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DESIGN OF A MASK FOR IMPROVING THICKNESS UNIFORMITY
OF VACUUM COATINGS ON LARGE MOVING SUBSTRATES

A new method has been developed to improve thickness uni-
formity of thin films and coatings deposited on plane moving sub-
strates of large area such as polymer films, paper or steel strips. The
technique is applicable not only for physical vapor deposition pro-
cesses but also for sputtering, ion plating, etc. The principle of the
method is in a controllable partial screening of the vapor stream by a
specially designed mask. A precise procedure is proposed to opti-
mize a profile of the mask so as to obtain the best thickness uni-
formity of the coating at any evaporator - substrate geometry. Exper-
imental results confirm the high efficiency of the technique which
can be used not only at newly designed plants but also at already
working ones.

Keywords: evaporation, vacuum coatings, thickness uni-
formity.

Pa3paboTaH HOBBIM METOX JUIS YJYYLICHUS PaBHOMEPHOCTH
TOJIIWHBI TOHKUX INNICHOK H I'IOKpBITI/II‘/'I, HaHCCCHHBIX Ha IINIOCKHEC
JIBUDKYIIMECS TIOJUIOKKH OOJIBILON IUIOLIA M, TaKUE KaK MOJIUMEp-
HBIC IIJICHKH, 6yMara WA CTaJIbHBIC ITOJIOCHI. 3TOT METOA MOXKHO
HCIIOJIB30BaTh HE TOJIBKO UIA HUCIIApEHUA B BaKyyM€, HO U IJIs pac-
NBUICHHS, HOHHOI'O OCaXICHHA W T.II. le/lHLll/ll'l METOAa COCTOHUT B
KOHTPOJINPYEMOM YaCTUYHOM JKpPaHHPOBAHWHU IIOTOKa IIapa CIICIH-
aIbHO pa3paboTaHHOH Mackoil. [IpemnoxeHa mponeaypa ONTHMI3a-
UK TpoQUIs MacKu Tak, YTOOBI MOJYYUTh HAWIYYLIYIO PaBHOMEp-
HOCTBH TOJINIHHBI l'IOKpI;ITI/Iﬁ npu J'I}060171 TE€OMETpUHU UCHAPUTEIID -
TIOJJIOXKKaA. 9KCI’[epI/IMeHTaJILHLIe PE3yJIbTaThl ITIOATBEPKAAIOT BBICO-
Kyi0 3Gb(EeKTUBHOCTh METOAa, KOTOPBIi MOXKET ObITh HCIONB30BAH
HE TOJIBKO B HOBBIX YCTaHOBKAX, HO M Ha YK€ pa60Ta}0umx.

KmoueBble c10Ba: McrapeHHe, BaKyyMHbIE ITOKPBITHs, PaB-
HOMEPHOCTH TOJIIIAHBI

INTRODUCTION

Electrical, optical, anti-corrosion and other proper-
ties of thin films and coatings deposited by thermal evapo-
ration in vacuum are sensitive to their thickness. At the
same time, the thickness is in principle non-uniform, since
the coating is always thicker in the middle of the substrate
than at its edges, as it follows from Knudsen's law of
evaporation. Thickness non-uniformity is particularly no-
ticeable in the case of vacuum metallization of moving roll
substrates such as steel, paper, polymer films in semi-
continuous processes where substrates even of 2 m width
are often used.

Several methods were described on how to improve
thickness uniformity on moving substrates [1-7], but the
problem still remains of present interest. In the method
presented in this paper, a specially designed mask placed
near the substrate is used to modify the original distribu-
tion of vapors emitted by the evaporator. High efficiency
of the method is proved experimentally.
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1 — evaporator; 2 — moving substrate; 3 — mask.
Fig. 1. Schematic diagram showing a continuous coating
system

PRINCIPLE OF THE METHOD

Geometrical arrangements are shown in Fig. 1. A
horizontal mask consisting of two symmetrical parts is
placed very close under the substrate so that evapo-
rated atoms arrive at the substrate only in the area not
shaded by the mask and called the area or zone of con-
densation. The zone is narrow in the middle of the sub-
strate, but remains as wide as possible at the edges.
Deposition time proportional to the length of the con-
densation zone decreases gradually in the direction
from the edge of the substrate to its central axis. Since
the deposition rate increases in the same direction, their
product proportional to the thickness of the coating can
be made constant throughout the surface of the sub-
strate. Therefore, a properly designed mask reduces the
vapor stream going to the central part of the moving
substrate, but does not hinder deposition of the coating
at its edges.
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PROFILE OF THE MASK

A profile of the mask is formed by two curves
marked as y;(X) and y,(x). It is obvious that the desired
profile is a function of the substrate width and emission
characteristics of the evaporator. Thickness of the coat-
ing at a point with coordinate x after passing this point
over the evaporator can be described by the following
expression

Y2(X)

500 =——__Twydy, O
yz (X) - yl(x) y1(X)
where t(x) is the deposition time, W(x,y) is the
distribution function of the deposition rate. Thickness
of the coating at the edges (x =0 and x = a) is

