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Effects of the Contents of Hydrochloric Gas on the Electrical

Properties of the RTO/RTN Dual Dielectric Films
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Abstract

The dual dielectric films have been grown on single-crystalline silicon substrates with the
thickness ranging from 125A to 180A at various gas and temperature conditions by using rapid
thermal process that included independent nitridation step. The film characteristics and their
dependence on the contents of the hydrochloric gas and the processing time have been studied.
By the addition of the hydrochloric gas, the initial oxide thickness was significantly changed, but
after sequential nitridation processes the thickness of the films was nevertheless a little bit varied
within 10A. All the samples of the dual dielectric films show the increased breakdown voltages
in proportion to the additive contents of the hydrochloric gas and also show the higher breakdown
strengths than the thermal oxide and nitrided oxide films grown by the conventional furnance
process or the rapid thermal nitridation process that was composed of the dependent nitridation
cycles.

L. Introduction required to fabricate high performance MOS
devices (1-3). These films should have ultrathin
As the devices are scaled down to the sub- (<100 A) and uniform thickness, high breakdown

micron range, reliable thin dielectric films are field, sharp breakdown distribution, clean
" ————— — interface and low defect density. However, thin
E&E, BRETHENEN LOYFBEAES thermal dielectric films grown by the furnace
(Compound Semiconductor Department, ETRI) techniques appear to have several limitations such
BXHT D 1988% 7H 30A as the poor yield and reliability. As the result of
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technological and reliability problems, there have
been demands for ultrathin dielectric films with
higher quality to replace the conventional thermal
dielectric films.

It has been recently proposed that the dielectric
films produced by the rapid thermal process that
was well known as a simple and easy thickness

control _process minimize these problems and

improve their properties (4-7). Especially, it
was found that nitride and nitrided oxide films
possessed excellent characteristics as the diffusion
barrier against dopants and other impurities, and
enhanced the radiation resistance of oxide-silicon
interfaces and the dielectric strength (8-15).

In this study, we obtained various dielectric
films by the rapid thermal process that included
independent two-steps of the sequential pre-
annealing and oxidation process, and independent
three-steps of the sequential pre-annealing, oxid-
ation and nitridation process. Especially, the
contents of the hydrochloric gas in the pure
oxygen ambient were changed for the chlorine-
based mobile ion gettering process. Then, the
MIS (Metal Insulator Semiconductor) structures
were fabricated for evaluating the electrical
characteristics of the dielectric films.

We verified subsequently the effects of the
independnet RTN (Rapid Thermal Nitridation)
process step and the effects of the contents of the
hydrochrolic gas on the electrical properties of the
dual dielectric films that composed of the
silicon oxide as the first layer and the nitrided
oxide as the second layer.

And, these results were also compared with
the characteristics of the dielectric films obtained
by the furnance technique and the rapid thermal
process that included a dependent RTN process
step.

II. Experiment

All the experiments were carried »ut on
< 100 > -oriented 4 inch, p-type silicon wafers
with a resistivity of 6-9 ohm-cm. Fig. 1 shows the
process sequence of the test sample fabrication.
The wafers were cleaned with the aqueous solution
of HF to remove the native oxide and rinsed with
the deionized water. The growing processes of the
thin dielectric films were sequentially carried out
in the same process chamber of the Heatpulse
2146 (AG Associates) rapid thermal process
system. Fig. 2 and 3 show the time-temperature
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profiles of these sequential processes and the 13
control steps of the, gas species, respectively. The
first pre-anneal step, 850°C for 30 sec, was
introduced to stabilize the temperature of the
process chamber,
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Fig.1. Process sequence of the test sample fabric-
ation.

1148T 1150C
1200 } 40Sec 10Sec

1000 +
Pre-anneal

State

[

400

WAFER TEMPERATURE (C)

200%

0 50 100 150 200 250
RTP TIME (SEC)

Fig.2. Typical time-temperature profiles of the
sequential three-steps RTO/RTN process.
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Fig.3. Sequential 13 control steps of the process gas species (liter/minute).

The second oxidation step was performed for
the growth of the oxide film at 1148°C for 40 sec
in the ambient of pure oxygen, and the mixture
of hydrochloric gas and oxygen, respectively. The
contents of the hydrochloric gas in the pure
oxygen ambient were changed from 0 to 8%.

After the completion of the steady-state of an
oxide growth step, an intermediate step, 800°C for
30 sec, was introduced for the complete exchange of
the ambient gas from the oxygen to the ammonia.
That is, argon gas was firstly introduced into the
process chamber at the end of the steady-state of
RTO (Rapid Thermal Oxidation) process step and
continued for 10 sec at the steady-state of the
intermediate step for the complete evacuation of
the oxygen gas. The ammonia gas was next
introduced for 20 sec.

