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THE METHODS BY CONTROL OF THICKNESS TAPES IN CdSe/ZnTe
GOT BY METHOD OF QCV

Considered various methods of measuring lines of semiconductor tapes and comparison with
experimental data got the method of receipt in the quasi-closed volume.
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Розглянуті різноманітні методи вимірювання товщин напівпровідникових плівок та
зіставленні з експериментальними даними отриманими методом отримання в квазізамкнутому
об’ємі.
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Problem’s Formulation
The receipt of semiconductor tapes of different thickness puts the problem of choice of me-

thods for exact determination them thickness. Choice most optimal by means of which it is possible
most exactly to measure thickness for different configurations of semiconductor pellicle structures.

Analysis of recent research and publications
Research of methods of measuring of thickness of semiconductor tapes of connections of

А2В6 many works are sanctified to, including [12,13,14,15]. For determination of the most optimal
method of measuring of thickness of semiconductor tapes and their comparing to experimental data,
got in QCV drawn on the results of research of authors [1—15].

Formulation of the study purpose
The purpose of work is determination of the most optimal method of measuring of thickness of

semiconductor tapes on the basis of comparison with experimental data by the used method of QCV.
Presenting main material

Semiconductor tapes of CdSe and ZnTe are materials of group AIIBVI for the use in modern
electronic devices, such as sunny elements, light-emitting diodes, gas touch-controls et al [1,2].

A synthesis of thin-films of CdSe and ZnTe, receipt and understanding of physical information
about their properties is the necessary condition of development of stable devices on their basis.

For the receipt of tapes of selenid of cadmium and telurid of zinc use different methods: high-
frequency magnetron nebulized [3], gas-transport method (PVT) [4], chemical gas phase besieging
(CVD) [5], molecular-radial epitaxition [6], thermal vacuum evaporation [7] and thermal evaporation
in the quasi-closed volume (QCV)[8].

A receipt is enough clean semiconductor tapes of group AIIBVI, in particular CdSe and ZnTe,
in the conditions of vacuum becomes complicated by the difference of pressures of the saturated pair of
components of connections. Also the important parameter of synthesis of tapes in a vacuum is a level of
remaining gases which are able to enter into chemical reactions with the matter of lining and included
in the grates of crystals. They, as a rule, out-of-control influence on speed of height of tapes, their struc-
ture. Therefore growing of semiconductor tapes from a steam phase it is necessary to conduct in a gas-
free vacuum system with remaining pressure chemically active gases not more than 10-5 Пa.

The choice of method of QCV in this work is conditioned by that he allows to get the homo-
geneous, structurally perfect thin-films of semiconductor materials, near to the thermodynamics equi-
librium which is basic advantage of this method before other vacuum technologies [9,10]. Important
advantage of method is high pressure of pair of halhogenide in QCV, pressure of remaining gases in
the swept volume [11], that considerably exceeds (on four orders) pressure of remaining gases in the
swept volume.
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In this research a device was used for the all-epitaxial increase of tapes of VCC-5М, which
shows by itself QCV (fig. 1). At thermal evaporation distance of L between a vaporizer and lining
folded from a 100 mm a to 500 mm. Radius of ring of vaporizer — r = 5 mm. Vaporizer was cutting-
in in tungsten thin (¤ to the wire a 0,8 mm) with quartz crucible, where halhogenide was loaded. Mass
of evaporant folded from 50 mg to 200 mg. A lining area is covered by the layer of tape of
F = 3·10-4 m2. Pressure of remaining gas of Р = 10-1 Step.  A  closeness  of  matter  of  tape  is
ρ (CdSe) = 5,81·103 kg/m3, a closeness of matter of tape is ρ (ZnTe) = 6,34·103 kg/m3.

Fig. 1. Chart of device for the synthesis of tapes of CdSe and ZnTe in QCV: 1, 2 are the eva-
porated compartments; 3,4 are heaters of walls; 5—7 are afterheaters; 8—10 are thermocouples; 11 is
lining; 12 is a lining heater; 13 are stands; 14 are heater elements of vaporizer [12]

During research were is got semiconductor tapes in the wide range of thin.
A necessary condition for the receipt of devices on the basis of semiconductor tapes of group

AIIBVI is control of thickness of used standards. Measuring of thickness of tapes possibly both after
and in the process of (in situ) their vaporise.

Will consider at first "in situ" methods. These methods are widely enough widespread, and
most modern vacuum options of vaporise are equipped by the corresponding supervisory systems. A
photometric method and method of quartz resonator behave to them.

