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Abstract

In this study, the plasma density and electron temperature of Inductively Coupled Plasmas
were determined by three types of Langmuir probes: a double probe, a single probe with RF
choke and a single probe with RF choke and compensating electrode. The results obtained by
the double probe offered the most reliable results for both plasma parameters. The single
probe with compensating electrode has a similar precision as the single probe with only a RF
choke, but its accuracy is better. For the investigated argon plasmas, the electron temperature
increases with coil power and decreases with pressure, while the cathode power does not
influence very much. The plasma density increases mainly with coil power, and to a lesser

extent also with pressure and cathode power.

I. Introduction

Inductively Coupled Plasma etching is
becoming an  increasingly  important
technique in integrated circuit and

microstructure fabrication [1-3]. For most
applications, RF current passes through a
planar coil, inducing a RF electric field to
create the plasma. At the same time, power is
applied to the electrode on which the wafer
sits, to control the ion bombardment [4,5].
Recently, these plasmas have been analysed
with Langmuir probes [6,7]. This analysis is
relatively difficult, as the theories developed
for analysis of the current versus bias voltage
(I-V) curves of the probe, are based on the
assumption that there is no magnetic field in
the plasma. Another factor which turns the
probe construction and the I-V curve analysis
more difficult, is the presence of the RF
electric fields. If a single probe is not well RF
compensated, the I-V curve will be distorted
and the values obtained for the electron
temperature will be overestimated [8]. There

are several ways to decrease the influence of
the RF induced currents on the measured I-V
curve. A first one is through active
compensation, known as the driven probe
technique, where a small RF component is
superimposed on the DC voltage applied to
the probe [9].

A simpler approach is to use an RF choke,
which is in general composed of a blocking
inductor which has a very high impedance at
the operating RF frequency [10,11]. There
exist several variations on this approach. One
particularly interesting technique introduces
an extra capacitor in parallel to the plasma
sheath formed between the plasma and the
probe tip. The impedance between plasma
and probe tip is decreased resulting in less
distortion of the collected characteristic
probe curve. Another disadvantage of the
single probe is that it may drain so much
current from the discharge that it disturbs the
plasma. To avoid this situation, one can use
the double probe technique [12-14]: two
Langmuir probes immersed in the plasma in




such a way that the electron current collected
by one of the probe is limited by the positive
ion current collected by the other. The current
collected by the double probe is typically 20
times less than the current collected by the
single probe.

The external circuit of the double probe
floats together with the plasma potential,
making the RF interterence much less
significant. A disadvantage of the double
probe technique is that it does not determine
the floating and plasma potentials of the

plasma.
In this paper, a single probe with RF choke, a
single probe with RF choke and

compensating electrode and a double probe
were used to analyse inductively coupled
plasmas. Using these results, the precision
and the accuracy of the measurements were
evaluated and the electron temperature and
plasma densities of different plasmas were
determined.

II. Experimental

A. Plasma etch equipment

A home-built reactive ion etching system was
modified by placing a 5 turn coil above a 1
cm thick pirex plate on top of the reactor.
The original reactor has been described as
system 2 in reference 15. The wafer sits on a
6 inch diameter aluminium electrode, which
we shall call the cathode from now on. Power
can be applied independently to the coil and
to the cathode at 13.56 MHz. A special
matching network has been developed to
transfer the power from generator to coil
without much reflection.

B. Used Langmuir probes

In order to determine the plasma densities
and the electron temperature, three different
types of Langmuir probes were used: a single
probe with only a traditional RF choke [16],
a single probe with RF choke and
compensating electrode [10] and a double
probe [13]. A schematic view of the three
probes is shown in figure 1.

The probe tips are all made of tungsten and

have a diameter of 0.2 mm. For the single
The probe tips are all made of tungsten and
probes, 4 mm of the tungsten wire is exposed
to the plasma, for the double probe. 8 mm is
exposed and the distance between the two
tips is 4 mm.

The tips of the single probes were connected
to a RF choke (at the choke’s plasma end
terminal) to provide RF compensation.