After the intermediate step, RTO oxide films
were subsequently nitrided by the third nitridation
step in dry ammonia ambient at atmospheric
pressure, 1150°C for 10 sec and 120 sec, respect-
ively. After the nitridation step, the ammonia
gas was shut off and then the argon gas was
introduced into the process chamber for its
purging.

In the next place, MIS devices were fabricated
with these dielectric films by the following process
procedures. The polysilicon layer was deposited
at 625°C and followed by the phosphorus doping

from POC!; source, and the aluminium film was
sputter-deposited. After the lithography process,
the aluminium and the polysilicon layers were
patterned with wet chemical and plasma etching
for the formation of gates and metal contacts,
respectively.

The capacitors received a final heat treatment

at 400°C for 30 minutes in the forming gas N,/
4% H;) to enhance the ohmic contact and to
reduce the interface state density. The area of the
defined capacitors was 320 x 320um?,

II. Results and Discussions

1. Film thickness and refractive index

The thickness and the refractive indexes of
dielectric films were measured with a Gaertner
L116K automatic ellipsometer, The thickness
uniformity of dielectric films was better than 2%
in within-a-wafer and 1% in wafer-to-wafer. The
effective thickness variation of the dielectric
films was plotted in Fig. 4 as a function of the
hydrochloric gas contents in oxygen gas and the
RTN times. As shown in Fig. 4, the significant
enhancement of the silicon oxidation rates with
increasing the mixing ratio of the hydrochloric
gas was observed. These results were believed to
be due to the chlorine-based mobile ion gettering
(16).
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Fig.4. Effective thickness of the dielectric films
as a function of the additive contents of
hydrochloric gas.

But, after nitridation process for the formation
of the dual dielectric films the effective thickness
of the films were nevertheless slightly changed
within 10A. Above results show that the initial
oxide thickness was significantly changed by the
addition of the hydrochloric gas, but after
sequential nitridation process the thickness of the
dielectric films was not significantly changed.

In Fig. 5, we have plotted the effective refrac-
tive indexes of the dielectric films as a function of
the additive contents of hydrochloric gas in
oxygen gas and-the RTN times. The effective
refractive index of the dielectric film formed by
RTO was 1.43. And, after the nitridation of this
film, the refractive index increased with RTN
process time, that is, 1.45 for 10 sec and 1.65 for
120 sec. The RI values increased monoton-
ously for the RTO films, and these ones increased
rapidly after nitridation process. These results
show that the mobile ion gettering which were
caused by the addition of chlorine atoms
increased the initial oxide thickness, and also
changed the RI values. And, the rapid increment
of the RI values after nitridation process seems to
be associated with the formation of the nitrided
oxide films which possess higher RI values and
with the slight change of the initial oxide
thickness.
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Fig.5. Effective refractive index of the dielectric
films as a function of the additive contents
of hydrochloric gas.

The samples nitridized for 120 sec showed the
significant increment of RI values than the ones
nitridized for 10 sec. It seems that the samples
nitridized for 10 sec form the nitrided oxide layer
on the surface of the oxide film, and consequently
increase RI values. On the other hand, 120-sec-
nitridized samples formed the nitrided oxide
layers on the surface of the oxide and at the
interface of the oxide-silicon by the diffusion of
the nitridant species to the interface layer, and
resultantly increased RI values more abruptly.

2. Current-Voltage Characteristics

The leakage current and the breakdown field
measured were more than 100 samples for each
condition with a ramped voltage source method
on the 4145A Semiconductor Parametric
Analyzer. Fig. 6 and 7 show the current-voltage
characteristics of the MIS capacitors before and
after nitridation (10 sec) process. All the samples
of the dual dielectric films show the increase of
dielectric breakdown voltages after nitridation
process. Especially, the breakdown voltages of
the dual dielectric films formed from RTO oxide
films that hydrochloric gas were added constantly
increased in proportion to the additive contents of
the hydrochloric gas.

The 2%-added samples showed the increase of
5% of average breakdown voltages compared with
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Fig.6. A typical current-voltage characteristics
of the MIS capacitors (Effective thickness
-A:125A, B:1334, C:1604),
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Fig.7. Average breakdown voltages of the
dielectric films as a function of the additive
contents of hydrochloric gas.

