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DETERMINATION OF OPTIMAL PARAMETERS TO RECEIPT THE SEMICONDUCTOR
TAPES OF CdSe/ZnTe ON BASIS OF MATHEMATICAL MODEL

Worked out mathematical model of receipt the semiconductor tapes for comparison with expe-
rimental data got the method of molecular-radial epitaxation.
Keywords: time of evaporation, speed of besieging; vaporizer, lining.

Po3pobrena mamemamuyna mooens ompumanis Hani6NPOGIOHUKOBUX NATEOK 05l 3ICINAGIEHHSA 3
EeKCNePUMEHMATLHUMU OGHUMU OMPUMAHUMU MEMOOOM MOLEKYVIAPHO-NPOMEHEBOT enimaKcii.
Kniouosi cnosa: uac eunapogyganhs, weUOKiCmy 0CAONCEHHS, BUNAPHUK, NIOKAAOKA.

Problem’s Formulation

High enough speed of besieging of semiconductor tapes puts the problem of determination of
the most optimal parameters of evaporation and creation of mathematical model by means of which it
is possible it would be to change parameters for different configurations of semiconductor pellicle
structures.

Analysis of recent research and publications

Research of structure and properties of semiconductor tapes of connections of A;Bg many
works are sanctified to, including [1,2,3]. For creation of mathematical model of receipt of semicon-
ductor tapes drawn on the results of research of authors [1,4,5,6].

Formulation of the study purpose

The purpose of work is development of mathematical model for determination of optimal para-
meters of receipt of semiconductor tapes on the basis of comparison with experimental data got the me-
thod of evaporation in a vacuum, determination of pressure of gases in middle of the quasi-closed vo-
lume of a vacuum post, time and temperature of evaporation.

Presenting main material

There are many methods of besieging of thin-films. General requirements to the receipt of
thin-films is evenness of thickness of tape, homogeneity of her structure, high adgesion with lining or
other tapes. From all methods of receipt of thin-films the method of thermal evaporation most answers
the declared terms in a vacuum with the indirect heating by a glower (capacitance-resistance heating).

Essence of method of the capacitance-resistance heating consists in placing of the evaporated
material in a vaporizer, which is heated by a current until then while pressure of pair of material will
exceed pressure in a vacuum system. Vaporizers make from materials with subzero flying (tungsten,
molybdenum). Capacitance-resistance vaporizers depending on a construction are to the wire, band
and tigel. Most widespread from them are tigel vaporizers. Tigel vaporizer is bath in what place the
evaporated material. Mostly the crucible is made from a refractory metal and has a form to the cone.

In this research a device was used for the all-epitaxial increase of tapes of VCC-5M. (fig. 1). At
thermal evaporation distance of L between a vaporizer and lining folded from a 100 mm to 500 mm
Radius of ring of vaporizer — » =5 mm Vaporizer was cutting-in in tungsten wire (& wire is a
0,8 mm) with quartz crucible, where halkogen was loaded. Mass of evaporant folded from 50 mg to
200 mg. A lining area is covered by the layer of tape of F is 3-10™*m”. Pressure of remaining gas of Pis
a 10"'pascal. A closeness of matter of tape is p (CdSe) = 5,81-10° kg/m’, a closeness of matter of tape
is p (ZnTe) = 6,34-10° kg/m’.
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Fig. 1. Chart of device for the synthesis of tapes of CdSe and ZnTe in CCV: 1,2 are the
evaporated 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 [1]

Properties of thin-films substantially depend on the parameters of process of besieging: speeds
of besieging, temperature of lining, remaining vacuum and others like that
Speed of besieging is determined after a formula:

v, = Bxq 'R, (1)
where f is a coefficient of condensation, which takes into account the terms of condensation (frequen-
cy surfaces, temperature), x — const, that depended on the form of vaporizer.

Speed of evaporation v, in id est amount of matter [2,3], evaporated for one second from unit
of area of surface of vaporizer, calculates in obedience to the formula of Hertz-Knudsen [4] but looks

like:
v, = 0,585P; \/% (2)

where P; is pressure of pair of matter.
In times of ¢ evaporation an amount of the evaporated matter is from the vaporizer of radius of 7:
o = wnr’t. 3)
On condition that all atoms of evaporant condense on lining a desorption is absent, it is possible
to consider that 0= G, where G is mass of the got tape.
The thickness of tape can be certain from correlation:

m
d= vomr®t _ OISSS.PS\/; nrlt, 4)
Fp Fp

where m is mass of evaporant, # is time of evaporation.

