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HETEROGENEITY OF TAPES GOT BY METHOD OF THERMAL EVAPORATION
AND METHODS OF THEIR REMOVAL

The considered problem of heterogeneities of the got semiconductor tapes and worked out me-
thods of their removal are within the framework of the experimental setting of VCC-5M. Experimentally
tested the got methods of removal of heterogeneities of moswumn.
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Pozenanyma npobrema HeodHopioHOCmEN OMPUMAHUX —HANIGNPOGIOHUKOBUX NIIBOK Mda
PO3pO0IAEH] CROCOOU iX YCYHEHHs 8 paMKax excnepumenmaivHoi ycmanosku BYII-5M. Excnepumen-
MAIbHO NepegiperHa OMPUMaHi cnocoou YCyHeHHs: HeOOHOPIOHOCMeEl MOBUJUH.

Knrwuosi cnosa: nosepxuese 0dicepeno; meUOKiCmb 0CAONCEHH, GUNAPHUK, NIOKIAOKA.

Problem’s Formulation

High speed of besieging of semiconductor tapes puts the problem of heterogeneity of the got
tape on lining. In this work examined as a problem of heterogeneity of pellicle structures so ways of
her removal within the framework of the experimental setting of VCC-5M.

Analysis of recent research and publications

Research of problem of heterogeneities of the got semiconductor tapes many works are sancti-
fied to, including [1,2,3]. For determination of methods of removal of heterogeneities of thickness of
the got semiconductor tapes drawn on the results of research of authors [1,2,4,5].

Formulation of the study purpose

The purpose of work is being of optimal method, by means of which will be maximal homo-
geneity of semiconductor structure on the basis of change of configuration of the experimental setting of
VCC-5M and determination of parameters of actions within the framework of the offered model.

Presenting main material

General requirements to the receipt of thin-films are evenness of thickness of tape, homo-
geneity of her structure. From all methods of receipt of thin-films the method of thermal evaporation
most answers the declared terms in a vacuum. The thickness of tapes, got the method of thermal eva-
poration in a vacuum, depends on a few factors: from emission properties of source, which determine
distribution of stream of evaporant in space, from geometrical sizes and lining position in relation to a
source, speed and time of evaporation of condansate matter [1]. On emission properties vaporizers are
divided by a point and superficial. 4 point source is a small sphere, diameter what far fewer distance a
"source is lining". In this research at thermal evaporation distance of L between a vaporizer and lining
folded from 100 mm to 500 mm, radius of ring of vaporizer — 7 is 5 mm.

If from unit of surface of point source a matter evaporating with identical speed v, (dimension
of g-s"'sm™), then amount of matter which passes into a corporal corner in any direction in time (fig.
la) unit, it is possible to write down as:

dv=(""Y/y) - do, (M)
where A is a surface of sphere of evaporation.
If an evaporant acts on the element of area of the dS, lining, inclined under a corner 6 to
streamline of steam in the distance / from a point source (fig. 1), then the amount of matter which
falls on dS; appears as [1]:

dv' = (A " Up * COS (6)/47[. 12) . ds. @)
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Fig. 1. Models of emission parameters of vaporizers: a — is evaporation from the source of S
in the corporal corner of dw to direction of R; b — is a receiving surface of dS, fromto which folds a
corner ¢ a normal with streamline of steam [1]

For time unit thickness of tape:
__ Av,cos (0)
a="0ecs@f o). 3

where p is a closeness of the evaporated matter, condensated on lining.

A superficial source is a small ground, from unit of area of one side of which in time unit in a
corporal corner Zwwhich is created with a corner ¢ evaporation goes along with the normal of surface
of source (fig. 1b):

dv = (Z2)cos (p)dow. (4)
The amount of matter which falls on dS; appears as [2,3] :
dv' = %cos (¢)cos (68)dS. (5)
Thickness of tape :
Av,
d= ootz €08 (p)cos (6). (6)

Using the above-mentioned formulas will consider heterogeneity of semiconductor tape after
directions on the rightand on the left of point, that perpendicular to the surface of vaporizer.

Designating through 8 the angle of slope linings in relation to a normal, and conducting cor-
responding calculations, will get distribution of thickness on length of tape for the case of vaporizer
with a small surface:

2
dfy =+ (%) sin(@))cos ()1 + (2) +2 (%) sin(6)) 2, )
where dj is a thickness of tape in a point above a vaporizer; / is distance from a vaporizer to this point;
h is distance from a point in lining above a vaporizer to this point.
Like for the case of point vaporizer:

2
A/, = cos (O)(1 + (3) +2(%)sin(@)) 2. 8)

From expressions (7) and (8) it is possible to see that distribution of thickness is very sensible
from the corner of rejection 8 of lining from a normal. The maximal value of thickness increases with
the increase of corner 8; at most thickness moved toward the large values of lining length; symmetry is
violated in relation to the maximal value of thickness (fig. 3).

