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Abstract. Angular distributions of the total ion current and those of different
ion species emitted from JnGa liquid alloy ion source have been measured. The
dependence of angular distributions on source temperature and emission current
are investigated. An anisotropy of ion beam composition as a function of angle
is observed due to differences in angular distributions of Ga+ and In+ ions. The
angular distribution of Ga+ has one peak but the angular distribution of 1n+
is composed of two peaks. When the temperature is increased, two peaks move
closer one to another.

1. Introduction
Ions extracted from liquid metal and alloy field ion sources (LMIS and LAIS) are
widely used in microanalysis and microprocessing [ 1- 6]. Combined influences of different ionization mechanisms, electrohydrodynamic instabilities, droplet formation and
transport processes [7-9] embarrass the understanding of their operation. Many fundamental characteristics ofLMIS and LAIS are qualitatively investigated but some aspects
of their behavior still remain unclear. There are different points of view on causes of
temperahlfe changes in emission characteristics. In the case of LAIS the situation is
more complicated due to influence of different alloy compounds in the emission zone.
Our investigations are an attempt to throw light on influences of source temperature
and total ion cunent on angular distributions of an InGa LAIS.

2. Experimental
An InGa field ion source that consists of 94 at. 3 Ga and 6 at. 3 In was prepared.

LAIS represents a thin electrochemicaly sharpened needle, covered with thin liquid
alloy film. A resistivity heated ribbon is used as alloy reservoir (Fig. 1). The influence

© 1995

St. Kliment Ohridski University Press A II rights reserved

61

62

The Effect of Source Temp

S. Georgieva, N. Drandarov, B. Nikolov

of the source temperature and emission current on the angular distributions of emitted
ions was investigated. Angular distributions of 20 /J,A total ion current are measured
at 100 °C, 500 °C and 700 °C. The dependence of the alloy temperature on the source
heating current was obtained by means of a fine Pt-PtRh thermocouple, when no voltage
was applied between the emitter and the extractor. The sensitivity of the thermocouple
was about 10 %. The angular distributions of three values of total ion current (10 µA,
l 5µA, and 20 µA) were obtained at 500 °C. The mass spectrum of the ion source
consists of two very intensive peaks of Ga+ and rn+ . The angular distributions of
each ion type were measured. Influence of the ion source temperature and ion current
on them was investigated. Different ion species were separated by means of a Wien
1
filter. The Wien filter mass resolution was estimated at ~ ~ = 12 in the In region and

-'!2.:_ = 10 in the Ga region of mass spectrnm. A special device was used to change
.6.m
angle between the source axis and Wien filter axis (Fig. 2) through a half-angle a of
up to 45 °. Faraday cup_and Wien filter are not moved during measuring. Secondary
electrons are suppressed by applying a negative voltage on an electrode situated in
front of the entrance of the Faraday cup and also by smoothing the apertures. Angular
distribution curves were recorded with a X-Y recorder.
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3. Results and Discussions
The angular distribution curves of 20 µA total ion current at three different temperatures
are shown in Fig. 3. Broadening of the curves with the increase of temperature can be
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seen. A variation of emission conditions can be explained with variation in surface
tension.
The influence of the total emission current value on angular distributions can be
seen in Fig. 4. When ion cu1Tent is 10 {tA the curve is comparatively homogeneous. At
15 µA current the curve consists of two small peaks. When the current is increased up
to 20 µA the resulting curve seems to be the result of merging of two peaks.
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urrent at three different temperatures
the increase of temperature can be

