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GNETRON SPUTTERED OPTICAL COATING
FOR LASER RANGING SYSTEMS

OJSC*M. F. Stelmakh Research & Development Institute
Scientific-Manufacturing Enterprise “Fotron-Auto Ltd
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NMEPCIMNEKTUBHbLIE TPEBOBAHUA K
ONTUYHECKUM MOKPbITUAM U
TEXHONOIMNMu X n3rotoBJIEHUA

CIIEKTPAJIbHbIE XapPAKTePUCTUKHU MOKPBITHS

- cynepumupokue padoumne odiaactu cmexrpa (A -2 >10h ) u padounx yrios (AG>0,3), rrydokas MOI[yJIHIII/Iﬂ
xapakTepuctuk (R;>99,99%; R,<0,1%); BbIcOKOe cIeKTpPaJbHOE pa3peLieHne AA<10A npu T, ;>0,78B o01acTn

1 MKM <h,,6<5 MKM);
- BBICOKASl YCTOHYMBOCTH CHEKTPATBHBIX XapAKTePUCTHK K H3MEHEHHIO NApaMeTPOB NOKPLITHSA (TemmepaTyp- [

HBIil YXOJI TOJIIIMH CJI0€B, KCTAPEHHE» MOKPHITHSA);

ONITUYCCKHUE MMOTEPHU

- YPOBeHb ONTHYECKHX NMOTePH (NMOIJIONIEHHE, paccesiHne) B J1a3ePHBIX 3epKaJjiax cocTtaBiasieT Mmenee 100ppm;

YCTOMYMBOCTH K PAAUANUOHHOMY BO31E€HCTBHIO

- IpUeMJIeMblii YPOBEHb YCTOIYMBOCTH WHTEP(EePEeHIIHOHHOTO 3epKajia H MPOCBETIISIIOIIEr0 MOKPLITHS TOpHA [
AKTHBHOTO JIeMEHTA K u3aydenuio jasepa npesbimaer 0,9 TBr/cm? (A=1,06mkmMm; t,,  =10Hc);

YCTOMYHBOCTD K (hakTOpaM BHellIHel cpenbl (TeMmeparype, eé mepenaaamM, BJa)KHOCTH)

- HyJIeBasi TPYNIA YCTOWYHBOCTH (TOJIeBbIe YCIOBHSI)

yCTOﬁ‘IHBOCTb K BHEIIHUM MeXaHU4YEeCKHM BO3AeHCTBUSIM

- HyJIeBasi TPyNIIa YCTOWYMBOCTH (CTAPT PAaKeThI U T. J1.)

BOCIIPOU3BOAMMOCTDH TEXHOJOIHIECCKOI'O IMpomecca

- AeTePMHHHMPOBAHHAS CBA3b MEKAY PA00YUMH XapaKTEePUCTHKAMM NOKPBITHS M TApaAMeTPaMHu
TEXHOJIOTHYECKOI0 MPoLecca;
- OTHOCHTE/IbHAsI OINIMOKA BOCIIPOM3BEICHUS] XAPAKTEPUCTHK HCIIOJHHUTEIbHBIX YCTPONCTB,

3a/1eliCTBOBAHHBIX B TEXHOJIOTHY€eCKOM Mpoiiecce, He 0osee 0,005;
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- good-enough level of optical losses (absorption, scatter

PROSPECTIVE REQUIREMENTS TO
OPTICAL COATINGS AND TECHNOLOGY
‘ OF THEIR MANUFACTURING

coating spectral characteristics

- superwide operating spectrum (A A
modulation of optical characteristics (R
To5 >0,7 inthe range of 1 um< A, <5 um);
-high stability of spectral characteristics under coating p
thickness, coating “aging”) ;

init

arameter changes (thermal change of layers

optical losses
ing) in laser mirrors is less than 100 ppm

resistance to radiation

21 - good-enough stability level of the interference mirror and

the anti-reflecting coating of active element

| face to laser emission is over 0,9 GW/sm

2 (A=1,06 um; t ;5. =10 ns);

resistance to ambient factors

il - zero resistance group (field conditions)

(temperature and its gradients, humidity)

resistance to external mechanical influences

21 - zero resistance group (missile launch, etc.)

technological process reproductivity

-strongly determined connection between optical coa

4 parameters;