the RTO oxide samples, and the increase of 11%
compared with the RTO oxide samples that
hydrochloric gas were not added. But, the samples
that the hydrochloric gases of respective 4% and
8% were added show lower increasing rate
than the 2%-added samples. This results well
agree with the phenomenon that the growth rate
of the film saturates with the increase of contents
of hydrochloric gas. And the results show that
nitrided oxide films formed by RTN process
increased the dielectric strength of the dual
dielectric films, and as a result increased break-
down voltages.
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Fig. 8 shows the dielectric breakdown
distribution of the MIS capacitors which
composed of dual dielectric films. The dual

dielectric films also show the higher breakdown
strengths than those of the thermal oxide and
nitrided oxide films with the same effective
thickness produced by the conventional furnace
process (average breakdown voltage ; 13.2MV/cm,
Ref. 4) or the rapid thermal nitridation process
that composed of the dependent nitridation
cycles (average breakdown voltage ; 12.8MV/cm,
Ref. 15). It seems that these results were
induced by the independent nitridation cycles
that increased nitridant species of the thermal
nitride-gas interface and enhanced a reaction with
the silicon surface due to the complete exchange
of the process gas in the quartz chamber,
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Fig.8. A typical dielectric breakdown distribution
of the MIS capacitors (Average breakdown
strength-A:12.20MV/cm, B:14.17MV/cm,
C:15.09MV/cm),

However, the average breakdown strength
decreased from 15MV/cm to 12MV/cm with the
increase of contents of the hydrochloric gas, as
a result of the increment of the initial oxide
thickness. Above results show that the effects of
the thickness variation and the quality of the
initial oxide (RTO oxide ) film by the addition of
the hydrochloric gas could be neglected on the
very short-time (about 10 sec) nitridation process,
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and formed nitrided oxide film on the surface of
the RTO oxide with the same thickness. As the
results it is concluded that the enhancement of
the dielectric breakdown strength is dominantly
influenced by the increase of the thickness
induced by the addition of the hydrochloric gas
than by the nitrided oxide layer grown with the
short=time nitridation-process.--

But, in the case of the samples which were
subjected to the nitridation process for 120 sec,
the breakdown phenomena were not observed
within the above current-voltage measuring range.
These results can be confirmed in the facts that
the short-time (order of seconds) nitridation
process nitridizes only the surface of the oxide
film to the extent of a few tens of A, and the
longer nitridation process (order of minutes)
increases the concentration of the nitrogen in
the bulk of the oxide and leads to a full oxynitride
structure. These nitridized layers showed the
higher dielectric strength and affected the current
conduction in the dielectrics.

3. Capacitance-Voltage Characteristics

Fig. 9 shows the high-frequency (1MHz) C-V
characteristics of the MIS capacitors. There were
no hysteresis and shift which were caused by the
carrier trapping on C-V curve during measurement.
The enhancement of the accumulation capacit-
ance can be explained by increased dielectric
constants of RTN films as well as the change in
layer thickness. In the nitridation of silicon

HIGH FREQUENCY C-V PLOT (1MHz)

—
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B :RTO+RTN
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Fig.9. A typical high frequency (1MHz) capac-
itance-voltage characteristics of the MIS
capacitors.

115 BFILBREHRGE

(1355)

H2%E HI1H

dioxide films, the dielectric constant increased
by the addition of the hydrochloric gas, for
example from 4.0 to 4.54 in the not-added
samples, and to 5.06 in the 4%-added samples.

And, after nitridation process, the curves
shift monotonously toward negative voltages,
however the maximum capacitance value
decreased with the increase of the contents of
hydrochloric gas. It seems that this increase in
flat band voltage (Vfb) about to 0.05 volts for the
dual dielectric films is mainly induced by the
fixed positive charges without the significant
changes in the fast interface state density. The
evaluated value of the fixed insulator charge
density from C-V measurement was typically
within the range of 1.0Ell charges/cm?.

IV. Conclusion

We have obtained dual dielectric films that
have more enhanced electrical properties by rapid
thermal process. By increasing the additive
contents of hydrochloric gas, oxidation rates were
changed, which affected the current conduction
in the dielectrics, but the nitridation rates were
slightly changed.

The breakdown voltages of the dual dielectric
films constantly increased in proportion to
the additive contents of the hydrochloric gas.
However, the average breakdown strength
decreased with the increase of the contents of
hydrochloric gas as a result of the increment of
the initial oxide thickness. For the short-time
nitridation process, the enhancement of dielectric
breakdown strengths is mainly attributed to the
increase of the film thickness, which is induced
by the addition of hydrochloric gases than by the
nitrided oxide layer grown with the nitridation
process.

The present experimental resuits show that the
suggested three-steps rapid thermal process
including the independent nitridation cycle
seems to be a simple and effective method to
obtain dual dielectric films that have more
enhanced electrical properties, and it is almost
free from the instability which is caused by
carrier trapping.

Conclusionally, it is believed that the dual
dielectric films obtained by the three-steps rapid
thermal process method can be utilized as an
good alternate of thin oxide films by the con-
ventional furnace system..
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