5(0) =5(a) =

t(0) ® t(a) !
== !)'W (0, y)dy = TJ;W (a,y)dy

on zone at the edges of the substrate. The deposi-
tion time is a function of the coordinate x and the ve-
locity of the substrate v

t(X) _ Y, (X); yl(X) ) (3)

Constancy of the evaporation rate and the veloci-
ty of the substrate are essential. It is convenient to in-
troduce a new function F(x,y) instead of the unknown
function W(x,y) in expressions (1) and (2). F(x,y) is
actually the thickness distribution of a coating deposit-
ed on the fixed plane substrate. Correlation between
functions W(x,y) and F(x,y) is as follows

W(x,y) = F(tx' y, 4

where t, is the time of deposition of a coating on
the fixed substrate. Combining Egs.(1) - (4) we obtain
the following theoretical condition for the absolute
thickness uniformity of the coating deposited on the
moving substrate

¥2(X) b b

[ Fuy)dy = [F(ayydy=[F(,y)dy- 6

y1(x) 0 0

If Knudsen's law of evaporation is valid and the
area of evaporation is much smaller than that of con-
densation, the evaporator can be considered as a small-
area surface source [3,4]. Then, the function F(x,y) is
as follows

F(xy) = ' >

where h is the shortest distance between the
evaporator and the substrate, p is the density of the
coating, N is the rate of evaporation.

The unknown functions y;(x) and y,(x) satisfying
condition (5) can be easily found mathematically after
substitution Eq. (6) to Eq. (5). If emission characteris-
tics of the evaporator differ from that of the small-area
source, as for instance in the case of rectangular boats
and bars, the function F(x,y) must be found experimen-
tally. The simplest way to do this is to deposit a coat-
ing on the fixed substrate without a mask using the
same evaporator, as in the case of the moving sub-
strate. Then, thickness of the coating must be measured
at as many points as possible and thus the function
F(x,y) will be reconstructed.

Itis clear from Eq. (5) that the problem of obtain-
ing the functions y;(x) and y,(x) has many solutions.
Therefore, additional conditions should be fixed to
obtain a unique profile of the mask. The most practical
is the symmetrical positioning of the mask in relation
to the evaporator corresponding to the following condi-
tion
y.(x)=b-y,(x) and

EXPERIMENTAL

The method was tested experimentally. The elec-
trically heated evaporator in the form of the rectangular
Ta boat was used to deposit Cu coating on the moving
steel strip of 0.14 mm thickness and 180 mm width.
The substrate velocity and the evaporator-to-substrate
distance were 0.02 m/s and 175 mm accordingly. The
function F(x,y) was found experimentally by measur-
ing the thickness distribution of the coating deposited
on nine fixed substrates (20x260 mm) simultaneously
placed in the condensation zone. Thus, the nine parallel
cross-sections of the distribution function F(x,y) were
obtained. The profile of the mask satisfying condition
(5) was found graphically. The mask was cut from the
Al sheet and placed under the moving substrate during
the next series of experiments. Thickness of the Cu
coating was practically identical (4.5+0.25 um) at any
point of the substrate.

CONCLUSION

A novel technique is described to improve thick-
ness uniformity of thin films and coatings deposited on
wide moving substrates. The principle of the method is
in a partial screening of a vapor stream emitted from
the evaporator by a specially designed mask. The
method is applicable not only for physical vapor depo-
sition processes but also for sputtering, ion plating and
other processes with a transport of particles from the
source to the substrate. The technique can be easily
implemented at newly designed equipment, as well as
at already working stations.

() =y, (@a-x). (7)
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JOCJIIKEHHS PEXKUMIB TEILIOBOI OBPOBKU BAPEHUX
KOBBAC Y CYHACHUX TEPMOKAMEPAX

The purpose of given article to prove efficiency of use of the
newest technology of thermal processing of sausages. To compare
influence on functional-technological and microbiological indicators
of use of traditional and newest technology.

KurouoBsi cioBa: Tepmiuna 00poOka, MikpoOi0JIOTriuHi MOKa-
3HUKH, BTPATH MacCH.

JloBeneHo eheKTUBHICTH BUKOPHCTAHHS HOBITHBOI TEXHOJIOTIT
TepMidHOi 00poOku KoBOac. [1opiBHAHO BIUTHB HA (DYHKIIOHAIBHO-
TEXHOJIOTIYHI Ta MIKpOOIOIOTiYHI MOKA3HUKH BUKOPUCTAHHS TPaIu-
LIMHOI Ta HOBITHLOT TEXHOJIOTI.

Keywords: heat treatment,
weight loss.

microbiological parameters,

[IBuakuil pO3BUTOK Ta BIOCKOHAJICHHS 00Jan-
HaHHS M‘SICHOI TPOMUCIIOBOCTI MOTpeOye HayKOBOTO
OOTpYHTYBaHHS Ta PO3POOKH HOBUX PEKUMIB 00pOOKH
M’SICHOI CHpOBUHH. B mepury uepry, Iie cTOCyeThCs
TepMiuHOi 0OpOOKM KOBOACHWX BHUPOOIB Y CyJacHHX
yHIBEpCaJIbHUX TepMOKaMmepax, SIKi Ial0Th MOXKIIUBICTh
KOMI’ FOTEPHOr0 MPOrpaMyBaHHS NPOLECY TEIIOBOT
00pOOKH [Is1 KOXKHOTO BUILYy M'SICHUX BHPOOIB.

