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his special issue of the Journal on Communications
T is devoted to the living memory of Professor Andras

Ambrézy. We decided to collect some of our new
results demonstrating that the iniciative done by this
outstanding Hungarian scientist resulted in new results
in the field of electronic noise especially 1/f noise in
different laboratories of the world. At the beginning of this
issue Professor K. Tarnay gives on overview on Professor
Ambrozy’s activity.

In this issue the first paper deals with a very interesting
problem: Low frequency noise measurements as a diag-
nostic tool in the semiconductor technology.

The next paper describes the application of 1/ f noise
measurements as a characterization and testing technique
in solid-state devices.

The third paper considers a problem connected with the
reliability prediction of digital integrated circuits.

& %

The fourth contribution deals with the phenomena of
conductance noise and percolation in high 7', supercon-
ductors.

The next paper gives a model for the influance on the
noise of trimming cut-path in thick film resistors.

The sixth paper contains the results of the contact noise
measurements of metal-GaAs multispot test patterns.

The seventh paper describes the 1/f phonon number
fluctuations.

The last paper considers the problem of extraction of
noise sources in BJTS and HBTS.

I do hope that this special issue will give an overview of
contemporary results on 1/f noise in electronic systems
and will stimulate new research activity and perpetuate
Professor Ambrozy’s name. It was a good feeling for acting
as the guest editor of this special issue because a number
of interesting papers were presented for publication. I
would like to thank all the authors for the cooperation.

I. MOJZES

Imre Mojzes received MS degree in elec-
trical engineering from the Moscow Power
Institute in 1972. He received Doctor
techn. degree (Ph.D.) from the Techni-
cal University of Budapest in 1979, Can-
didate of technical science degree (C.Sc)
from the Hungarian Academy of Sciences
in 1988. Presently he is working for the TU
Budapest, as a professor and head of the
Electronics Technology Department. His
present research fields are metal contacts for GaAs devices, elec-
tronic noise and quality assurance problems.

VOLUME XLVI. FEBRUARY 1995.



IN MEMORIAM PROF. ANDRAS AMBROZY

Prof. Andrds Ambrézy an outstanding Hungarian
scientist who initiated and carried out high level research
activity in Hungary concerning noise theory of physical
and electronic systems died five years ago on June 1,
1990. He liked music, and his hobby was sailing. The
experienced and always careful sailor died while doing his
favourite sport, as a result of the fatal combination of the
unpredictable paths of nature and fate.

Electronics has aroused his interest very early, as a
young teenager student of the secondary school. This in-
terest — combined with his talent — remained continuous
during his life.

His career was strongly associated with the Technical
University of Budapest, he received his degrees at this
institution: diploma in electrical engineering (1953), the
postgraduate degree dr.techn. ("summa cum laude", 1962).
The Hungarian Academy of Sciences awarded him in 1966
with the degree "Candidate of Technical Sciences", and
in 1978 with the degree "Doctor of Technical Sciences'.
Since 1953 he was a lecturer at the Technical University
of Budapest, first at the Department of Wireless Telecom-
munications, then at the Department of Electron Devices.
He joined the Department of Electronic Technology as
the head of the department in 1970. He became a full
professor in 1979.

He led the educatioal and research work of the De-
partment of Electronic Technology for 20 years. He also
played a determining role in the Faculty of Electrical En-
gineering. He served and developed the Hungarian higher
engineering education for many years as a deputy dean
and as a member of the Faculty Senate and of the Univer-
sity Senate.

He published several books and more than 120 scientific
papers. He was a world-wide known expert of the field of
electronic noise. One of the most important of his works is
the book "Electronic Noise", which was published several
editions in Hungarian language [1], received many awards,
and was also published in English by McGraw Hill [2] and
in Japanese by Keigaku Publishing House [3]. He was
a member of the international organizing committee of
"Noise Phenomena in Physical Systems" conferences, and
the editor of the Proceedings of the 1990 issue [4].

He participated and acted as a chairman in several com-
mittees of the Hungarian Academy of Sciences and thc
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National Committee for Technical Development (OMFB).

Since 1970 he was a member and since 1985 the chairman

of the Electronics and Computer Science subcommittee of

Committee of Scientific Qualifications (TMB).

He played an outstanding role in improving the niveau
of the Hungarian hybrid circuit fabrication. For this he
was awarded by the State Award of the Hungarian State.

He was one of the first Hungarian members of the inter-
national scientific society "Institute of Electrical and Elec-
tronics Engineers" (IEEE) and also became an "[EEE Fel-
low", which is the most prominent membership level. He
took part in the activities and organization of "Hungarians
for the Technical and Scientific Development of the World"
conferences.

Since 1960 he was a member of the Scientific Society for
Telecommunication and the chairman of its Award Com-
mittee and restlessly worked for the Hungarian electronics
industry. He also had an important role in the League
of Technical and Scientific Societies, mainly in the Educa-
tional and Award Committees.

The works initiated by the late Prof. Ambrézy have been
continued during the past five years:

o the low frequency excess noise in epitaxial GaAs and
InP layers has been studied;

e a new method for qualifying the contacts of high fre-
quency devices by noise measurement has been devel-
oped;

¢ a method for realiability testing of CMOS integrated
circuits by measurements of the supply current noise has
been developed;

o the properties of polyimid layers are evaluated by noise
measurements.