The photometric method of control of thickness is used both for opaque and for transparent in
the visible range of light of tapes.

Essence of him is taken to measuring of transmissivity (whether reflection) of vaporised tape
on the special control standard (witness, companion). For transparent tapes this method is very effec-
tive, but requires the use of monochromatic light, as the phenomenon of interference is here used. In
this work a device was used for the all-epitaxial increase of tapes of VCC-5М in which control of
thickness of tapes was carried out by means of sensors which work exactly on the photometric method
of control.

Will consider the method of quartz resonator more more detailed. Frequency of vibrations of
quartz crystal of f with mass of M arcwise changes with the change of mass of material of m,  that is
besieged.

Change of resonance frequency
∆݂ = ݂ ∙ .ܯ/݉ (1)

Knowing a closeness ρ and area of S of tape, it is possible to get expression for determination
of her thickness:
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݀ = ௠∙∆௙
ௌ∙ఘ∙௙

.                                                                        (2)
The choice of frequency depends on the range of measureable thickness of tapes. For thin-

films and large sensitiveness use high-frequencies. The sensitiveness of quartz resonator is estimated
as m/Δf = 10-10 g/Hertzs. Application of radiotechnical apparatus at f = 20 Mhz allows to define the
change Δ of f = 20 Hertzs, that enables to measure the increase of mass an about 10-9 g/sm2 or 0,01—
0,1 nm thickness. Practically exactness folds 2—20 nm. Will mark, that with high enough exactness it
is possible this method to control speed of height of tape.

Farther of will consider a few most widespread methods of verification of thickness of stan-
dards after their receipt.

1.  Experimental method — if to examine a vaporizer as ring of certain radius which is in
QCV, then it is possible on the basis of initial data of receipt of standards to expect the value
of thickness of semiconductor tape.
Speed of evaporation вinid est the amount of matter which evaporating for one second fromߥ

unit of area of surface of vaporizer calculates in obedience to the formula of Hertz-Knudsen [13] but
looks like:

вߥ = 0,585 ∙ ௦ܲට
௠
்

, (3)

where Рs is pressure of pair of matter.
In times of t evaporation an amount of the evaporated matter is from the vaporizer of radius of r:

σ = в·π·r2·t.                                                                 (4)ߥ
On condition that all atoms of evaporant condense on lining, it is possible to consider that

σ = m, where m is mass of the got tape.
The thickness of tape can be certain from correlation:

݀ = ఔв∙గ∙௥మ∙௧
ி∙ఘ

=
଴,ହ଼ହ∙௉ೞට

೘
೅

ி∙ఘ
∙ ߨ ∙ ଶݎ ∙ ,ݐ (5)

where m is mass of evaporant, t is time of evaporation.
2.  Theoretical method — if to examine a vaporizer as ring of certain radius which is athwart

to the normal to the surface of lining.
The thickness of tape on a flat subspoon which is athwart to the normal to the surface of vapo-

rizer is determined by expression [14]:
݀ = ௠∙௅మ

గ∙ఘ∙௔ర
,                                                                        (6)

where an is distance from a vaporizer to the viewing point, L is distance from a vaporizer to the center
of lining.

For determination of thickness of d it is necessary to examine evaporation from all elements of
ring [14]. The angular co-ordinates of element of vaporizer are determined by a corner ά, and for the
stowage of holding from every element it is necessary to integrate for ά from 0 to 2π.

ܽଶ = ଶܮ + ଶݎ + ℎଶ + 2 ∙ ℎ ∙ ݎ ∙ cos (7)                                               ,(ߙ) 
where h is distance from the center of lining to the viewing point, r is a radius of ring of vaporizer.

At calculations for a "constant ring which consists of point or superficial vaporizers". Integration
for ά equalization (6) taking into account equality (7) gives for a size d expression:

݀ = ௠
గ∙ఘ
∙ ௅మ∙(௅మା௛మା௥మ)

((௅మା௛మା௥మ)మିସ∙௥మ ∙௛మ)య/మ
.                                                       (8)

3.  A spectral method is determination of thickness of tapes by means of spectrums of key-in.
Research of spectral dependence of optical key-in in a visible and near infra-red area is con-

ducted with the use of spectrophotometer of Shimadzu UV-3600. All optical researches were con-
ducted at a room temperature.

