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BBE/JLEHUE

B POALI-BHHUHUT® npoBoasATCS 3KCIIePHUMEHTHI
I10 MCCJIeIOBAHUIO CIIeKTPaJIbHBIX IIP06eroB H3iy-
YeHH s Ha MOIIHBIX JIa3ePHBIX YCTAHOBKAX C yJIb-
TPaKOPOTKOM ATHUTE/NbHOCTbIO HMIIy/Ibca. Hes
3KCIIePHMEHTOB 3aK/I04uaeTcsi B 6BICTPOM Harpese
ToHKoro (0,1-0,4 MKM) IIJIOCKOTO CJIOS Hcceny-
emoro BemecTBa (Al, Cu, Au...) yIbTpaKkopoT-
KHM JIa3ePHBIM MMIIYJIbCOM U HU3MePEeHUHU CIIeK-
TPOB PEHTIeHOBCKOM 3MUHCCHUU (IIOIOLEeHMS)
HarpeToro cjios. [y npefoTBpallleHHs pa3jeTa
CJIOSI MCCJIeIyeMOTO BelleCTBa OH IIOMellaeTcs
B 06K/IaAKH K3 JIETKOI'0 TyTOIJIaBKOI0 MaTepHuasa
(B, C, CH, Be) c TOJIIKUHOM OT 1 10 4 MKM, KOTO-
PBIH IOJHOCTbIO HOHH30BAaH H IIpO3padeH
JIJ1S1 BBIXOZSILETO U3JIyYeHH sl BHYTPeHHero 3axo-
poHeHHoro cyos [1]. [ oTpab0oTKH TeXHOIOTHUHU
HM3rOTOBJIeHU S TaKKUX MHUIIeHel 6bl1a BoI6paHa
KOHCTPYKIUMs B-Al-B. MuIleHu IpejcTaB-
JSII0T C060K MHOTOC/IOMHYI CBOOOLHOBHCSIIY IO
IIJIGHKY, 3aKpeIlJIeHHYI0 B OIlpaBKe M3 HepsKa-
BeIollel CTaJIM C OTBepCTHEM JHaMeTpoM 1 MM
(puc.l). Kosn4yecTBO M BapHaHTHI TOJIIIHH C/I0€eB
npuBeeHsl B Tabn.l. [l olleHKHU HeobXomu-
MBIX BAPHAaHTOB MHUIIeHeH 10 TONIIKNHAM CJI0eB
KCIT0/IB30BaHEI paboTsl 2, 3].

OTPABOTKA TEXHOJIOTUWU U3rOTOBJIEHUS
MHOTIOC/IOUHbIX TOHKONNEHOYHbBIX JIA3EPHbBIX
MULLEHEN

[TonydyeHHe TOHKHX CJI0€B MHUIIEeHeHN POU3BO-
AHJIOCHh C IIOMOIIbI0O MAaTHETPOHHOIO PacCIIblile-
HUS (1151 Al) 1 3JIeKTPOHHO-JIy4eBOro UCIIapeHHU s

Tabauua 1. Mapamempsbl MmulleHel
Table1. Parameters of targets

TonuwuHa nepsoro
o6knago4Horo csos (B), MKM
Thickness of the first

cladding layer (B), pm

TonuwmHa uccneayemoro
matepuana (Al), MKm
Thickness of the tested
material (Al), pm

Onpaska
Holder

OTBepcTre 1 Mm
Hole 1 mm

O6knaakm (B)

/ Cladding (B)
3axopoHeHHbI cow (Al)
Hidden layer (Al)

Puc.1. KoHcmpykuus muweHu Al-B-Al
Fig.1. Al-B-Al target design

INTRODUCTION

At Russian Federal Nuclear Center - All-Russian
Research Institute of Technical Physics experiments
are conducted to study spectral runs of radiation on
high-power laser installations with ultrashort pulse
duration. The idea of the experiments is to rapidly heat
a thin (0.1-0.4 pm) flat layer of the substance under
study (Al, Cu, Au...) with an ultrashort laser pulse
and measure the X-ray emission (absorption) spectra
of the heated layer. In order to prevent the studied sub-
stance layer from evaporating, it is placed in covers
made of light refractory material (B, C, CH, Be) with
a thickness from 1 to 4 pm, which is fully ionised and