These RF chokes consist of a series of two
small shielded inductors in parallel with a
variable capacitance. The capicitance is tuned
to obtain a maximum impedance of about
200 KQ at 13.56 MHz.

The other terminal of the choke ( its circuitry
end terminal) is connected to the core
conductor of a coaxial cable. RF choke and
coaxial cable are protected by a 13 mm outer
diameter, 30 cm long pyrex tube.
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Fig. 1: Schematic view of the used Langmuir
probes: (a) single probe with RF choke, (b)
single probe with RF choke and compensating
electrode, (c¢) double probe.

For one of the single probes, a 6.35 mm outer
diameter 30 mm long stainless steel tube is
placed near the probe tip and connected via a
capacitor of 0.33 pF to the plasma end
terminal of the RF choke. In this way the RF
compensating electrode is accomplished,



which improves the characteristics of the RF
choke. As both tips or the double probe are
floating with respect of the discharge circuit,
the use of RF choke is less necessary and, in
this work, it is not used. The tungsten wires
are directly connected to the core wires of
two coaxial cables, which are protected by a
13 mm outer diameter, 30 cm long pyrex
tube.

C. Langmuir probe data treatment

The collected current was measured over a
resistor. The value of this resistor must be
changeable as the collected current from the
double probe is a factor of about 20 less than
the current collected from the single probes.
This voltage was digitalized by a 12 bit A/D
converter and collected in computer tables as
a function of the probe input voltage (also
digitalized by a similar A/D converter). The
data in these tables were then used to
calculate the plasma density and the electron
temperature. To increase the signal to noise
level, a numerical Butterworth filter was used
mainly when both cathode and coil were
powered.

For the single probes, the electron
temperature was determined from the part of
the semi-logarithmic electron current versus
probe bias voltage ( In(l) - V ) curve, near
the region of the floating potential. In this
region, the collected electrons have higher
energies and their trajectories are therefore
less affected by the magnetic field, generated
by the coil current [17]. The ion densities
were determined using the method of
Laframboise, since the assumptions of
collisionless, stationary and non-magnetised
plasma and absence of negative ions, are
nearly satisfied [18].

When using the double probe, the electron
temperature was determined by the
logarithmic plot method as described in
reference 12. The plasma density was
obtained by adjusting the I-V curve using the
method of Peterson and Talbot [13], in a
similar way as Brockhaus et.al. did [14].

For each process analysis, three I-V curves
were measured by the probes. Each curve

was analysed and the plasma parameters
determined. as described above. From these
three measurement results. the average value
and the standard deviation were determined.

ITI. Results and Discussion.

In order to be able to compare the results
obtained by the three probes. we treat in this
paper only the electron temperature and the
plasma density, because the double probe
does not determine the plasma and floating
potentials.

Table I shows the average percentual
standard deviation of the calculated results of
the electron temperature and the plasma
density. The double probe has a much better
reproducibility than both single probes,
mainly for the determination of the electron
temperature. The 1 sigma value for the
electron temperature determined by the single
probes is nearly 10%, which means that the 3
sigma value, often used as the relative error
value, is more than 25% ! This means that the
uncertainty of these results is very high: the
results of the electron temperatures must be
evaluated with great caution. The double
probe has a much better reproducibility: the
three sigma value is only 6%, which is
compatible with the reproducibility of most
semiconductor processes.

Figure 2 shows the electron temperatures as a
function of cathode and coil power for a
constant pressure of 50 mTorr, obtained by
the three different probes.

Both the double probe and the single probe
with compensating electrode show the same
trends: the electron temperature increases
mainly with coil power in the 0 W to 50 W
range. Once a certain level has been reached,
the electron temperature levels off - it
remains approximately constant in the 50 W
to 150 W power range. The effect of the
cathode power is less outspoken: when at
least 50 W coil power is applied, the electron
temperature increases with cathode power,
mainly in the 0 W to 50 W region, after
which it levels off, in a similar way as it does
as a function of coil power. If no coil power
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Tuble I - Standard deviation for electron temperature and plasma
density measurements for argon plasma at p=50 mTorr

GTef{Te (90) ONj INi (%)
probe with choke 8.8 6.1
probe with choke and electrode 9.2 6.0
double probe 2.0 3.2

is applied, the electron temperature decreases
with cathode power, a phenomenon which
will be commented in more detail later in this
paper. The single probe with choke shows
nearly no trend at all: however, one should
not forget that the reproducibility of the
obtained results is + 27%. This means that
the variations for the processes with 50 W or
more cathode power are all within this
uncertainty range. The only conclusion one
may draw is that increasing the cathode
power from 0 W to 50 W increases the
electron temperature, compatible with the
results of the other probes.

