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O6paboTKa B n/1a3mMe T/ieloLero paspsaga

BCe aKTUBHee NpumMeHseTcsa ozl OYUCTKU
NnoBepXHOCTel MaTepuasioB OT 3arpsi3HEHUM,
YMEHbLUEHUS LepoX0BaTOCTM NOBEPXHOCTH,
NoBbILLIEHWSI MTOBEPXHOCTHOM SHEpruun

1 moanduKaLnm noBepxHOCcTU. B ctaTbe
npuBejeHbl pesysibTatbl 06paboTku B naasme
BbICOKOYACTOTHOIO U HU3KOYACTOTHOIO rasoBoro
pa3pspa B yCTaHOBKE MJjla3MeHHOoM 06paboTku
MPC RF-12 puckoB onTUYeCKUX KpUcTanios

M KacceT TBepAoTe/ibHbIX CBETOANOA0B. OLeHeHO
B/IUSIHWE NapaMeTPOB U PEXXUMOB MJ1a3sMeHHOWN
06paboTKM, a UMEHHO MOLHOCTU, BpeMeHU

M TMNa paboyero rasa, Ha Ka4ecTtBo 06paboTKu.
MNokasaHo, 4To NnasmeHHas o6paboTka aBnseTcs
MOLLHBIM UHCTPYMEHTOM B/IUSIHUS HA CBOW-

CTBa NOBEPXHOCTU ONTUYECKUX KPUCTAJIJIOB,
3pdeKTUBHA A1 yAANEHUS OKCUAHbBIX C/1I0€B
MeTannoB 1 6e3onacHa g KieeBbix COegUHEeHUN
KPUCTaIN1I0B C OCHOBaHUEM.

KniouyeBble coBa: H13KOTEMMepaTypHas
WNMMYbCHAA NAasma, oNTUYeckMe KpUCTa b,
TBEPAOTE/bHbIE CBETOAMObI, NNa3MeHHas o6paboTka
MOBEPXHOCTU, OYMUCTKA ONTUYECKMX SEMEHTOB
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BBEAEHUE

CIIeKTp MaTepHaJIOB M YCTPOKCTB Ha MX OCHOBE, MCIIOJIb-
3yeMBIX B IIPUMeHeHHSX (QOTOHHKH, KpakiHe Pa3HOO-
6paseH. TeXHOMOTMYeCKUI IIPOLeCC UX HCIIONb30BaHUS,
KaK IPaBHJIO, BK/IIOYAeT OIepal{Io I1a3MeHHOM obpa-
6OTKM, BBITIOJTHSEMYIO C PA3/IMYHBIMHU LIeTSIMH: OYHCTKA
[IOBEPXHOCTH OT OPTaHMYeCKHX 3arps3HeHHH, aKTHBa-
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Glow discharge plasma treatment is increasingly
being used to clean the surfaces of materials
from contamination, reduce surface roughness,
increase surface energy and surface modification.
The article presents the results of plasma
processing of high-frequency and low-frequency
gas discharge in the MPC RF-12 plasma processing
unit of optical crystal disks and cassettes of
solid-state LEDs. The influence of parameters

and modes of plasma treatment, namely power,
time and type of working gas on the quality of
treatment is estimated. It is shown that plasma
treatment is a powerful tool for influencing the
surface properties of optical crystals, is effective
for removing metal oxide layers and is safe for
adhesive joints of crystals with a base.
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INTRODUCTION