- relative reproduction error of the characteristics

| is at most 0.005

ting characteristics and technological process

of execution unit involved in a technological proce

>10A,,;) and operating angles ( A6>0,3), hard-driving [
1>99,99%; R,<0,1%); high spectral resolution ( AAS10A with

vt |
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MAMHETPOHHbIN METOO NONYYEHUA ONTUYECKUX
NMOKPbLITUN

e - -
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MuyeB A.U. KOHCTPYKUMN U XapaKTepPUCTUKMU
MarHeTpOHOB ANSA NONy4YeHUA NPEeLU3NOHHbIX ONTUYECKUX NOKPLITUN
«MpuknagHasa cunsmnka», 2008, Ne

KOHCTPYKTUBHbIE CXeMbl UMMNYNbCHbIX S 3aBMCUMOCTU CKOPOCTH pOCTa NNEHOK
MarHeTPOHHbIX pacnblIUTENEN T T Ta, 05 (1) n Si0, (2) oT MOLWHOCTH
M, u M, — cnapeHHble MarHeTpPoHhl, S MarHeTpPOHHOro paspaaa ‘
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Bonbnsan O.[. Kyabmuqu AN KOHCprKLIVIVI M XapaKTepuUCTUKM MarHeTPoOHOB Ans
nosy4yeHusi NPeLU3NOHHbIX ONTUYECKUX MOKPbLITUN
«MpuknagHaa dusmka», 2008, Ne 3
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Constructlve schemes of |mpulse magnetron guns e Dependences of the growth rate of Ta205
M1 and M2 - twin magnetrons : SE films (1) and SiO2 (2) on the magnetron
Ar - argon flow s dlscharge power
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Bonbn;m 0 a., FIKoaneB n n, Meun(os B. b, 060p, 0. A HonyquMe ONTUYECKUX MNNEeHOK T|O2 MeToAOoM
peakTMBHOro MarHeTPOHHOIO pacnbifieHUs Ha NnepeMeHHOM Toke. //OnTuyeckunm xypHan, 2001, 1. 68, Ne 7, ¢. 36 -39.
Bonbnaxn O. O., Axosnes Il. M., MewkoB B. B., O6on 0. A. OnTuyeckne cBomcTBa nrneHok Ta,O;, NONy4YeHHble
peakTMBHbIM MarHeTPOHHbIM pacnbifieHneM Ha NOCTOAHHOM U nepeMeHHOM Toke.// OnTuyeckum xypHan, 2003, 1.70,
Ne9, c. 56 — 60.

Bonbnsax O. ., O6opn 0. A, Axkoenes I. M. UccnenoBaHue onTU4eckux nneHok SiO,, NOMyYeHHbIX pPeaKTUBHbLIM
MarHeTPOHHbIM pacnbifIeHUeM Ha nepemMeHHOM Toke.// OnTuyecknm xypHan. 2004, 1.71, Ne 7, ¢.81- 84
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THE BANK OF
BASIC THIN-FILM
MATERIALS IS
CREATED FOR
LASER RANGING
SYSTEMS

O. D. VolI'pyan and B. B. Meshkov, Yu. D. Obod, P. P. Yakovlev Obtammg T|02 optical fllms by reactive ac magnetron

sputtering// J. Opt. Technol. 68 (7), July 2001, p. 494 — 487.
O. D. Vol'pyan and B. B. Meshkov, Yu. A. Obod, P. P.  Yakovlev. Optical properties of Ta ,O¢ films obtained by reactive

magnetron sputtering, J. Opt. Technol. 70 (9), Sept ember 2003, p. 669 — 672.
O. D. Vol'pyan and P. P. Yakovley, Yu. A. Obod. Inve stigation of SiO , optical films produced by reactive ac magnetron

sputterlng//J Opt. Technol 71 (7) July 2004 p. 487 -490.




ANSA BaXXHEeULINX anIMeHeHVIVI Heob6xoAUMO co4yeTaHue 3ag4aHHOM Mo.qynﬂu,uu
CTPYKTYpbl MaTtepuana (rpagueHToB 3JIeKTPUYECKOMN U MarHUTHOWM
NPOHMLAEMOCTEN U T. [1.) C ero HagaToMHOM opraHusauueun — HaHoKIacTepammu

_ knactep (TiO,),
D,,- cUMMeTpUM i - Hhidt ' C,,- cuMMeTpuun

nero UK cnektp s i u ero UK cnekTtp

HAaHOKOMIMO3UTHbIE MJIEHKU, coYeTarlme 3agaHHY0 MOAYNALMIO U
HAHOKINAaCTEePHYI CTPYKTYPY UMEKT BbICOKYKO YCTOMUYUBOCTDb K
3KCTpeMarnbHbIM YCNoBUAM 3KcnnyaTauuu. OHM YCTONUYUBDLI K BrIaXKHOMN
MOpCKOU aTtmoccepe npmu NPMMEHEHMN UX B ONTUYECKUX CUCTEeMaX BUOANMOIO U
cpeaHero UK ananasoHa Ansa MOPCKMX OOBLEKTOB.