These results show that, when applying an
inductively coupled plasma, a single probe
with RF choke is not a good instrument to
determine the electron temperature.
Comparison of the absolute values of the
different probes, shows that the results
obtained with the double probe are always
lower than with the single probes. This is
caused by the influence of the RF component
on the probe sheath [8,17,19], which causes a
slight distortion of the I-V curve, resulting in

an  overestimation of the electron
temperature. As the double probe circuit
floats together with the plasma, the

measurement is much less influenced by this
RF interference. Therefore, we believe that
the values of the electron temperatures
obtained by the double probe are more exact
than the others. The double probe is the
preferred instrument for measuring electron
temperature when using inductively coupled
plasmas.

Figure 3 shows the plasma densities as a
function of both cathode and coil power, for
a constant pressure of 50 mTorr. This figure
shows that the general trends are similar for
all the probes: the plasma densities
increase
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very strongly with coil power, while the
cathode power has little effect.
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Fig. 2: Electron temperature as a function of coil
and cathode (inset) power for 50 mTorr Ar
plasmas measured with (a) single probe with
choke, (b) single probe with choke and
compensating electrode, (c) double probe. The
error bars represent the 1 sigma value.
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An unexpected result. conrirmed by the three
probe measurements, is the fact that for 100
W coil power process, the plasma density is
highest when no cathode power is applied.

As the three probes obtained the same result,
we believe that this behaviour is really
happening, although we are not able to
explain it.

The values obtained by the three methods are
within a 10% error indicating that for these
measurcments, the three probes can be used.
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Fig. 3: Plasma density as a function of coil and
cathode (inset) power for 50 mTorr Ar plasmas
measured with (a) single probe with choke, (b)
single probe with choke and compensating
electrode. (c) double probe. The error bars
represent the 1 sigma value.

This 15 compatible with the fact that the
reproaucibility for the determination of the
plasma density is better than for the electron
temperature, for both single probes, as shown
in Table I. The highest plasma densities
obtained in this system are of the order of
10"* electrons per cm’. For the evaluated
pressure level of 50 mTorr. this is a really

high density plasma, showing that in this
system, the power is coupled very

efficiently into the plasma.
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with choke and compensating electrode, (c)
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sigma value.




Figure - shows the influence of the pressure
and the cathode power . with no power to the
coil. on the electron temperature, as
measurcd with the three probes.

The influence of the pressure is very clear:
increasing the pressure decreases the electron
temperature. This is expected as the collision
frequency increases with increasing pressure.
resulting in less energy gain of the electrons
between collision. The electron
temperature  decreases  with  increasing
cathode power for these processes without
any coil power. This  unexpected
phenomenon will be commented later on.
The values obtained with the double probe
are once again lower than those obtained
with the single probes, compatible with our
explanations above.

Figure 5 shows the influence of the pressure
and the cathode power, with no power
applied to the coil, on the plasma density, as
measurcd with the three probes. These results
show that the plasma density increases with
both pressure and cathode power, as can be
expected: the number of collisions to form
free electrons increases with pressure and
more power is consumed to generate these
free electrons. The values obtained from the
double probe and the single probe with
compensating electrode are very compatible,
indicating that both probes are suitable to be
used for this type of measurements. The
single probe with only RF choke gives lower
densities. by approximately a factor of 2. We
are not able to explain this large difference
for these results. Combining the results of the
plasma  densities  with  the electron
temperatures, one can formulate an
hypothesis why the electron temperature
decreases with increasing cathode power.
The main mechanism to generate a free
electron is a collision between a highly
energetic electron and a neutral, a molecule
in general. After the collision, the new
electron has a low energy and the original
electron also decreases its energy. Therefore
it is possible that for the higher cathode
power (and zero coil power) levels, one
obtains a plasma with more free electrons but

cach

with an average electron energy lower than
for the plasmas with lower power levels..
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Fig. 5: Plasma density as a function of argon
pressure and cathode power, measured with (a)
single probe with choke, (b) single probe with
choke and compensating electrode, (c) double
probe. The error bars represent the 1 sigma
value.