Thus under a thickness understand such thickness, which the layer of matter, equipartition for
surfaces subspoon would have with the closeness of this matter. In an order to take into account the
unevenness of distribution of tape for the surfaces of lining it is necessary to enter the coefficient of
proportion of Z:

1
z (1+(%)2)3/2’ (5)
where £ is distance from the center of lining to the view point, L is distance from a vaporizer to
the center of lining.
Then finally will have a formula:
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Expression for high speed of evaporation (2) was got Lengmur [4] from experiments answers
evaporation from free-form, id est situations of not "returning" of the evaporated particles are on the
surface of lining. Such evaporation is named lengmured [4]. By a key variable which influences there
is a temperature on speed, as she is strong influence on pressure saturated pair.

In this work for practical application it is approximately possible to apply a formula from the
estimation of thermodynamics data [4, 5] for pressure saturated pair of matter 2, above fusion evened:

InP,(mm.m.p) = —15.993T 1 + 12.409 + 0.999 In(T) — 3.52 - 10~2T. (7)

At causing of tapes by the method of evaporation a matter must evaporate in the molecular
mode (fig.1), an atomic (often as "molecular") bunch is here created, and his particles move from a
vaporizer to the subspoon rectilineal, without collisions. In obedience to these terms and on the basis
of kinetic theory of gases it is possible to get next dependence:

L ~5-1073/P,(mm.m.p). (3)

Then according to initial data will get a value Zsnear 1—7 Pascal. Putting finding to (7) will
get the value of near 600—650 K.

For determination of time of evaporation it is necessary to compare the experimental and theo-
retical values of thickness of tapes. The thickness of tape on a flat subspoon which is athwart to the nor-

mal to the surface of vaporizer is determined by expressions [6]:
mL

d= 4mpad (9)
and
2
d = _:;z - (10)

where a — is distance from a vaporizer to the looks point, L is distance from a vaporizer to the center
of lining,

For determination of thickness of d in the set point of subspoon it is necessary look to examine
evaporation from all elements of ring [6]. The angular co-ordinates of element of vaporizer are deter-
mined by a corner d, and for the stowage of holding from every element it is necessary to integrate for ¢
from 0 to 2.

a? =1%? +r2+ h% + 2hrcos (a), (11)
where 4 is distance from the center of lining to the looks point, 7 is a radius of ring of vaporizer.

At calculations assumptions are done in relation to descriptions of evaporation from the separate
elements of vaporizer. HollandandShtekelmaher conducted a calculation for a "ring which consists of
point or superficial vaporizers". Integration for ¢ equalizations (9) and (10) taking into account equality

(11) gives for a size d expression:
_m L2(L?>+h2%+1?)
d= mp ((L2+h2+712)2—412p2)3/2" (12)
Comparing expressions (12) and (6) can get expression for time of condensate ¢:
2
_m L2(L?+h?+71?) ] FP(“’(%) )3/2
T mp ((L2+h2+12)2-412h2)3/2

. 13
O,585Ps\/%7tr2 ( )

Time of evaporation folds from 5 c to a few minutes, depending on mass of condensate matter.

Coming from finding can define the optimal parameters of receipt of semiconductor tapes. Pres-
sure of pair of matter A it is better to do a permanent size (in this research 5 pascal), id est distance from
a vaporizer to lining always unchanging. Also from these data swims out, that and a temperature of eva-
poration is a permanent size.

Knowing what thickness of semiconductor tape it is necessary condensate on lining it is possi-
ble from a formula (12) to expect mass of evaporant. Time of evaporation of ¢ settles accounts after a
formula (13) for every found mass of evaporant.
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Conclusions

The worked out mathematical model provides high enough exactness of approximation and flex-
ibility to the change of terms of receipt.

For the brought objects over it is got: pressure steam evaporant — 5 Pascal optimal temperature
of evaporation — 650 K, optimal value of distance from a vaporizer to lining — a 100 mm a mathemati-
cal model is created for the calculation of thickness of semiconductor tape and time to the necessity for
her causing on lining. Research of receipt of tapes of different thickness is conducted, at it data of expe-
riment with high exactness of near with data of theory.
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BU3HAYEHHS OIITUMAJIBHUX ITAPAMETPIB OTPUMAHHSA
HAIIIBITPOBI/THUKOBHUX IIJIIBOK CdSe/ZnTe HA OCHOBI
MATEMATHUYHOI MOJEJII

Hino6opens O.M., Kixenkos O.M., Lonko B.I.