For the removal of heterogeneities of the got tapes it is possible to apply a few methods. Will
consider most technically possible within the framework of evaporation in a vacuum setting of
VCC-5M:

1. Apply the row of small vaporizers, located on a ring in parallel to lining or one vaporizer,
which pivots , perpendicular to the plane lining.
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Fig. 2. Distribution of thickness of tape is on a flat surface, that square to the vaporizer in the
case of evaporation from a point (continuous line) and from a source with a small area (dotted line)

Fig. 3. Distribution of thickness at evaporation from a vaporizer with a small surface: 8 = 0°
(1), 30°(2),45° 3)

2. At the receipt of tapes of even plane to the substretcher revolve about axis, perpendicular to
her plane.

By defects, as the first so second method there is application of many vaporizers, that techni-
cally not always possibly, and the more so rotation of vaporizer or lining from current-line. Also a
defect is violation of specific structure with the inclined dendritic performances, which arises up at the
sloping besieging.

3. At sloping evaporation between a vaporizer and linings metallic window shade which can
be moved by means of magnet in parallel surfaces of source is set in a vacuum chamber . After
achievement of the nearest to the vaporizer end of tape of optimal thickness, it follows to begin to
move window shade with speed, dependency upon speed of besieging of matter, closing to the same
the motion of molecular bunch to this part of lining. Thus, and other part of tape will attain an optimal
thickness gradually.

Speed of besieging of tape of tape depends [2, 4] from a temperature and pressure in a vacuum
chamber:
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v, = 0,585 P, \/? . )

At inclination of lining plane to direction of molecular bunch speed of besieging on the differ-
ent ends of lining is different. In our research there were the besieged tapes from next data: angle of
slope of lining 45°, distancefrom window shade to the vaporizer a 5 sm, speed of moving of window
shade was even a 1 mm/min, distance from lining to the vaporizer a 10 sm; length of layer is a 3 sm,
choice of optimal thickness of about 1 mkm, speed of height the nearest to the vaporizer of end of tape
of 0,04 mkm/min, speed of height of remote end of 0,02 mkm/min. Lack of this method is a necessity
of correlate speed of moving of window shade at evaporation of different amount of matter.

From all considered methods exactly the third method is most technically simple to implemen-
tation on the base of a vacuum setting of VCC-5M.

Conclusions

The worked out method of removal of unevenness of got tapes is on lining. A method provides
high enough exactness of evenness and flexibility to the change of terms of receipt.

For the brought objects over it is got: tapes of different thickness with the rejection of thickness
along all lining no more 0,1 %. The created model is forremovalheterogeneity of got of pellicle structure.
Research of receipt of tapes of different length is conducted, at it data of experiment with high exactness
of coincide with data of theory.

References

[1] Maisell, L., Gleng, R. (1977). Tekhnolohiia tonkikh plienok: spravochnik [Technology of thin-
films : reference book] (Vols.1). Moskva: Soveight radio. [in Russian].

[2] Shyju, T.S., & Anandhi, S., & Indirajith R. (2011). Solvothermal synthesis deposition and charac-
terization of cadmium selenide (CdSe) thin films by thermal evaporation technique. Journal Crys-
tal Growth. Netherlands, Volume. 337, P. 38-45. [in English].

[3] Rahimov, N.R., & Dzhurakhalov, A.A.(2002). Investigation of APV-CdTe-films and develop-
ment of optoelectronicdevices on their basis. The European material research conference EMRS
2002 Spring meeting. Strasbourg, P. 242. [in English].

[4] Pathel, K.D.,& R.K., Shan, & D.L. Makhija Chemical and structural characterization of CdSe
thin films. Journal Ovonic Research.Romania, V.4, Ne 61, P.129-139. [in English].

[5] Rakhimov, N.R., & Ushakov, O. K. (2010). Optoelektronnie datchiki na osnove AFN-effekta
[Optronic sensors on the basis of APV of effect]. Novosibirsk [in Russian].

HEOAHOPIJIHICTbD IIVIIBOK, OTPUMAHUX METOJ1OM TEPMIYHOI'O
BHUITAPOBYBAHHSI TA CIIOCOBH IX YCYHEHHS
Hinodopeus O.HU., Kiueukos O.M., Houko B.1.

Pedepar

Mertoto pob0TH € 3HAXOLKEHHS OITHMAIBHOTO CIIOCO0Y, 3a JOMOMOT0I0 SIKOTO Oyze H0CATHEHa
MaKCHMaJlbHa OJHOPIAHICTh HaMiBIPOBIAHUKOBOI CTPYKTYpH Ha OCHOBI 3MiHM KOH(]Irypaiii excrepu-
MeHTaJIbHOT ycTaHOBKHBYI1-5M Ta Bu3HaueHHS mapaMeTpiB il B paMKax 3alpOIOHOBAHOI MOJEII.