Conclusions

The electron temperature and the plasma
density of several Inductively Coupled
Plasmas were determined by three different
types of Langmuir probes: a single probe
with RF choke, a single probe with RF choke
and compensating electrode and a double



probe. The precision of the meusurements is
good for the double probes. but relatively bad
for tic single probes. mainly for the
determination of the electron temperatures.
The accuracy of the determination of the
electron temperature obtained with the
double probe also is better than the one
obtained with a single probe, as the RF
component influences much less the double
probe than the single probes. Therefore, to
determine the electron temperature of
Inductively Coupled Plasmas, a double probe
should be used.

When determining the plasmas densities, the
precision increases for the single probes and
decrcases slightly for the double probe,
although it still is a factor of 2 better than for
the single probes. Comparing the results
obtained with the three probes, one may
conclude that the accuracy obtained with the
double probe and the single probe with
compensating electrode is very good.

This paper also shows that for the
investigated Inductively Coupled Plasmas,
the electron temperature increase with coil
power, mainly in the 0 W to 50 W range, and
decreases with pressure, while the cathode
power influences less this plasma parameter.
The plasma density increases mainly with
coil power, and to a lesser extent also with
cathode power and pressure.

Acknowledgements

The authors would like to thank Nelson
Ordonez and Centro Tecnolégico da Marinha
de Sdo Paulo for technical support and the
FAPESP, CNPq and FBB for financial
support.

References

[1] J.K. Bhardwaj, H. Ashraf, Proceedings
Micromachining  and  Microfabrication
Process Technology, SPIE, 2639, p. 224
(1995).

[2] R. Hill. J. Vac. Sci. Technol. B 14, p. 547
(1996).

[3] C. Marxer. M.-A. Grétillat. N.F. de Rooij.
R. Biittig. O. Anthamatten. B. Valk, P.
Vogel, IEEE. Proceedings of The Tenth
Annual International Workshop on Micro
Electro Mechanical Systems, Nagoya, Japan.
January 26-30. p. 49 (1997).

[4] M.A. Lieberman, R.A. Gottscho, Design
of High-Density Plasma Sources for
materials Processing, in : Plasma Sources for
Thin Film Deposition and Etching, cap.l,
editors: M.H. Francombe, J.L. Vossen
(1994).

[5] R.D. Mansano, P. Verdonck, H.S. Maciel,
Sensors and Actuators, A, 65, p. 180 (1998).

[6] J. Hopwood. C.R. Guarnieri, S.J.
Whitehair, J.J. Cuomo, J. Vac. Sci. Technol.
A 11(1), p. 152 (1993).

[7] A. Schwabedissen, E.C. Benck, J.R.
Roberts, Phys. Rev. E, 55(3), p. 3450 (1997).

[8] A. Boschi, F. Magistrelli, I Nuovo
Cimento, 29(2), p. 487 (1963).

[9] D. Mandrill et al, J. Phys. D: Appl. Phys.,
20, p. 815 (1987).

[10] P.A. Chatterton. J.A. Rees, W.L. Wu, K.
Al-Assadi, Vacuum, 42, p. 489 (1991).

[11] A.P. Paranjpe, J.P. McVittie, S.A. Self,
J. Appl. Phys., 67(11), p. 6718 (1990).

[12] E.O. Johnson, L.M. Malter, Phys. Rev.
80, p. 58 (1950).

[13] EW. Peterson, L. Talbot, AIAA
Journal, 8(12), p. 2215 (1970).

[14] A. Brockhaus, C. Borchardt, J.
Engemann, Plasma Sources Sci. Technol., 3,
p- 539 (1994).