OHM TaKXXe MUMerT MUHUMAarbHbIe ONTUYeCKMe notepu

i PR b AR P P T PR i a8 P L T PRI i A P PG Tl R - 7 Fiih o e TRl L : = :
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ons require a combination of a p reassigned modulation of the
material structure (permittivity, permeability, etc .) with its supra atomic
organization — nanoclusters.

cluster (SiO ,), | Tl cluster(TiO ,),
Dgp,- Symmetry ; - - 7 C,,- symmetry
and its spectrum : and its spectrum

T R T

Nanocomposite films, which combine a preassigned modu lation and
nanocluster structures, have a high resistance to ex  treme conditions. They are
resistant to wet marine atmosphere when applied in optical systems

of the visible and mid-IR range for offshore facili ties.
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A — yCTpoﬁCTBo HOHHOTO accncTnpOBaHnﬂ
IU1a3MOil KucJjopoaa, L — yerpoiictso ¢ YO
JIa3epoM ISl J1a3ePHOI0 ACCHCTUPOBAHUS
(OoTOXMMHYECKHUX H TEPMUUYECKHX NMPOLECCOB
Ha noaioxkke, M1, M2 — nyaabHble
coucnapsiiome MarueTpoussl; Mtl, Mt2 —
cHCTEMa ONTHYECKOT0 MOHUTOPUHTA iN Situ,
S —ycTpoOIiCcTBO MJIAHETAPHOI0 BPALlEHUSI
HOI[JIO)KCK H HX I[BI/I)KeHHﬂ Me)l()ly M1 u M2

OCHOBHbIE 3]'IEMEHTbI TEXHOHOFI/II/I
M1, M2 - Mt1, Mt2-S-A-L
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|00 1000 1200
Swavelength, nm

. 2 0.3 0.5
FWOT {=font Face="Symbal" )I (;’ant) = IDDD) thlckness

380 440 S00 560 620 680 740 800 960 920 980 1040 1100 1160 1220 1280 1340 1400 1460 1520 res

"FOTRON-AUTO" Obpazew: Refl_Grad_lin315 Rmin(618.0)=0.1, Rmax(809.0)=8.9

Bonbnm-l O. ,U, Kysbmuqu A n., Oﬁo,q IO A., FIKOBneB Mn. I1 nonyquue ONTUYECKMX HAaHOrpaANEHTHbIX U
MeTanoKpPbITUA MEeTOAOM pPeaKLMOHHOro MarHeTPOHHOro pacnbineHna HaHonHxeHepusa 2011, Ne 10

A.l. Kuzmichev, A.B. Shvartsburg, O.D. Volpian, Y.A.  Obod, P.P. Yakovlev. Polarized light in nanogradien
metamaterlals //Optlcal Complex Systems OCSll 5 8 September 2011 Marsellle France




romsanito TN LT

500 1000 1200 1400
“Wavelength, nm

o1 02 0a o4 o os o
FWOT {=font Face="Symbal" =l </fant> = 1000} thickness

A-— gas dlscharge plasma actlvator of
oxygen, L — UV laser for activation of
chemical processes on the substrate
surface, M1, M2 — sputtering magnetrons;
with Si and Ti targets, Mtl, Mt2 — optical
parts of monitoring in situ system, S —
rotating substrate; the arrows over M1
and M2 show sputtered target material

TECHNOLOGY BASIC ELEMENTS
Ml M2 Mtl Mt2 S-A-L

A

740 800 BEO 920 980 1040 1100 1160 1220 1280 1340 1400 1450 1520 w4

| "FOTRON-AUTO" Obpasew: Refl_Grad_lin315 Rmin(618.0)=0.1, Rmax(809.0)=8.9

BonbnﬂH 0 11 KystquB A I/I OGop, IO A FIKOBneB MN.MN. Nony4yeHue onNTUYECKUX HAHOrPaAUEHTHbIX U
MeTanoKpbITUA MEeTOAOM pPeakKLIMOHHOro MarHeTpoHHoro pacnbineHna HaHonHxxeHepua 2011, Ne 10