These research activities has been supported by Hun-
garian Research Fund (OTKA) projects, and the results
are published in several papers, diploma and thesis works.

[1] Ambrézy A.: "Elektronikus zajok", Miuszaki Koényvkiado,
Budapest, 1972. p. 283.

[2] A. Ambrézy: "Electronic Noise", McGraw-Hill, New York,
1982. p. 281. )

[3] A. Ambrézy: "Denshi Noizu", Keigaku Publishing, Tokyo,
1988. p. 259.

[4] A. Ambrézy (ed.): "Noise in Physical Systems", 10th Int.

Conf., Budapest, 1990. p. 689.
Prof. KALMAN TARNAY
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LOW-FREQUENCY NOISE MEASUREMENTS
AS A DIAGNOSTIC TOOL IN THE SEMICONDUCTOR
TECHNOLOGY

P. GOTTWALD

TECHNICAL UNIVERSITY OF BUDAPEST
FACULTY OF ELECTRICAL ENGINEERING
H-1521 BUDAPEST

We report on results of low-frequency noise measurements, which
have been carried out on specially designed, strongly surface sensitive
patterns prepared on GaAs and InP epitaxial layers. Generation-
recombination (G-R) and 1/ f noise components have been sepa-
rated from the obtained noise spectra by curve fitting. Deep level
analysis has also been carried out by observing the temperature de-
pendence of the G-R noise components. In cases of unpassivated
surface, which adsorbs contaminating particles from the atmosphere,
the effects of commonly used cleaning solvents of the semiconductor
technology were studied intensely. In these cases the shape and the
time transient feature of the noise enhancement — occurring after
the exposure of the contamination - have been analyzed. As it was
observed the additional noise components do not correspond regularly
to a distribution of discrete deep levels of a finite number. For the InP
e.g. a quite pure 1/ f character of the noise enhancement has gener-
ally been found. Next, different kinds of the passivation technologies
and surface treatments have been applied to the saples, and the
influence on the low-frequency noise spectra was analyzed in each
case. We have stated, that the additional noise components to the
1/ f noise, which are generated in the surface passivated samples,
exhibit mostly G-R like characteristics. The nature of the deep level
distribution was quite different for the GaAs than for the InP. An
exact deep level structure was only detectable for InP. Finally, the
lattice perfection of different GaAs epitaxial layers was investigated.
In this case correlation between the 1/ f noise component and the
technology of the epitaxial crystal growth has clearly been observed.

1. INTRODUCTION

Because of their direct band structure and excellent
electron transport properties, GaAs and InP have engaged
an indispensable role in the high speed and high tempera-
ture electronics and in the optoelectronics as well. Com-
bination of their related compounds by means of the ad-
vanced heteroepitaxial crystal-growth methods has opened
the possibility of the bandgap engineering. On this basis a
lot of electronic and optoelectronic devices, with extremely
high operating speed have already been developed.

Nevertheless, there are more origins of crystal defects
in the compound semiconductors, than e.g. in silicon. As
a further contrast to silicon, they do not have a stable
native oxide. So, it has to be replaced by other non-native
dielectric, such as SiO; or SizNy, for passivating layers and
for mask applications. However there are many critical
points of these technological steps, where considerable
damage in the interfacial region may likely be caused.

Low-frequency noise measurements, carried out on
suitable designed test patterns, have definitely been proved

to be an effective inspection method for these problems.
Therefore, the aim of this work is to give a review about
this possibility.

2. THEORY

In the last decade, low-frequency fluctuation phe-
nomenon in thin GaAs resistors has engaged much inter-
est [1], [2], [3]. It is agreed upon, that the source is a
resistance fluctuation, which can be converted to a voltage
or current fluctuation by applying constant driving current
or voltage to the resistor, respectively. Further, it is also
evident, that both of the number- and mobility-fluctuation
of the charge carriers in the resistors can cause resistance
fluctuation.

2.1. Fundamental 1/f noise

Observations have shown, that the power spectrum of
the low-frequency fluctuations always contains a 1/f-
type component, but more or less part of the power is
attributed to any other type of spectra. However, the 1/ f-
type component (thereafter only 1/ f noise) seems to be a
quite general phenomenon, which appears in the nature
in almost all physical quantities. It was still be observed
experimentally down to a frequency as low as 106 Hz [4).

There are particular models for the explanation of the
origin of the 1/f noise [5], [6], [7]), however a general
theory giving insight undoubtedly into the fundamental
physical reasons is missing till now.

Two of these models are based on the relaxation mech-
anisms which are always present in the metals and also in
semiconductors. They can lead e.g. to number fluctuation
of the charge carriers, which than consequently causes the
resistance to fluctuate. In this case the necessary condition
of 1/ f-type fluctuation is a 1/7-type distribution of the
relaxation times 7.

McWhorter has pointed out, that for semiconductors
having an oxide (or dielectric) layer on the surface such
a distribution of the relaxation times is realistic, if the trap
distribution in the oxide is uniform [5].

The other model — the Dutta-Dimon-Horn (DDH)
model [6] — is a quite popular one for metals. It is
assumed in this model, that the physical background of the
fluctuation is due to some thermally activated processes
being present in the metal. It can be pointed out, that a
constant distribution of the activation energies gives a 1/7-
type distribution of the relaxation times, thus 1/ f noise
arises.
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