Angular distributions of In ions were measured at 30 µA and at 100 °C, 200 °C and
400 °C. The curves are shown in Fig. 5. When the temperature is 100 °C the curve has
two peaks. These peaks move closer one to another and they are merged together finely.
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Broadening of the curve with increase of the temperature is observed as a result of that.
Angular distributions were measured at 50 µA and at the same temperatures (Fig. 6).
Broadening of curves and overlapping of the peaks can be seen. Angular distributions
of Ga+ were measured at 30 µA and 50 ~iA and at temperatures from 100 °C to 400 °C.
Those curves consist of one peak, that broadens ,when the temperature and current are
increased (Fig. 7). The maximum in angular distributions of the Ga+ decreases with the
increase of the temperature.
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Basic mechanism of ion fo1mation in LMIS and LAI~ is field evaporation [7 - 9). The
evaporation field strength for Ga+ is 1.6 VI A and for 1n+ is 1.4 V /A i. e. lower than
that of Ga+ [9, 10). The obtained type angular distributions would be connected with
formation ofregions on the cusp of Taylor cone apex where field evaporation of specific
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ion is predominant. rn+ ions need of lower field strength for their field evaporation and
they would be emitted from the side part of the cusp. A space separation of ions, as a
result of their different evaporation fields could be proposed. Other mechanisms of ion
fommtion as a cluster decomposition, ionization by collisions between ions or electrons
and the evaporated atoms, post ionization and change exchange could be a reason for
deformation of angular distribution of pure field evaporation.
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At higher currents, the increased current density in the beam causes more particle
interactions within the beam and broadening of angular distribution curves. The increase
of the length and radius of the cusp on the Taylor cone [11, 12] with increase of the
ion current give rise to modification of the local electric field. Such modification of the
electric field causes an angular redistribution of the emitted ions. Electrohydrodynamic
instabilities increase with current and temperature [13, 14]. Longitudinal movements
of the emitting site can be another reason for angular distribution deformation. The
increase of droplet emission with the increase of ion current has been discussed by
Homsey [8].
Surface tension and viscosity of Ga and In are altered with temperature variations
and those can be a reason for cusp length changes.

4. Conclusion
The angular distributions of the total emission current and of each of Ga+ and 1n+ ions
have been measured at different values of the temperature and total emission current.
Angular distributions of Ga+ and rn+ ions are different. A space separation of ions as
a result of their different evaporation fields is proposed. The exact detennination of ion
extraction situation is very complicated because of simultaneous influence of different
processes.

66

S. Georgieva, N Drandarov, B. Nikolov

Bulgarian Journal of Physics 22 Nos 3/

Acknowledgment
This work was supported by the National Science Foundation under contract F-268.

References
I.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

J. Orloff and L. W. Swanson. J. Vac. Sci. Technol 19 (1981) 1149
P. D. Prewett. Vacuum 44 (1993) 345
P. D. Prewett, A. W. Eastwood, G. S. Turner and J. G. Watsan. Microel. Eng. 21 (1993) 191.
P. D. Prewett. Rev. Sci. !11str. 63 (1992) 2364.
P. J. Heard and P. D. Prewett. Microel. Eng. 11 (1990) 42 I.
P. D. Prewett and G. M. Sundram. J. Phys. D: Appl. Phys. 26 (1993) 135.
R. I. Homsey. Appl. Phys. A49 (1988) 293.
R. I. Homsey. Jap. Joum. Apll. Phys. 30 (1991) 366.
L. W. Swanson and D. R. Kingham. Appl. Phys. A41 (1986) 223.
E. W. Mueller, T. T. Tzong: Field Ion Microscopy (Elsevier, New York 1969).
D. R.Kingham and L. W. Swanson. Appl. Phys. A34 (1984) 123.
V. V. Vladimirov and V. N. Gorshkov Appl. Phys. A46 ( 1988) 131.
R. L. G. Mair. Nuc/. Instr. Meth. 172 (1980) 567.
R. L. G. Mair. J. Phys. D: Appl. Phys. 21(1988)1654.

A MODIFIED
FOR OPTICAJ
CONTROL
L. M. IVANOV
Institute of Electro1

N. I. MINKOVSKI
Institute of Laser 1
G. K. GEORGIEV

Institute of Electro~
Received 20 Septemb

Abstract. We have
control of optical fib
Now it is possible, s
refractive index diffe
length ,\,, to detenni
this is the first time ti
that might prove to

1. Introduction

The knowledge of optical wavegu·
demand posed by the requiremen
nonlinear optical devices.
Several well worked out metho
light power levels that eliminate t
determination of only one parame
make use of a four-wave paramet
delays [2] and fibre ellipticity [3]
It is also possible to determine si
refractive indices difference, the
the core refractive coefficient. T
when we impose a certain form
the case of a fibre with a dip in
@ 1995 St. Kliment Ohridski Universi