The range of materials used in photonics products is
extremely diverse. The technological process of creating
photonic products usually includes a plasma processing
operation, the purposes of which differ: this includes
cleaning the surface from organic contaminants,
activating the surface for subsequent application of
thin-film optical coatings, modifying the surface
structure, reducing roughness (ion polishing), and
hydrophilization and hydrophobization. It is possible
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L1l [TOBEPXHOCTH /ISl MOC/Ie[yIoIero HaHeCeHUsI TOH-
KOIUIEHOYHBIX ONTHYECKUX ITOKPBITHI, MOTU(HKALIS
CTPYKTYpBl IIOBEPXHOCTH, CHH’KeHHE IIepOXOBATOCTH
(MOHHAsl MOJIHPOBKA), IpHUIaHHEe TMIPOQUIBHBIX HIN
ruapodoOHBIX CBOMCTB. MOKHO BBIAEIUTH TaKHe KPYII-
Hble HaIlpaB/lIeHHs, KAk Ja3epHasl TexHHKa [1], TecHo
CBsI3aHHasl C HeM HHTerpasbHasi [2-4] U BOJIOKOHHAas
ONTHKA [5, 6], MONUKPUCTAIINYECKHEe OIITHUeCKHe MaTe-
puansl [7] u gp.

OTzenbHBIM HHTepeC IpeCTaB/sieT ILIa3MeHHas
06paboTka ONTHYECKUX KPUCTA/UIOB (8, 9] U TBepHoTens
HBIX CBeTomuonos [10, 11].

B cTaThe IIpHBeeHbI Pe3yIbTaThl BIUSHUS 00paboTKU
B II/Ia3Me T/IEIOLIero pa3psia Ha CBOMCTBA ONTHYECKHX
KpUCTa/U10B ZnGeP, U KacceT C YUIaMH TBep/IOTe/IbHBIX
CBETOAHOIOB.

OBOPYOBAHUE A1 MJIASMEHHOMN
OBPABOTKM MOBEPXHOCTEW

HccnemoBaHus IIPOM3BOIM/IKMCE B YCTAHOBKAX IlIa3MeH-
HOHM obpaborku MPC (puc. 1) IPOM3BOACTBA POCCHH-
ckort koMmaHuu GNtech (OOO «[[RU3HTEX, pe3UIeHT
MHHOBALIMOHHOTO IleHTpa «CKOIKOBO») [12]. YCTaHOBKU
SIBJISIIOTCSL OT€YeCTBEHHOM Pa3paboTKOM, BBIITYCKAIOTCS
CepUIHO K I10 CBOMM XapaKTepPHUCTUKAM K QYHKLIHOHATY
II0JTHOCTBIO COOTBETCTBYIOT 3apyOesKHBIM aHa/IOTaM.

Jlns 06paboTKM ONTHYeCKHUX KPHUCTA/UIOB ZnGeP,
HCIIONB3yeTcs: 06paboTKa B IIIa3Me BBICOKOYACTOTHOIO
(BY) paspsioa B ycraHoBke MPC RF-12. 9To cBsI3aHO C TeM,
YTO MaTepHasl SIBJSeTCS OU3IeKTPUKOM, U B TakoM BY
IepeMeHHOM II0JIe C YacTOTOH 13,56 MIL 3/1eKTPOHBI
obecrieurBaiOT 3QPeKTUBHYIO HEHTPAIHU3ALIKIO TI0/IOKH-
TEJIHOIO 3apsifia, BOSHHKAIOIIETO0 Ha IOBEPXHOCTH IIOJ-
JIO>KeK IPU MX B3aMMOJEHNCTBUHU C IOJIOKUTEIBHO 3aps-
SKeHHBIMH HMOHAMHU pabodvero rasa.

s 06paboTku KacceT € YHIIAMU CBETOLHOMOB
WCIIONIB3yeTcsl ycTaHoBKAa MPC LF-12 ¢ HHM3KOYaCTOTHOM
I1a3MoH 40 KI'1J, IIOCKOJIBKY OCHOBHBEIM 3/IeMeHTOM, Tpe-
byromumM 06paboTKH, SBISIOTCS MeTa/UIMYecKre PAMKH
CBETO/IMOZIOB, KOTOpble HEOOXOMMMO OYMINATh KaK OT
BO3MOSKHBIX OPTaHHYeCKUX 3arpsi3HEHUH, TaK U OT 0bpa-
3YIOLIMXCS OKCHJO0B, KOTOpble yXYAIIAIT ONTHYeCKHe
CBOKCTBA (K03)HULILEHT OTPasKeHHUS).