3araJlbHUIMH BUMOTaMH 10 OTPUMAaHHS TOHKUX IUTIBOK € PIBHOMIPHICTh TOBIIMHU TUTIBKH, O-
HOPIIHICTB ii CTPYKTYpH. 3 yCiX METOMIB OTPUMAaHHS TOHKUX IITIBOK HaiOUTBII BiANOBiAa€ 3asBICHUM
YMOBaM METOJ TEpMiYHOIO0 BUNIAPOBYBAaHHS y BaKyyMi. TOBIIMHA IUTIBOK, OTpPUMaHUX METOAOM TEp-
MIYHOT'O BUIIAPOBYBAHHS B BaKyyMi, 3aJISKHUTh Bill IEKUIHKOX YMHHUKIB: BiJ] EMICIIfHIX BIACTHBOCTCH
JpKepena, 110 BU3HAaYaloTh PO3MOALT MOTOKY BUIIAPOBYBAHOI PEYOBUHH B MIPOCTOPI, Bii T€OMETPUIHHUX
PO3MIpIB 1 OJIOXKEHHSI MIAKIAJKH BiIHOCHO JPKEpena, MIBUIKOCTI 1 4acy BUIIAPY OCaJHKEHHOI PEeYOBHU-
Hu [1].
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Jnst ycyHeHHSI HeOTHOPITHOCTEeH OTpUMaHMX IUTIBOK MOXKHA 3aCTOCOBYBATH AEKUIbKa CIOCO-
0iB. PosrnmsHeMo HailOumblI TEXHIYHO MOXJIHMBI B paMKaxX BHUIIAPOBYBAaHHS y BaKyyMHilyCTaHOBII
BVII-5M:

1. 3acTOCOBYIOTH psii HEBEMUKMX BHIIAPHUKIB, PO3TALIOBAHMX MO KUIBLIO MapajiefbHO MiIK-
naaui abo oJHOTO BHUIIAPHHUKA, 10 00EpTaeThCs HABKOJIO OCi, IEPIEHANKYISPHOI 10 TUIOLIMHU MiIK-
Ja/IKH.

2. [Ipu orpuMaHHi MIIBOK PIBHOMIPHOT IUIOIIMHHM MiAJIOKKY 00€pTaloTh HABKOJIO OCi, TIEpPIIEeH-
JUKYJISPHOL 10 11 TUIOLLMHM.

Henonikamu, siK mepIioro Tak, i Apyroro cnoco0y € 3acTocyBaHHs 0araTb0X BUIIAPHHKIB, 110
TEXHIYHO HE 3aBXKIU MOXIMBO, a TUM Oinblie oOepTaHHs BUIIAPHUKA a00 MiAKIaAKHA 3 TOKOIMPOBOAA-
MU. Takox HEIOJIKOM € MOPYLICHHS CenuiuHOl CTPYKTYPHU 3 HAXMJICHUMH ACHAPUTHUMH BUCTYTIA-
MU, SIKa BUHHKAE TP TOXHIIOMY OCa>KEHHI.

3. Ilpn noxunoMy BHUMapi Mk BUMAPHUKOM 1 MiAKJIAIKaMH y BaKyyMHill KaMmepi BCTaHOBIIIO-
€THCSl METaJeBa ITOPKA, SIKY MOYKHA TIEpEMIIIATH 3a JOMOMOI0I0 MarHiTa rnapajeiabHO TOBEpXHi JKe-
pena. Ilicns mocsrHeHHS HaHOMMKYOTO [0 BHIIAPHUKA KiHI IUTIBKM ONTHMAJIBHOI TOBILMHH, CIif
MoYaTy pyXaTH WITOPKY 31 IIBUAKICTIO, 3aJIEKHOIO B/l IIBUIKOCTI OCaXKEHHS PEUOBHUHH, 3aKpPUBAIOUN
TUM CaMUM XiJ] MOJEKYJSIPHOTO MydYKa 10 Ii€l YaCTUHU MiAKIaAKA. TakuM 4MHOM, 1 iHIIA YacTHHA
TUTIBKH TTOCTYIIOBO JIOCSATHE ONTHMAaJIbHOT TOBIHHH.

Po3pobiiennii crocié ycyHeHHs HEepiBHOMIPHOCTI OTpUMaHMX IUTiBOK Ha migximandi. Crocib 3a-
Oe3mneuye TOCUTh BUCOKY TOUHICTh PIBHOMIPHOCTI Ta THYUKICTh 10 3MiHA YMOB OTPHMAaHHS.

Jnis mpuBeneHUX O0’€KTIB OTPUMAHO: IUTIBKM Pi3HOI TOBIIWHU 3 BiIXWUJICHHSIM TOBIIMHH
B310BXK Beiel minkianku He Oinbie 0,1%. CTBopeHa MoAenb Ui yCyHEeHHS HEOAHOPIIHOCTI OTpUMaH-
HOI TUTIBKOBOI CcTpyKTypH. IIpoBeneHo nociipkeHHs! OTPUMaHH IUTIBOK Pi3HUX TOBIUWH, MPH LBOMY
JlaHi eKCTIEPUMEHTY 3 BUCOKOIO TOUHICTIO CIIBNAAalOTh 3 TaHUMH TEOPii.
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