[15] P. Verdonck, C.M. Hasenack, R.D.
Mansano, J. Vac. Sci. Technol. B 14, p. 538
(1996).




[16] R.R.J. Gagné. A. Cantin. J. Appl. Phys..
43(6). p. 2639 (1972).

[17] LD. Sudit. F.F. Chen, Plasma Sources
Sci. Technol. 3, p. 162 (1994).

[18] J. Laframboise, Advances in Applied
Mechanics, Supplement 3, vol II; Fourth
Symposium of Rarefied Gas Dynaniics

(Academic Press), p. 22 (1966).

[19] N. Hershkowitz, M.H. Cho, C.H. Nam,
Plasma Chemistry and Plasma Processing,
8(1), p- 35 (1987).



BOLETINS TECNICOS - TEXTOS PUBLICADOS

BT/PEE/9301 - Osciladar a HEMT - 10 GHz - FATIMA S. CORRERA, EDMAR CAMARGO

BT/PEE/S302 - Representacdc Senoidal da Voz através dos Polos do Filtro Preditor - MARCELO B. JOAQUIM, NORMONDS ALENS

BT/PEE/0303 - Blindagens por Grades Condutoras: Calculo do Campo Proximo - LUIZ CEZAR TRINTINALIA, ANTONIO ROBERTO
PANICALI

BT/PEE/9304 - Sistema de Otimizacaa e Controle de Produgao em Minas de Pequeno e Medio Porte - TSEN CHUNG KANG, VITOR
MARQUES PINTO LEITE

BT/PEE/9401 - Determinacao das Frases de Aplicacdo Forense para o projeto NESPER e Tese de Mestrado IME/94, com Base em
Estudos Fonéticos - MARCONI DOS REIS BEZERRA, EUVALDO F. CABRAL JUNIOR

BT/PEE/9402 - Implementacéo e Teste de uma Rede Neural Artificial do Tipo KSON (Kohonen Self-Organizing Network) com Entradas
Bidimensionais - MARCELO YASSUNORI MATUDA, EUVALDO F. CABRAL JR.

BT/PEE/9403 - Transformada de \Walsh e Haar Aplicadas no Processamento de Voz - ALEXANDRE AUGUSTO OTTATI NOGUEIRA,
THIAGO ANTONIO GRANDI DE TOLOSA, EUVALDO F. CABRAL JUNIOR

BT/PEE/9404 - Aplicagac de Redes Neurais ac Problema de Reconhecimento de Padrées por um Sonar Ativo - ALEXANDRE RIBEIRO
MORRONE, CRISTINA COELHO DE ABREU, EDUARDO KOITI KIUKAWA, EUVALDO F. CABRAL JR.

BT/PEE/9405 - Tudo que se Precisa Saber sobre a Pratica da FFT - Transformada Rapida de Fourier (Inclui Software) - ROGERIO
CASAGRANDE, EUVALDO F. CABRAL JR.

BT/PEE/9406 - A Survey on Speech Enhancement Techniques of Interest to Speaker Recognition - CELSO S. KURASHIMA, EUVALDO
F. CABRAL JR.

BT/PEE/S407 - Identificacao de Pulsos Decédicos em Linhas Telefénicas - ANTONIO P. TIMOSZCZUK, MARCIO A. MATHIAS,
EUVALDO F. CABRAL JR.

BT/PEE/9408 - Implementagdo e Teste de Filtros do Tipo Adaptativo e “Notch" para a Remogao de Interferéncia de 60 Hz em Sinais de
Eletrocardiograma - FLAVIO ANTONIO MENEGOLA, JOSE AUGUSTO DE MATTOS, JOSE GOMES G. FILHO,
SIDNEY SILVA VIANA, EUVALDO F. CABRAL JR.

BT/PEE/9409 - Compressao de Sinais de Voz utilizando Transformadas de Karhunen-Loéve, Fourier e Hadamard - [VAN LUIS VIEIRA,
LUIZ FERNANDO STEIN WETZEL, EUVALDO F. CABRAL JR.