TonwuHa BTOporo
o6knapo4Horo cos (B), MKM
Thickness of the second
cladding layer (B), pm

2 2 0,1 2
3 4 0,1 2
4 1 0,2 1
5 2 0,2 2
6 4 0,2 2
7 1 0,4 1
8 2 0.4 2
9 4 0,4 2
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(nnst B). HaHeceHue 6ydepHoro ciost NaCl Beimosn-
HSJI0Ch METOLOM PEe3MCTHBHOIO MCIIapeHHs.

Ha mepBoHa4a/JbHOM 3Talle oTPaboTKHU Tex-
HOJIOTU M ObIJI0O MPUHSTO pellleHHe 0 HAHeCeHUU
obkysagouHoro cuosi 6opa Ha MOJJIOXKKY C HaHe-
ceHHBIM b6ydepHBIM cioeM NaCl. [JaHHBIH CIIO-
€06 1103BONIHUII OB ITOJIYyYUTH CBOOOLHOBHUCSINY O
mn1eHKy 6opa, Ha KOTOPYIO B JaJibHeHIIeM 6bII0
6Bl HaHECeHO MOKPhITHE M3 AJTIOMUHHUS U BTO-
po¥ ob6KIamOYHBIM cnoM bopa. OmHAKO, IpHU
MOMBITKAX CHSATUS MJIeHKH 6opa C MOATOXKKH
M3 CTeKJia MeTOAO0M QIOTALMH, IPOUCXOLHIIO ee
II0JIHOE pas3pylleHHe, NPeAIIoNoKUTeTbHO CBI-
3aHHOe C H36BITOUHBIM HaIllpsSI’)KeHHeM BHYTPHU
IIJIeHKH [4].

[TosToMy 6BLJIO pellleHO HaHeCTH 06KIafouHbIe
cnou 60pa Ha cBO6OTHOBUCAILYIO IIJIEHKY aTIOMHU-
HHSs. Ho Ipu MONbITKax HaHeCceHU I 06K/IaL0UHBIX
cioeB Ha Al Tonmuuon 0,1 u 0,2 MKM IIPOKHCXO-
IHJia ero gepopMalvsa U YaCTUYHOE paspylleHue
B IIpolecce popmupoBaHus cos 6opa, KM3-3a BO3-
HUKAION X HAallpS’KeHUH B IIJIeHKe. HaHeceHHe
>Ke 06KJIaJlOUHBIX C/I0eB Ha CBOOOMHOBUCSINYIO
naeHKy Al TonmuuON 0.4 MKM II0Ka3ajo, 4TO
JaHHAas TONIKMHA [IJIEHKH [I03BOJIIeT HAHOCUTh
Ha Hee Oop TonmMUHON 6oslee 1 MKM Ha KaXXIYIo
13 CTOpOH Oe3 HapyllleHHUS ee LeJIOCTHOCTH.

B KavecTBe IIOIJIOKKH, L/ U3TOTOBJIEHUS
MHIIeHeM, HUCI0/Ab30BaJICS JUCK U3 cTeksa KV.
Bybepusiit ciiort NaCl HanblIsiicst pe3UCTUBHBIM
criocoboM Ha YCTaHOBKe BAKYyMHOTO HaIlblJIeHHU I
VBH - 2M. IIpu OOCTHUK€HUU BHYTPHU BaKyyM-
HOM KaMepsl pabouero faBjieHU s, HaBeCKa COMH
HcIapsjach U3 HcIlapuTess KopobuaToro TuIma,
H3TOTOBJEHHOrO M3 MOJUOIAeHOBOM POIBIH,
IIpU Harpese 0 TeMIlepaTypbl UCIIaAPeHH s COH.
Hansinenue 6yoeproro cinost NaCl mpousBomu-
JIOCh HeIIOCpPe[CTBeHHO IepeJ HaHeceHHeM Al
Ha IIOAJIOXKKY, TaK KaK IIPH OJIUTEJIbHOM XpaHe-
HHUU II0JIJIOXKEK C HallblJIeHHBIM 6ydepHBIM c/loeM
IPOUCXOAUT abcopOLI KT MOIeKyJ BOABI M3 aTMOC-
depsl mteHKou NaCl, mpuBoasmas K yXyAIleHHIO
CTPYKTYPhI [IOBEPXHOCTH.