PE3Y/JIbTATbl UCCNEAOBAHUN

N NX ObCYXXAEHUE

O6pa3sLpl ONTUYECKUX KPUCTALIOB ZnGeP, - IUCKY LHa-
MeTpoM 30 MM H TOJIIMHOMN 2 MM. Llenbio 06paboTku
SIBJISIeTCSl MCCIefOBaHMe BIMSHHUS IapaMeTpoB obpa-
OOTKM IOBEPXHOCTH ONTHYECKOT0 KPHCTAIIA Ha Beld-
YMHY II0pora j1asepHoro paspymeHus (IUIP). s ompe-
JeneHus ITJIP KpHUCTa/IIOB MCIIONB3YeTCsS CTaHAApTHAas
MeTOAMKa «S-0n-1», oIrcaHHasl B MEKAYHAPOLHOM CTaH-
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to distinguish such large market niches of industrial
products, the manufacture of which involves plasma
processing operations, as laser technology [1], closely
related integral [2-4] and fiber optics [5, 6], polycrystalline
optical materials [7] and many others. Plasma processing
of optical crystals [8, 9] and solid-state LEDs [10, 11] is of
particular interest.

The article presents the results of the effect of glow
discharge plasma processing on the properties of ZnCeP,
optical crystals and cassettes with solid-state LED
chips.

EQUIPMENT FOR PLASMA SURFACE
TREATMENT

The experiments were carried out in MPC plasma
processing units (Fig. 1) manufactured by the Russian
company GNtech (CNtech LLC, resident of the Skolkovo
Innovation Center) [12]. The units are a domestic
development, they are mass-produced and in their
characteristics and functionality fully correspond to
foreign analogues.

For processing ZnGCeP, optical crystals, plasma
processing of a radio-frequency (RF) discharge in the
MPC RF-12 unit is used. This is due to the fact that the
material is a dielectric, and in such an RF-alternating
field with a frequency of 13.56 MHz, the electrons provide
effective neutralization of the positive charge that occurs
on the surface of the substrates when they interact with
positively charged ions of the working gas.

For the processing of metal materials, an MPC LF-12
installation with a low-frequency plasma of 40 kHz is
used. For example, it is used to process cassettes with
LED chips. The reason is that the main element of the
product that requires cleaning is the metal frames of the
LEDs. They need to be cleaned both from possible organic
contaminants and from the resulting oxides, which
degrade the optical properties (reflection coefficient) of
the final LED product.

RESEARCH RESULTS

AND THEIR DISCUSSION

Samples of ZnGeP, optical crystals are disks with
a diameter of 30 mm and a thickness of 2 mm.

The purpose of the treatment is to study the effect of
the technological parameters of RF plasma treatment
of the surface of an optical crystal on the efficiency of
removing residual products of crystal polishing (organic
contaminants), which in turn affects the value of the
laser destruction threshold (LDT). LDT is directly related
to the amount of contamination of the crystal surface [9],
therefore, its value may also be used to judge the quality
of plasma treatment. The standard “S-on-1” technique is
used to determine the LDT of crystals (see international
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Japre ISO 11254-2, KoTOpast II03BOJISET y4YeCTh BEPOST-
HOCTHBIM XapaKTep ONTHYecKoro Impobos. IlapaMeTpsl
06paboTKu IpHBesieHbl B Tabnulle. Kak IMoKasaIu u3me-
peHHs, Ha KadecTBO 06paboTku 6oree CUIbHOE BIHSHUE
OKa3bIBaeT MOIIHOCTD, BKIablBaeMas B paspss.