BT/PEE/9410 - “Ray Tracing" Paralelo - EDUARDO TOLEDO SANTOS, JOAO ANTONIO ZUFFO

BT/PEE/9411 - Implementacéo de uma Ferramenta Posicionador para "Gate-Arrays” Tipo Mar de Portas - JORGE W. PERLAZA
PRADO, WILHELMUS A. M. VAN NOIJE

BT/PEE/9412 - Tudo que se Precisa Saber Sobre a Teoria da FFT - Transformada Rapida de Fourier - FABIO LUIS ROMAO,
REINALDO SILVEIRA, ROGERIO CASAGRANDE, EUVALDC CABRAL JR.

BT/PEE/9413 - Andlise do Ruido Sonoro em uma Sala de Aquisicdo de Amostras de Som com Microcomputador - FABIO Luis
ROMAO, REINALDO SILVEIRA, EUVALDO CABRAL JR.

BT/PEE/9414 - Cor: Aspectos Relevantes para Visualizagdo de Dados - SILVIA DELGADO OLABARRIAGA

BT/PEE/9415 - Projeto de Filtros Digitais |IR com Fase Aproximadamente Linear Utilizando Redugao de Ordem - IVAN F. J.
RODRIGUES, MAX GERKEN

BT/PEE/9416 - GERAFILTRO: Sistema para Projeto Automatico de Filtros Digitais "IIR" (da especificagac em alto nivel ao leiaute do
"ASIC") - RICARDO PIRES, JOSE VIEIRA DO VALE NETO

BT/PEE/9417 - Redes Neurais Arificiais Aplicadas a |dentificagdo de Pulsos Decadicos em Linhas Telefénicas - ANTONIO P.
TIMOSZCZUK, EUVALDO F. CABRAL JR.

BT/PEE/S501 - Estudo Comparativo de Métodos de Calculo da Frequéncia Fundamental - MARCOS COSTA HUNOLD, EUVALDO F.
CABRAL JR.

BT/PEE/9502 - Combinando Técnicas de Redes Neurais Artificiais e Informagdes de Excitagdo no Reconhecimento Automitico do
Locutor - ANDRE BORDIN MAGNI, EUVALDO F. CABRAL JR.

BT/PEE/S503 - Utilizagao de Redes Neurais Artificiais para Detecgdo e |dentificacao de Falhas em Circuitos - MARCIO YUKIO
TERUYA, ROBERTO AMILTON BERNARDES SORIA, EUVALDO CABRAL JR.

BT/PEE/9504 - Uso de Redes Neurais Artiificiais no Reconhecimento de Locutores no Dominio Temporal - BENEDITO JOSE BARRETO
FONSECA JUNIOR, EUVALDO CABRAL JUNIOR

BT/PEE/9505 - Projeto de Filtros Passivos e Ativos em Técnicas de Circuitos Integrados de Microondas - DAVID VIVEIROS JUNIOR,
DENISE CONSONNI

BT/PEE/G506 - Uma Analise de Clustering para as Frases de Projeto NESPER - RONALDO OLIVEIRA MESSINA, EUVALDO F.
CABRAL JR.

BT/PEE/9507 - Controle com Estrutura Variavel e Modos Deslizantes - Um Estudo para Aplicagéo em Controle Carga-frequéncia da
Geragao - JOSE PAULO F. GARCIA, JOCELYN FREITAS BENNATON

BT/PEE/9508 - Recuperagao das Margens de Ganho e de Fase para Sistemas de Fase Nao Minima por Realimentagao da Saida -
MARCO H. TERRA, VITOR M. P. LEITE

BT/PEE/9509 - Sistema de Inspecao Optica de Dispositivos Bi-Dimensionais - CASIMIRO DE ALMEIDA BARRETO, PEDRO LUIS
PROSPERO SANCHEZ

T/PEE/S510 - Sistema de Particulas Uma Poderosa Técnica de Animagdo em Computagdo Grafica - RENATO CURTO RODRIGUES,
JOAO ANTONIO ZUFFO

BT/PEE/9511- Efeito de Ruidos em Sinais de Voz Visualizados em Trajetérias Neurais de Kohonen - CELSO S. KURASHIMA,
EUVALDO F. CABRAL JR.