For determination of thickness of the investigated tapes it is possible to use equalization:
݀ = ெ∙ఒభ∙ఒమ

ଶ∙(௡(ఒభ,ఒమ)ି௡(ఒమ,ఒభ)
,                                                              (9)

where λ1 and λ2 are lengths of waves, corresponding to the nearby extreme points on the spectrum of
key-in, M = 1 for two nearby extremums one to the type (max - max, min - min) and M = 1/2 for two
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nearby extremums of opposite type (max - min, min - max). The value of index of refraction is taken
from his spectral dependence, resulted in [15].

Farther expect on equalization (9) the mean value of thickness for all combinations of extreme
points.

4.  A gravimetrical (gravimetric) method is determination of thickness by means of weighing.
A gravimetrical method (whether method of mikro weighing) is based on the exact weighing

of lining to and after besieging of tape. Thickness of tape:
,                                                                   (10)

where m1, m2 is lining mass without tape and with her, accordingly; ρ it is a closeness of tape; S is her
area.

 This method is simple, but requires, that a lining form was to the outage, and her surface —
viewly. In addition, the closeness of the inflicted material which can change depending on the terms of
the technological modes (remaining pressure, contaminations by the molecules of gas and other) influ-
ences on exactness of measuring. Exactness of determination of thickness of tape depends this method,
first of all, from the sensitiveness of scales and weighing exactness, and also from exactness of deter-
mination of area of tape and her closeness. Test-sensitivity of weighing folds 1—10 mkm/m2.

5.  Method of multibeam  interferometry — con-
sists in a supervision in the microscope of interference
stripes, which arise up at consideration in the monochro-
matic light of two surfaces, located under a corner to each
other.

For that, not to damage the got standards of mea-
suring of thickness conducted on the so-called "alarm"
standard which turned out at the same terms and has sizes.
Before measuring get on a standard a "step" — sharp lat-
eral limit of tape on lining. For this purpose part of lining
at vaporize of tape is chemically deleted. In a microscope
look after the change of interference stripes (fig. 2).

Light and dark interference stripes alternate with
the step of L on the surface of both tape and lining and
moved in relation to each other on a limit tape is lining on
the value of l.

Measuring the change of some certain stripe by means of mikro interference microscope, ex-
pect the thickness of tape after a formula:

,                                                                 (11)
where λc is  a wave-length of monochromatic light; L is a step between nearby interference stripes; l is
a change of interference stripe. Exactness of this method of measuring of thickness of tape folds
15—30 nm. If tape is transparent, in the place of "step" on her and on lining besiege opaque metallic
tape which well beats back light additionally, a thickness of which, to decrease the brought in error,
must be far less thickness of measureable tape.

6.  A method of capacitance-resistance sensor is measuring of thickness of tape on the basis of
data of resistance of tape.

At measuring preliminary make the special control lining "witness" from an insulant, on which
inflict flat blivets from material of high conductivity. Then this lining is a "witness" set in a working
chamber the nearest to the working lining. It is necessary in order that both linings at causing of tape
were in identical terms. Tape is inflicted on the control and working linings simultaneously.

The thickness of tape in this case can be defined after a formula:
 ,                                                                    (12)

where ρ is specific resistance of tape; R is resistance of tape on a "witness" between contacts; L and h
is length and width of tape on a "witness". Test-sensitivity folds 1—5 nm, and maximum thickness of
measureable tapes — about 1 mkm.

Fig. 2. Changes of interference stripes



Розділ 1. Математичне моделювання в природничих науках та інформаційні технології                        27

In future will compare data of thickness tapes got photometric sensors with the calculations of
thin, expected by different methods.

Table. 1. Thickness of tapes of CdSe/ZnTe

Mass, mg d, mkm dkv, mkm dek, mkm dteor, mkm dsp, mkm dgr, mkm dint, mkm dres, mkm
25 0,135 0,133 0,133 0,137 0,130 0,132 0,129 0,134
50 0,275 0,273 0,270 0,274 0,270 0,272 0,273 0,273
75 0,415 0,413 0,418 0,410 0,410 0,413 0,415 0,413
85 0,470 0,466 0,472 0,466 0,466 0,468 0,468 0,468
100 0,550 0,552 0,555 0,548 0,552 0,552 0,555 0,550

As evidently from a tabl. 1 most near are calculations conducted by the methods of quartz re-
sonator, gravimetrical and method of capacitance-resistance sensor. A method of quartz resonator is
"in situ" by a method, while gravimetrical and a method of capacitance-resistance sensor is measuring
methods on receipt. Each of them has as the advantages so defects. Advantages of gravimetrical and
capacitance-resistance methods is relative simplicity of their implementation, while their defects are
rigorisms enough to the cleanness and quality of used tapes. A method of quartz resonator in turn is let
in on the ground also and defects. His advantages are high enough exactness of measuring and possi-
bility in the process of receipt operatively to react on speed of besieging of tapes. Defects is complica-
tion of establishment of quartz sensors, if they construction are not planned and necessity enough fre-
quent replacement of quartz resonators, as a result of their contamination by materials of tapes.

