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Introduction

The island stage, mono-atomic layers or self-
organized  derivatives are  derivable  producing
nanostructures by vacuum technology — condensing the
material vapour onto the other materials. These layers are
too thin for traditional measurements of their resistance or
thickness. Besides the most of electrical measurements are
invasive and they are changing the conditions of
condensation. In many cases the condensation process is
interrupted and research of condensate state is carried out
using the atomic force microscopy (AFM) or the methods
of X-ray diffraction [1]. Unfortunately such methods of the
research change further condition of condensation and the
discontinuous mode is damaging for industrial devices.
Indirect measurements of the thickness of condensing
material using quartz—glass substrate [2] are not
informative in point of the condensate structure, besides
the conditions of the vapor condensation on each substrate
are different [3]. The properties and structure of growing
film also depend on the temperature of substrate [4],
therefore it is necessary to carry out the condensation
process continuously, without interruption for mediate
measurements. The traditional methods of condensate
resistance measurement [5, 6, 7], using the method of two
or four contacts, allow us to measure the condensate
resistance of the metal films and to find the dependence
between its alternation and the condition of condensate.
But the power switching during the course of measurement
changes the conditions of condensation.

During the evaporation of material not only the
atoms flow but also the electrons flow emitted by
thermionic emission creates. This naturally created flow of
electrons can be used for non-invasive measurement of
condensate resistance and the other voltage supplies are
not required. Some experimental researches showed that it
is possible to get the information about the condensate
resistance even in early stages of condensation and the
extreme of the measured signal was right at the moment,
when the condensate was in island stage. Also this method
gives us the extra information about the state of
evaporation process [8] and the possibility to control the
intensity of material evaporation. The method of
experimental research and the simplified mathematical
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model of resistance measurement, which is afford for the
identification of condensate resistance in-situ, are laid in
this paper.

Experimental research

The system of experimental research is shown on
Fig. 1. The evaporator 1 is heated by the alternating
current, which is controlled by thyristor converter 2.
Heated surface of the evaporator 1 and the evaporating
material, which is in it, create the electrons flow of
thermionic emission 3 flowing to the plane of the substrate
4. Also the positive ionize atoms can be in this flow. The
substrate 4 is rectangular and has two pre-deposited
contact sites 5, 6. The vapour of the evaporating material is
condensing onto the plate of substrate 4 and contact sites.
Also the electrons of thermionic emission take place onto
them. The contact site 5 is connected to earth and the
contact site 6 is wired with the input of the voltage
measuring instrument 7, which is measuring the voltage
Up.
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Fig. 1. Scheme of experimental research: 1 — evaporator, 2 —
evaporator power supply, 3 — flow of emitted electrons and
ionized atoms of evaporating material, 4 — the substrate, 5 — the
contact site connected to earth, 6 — site of the substrate for the
measurement of voltage, 7 — the input resistance of measuring
instrument, 8, 9 — extra probes for identification of thermo electro
moving force and its inner resistance
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During the experimental research it was found, that
the changing character of measured U, depends on input
resistance ry of measuring instrument 7 directly. Metal
probes 8, 9 were used as an extra implement for
identification of thermo electro moving force E and the
inner resistance rg of the thermo electro moving force
source. These two values are interdependent, but also are
intermittent subject to the temperature of evaporator and the
area of the evaporating material surface.

At the start of experiment the substrate 4, contact sites
5, 6 and the extra probes 8, 9 are under cover of shutter.
This shutter is pushed aside, when the evaporating material
reaches the due temperature and the velocity of the
evaporation becomes steady. Now the flow of charges and
vapor of material take place onto the surfaces of substrate,
contact sites and onto extra probes also. The results of the
typical experiment, condensing the chromium film, are
shown on Fig. 2
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Fig. 2. The voltage of contact site U, and the voltages of extra

probes as the functions of time

35 40

The experimental research of condensate state
demonstrated, that the condensate was in island stage (there
was no continuous film on the substrate), when the voltage
U, reached the extreme value. In this state the resistance of
condensate is in range from 1 to 10 MQ and it is impossible
to measure the resistance and the state of layer in the
traditional non-invasive ways. However, exactly this state,
constructing self-organized nanostructures, is interesting us
most of all.

Simplified mathematical model

The simplified physical model (Fig. 3) and equivalent
electrical scheme (Fig. 4) were created to understand the
derivation of the alternation of the voltage U, signal and its
relationship with the condensate resistance of the substrate.