BT/PEE/S601 - "Um Reconhecedor de Sinais Sonoros Utilizando LVQ" - ALEXANDRE TORNICE, EUVALDO CABRAL JR.

BT/PEE/9602 - "Colegao Artificial Neural Networks: Uma Visdo Geral dos Sistemas Neurais Artificais de Stephen Grossberg"” - CHIU
HSIUNG HUANG

BT/PEE/9603 - "Reactively-Sputtered TiN Formation Using a RF Magnetron System"- SERGIO PAULO AMARAL OSORIO, LUIZ
SERGIO ZASNICOFF

BT/PEE/9604 - Aspectos em Traducao de Linguagens Naturais Através de Redes Neurais Artificiais - CARLOS EDUARDO DANTAS DE
MENEZES, EUVALDO F. CABRAL JR.




RT/PEE/S605 - Implementacao de Blocos Passa-Tudo Utilizando Realimentacao de Erro - SERGIO JOSE CARNEIRO LEAD, MAX

GERKEN

RT/PEE/OB06 - Colegdo .~ 1o« Redes Meurals Artificiais: A Rede Neural de Sakoe - ANDRE BORDIN MAGNI, EUVALDO F
CABRAL JR

BT/PEE/SB07 - Colegdo il i i Redes Neurais Artificiais: A Rede Neural de Steinbuch - ROBERTO AMILTON BERNARDES

SORIA, EUVALDO F. CABRAL JR.
BT/PEE/9608 - Desenvolvimento de uma Estrutura de Duplo Nivel de Metal para a Confeccao de Interconexdes em Circuitos Integrados
. JOSE AUGUSTO DE ALENCAR PEREIRA, LUIZ CARLOS MOLINA TORRES

BT/PEE/9600 - Determinagao de Parametros de Processo para Fotomascara "Balzers' Utilizando Gerador de Padroes - JORGE SEKI,
MEGUMI SAITO

BT/PEE/9610 - Um Ambiente para Desenvolvimento de Sistemas Distribuidos - PEDRO F, ROSA, JOAO A. ZUFFO

BT/PEE/9611 - Interpretacdes Tedricas do Funcionamento Cerebelar: Uma Revisao - MARCUS FRAGA VIEIRA, ANDRE FABIO KCOHN

BT/PEE/9612 - Marcapasso Cardiaco Temporario Microcontrolado de Demanda e Baixo Consumo - FLAVIO ANTONIO MENEGOLA,
JOSE CARLOS TEIXEIRA DE BARROS MORAES

BT/PEE/9613 - Um Sistema de Planejamento de Acao Baseado em Casos para uma Célula Flexivel de Manufatura - RICARDO LUis
DE FREITAS, MARCIO RILLO

BT/PEE/9614 - Aplicagdes do Boundary-Scan para o Teste de Madulos Multichip - ROBERTO C. COSSIJR., JOSE ROBERTO DE A.
AMAZONAS

BT/PEE/9615 - A 2.488 Gb/s GaAs 1:4/1:16 Demultiplexer IC with Skip Circuit for Sonet STS-12/48 Systems - TAUFIK ABRAO, FATIMA
S. CORRERA

BT/PEE/9616 - Uma Contribuicao para a Construcao de Algoritmos em Projetos de Redes - ALLAN DE SOUZA, JOSE ROBERTO
CASTILHO PIQUEIRA

BT/PEE/9B17 - Analise Critica dos Métodos de Medigdo do Intervalo QT do Eletrocardiograma - SIDNEY DA SILVA VIANA, JOSE
CARLOS TEIXEIRA DE BARROS MORAES

BT/PEE/9618 - Deposigao e Caracterizagao de Filmes de SiOz Crescidos pela Técnica de PECVD a Baixa Temperatura - MARCO
ALAYO CHAVEZ, INES PEREYRA

BT/PEE/9619 - PARSTOOL: Uma Ferramenta de Auxilio a Simulacdo de Sistemas Paralelos - LI KUAN CHING, LIRIA MATSUMOTO
SATO