A.l. Kuzmichev, A.B. Shvartsburg, O.D. Volpian, Y.A.
metamaterlals //Optical Complex Systems 0OCSs11, 5-8
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Obod, P.P. Yakovlev. Polarized light in nanogradien
September 2011, Marseille, France
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NMNONYYEHME 1D, HAHOTPAOUEHTHbIX HEMOHOTOHHbBIX MPO®UIEN
I'IOKA3ATEJ'IFI NMPENOMNEHUA OAN3JIEKTPUYECKUX CIIOEB

YpaBHeHue n npocdunb nokasatesnsa npesioMsieHus
q)OTOHHoro 6apbepa

I'Iponycxal-me 3-X 30HHO20
4)om0HHoeo 6apbepa

n(z) (1+z/L1 — 22/L22 ) -1.
min = (1 + y2)-1-
=d/4y?; L, = d/2y;

3KcnepumeHTaanoe pacnpepeneHue i
NAOTHOCTU MaTepuana POTOHHOro &
6apbepa, M13MepeHHOe MeToAOoM i

Te
_ | peHTreHOchou peQ)neKcomeTpuu i
; ; v . . (T T O I T T I Al ' ' :
Tl Z, nm Densnyproflle
B A, nm Ta,04/Si0, /
. I . /
J ! ':J'-":-!{'.-'Hi 5. z o~ y 1
L ¥ — |
i Pa3pa60Ta|-|a TexHonorusa i 2 //
% nony4YeHWst TOHKMX croes ¢ 1D, & & /
i L
i rpPagWeHTHbIM HEMOHOTOHHbIM ## = //
g npodunem nokasarens ll
¥ npenoMneHus Ans TOMNWMH << \ &= m 4
L} ! - —
i (pOTOHHLIE 6apbepbl) 0 20 40 60 80 100 120 140
] R oyt g S ] R s g S ] L oyt g S ] o s e g S ] Depth, nm

¥ . ] #
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EXPERIMENTS WITH NON-MONOTONIC 1D, NANOGRADIENT
REFRACTION INDEX DISTRIBUTION ALONG Z-AXIS

Project of nanogradient coating with | i S b Lo
non-monotonic distributionof n | (1+Z/L1 — 22/|_22 )L

3 . 2 '1'
Ta,04/SiO, o Nein = (1 +y2)

= d/4y2; L, =d/2y;

Photonic barrlers ensity profile
is measured by X-ray
reflectometry

Density profile

] i
Ta,04/SiO,

The technology of th|n films with 1D
gradient refractive index manufacturing
for coating thickness << A was
developed (for photonic barriers
appllcatlon)

Mass Density
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= ¢ OTCYTCTBUE B rpaAmUCHTHDLIX NOKPbITUAX FPaHUL MeXAY &
it

CNOSIMM pa3HbIX MaTepuanoB NPUBOAUT K CHMKEHUIO
ONTUYECKUX NOoTepb B NOKPbITUM (U3-3a OTCYTCTBUSA
paccesiHMA Ha LUepOoXOBaTOCTSAX rPaHuLbI Cros), U

TEPMUYECKOUN U JfTa3epPHOU NPOYHOCTMH;

npeJsioMieHus. FINHENHOrO, KBaaApaTU4HOro,

CUHyconaanbHOro, MHoro4JsieHa 5-cTeneHu no3BonseT

- « cNocobCTBYeT NOBLILEHUIO €ro0 MeXaHU4eCKOW,

i « MPUMEeHeHue pa3nnyHbIX Npodunen nokasarens

YNYULWNUTb CNeKTparbHO- aMNNuUTyAHble, YrioBble,
nonsipusauuoHHble, (ha3oBble XapaKTepPUCTUKU
ONTUYECKUX U Na3epHbIX NOKPbITUNA.
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linear, square, sinusoidal, 5th-degree polynomial

allows to improve spectral-amplitude, angular,
polarising, phase characteristics of optical and la

materials in gradient coatings leads to
coatings.

losses decrease in a coating
absence of scattering on roughness of layer border)

leads to the increase of its

laser resistance ;
« application of various refractive index profiles:

« absence of borders between layers of different
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Brnok nocnonHoro
An3anHa
NOKpbITUA