Lenplo IIAMeHHOM 0OpaboTKHM KacCeT CO CBEeTOU-
ONHBIMU KPHCTA/UIAMHU SIBJISIETCS y[ajleHHe OKCHIOB
C MeTa/UIMYeCKUX PaMOK (Meflb C cepeOpSIHBIM IIOKPBI-
THeM) /JIsI BOCCTAHOBJEHMSI OTpPakalollel CIocobHo-
cTH cepebpa, a Takke ITPOBEPKa BIHSHUS ITa3MeHHOM
06pabOTKH IIPOUHOCTH KJIEEBOTO COeNHUHEHMS KPUCTALIA
Y OCHOBaHHSI.

O6paboTka ITPOBOAUTCSA B ILIa3Me HH3KOYaCTOTHOIO
(40 k') TreroIero paspsga HpH MOIIHOCTIX 50, 100
1 200 BT. BpeMst 06paboTKH coCTaB/sieT 3 MUHYTHI. Pabo-
YUK ra3 - aprod. M3obpakeHus obpaslioB [0 U IOCTE
06paboTKH IIpHBeeHEl Ha PUC. 2.

Habnromaercs: BU3yaibHOe M3MeHeHHe LIBeTa — C Kell-
ToBaTOro (OKCHM) /10 cepebprcToro. IIpu 3TOM pa3HUIIBL
Mexny obpasuaMu, obpaboTaHHBIMHM IIPH PA3THYHOMN
MOIIHOCTH, He 3aMeueHO. [IpoYHOCTh KJ1eeBOI0 CoefrHe-
HMS He HapylleHa.

J1J1 TOTIOJTHUTE/ILHOM OLIeHKH BJIMSIHUS [I/Ia3MeHHOM
06paboTKH ITPOYHOCTH KIIEeBOr0 COeNUHEHMSI ITPOBeieHa
o6paboTka mpu momHocTH 200 BT B TeueHHe 10 MUHYT.
IIpo4HOCTh KJICEBOIO COeNHMHEHMs He HapylleHa. Busy-
a/IpHO obpasel] BBIIVISAUT TaK >Ke, KaK K 00pasiipl, 0bpa-
GoTaHHBIEe IPX MeHBbIIIeM BPeMeHH.
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standard ISO 11254-2), according to which the probabilistic
nature of the optical breakdown is estimated.

RF plasma treatment is carried out in the medium
power range (50 W and 100 W) provided by the MPC
RF-12 plasma treatment unit, mainly in an oxygen
environment. To assess the effect of the gas type, one
of the experiments was carried out in an argon medium.
The parameters of the RF plasma treatment and the
results of the LDT measurement are given in the table.

As measurements have shown, the LDT has a higher
value in a crystal processed at a higher power of 100 W
in an oxygen medium. An increase in processing time
from 1to 5 minutes, but at a lower power of 50 W does not
show an increase in LDT.

The purpose of plasma treatment of cassettes with LED
crystals is to remove oxides from metal frames (copper
with silver coating) to restore the reflectivity of silver, as
well as to check the effect of plasma treatment on the
strength of the adhesive connection of the crystal and the
base.

The treatment is carried out in a low-frequency (40 kHz)
glow discharge plasma at capacities of 50, 100 and 200 W.
The processing time is 3 minutes. The working gas is
argon. Images of samples before and after processing are
shown in the Fig. below.

There is a visual change in color - from yellowish (oxide)
to silver. At the same time, there was no visual difference
in the quality of surface treatment (i. e., a more noticeable
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N2 o6pasua CTOpOHa Ancka kpucrtanna MouwHoCTbBY, BT Pabo4ni ras Bpems, MuH MNP, Ax/cm2

Sample No. Side of the crystal disk RF discharge power, W Working gas Time, min LDT, J/cm?
CropoHa 1 50 0, 1