OCHOBHE 3aBIaHHS IOJIATA€E B Takiil orrruMizarii
nporpam, siki 3a0e3neywsv O MiHIMaJbHI BTpaTH NpH
JIOCKOHAJIIN SIKOCTI KOoBOAac.

[{pOMy MUTAHHIO MPUCBSYCHHI HAII TOCIIIHKCH-
Hs. HaMu nipoBeneHi AOCIiIKeHHs peKUMIB TEPMITHOT
00po0OKH BapeHUX KOBOAC Ha mpukiaai koBoacu «Jlok-
TOpCBKa» B/T. Pexxum 0OpoOKM BapeHUX KOBOAc CKia-
JIA€ThCS 3 JBOX IMPOIIECiB — 0OKaproBaHHs ( IiJICUXaH-
Hs OOOJIOHKH, CYIIIHHSA, KO-

HocnimxyBanu OCHOBHI (byHKIIOHAJIBHO-
TEXHOJIOTI4HI MOKA3HHUKH, SIKi SBISIOTHCS MTOKa30BUMH
JUIs orepariii TepMiuHOi 0OpoOKM: BTpaTH MacH (MeTo-
JIOM 3Ba)KyBaHHS), BMICT BOJIOTH [5], MikpoOioJoriuHi
[7; 8] ta opranosentuuHi mokasHuku [5]. Jocmiau
MPOBOJIMIIUCS YOTUPHOXKPATHO.

Taomuns 1
PesxuMu TepMiuHOI 00pOOKH BapeHUX KOBOAC
Hositas TexHosIOrIS TpawiiiiiHa TeXHOOTis
Orneparisi tep- | &, | t5,” |@,%| T, | Omepauis |t,’C|t,’|9.%| T,
miuHoi 00pobku| C | C XB | TepMIYHOI C XB
00po0OKH
1.Ilincuxannst | 50 50 |25 |1.Ilincuxann | 60 25 | 65
00OJIOHKH 51 ODOJIOHKH
2. CymuiHns 55 45|25 |65|2. OGxapro-| 75 45| 25 | 15
BaHHs
3. KorrueHnst 60 26 (3. Bapinnst | 80 71| 99 | 40
4. Bapixus 7571|199 |35(4.  Oxomo-|15/5| 10 40
JOKEHHS:
JTYILI/XOI.
TOBITPsI
5. Oxomomxen-| 15/ | 10 40
HA:  Jym/xom| 5
TIOBITpst

Puc. 1. Bniius TepmiyHOi 00po0KH Ha BTPATH MACH KOB-
0acu «/lokTopcbka» B/T
VY pesyipTaTi MpOBEIEHHS TEPMIYHOI 0OpOOKH

4YeHHsI) Ta BapiHHsi. Pesysbra- 8,00 - 730
TH BUBYCHHSI OKPEMHX PEKHU- o0 ’
MiB 1 IX BIIIUB Ha TEXHOJIOIiY- £ 6,17 6,60 6.25
Hi TIOKa3HWKH KoBOac mpen- : 6,00 - 540 5,78
cTaBjieHi panimie [6]. g 5,02 4,95 .
Mertoro maHoi poboTH g 500
OyJo TpOBeACHHS IMOPIBHSIIb- g 4,00 -
HOTO aHaji3y 3amnpoIOHOBa- g
HUX HOBUX PEKHUMIB TepMiu- £ 3007
HOT 00pOOKH Y CYJaCHHX Tep- B 2001
MOKaMmepax 3 TpaJulliiHUMH
38 KIACUYHOK TEXHOJOTIE 1,001 057
BIITIOBI/IHO Z[Cp)KCTaHIIapTy 0,00 ' ' '
[4] Hl PEXKUMHU TIPUBCICH] Y MNiacuxaHHsa CyLiHHs KonueHHst BapiHHsi OXOMOAXEHHS!
TaﬁJ’I 1 060mOoHKM (OBxaptoBaHHs)
INomepenni mocmimxeH- Onepauis TepmiuHOi 0GPOGKU

HS TIPOBOJMIM Ha Kadeapu
TexHoJorii M’sica, pubu Ta
MmopenpoaykriB  OHAXT 3
MTOCTITyFOUOI0 TIPOMHCIIOBOIO
anpoOamiero Oe3nocepeaHso Ha mianpuemctsi TOB
«['moOMHCHKMIA M’ SICOKOMOIHATY.
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@ TepmiyHa o6pobka No HOBITHI TeXHoror|

B TepmiyHa o6pobKa no TpaauLirHIN TexHororil

JIOCTITHUX 3pa3KiB 3a HOBITHBOIO Ta TPaIUIiITHOIO
TEXHOJIOTIEI0 OyJIM OTpHMaHi JaHi BTpAaTH MacH Hpo-
JIYKTY TICIs KOXKHOT oneparrii 00poOku (muB. puc. 1).
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