BT/PEE/9620 - Analise de um Método de Otimizagao por Malha no Treinamento de Robéds - OLIMPIO MURILO CAPELL JOSE
CARLOS T, B. MORAES, SADAC ISOTANI

BT/PEE/S701 - |dentification of Unstable Mechanical Systems - ROBERTO MOURA SALES, ANSELMO BITTAR, MICHAEL PORSCH,
LAERCIO LUCCHESI

BT/PEE/9702 - Analysis of the Subthreshold Slope Transition Region in SOl nNMOSFET - VICTOR SONNENBERG, JOAO ANTONIO
MARTINO

BT/PEE/Q703 - Introduction of the SOl MOSFET Dimensions in the High-Temperature Leakage Drain current Model - MARCELO
BELLODI, JOAO ANTONIO MARTINO, DENIS FLANDRE

BT/PEE/9704 - Controle de Largura de Banda Dinamica para Transmissdes Multicast para Redes de Alta Velocidade - SANG SOON
LEE, SERGIO TAKEO KOFUJI

BT/PEE/9705 - Uma Modificagdo Proposta para o Controle Preditivo Generalizado com Filtro de Kalman - JAIME QUINTERO R,
OSWALDO L. V. COSTA

BT/PEE/9706 - Aplicagdes de Redes Neurais em Previsdes Financeiras - OLIMPIO MURILO CAPELI, EUVALDO F. CABRAL JR.

BT/PEE/9707 - Sistema Microcontrolado, Multicanal e Portatil para Estimulagao Neuromuscular Funcional - ROGERIO QUIARIM
ZARZA, JOSE CARLOS TEIXEIRA DE BARRQOS MORAES

BT/PEE/9708 - Requisitos para o Mapeamento Tecnoldgico em Projetos de Microeletrdnica - LUCIANO DE OLIVEIRA CORREA DE
BRITO, JOSE ROBERTO DE ALMEIDA AMAZONAS

BT/PEE/S70Q - Sistemas PRMA com Dados Acoplados - JOSE AUGUSTO DE LIMA, PAUL JEAN ETIENNE JESZENSKY

BT/PEE/9710 - Algoritmos Genéticos (AG's) paraa Otimizagdo de Controladares Nebulosos - JULIO CESAR CEBALLOS AYA,
OSWALDO L. V. COSTA

BT/PEE/@711 - Um Estudo Sobre a Redugao de Ruidos em Sinais Cadticos - ERNANE JOSE XAVIER COSTA, EUVALDO F. CABRAL
JR.

BT/PEE/9712 - Geradores néo Lineares de Sequéncia para uso em Sistemas Spread Spectrum - ANGEL ANTONIO GONZALEZ
MARTINEZ, PAUL JEAN ETIENNE JESZENSZKY

BT/PEE/9713 - Modelamento Fisico do Sistema Heteroestrutura - Metal - CECILIA WETTERLE RODRIGUES, MEGUMI SAITO

BT/PEE/@714 - Tensdes Induzidas em Linhas Aéreas por Descargas Atmosféricas Indiretas - Modelagem e Aplicagdo ao Calculo de
Interrupgoes - ALEXANDRE PIANTINI, JORGE M. JANISZEWSKI

BT/PEE/Q715 - RECMAP - Uma Ferramenta para Otimizagao em Sintese de Alte Nivel Baseada em Reconhecimento Funcional e
Mapeamento de Componentes - ANDRE GERHARD, JOSE VIEIRA DO VALE NETO

BT/PEE/9716 - Estudo da Sinterizagao de Contatos Al/Ti por Recozimento Térmico Rapido Visando a Aplicagao em Circuitos Integrados
_ ANGELO EDUARDO BATTISTINI MARQUES, ROGERIO FURLAN

BT/PEE/9717 - Mixed Ha/H- Control of Discrete-Time Markovian Jump Linear Systems - OSWALDO L. V. COSTA, RICARDO P.
MARQUES

BT/PEE/S718 - Aluminium Etching with CCls-N2 Plasmas - ANGELA MAKIE MAKAZAWA, PATRICK VERDONCK
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