1 0,5
CropoHa 2 50 O, 2
CropoHal 50 o, 5

2 0,5
CropoHa 2 50 Ar 1
CropoHa l 100 0O, 1

3 0,6
CropoHa 2 100 0O, 3

3AKJTFOYEHUE color change) between samples processed at different

[IpoBeseHHBIE 3KCIIEPHMEHTHl I10 BIMSHHUIO I1apame-
TPOB IJIa3MeHHO! 06pab0TKH [TOKA3bIBAIOT, YTO B C/Iydae
C ONTUYEeCKHMH KPUCTUIIAMH OHA SIBISIETCS 3deKTHB-
HBIM HHCTPyMEHTOM BJIHSHHS Ha CBOMCTBA IIOBEPXHO-
ctd. OIHAKO IOMCK ONTUMAIBHBIX I1aPaMeTPOB (MO
HOCTb, [UIMUTEIBHOCTh 00pabOTKM M COCTaB TIa30BOM
cpenbl) HeobXOAMMO IOAOMpAaTh 3KCIIEPHMEHTAIbHBIM
IyTeM, JIs1 4ero TpebyeTcst HCII0MIb30BaTh 060pyIOBaHMUeE,
HaIIpHMep YCTAaHOBKU IUIa3MeHHOHM 06paboTKH KoMIIa-
Huu GN tech cepum MPC, m03BONSIOIEe BapbHUPOBATH
MaKCHMaJbHOE KOJIMYeCTBO IIapaMeTpoB 06paboTKu
Y COXPaHSTb B BUJIEe PELENTOB Hauboree MOOXOASIIME
IJIS1 KX TIOCTIeYIOIIEro BOCIIPOM3BeIeHUSI [TPU CEPUIHOM
ITPOM3BOJCTBA.

s obpaboTku Oormee CTOMKUX K BO3AEHCTBHIO
IUIa3MBl MaTEPUAIOB, TAKUX KaK META/THYECKHEe PAMKH
TBEPIOTENIBHBIX CBETOLMOLOB, BO3MOKHO HCIIONB30BaTh
06paboTKy B I0BOJIBHO IIMPOKOM /IMAIIa30He MOIIHOCTEH.
JIOTIONHUTEIBHBIM [TPEMMYILECTBOM IIa3MEHHOM 06pa-
BOTKH TaKKe SIBJISETCS COXPAaHEHHe IIPOYHOCTH KIeeBbIX
COEMHEHUH, IIPUCYTCTBYIONINX B U3ENUSX II0L0OHOr0
THIIA.

capacities. The strength of the adhesive connection is not
affected.

For an additional assessment of the effect of plasma
treatment on the strength of the adhesive connection, RF
discharge plasma treatment was carried out at a power of
200 W and a duration of 10 minutes. It is confirmed that
the strength of the adhesive connection is not affected
and is preserved. Visually, the sample looks the same as
samples processed over a shorter period of time.

CONCLUSION

Analysis of the results of the experiments conducted to
study the effect of plasma processing parameters showed
that the plasma formed in the unit is an effective tool
for influencing the physical and mechanical properties
of the surface of optical crystals. The selection of suitable
process parameters (RF discharge power, processing time
and composition of the gas medium) needs be carried out
experimentally, which requires the use of equipment,
for example, plasma processing units of GN tech MPC
series. These installations make it possible to vary the
values of the maximum number of operating parameters
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Puc. 2. Pamku memanauyeckux ceemoduodos: a) 9o naas-
MeHHoU 06pabomku; b) nocae naazmeHHol 06pabomku
Fig. 2. Frames of metal LEDs: a) before plasma treatment;
b) after plasma treatment

when choosing optimal plasma treatment conditions
and save these data as recipes corresponding to the high
reproducibility of the characteristics of the products being
created during mass production.

For processing more plasma-resistant materials, such as
metal frames of solid-state LEDs, the MPC LF-12 installation
provides a choice of process conditions in a fairly wide
power range from 50 to 200 W. An additional advantage of
plasma treatment is also the preservation of the strength of
adhesive joints present in products of this type.
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