ABTOMaTMYECKU ONoK
ynpaBneHus
ABWXeHMeM Noaroxek

ABTOMaTHUYeCKUN 610K
ynpaBneHusi cuctemomn
M3MepeHUs ONTUYECKUX

napameTpoB NJ1eHOK

ABTOMATHYECKHH 0JIOK
yHpaBJieHUs
CHCTEMOM HOHHOI'0
ACCHCTHPOBAHUS

ABTOMaTH4YeCKHH 0JIOK
yIpaBJIeHHs
CHCTeMOH J1a3epHOro
aCCHCTHPOBAHMA

ABTOMATHYECKHIA 0JI0K
ylpaBJeHHus
BaKYyYMHOM cHCTeMOM

ABTOMaTMYECKU ONOK
ynpaBneHusi cuctemom
oxnaxaeHus

ABTOMaTUYeCKMn ONoK
ynpaBneHus
rasoBon cuctemMomu

BI1 — 6nok nognoxek; BJINA — 6510k MIOHHO-Na3epHOro

dCCUCTUPOBAHUA,

BM — 6nok marHeTpoHoOB




Automatic control unit
of substrates traffic

Unit of layered design
coating

Automatic unit
of system for measuring
optical parameters of the

films

Automatic management
unit of ion assisting system

Automatic control unit
of
laser assisting system

Automatic control unit
of vacuum system

Automatic unit of
refrigeration system

Automatic control unit
of gas system

SU- substrate unit; ILAU — ion-laser assisting unit;
MU — magnetron unit
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Definition of parameters of
Definition of the requirements GL-coating in suti and
for synthesized coating reoptimization in real time
(re-engineering)

Experiment on Experiment on Manufacturing
application of single __ | manufacturing test of GL-coating
layers layers

Ellipsometric and Ellipsometric and
photometric data photometric data

Definition of optical Investigation of Computer synthesis
properties of single parameters of of GL- coating
layers GL-coating ex suti

Optical
properties of
layers

Optical properties
of layers. Errors in
layer thicknesses
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. YBeJINYEeHHE JHepreTuyeckou 3pPeKTUBHOCTH NMPUOOPOB JIa3ePHOU
% gajJabHoMeTpun u Jokanuu Ha 30 — 40%

. IOBBIIIIEHHE YYBCTBUTEILHOCTH JIA3€PHBIX NPUOOPOB 00HAPYKEHUS U
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EI invhli-rln 'invhli-rln 'invhli-rln 'invhli-rln 'invhli-rln 'invhli-rln 'invhli-tln'invhlhrln L abiakal] EI n-.d..n
f‘-J "“".‘:; P g R o i g N o R o g N o g R o R o g R e g R "“;.,-‘;;\-.., Lk
e
T R T ) S ) R S ) T S T N RS T RS e RS e T R e
4 o A e g e Ty g e Ty e Ty e e Ty g e Ty e e Ty e e Ty gy e = ro :

MAFHETPOHHAH TEXHOJIOTI'USI IOJTYYEHUS T'PAJJUEHTHBIX IOKPBITHUMN:
MOJHOCTHI0 ABTOMATH3UPOBAHHBIN MPOLECC;

BbICOKONMPOU3BOAUTEIbHBIN MPOLECC;
BBICOKHUHU MPOIEHT BbIX0AA FOHBIX

BbICOKASI YCTOMYMBOCTH MATHETPOHHBIX MOKPHITHHA K MEXaHUYECKHUM,
i TEPMHYECKUM M BJIAKHOCTHBIM BO3}]eI/ICTBI/IﬂM

s A thE Linr ﬁ-i e s ":'-;?:“". T :1? R -n..-'-;?"-"'. iy o g P T a1 Pt CE R -;-{?:':g::--i"ﬂ:{" YA e
n"-d'in:'hlh-r-ln"d'inv h-h-r-ln"-d'ilrtv h-h-L-I g 5 g i i g - g g ok fLofigsid An iy el 6 - Hhm- h-h.tl-ﬁl [Figsrhus
Pl el A e L e i ar ke Hidhm yar: A ol e ot ik i g g -l Had s L par F A b P L AL i e g e

i ri el
T e IR e frae .‘r- T e .‘r- Btk g :__.‘r- ST \-'wq e '{‘r- T e .‘r- 3 r'r‘*-1 \-'wq .o .‘r- Btk g :__'{‘r: otk g :_'{‘r:a— HY :__'{‘r: r'r‘*-1 \-'wq reodibE My vl 11



NANOGRADIENT COATINGS
. hyper-broadband
» wide-angle
. small optical losses

T COATING DEVICES

- Increase the energy efficiency of laser ranging and locati
30—40%
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GRADIENT MAGNETRON SPUTTERED COATINGS TECHNOLOGY:
fully automated process
-high productivity
high yield rate
-high resistance to mechanical, thermal and to humieénvironments
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