Pedepar

Mertoto poOoTH € po3poOKa MaTeMaTHYHOI MOJENI AJIsl BU3HAYCHHS ONTUMAIBHUX MapaMeTpiB
OTpUMaHHS HaIliBIPOBIAHMKOBUX IUTIBOK Ha OCHOB1 3iCTaBICHHS 3 EKCHEPUMEHTAIBHUMH JAHUMHU
OTPUMaHNUMH{ METOAOM BUIIAPOBYBAHHS Y BaKyyMi, BU3HaUCHHS THCKY T'a3iB yCepeArHi KBa3i3aMKHYTOTO
00’€My BaKyyMHOTO IIOCTY, Yacy Ta TeMIIEpaTypy BUIIApPOBYBaHHS

Icnye Garato MeToniB OcaKeHHS TOHKMX IUTIBOK. 3arajJbHUMH BUMOTaMH O OTPHUMAaHHS TO-
HKUX IUTIBOK € PIBHOMIPHICTh TOBIIMHH IUTIBKH, OQHOPIAHICTH ii CTPYKTYpH, BHCOKA aire3is 3 miama-
pKOM 200 IHIIMMU TUTIBKaMH. 3 YCiX METOMIB OTPUMAHHS TOHKUX IUTIBOK HAMOLIBIN BiAMOBITa€E 3asiB-
JICHUM YMOBaM METOJ TEPMIYHOI'O BHIIAPOBYBAHHS Y BaKyyMi 3 HENPSAMHUM MiIrpiBOM HUTKOIO PO3-
XKapeHHs (pPe3UCTUBHUM MiAITPiB).

CyTHICTh METOAY PE3UCTUBHOIO MiAIrPiBY MOJATa€e B pO3MILICHHI BUIAPIOBAHOTO MaTepiary y
BUIAPHUK, SIKMH HArpiBa€Tbcs CTPYMOM JI0 THX Hip JOKH THCK MapH MaTepiaiy MEepPeBHIIHUTH THCK Y
BaKyyMHIH cucTeMi. BUllapHUKN BHTOTOBIIAIOTH 3 MaTepiajliB 3 HU3BKOIO JIETKICTIO (BOJIb(pam, MOIi-
OneH). PesncTHBHI BUNIAPHUKH B 3aJIKHOCTI Bii KOHCTPYKUii OyBaloTh APOTOBi, CTPIYKOBI Ta THTElb-
Hi. Hall0inpI mommpeHuMy 3 HUX € TUTENbHI BHIAPHUKU. THUTENbHUM BUIAPHUKOM € BaHHA B AKY
MOMIIIAIOTh BUNApIOBaHUK MaTepiai. HalfuacTimie TUTenb BUTOTOBISETHCS 3 TYTOIIABKOTO METally Ta
Mae GopMy KOHYCY.
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B nanomy mocnigyKeHHI BUKOPUCTOBYBABCS MPUCTPIil AJIsl eMiTaKCciaJbHOTO HAPOIIYBaHHS IUTIBOK
BVII-5M. (puc. 1). IIpu TepmiuHOMy BuTIapi BicTaHb L Mk BUIAPHUKOM 1 MiAKIAAKOIO CKIIaZaja Bif
100 mm 1o 500 mm. Pagiyc kinbis Bunapauka — 7 = 5 MM. BunapHauk OyB BcTaBJICHUM Y BOJIb(pamo-
BY IpoBOJIOKY (2 mpoBonoku 0,8 MM) 3 KBapLEBUM THUTJIEM, KyAH 3aBaHTa)KyBaBCs XaJlbKOTeH. Maca
BHITAPOBYBAHOI peUuoBMHU ckiaaana Big 50 mr go 200 mr. [hnoma migKIa Ky MOKPUTA MAPOM TUTIBKH
F= 3-10" M’ Tuck sammmkoBoro rasy P= 10" Ila. Illineuicts pedoBunn miiBku — p(CdSe) =
5,81-10° kr/M’, mineHicTs peuoBuHM mIiBKH — p(ZnTe) = 6,34-10° kr/m’

Po3pobiiena maremaTiyHa MOJENb 3a0€3Meuy€e JOCUTh BUCOKY TOYHICTh alpOKCUMAIlil Ta THyY-
KiCTb 710 3MiHH YMOB OTPUMAaHHSL.

Jns mpuBeAeHNX 00’ €KTIB OTPHMAHO: TUCK MapiB BUMapoByBaHoi pedoBuHu — 5 Ila, ontuma-
JIBHUI TemnepaTrypa BunapoByBaHHA — 650 K, onTrManbHe 3Ha4YeHHS BifCTaHi Bil BUMAPHHUKA JI0 MiAK-
nmagkn — 100 mM. CTBOpeHa MaTeMaTWdHa MOJETH ISl PO3PaxyHKY TOBILMHHW HAMIBIPOBiTHUKOBOI
IUTIBKK Ta 4yacy HeoOXimHoMy sl 1l HaHeCceHHs Ha miakiIanky. [IpoBeneHo MOCTimKEHHS OTPUMAaHHS
TUTIBOK Pi3HMX TOBIIWH, IIPH BOMY JaHi €KCIIEPUMEHTY 3 BUCOKOIO TOUHICTIO CIIBMNAAAIOTh 3 JAHUMU
Teopii.
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