The t'?ical samples were oxidized using the profile in figl(b) by average tlickness and thickness standard deviation than tlle
kept ttre terqt€ratwe at 700t for 20, 40, and 60 sec. RSO was TWical+O sauple under tle same following oxidation condition-
perfosned using the profile in Fig.l(a) by repeat tle eike for 3, 5, The disbibution of 1.2nm RST+O sarnple in Fig.9 sedu to be
and 7 times. nomal. But tiat of 1.5nm and 1.8run RST+O sanrples appear

The RST+O sarnples were treated by the Fofile in Fig.t(a) and obvious increase h tumeling current magnitude and
then oxidized in 30 torl oxygen at 850t for 10, 20, and 30 sec.. nonrmiformity. Siace the RST will create many defects and
The Typical+O sarnples vere prepaxed like ttre RST+O but the enlnnce the surface roughness, the behavio$ of 1.5nm and 1.8nm
treatment profile before oxidation is Fig.l(b).
3. Results and Discussions

Figure2 shows the comparison in tunneling cunent of RSO and
Typical Samples. It is observed that around the similar oxide
thickness, the tunneling curent of RSO samples are 2 to 3 orders
lower than Typical samples. The I-V curves of typical and RSO
samples under the 1st and the 10th measurement on the same

tested device is shown in the inset of Fig.l. Since there is little
difference between the lst and the 10th measurement, the
reduction in tunneling current of RSO sample is not due to the
electron trapping during measurement. From Fig.3, the Weibull
plot of tunneling cunent for RSO and Typical samples, we can
observe that RSO samples exhibits a sharp distribution and
Typical samples have tails. The oxide thickness uniformity of
RSO samples is better than that of Typical ones because the
turureling curent is very sensitive to oxide thickness.Figure 4(a)
and (b) show the C-V curves of RSO and Typical samples,

respectively. The typical samples are actually more leaky. By
examine the C-V curve in the depletion region, we can say RSO

samples has less interface state densities than typical ones.

Besides, their flat band voltages are almost the same. So the
reduction of tunneling curent of RSO sarnples is not due to the
flat band voltage shift.

Figure5 shows the oxide thickness nonuniformity effect on
tunneling crurent. If a local small region under a capacitor owns

RST+O samples are in expectation.

4. Conclusions

Ultra thin gate oxide (<2run) with better reliability can be
prepared by RSO technology with respect to conventional one and
these new technology has relafive low average process
temperature. The reduction of tunneling cunent is not due to flat
band voltage shift or electron trapping. Both simulation and
experimental results indicate it is possible caused from the
improvement in oxide thickness uniformity and the reduction of
interface states density. However, the effect of RST before
oxidation seems to affect oxide quality negatively. But by the
study of RST, the thermal stress problem in RTP could be
investigated more clearly.
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Figure4 The C-V curves for (a)Typical and

(b) RSO samples in various frequenoy.
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FigureT The photograph ofdefects on wafer
after RST+O process.
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Figurel Thetemperature setting ancl measured
profiles for (a) repeated spike and (b) typical cases.
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Figure8 The oxide thickness distribution
on ahalf 3-inch wafer for (a) RST+O and

O) Typical+O samples.
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Figure6 The simulated result of interface Figure9 Weibull plots oftunneling current
states density effect on the tunneling current. densrty under -lV bias for RST+O and

Typical+O samples in various oxide thickness.
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Figure2 The comparison oftunneling current Gate Voltage (V)

density under -lV versus ellipsometer measured
oxide thickness for RSO and Typical samples. Figure5 The simulated result of local-thinning

The I-V curve of l.9nm RSO and Typical samples effest onthe tunneling current.

in the lst and the 10th measurements are shown in
the insetJoo.
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Figure3 Weibull plots oftunneling current
density under -lV bias for RSO and Tlpical
samples in various oxide thickness.
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