Summarizing the above-mentioned it is possible to draw conclusion, that for every case the
method of measuring of thickness of the got tapes is accepted. For thin-films the most exact measuring
will be for method of quartz resonator, while for more thick thin acceptable results will be and for the
methods of capacitance-resistance sensor and gravimetrical method.

Conclusions
Considered different methods of control of thickness of semiconductor tapes. Within the frame-

work of the considered methods the chosen methods which most acceptable in certain terms.
By means of the brought methods over the measured thickness of semiconductor tapes. Compar-

ison of results of thin of different tapes is conducted, at it data of experiment with high exactness of
equal with data by the expected different methods. The most optimal methods of control of thin are
chosen.
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МЕТОДИ КОНТРОЛЮ ТОВЩИНИ ПЛІВОК CdSe/ZnTe ОТРИМАНИХ
МЕТОДОМ КЗО
Дідоборець О.Й.,  Клєцков О.М.

Реферат
Метою роботи є визначення найбільш оптимального методу виміру товщини напівпрові-

дникових плівок на основі зіставлення з експериментальними даними отриманими методом КЗО.
Напівпровідникові плівки CdSe і ZnTe є матеріалами групи AIIBVI для використання в

сучасних електронних пристроях, таких як сонячні елементи, світлодіоди, газові сенсори і інше
[1,2].

Синтез тонких плівок CdSe і ZnTe, отримання і розуміння фізичної інформації про їх
властивості є необхідною умовою розробки стабільних пристроїв на їх основі.

Для отримання плівок селеніду кадмію і теллурида цинку використовують різні методи:
високочастотне магнетронне розпиляло [3], газотранспортний метод (PVT) [4], хімічне парофа-
зне осадження (CVD)[5], молекулярно-променева епітаксія [6], термічний вакуумний випар [7] і
термічний випар в квазізамкнутому об'ємі (КЗО)[8].

Отримання досить чистих напівпровідникових плівок групи AIIBVI, зокрема CdSe і
ZnTe, в умовах вакууму ускладнюється відмінністю тисків насиченої пари компонентів з'єд-
нань. Також важливим параметром синтезу плівок у вакуумі є рівень залишкових газів, які зда-
тні вступати в хімічні реакції з речовиною підкладки і входити в грати кристалітів.  Вони,  як
правило, неконтрольовано впливають на швидкість росту плівок, їх структуру. Тому вирощу-
вання напівпровідникових плівок з парової фази необхідно проводити в дегазованій вакуумній
системі із залишковим тиском хімічно активних газів не більше 10-5 Пa.

Вибір методу КЗО в цій роботі обумовлений тим, що він дозволяє отримувати однорід-
ні, структурно досконалі тонкі плівки напівпровідникових матеріалів, близьких до термодина-

https://www.sciencedirect.com/science/article/pii/S0022024811008219
https://www.sciencedirect.com/science/article/pii/S0022024811008219
https://www.sciencedirect.com/science/article/pii/S0022024811008219
https://www.sciencedirect.com/journal/journal-of-crystal-growth
https://aip.scitation.org/journal/jap
https://aip.scitation.org/journal/jap
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мічної рівноваги, що є основною перевагою цього методу перед іншими вакуумними техноло-
гіями [9,10]. Важливою перевагою методу є високий тиск пари халькогенидов в КЗО, тиск за-
лишкових газів в робочому об'ємі [11], що значно перевищує (на чотири порядки) тиск залиш-
кових газів в робочому об’ємі.

Необхідною умовою для отримання пристроїв на основі напівпровідникових плівок
групи AIIBVI є контроль товщини отримуємих зразків. Вимір товщини плівок можливо як піс-
ля, так і в процесі (in situ) їх напилення.
Розглянуті різні методи контролю товщини напівпровідникових плівок. В рамках розглянутих
методів вибрані методи, які найбільш прийнятні в певних умовах.

За допомогою наведених методів виміряна товщина напівпровідникових плівок. Прове-
дено порівняння результатів товщин різних плівок, при цьому дані експерименту з високою
точністю співпадають з даними розрахованими різними методами. Вибрані найбільш оптима-
льні методи контролю товщин.
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