The rectangular oblong dielectric substrate, having
width by=10mm, was used for experimental research. The
contact sites of the conductor, having length Li=10mm,
were evaporated onto the edges of the substrate. The
distance between contact sites is L,=18mm and the film is
deposited on this length. The heated evaporator emits the
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flow of charges and this together with the vapor flow of the
evaporating material deposit onto the surface of the
substrate. It is accepted, that this substance flows vertically
to the surface of the substrate in this model. Therefore the
density of the vapor and the charges is the same in any
section (which area S;) parallel to the surface of the
substrate. Here ig is the total current of the charges flow,
taking place onto the substrate between contact sites.

It is accepted, that the all flow of the charges, flowing
vertically in the area Sy (Fig. 3), deposits onto the central
point of the substrate. The resistance I, of the condensate,
existing on the surface of substrate, divided two equal
resistances, which outer edges connected to the contact sites
and the inner connection point of them is the equivalent
point of the all charges inflow.
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-

Fig. 3. The equivalent scheme of charges and resistances

The simplified equivalent scheme of condensate
resistance measurement, without using the extra voltage or
current source, is shown on Fig.4. The thermionic emission
source of the evaporator is the voltage source E and re is its
inner resistance in the model. In this case it is accepted, that
the inner resistance rg is the resistance of the channel of
charges flow from the evaporator to the substrate through
the area Sp. The condensate resistance of the substrate I, is
alternating during the condensation and we divide it two
ways in the model. One contact of the substrate is
connected to earth. The other contact is connected to
voltage measuring instrument, which has an input resistance
rvy. Charges, reaching the surface of the substrate, create
two currents. Current iy, flows through the inner resistance
of the measuring instrument ry and creates the voltage drop
U, across the resistance Iy. This voltage drop is right the
voltage of condensate on the contact site Up, which is
measuring (Fig. 2).
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Fig. 4. The model of measur_ing the contact site condensate
voltage U,



The equation system (1) describes the currents of the
model equivalent scheme (Fig.4):
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From the equation system (1) the relationship between
voltage U, and the resistance of condensate Iy, is as follows:
—2Eryny

Up =

2

rg +2rp(2rE +ry )+areny

In equation (2) values E and rg are changeable during
the experiment. Therefore they are identified by the extra
probes measuring the voltages Us and Ug. Figure 5
illustrates the signal U, dependence on the substrate’s
resistance between contacts rp, when r, varies form 10'°Q
to 100Q. The values E and rg are not steady during all the
process, therefore for the calculations we choused these
values only from the moment, when the voltage U, reached
the extreme during the experiment (Fig. 2). It is necessary
to notice, that the calculated U, by the equation (2) and the
measured maximum value of the voltage Una(t) are very
different at the moment of the extreme. And the reason of
that is a large area of the contact of the substrate on which
we are measuring the voltage.
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Fig. 5. Theoretical data of the substrate‘s voltage U, as a function
of the substrate’s resistance I, between contacts according to eq.
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The value and the place of the voltage U, extreme
can be evaluated from the fluxion of the equation (2) as
follows:

A3)

From the equation (3) we get, that the substrate’s
condensate resistance I, in which we reach the extreme of
the measuring voltage U,, evaluates as follows:

rp:2~1/rE«rM . 4

From the equations (4) and (2) we get the expression
of the extreme of the substrate’s condensate voltage Upyax:
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It follows from the equation (5), that the maximum
Upmax of the condensate voltage U, is independent of the
condensate resistance Iy, but in another way it depends on
the resistance of the measuring instrument input ry.
Therefore it is the possibility to choose the place of the
extreme and the maximum value of the voltage U,
changing the resistance of the measuring instrument input
(Fig. 6).
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Fig. 6. Theoretical data of the substrate‘s voltage U, as a function
of the substrate’s resistance I, between contacts with different
input resistance Iy according to eq. (2)

The identification of the condensate resistance

During the growing of the condensate the decrease of
the substrate’s condensate resistance I, changes the value of
the substrate voltage U, The experimental values of
instantaneous voltage Uy(t) and also the values rg(t), E(t)
identified by the voltages of probes Ua(t) and Ug(t) can be
used for the calculation of the condensate resistance ry(t).
Transforming the equation (2) and compensating the
influence of the contact site, we get the expression of the
substrate’s condensate resistance Ip(t) as follows:

E(t)U pmax
Relt)=2rglt)+ry| 1+ ———= |,
r() E() M Up(t)Umax(t)
rp(t)=—Ry ( \/R P —4rg (t)ry I TN )
rp2 \/R —4rE )rM, tZtUpMAX'
The experimental function of the substrate’s

condensate resistance ry(t) is shown in Fig. 7. The initial
researches showed us, that using the experimental data in
equation (6) the identification of the condensate resistance
is possible almost in all the area. Until Uynay the decrease of
the resistance Iy, calculated by the equation (6), has slightly
different character than the sequent decrease of the
resistance ry. Probably it depends on the mathematical
model, which underestimates rightly the influence of the
contact site and the even distribution of the charges on the
substrate. But here, on the initial stages of the condensation,



we can note the oscillations of the condensate resistance References
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V. Sinkevicius, D. Virzonis, L. Sumskiene, T. Jukna. Identification of the Electrical Resistance of Growing Condensate //
Electronics and Electrical Engineering. — Kaunas: Technologija, 2007 — No. 7(79). — P. 59-62.

The flow of the thermionic emission was used for non-invasive measurements of the growing condensate resistance. The
mathematical and physical models were created for the simplification of the method of the resistance measuring. These models explain
relationship between the alternation of the measured signal and the resistance of condensate. It was explored, that the extreme of the
measured signal and the moment of its appearance depend on the input resistance of the measuring instrument. The instantaneous
resistance of condensate was identified from the experimental signals. This method is right for the measuring of the condensate
resistance, when the condensate is in the island stage. Ill. 7, bibl. 8 (in English; summaries in English, Russian and Lithuanian).

B. CunksaBuuioc, /I. Bup:xxonnc, JI. Illymckene, T. FOxna. UnenTudukanusa 31eKTPUYECKOT0 COMPOTHUBJIEHUS PACTYIIEro
KOHJIeHcaTa // DJIeKTPOHUKA U dJIeKTpoTexHuKa. — Kaynac: Texnosorus, 2006 — Ne 7(79). — C. 59-62.

Jlnst  Oe3WHBa3HOTO W3MEPEHMsl DJIEKTPUYECKOTO CONPOTHBICHHS B BaKyyMe pacTylled IUIEHKM HCIIONb30BaH IIOTOK
TEpMO3JIEKTpOHHOH dMuccuu. Co3naHbl  ynpoi€HHble (U3MYEcKMe W MaTeMaTHYeCKUe MOJIEIM OJTOr0 MeToJa H3MEpeHUs,
OOBSCHSIONINE 3aBUCHMOCTH HM3MEPEHHOTO CHUTHAlda OT CONPOTHBIEHMS KOHJEHcaTa. lIcclaenoBaHO, YTO 3KCTPEMYM M3MEPSIEMOro
CHTHala ¥ MOMEHT €ro MOSIBICHHS 3aBUCHT M OT BXOJHOTO CONPOTHBICHHS M3MEPHTENs HampsbkeHus. M3 pe3ynbTaToB M3MepeHUst
UACHTU(GUIIMPOBAHO MOMEHTHOE CONPOTUBIICHUE KOHIECHCATa. DTOT METOJI TO3BOJISIET M3MEPATh COIPOTHBIEHNE KOHJIEHCATa, KOTIa OH
emIé B OCTPOBKOBOM cOCTOSHUH. Ui, 7, 6uOi. 8 (Ha aHTIIMICKOM SI3BIKE; pedepaThl Ha aHTITHHCKOM, PYCCKOM M JJUTOBCKOM $13.).

V. Sinkevi¢ius, D. VirZonis. L. Sumskiené, T. Jukna. Auganéio kondensato elektrinés varzos nustatymas // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2007 — Nr. 7(79). — P. 59-62.

Vakuume augancio kondensato elektrinés varzos neinvaziniam matavimui panaudotas termoelektroninés emisijos elektrony srautas.
Sudaryti Sio varzos matavimo metodo supaprastinti fizikinis ir matematinis modeliai, paaiskinantys iSmatuoto signalo kitimo
priklausomybg nuo kondensato varzos. Istirta, kad matuojamo signalo ekstremumas ir jo pasirodymo momentas priklauso ir nuo jtampos
matavimo prietaiso j¢jimo varzos. I§ eksperimento metu gauty signaly nustatyta momentiné kondensato varza. Sis metodas tinka matuoti
laidininky kondensato varzai tuo metu, kai kondensatas yra dar salelinés biisenos. Il. 7, bibl. 8 (angly kalba; santraukos angly, rusy ir
lietuviy k.).
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