Jis mony4eHU s JIEHKH aJTIOMUHU S IIPUMEeH S~
JI0Ch MarHeTPOHHOe paclbljieHIe aJIOMHUHHUEeBOM
MHUIIEeHHM Ha ycTaHoOBKe BYMP-1. Ilommosxkka
C ImpeABapUTelbHO HaHeCeHHBIM ciaoeM NaCl
yCTaHaB/JIMBa/JaCh B META/IIMYECKOM IO JIOKKO-
Iep>kaTejle HeIIOCPeACTBeHHO Ha/Jl 30HOK pacIIbl-
JeHUsI MHUIIeHHU. [lepes MOAIOXKOHN yCTaHABIIH-
BaJlaCh MacKa M3 MeTaJl/In4eCKOk GOJIbI U C OTBep-
CTUSMU AHaMeTpoM 4 MM (AuaMeTp MHUIIEHH).
B xauecTBe pabouero rasa MCI0/Jb30BaJICsl AapPTOH.
I UCKIIIOUeHHs Ileperpesa HaHOCHUMOTO CJ10s
Al HanbIZIeHHe IIPOBOJHMJIOCH B HECKOJIBKO 3TAIIOB
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transparent to outgoing radiation of the inner bur-
ied layer [1]. The B-Al-B design was chosen to work out
the fabrication technology of such targets. The targets
are a multilayer free-hanging film fixed in a stainless
steel holder with a1 mm diameter hole (Fig.1). The num-
ber and variants of layer thicknesses are summarised in
Table 1. The works [2, 3] were used to evaluate the neces-
sary variants of targets by layer thicknesses.

DEVELOPMENT OF MULTILAYER THIN-FILM LASER TARGETS
MANUFACTURING TECHNOLOGY

Thin targets layers were obtained by magnetron sput-
tering (for Al) and electron beam evaporation (for B). The
NaCl buffer layer was deposited by resistive evaporation.

At the initial stage of technology development, it was
decided to deposit a boron cladding layer on a substrate
with an applied NaCl buffer layer. This method would
allow to obtain a free-hanging boron film on which
the aluminium coating and the second boron cladding
layer would be subsequently deposited. However, when
attempts were made to remove the boron film from
the glass substrate using flotation method, complete
destruction occurred, presumably due to excessive stress
within the film [4].

Therefore, it was decided to apply boron cladding lay-
ers on the free-hanging aluminium film. However,
at attempts to apply cladding layers on Al with thick-
ness of 0.1 pm and 0.2 pm it was deformed and partially
destroyed in the process of boron layer formation due to
the stresses arising in the film. The application of clad-
ding layers on a free-hanging Al film with a thickness of
0.4 pm showed that this film thickness allows to apply
boron with a thickness of more than 1 pm on each side of
the film without violating its integrity.

A disc of KU glass was used as a substrate for target
fabrication. The NaCl buffer layer was sputtered resis-
tively on a vacuum sputtering unit UVN-2M. When the
working pressure was reached inside the vacuum cham-
ber, salt suspension was evaporated from a box-type
evaporator made of molybdenum foil by heating to the
salt evaporation temperature. Sputtering of the NaCl
buffer layer was performed immediately before Al depo-
sition on the substrate, because during long-term stor-
age of substrates with a sputtered buffer layer, absorp-
tion of water molecules from the atmosphere by the
Nacl film occurs, leading to deterioration of the surface
structure.

Magnetron sputtering of aluminium target on the
VUMR-1unit was used to obtain aluminium film. A sub-
strate with a pre-applied NaCl layer was installed in a
metal substrate holder directly above the target sputter-
ing zone. A metal foil mask with holes of 4 mm diameter
(target diameter) was installed in front of the substrate.
Argon was used as the working gas. To exclude overheat-
ing of the applied Al layer, sputtering was carried out in
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Cc mepepriBaMu. KOHTPO/Ib TeMIIEPATYPhI IIPOM3-
BOAMJICS TEPMOIAPHBIM JAaTYKMKOM, 3aKpeIljieH-
HBIM Ha IIOJJIOKKOZepsKaTese.

3aKJIIOYHTENbHBIM 3TallOM M3TOTOBJIEHHUS
CBO6OOHOBHUCS e MJIEHKH aJIIOMUHUS SIBJIS-
JI0OCh ee CHSITHe CO CTeK/JISHHOMN IONJIOKKH
U 3aKpeIljieHue B oIlpaBKe. [IJig 3TOro IMOAJIOXKKY
C IIJIEHKOH OCTOPO>KHO HOTPYy>KaJ/Iu B JUCTHII-
JTHUPOBAHHYIO BOAY, IIOC/Ie pacTBopeHUs bydep-
HOTO CJI0s COMH IIJIeHKAa OTAe/si/1ach ¥ BCIIJIbI-
Bajia Ha IIOBEPXHOCTh. 3aTeM ee BblJIaBIHMBAIU
Ha OJHY M3 YacTeH ONpaBKU K3 Hep>KaBelollel
CTa/JIH TONIIMHOM 0.1 MM C OTBepCTHEM IO LieH-
Tpy 1 MM. 3aKkpelnjeHue IIJIeHKHU B OIIpaBKe IIPO-
BOJMJIOCH 32 CYeT 3a’KMMaHHUs ee MeXAY OByMs
YaCTSIMHU OINPaBKH C [IOCTAeAYIONel HX TOUeUHOH
CBapKOH.

HaHeceHMe TOHKHX OOKJAaHOUHBIX CJIOEB
6opa MpoMU3BOAUIOCh HA YCTAaHOBKe BY-2M 31ek-
TPOHHO-JIyueBbIM criocobom. [J/1s1 KpeIaeHUs
3aroTOBOK MHIIeHeH (IeHKa Al, 3akpemneH-
Hasl B oIlpaBKe) Ha IIOJJIOKKOepsKaTese, pa3Me-
IaeMOM B KaMepe YCTaHOBKH, K HUM IIpUBa-
PHBaJIMCh TOUEUHOM CBAapPKOK HOXKH H3 HUXPO-
MOBOM IIPOBOJIOKH TONIIHHOMN 0,8 MM, KOTOphIe
Iocje 3aBeplleHHs HaHeCeHHS 0OKIaJOUYHBIX
cnoeB 6opa ymananuck. IloAI0KKOgepKaTelb
C MUIIEHSAMH W CBHUIETENSIMH paclojarauacs
HeImoCpeACTBeHHO HaJ HMcIapuTejnem. B kaye-
CTBe MCIApUTe/sd NPUMEHSATHUCh TPpadUTOBbBIE
TUIJIH C KOCBeHHBIM OXJIakKgeHHeM. Tak Kak
InaeHKH 60pa MpPHU HCIONIb30BAHUU HCIApUTe-
Jem U3 yriepoa He sIBJASIOTCS YHCTBIMHU, Heo6-
XOIHMO OXJIa’KJeHHe THUIJIeH [I/Is IpefoTBpalle-
HHS B3aUMOJEHNCTBHUS MaTepHaaa TUIJIS C UCIIa-
pseMBbIM BellleCTBOM [5]. B KauecTBe HCIIapsieMOro
MaTepHaja HMCI0Jb30BaJICS IOPOUIKOOOpa3HBIH
6op (umcrora 99,99%). [1st HCKIIOUeHU S Pa3bpbI3-
FMBAaHKA MaTepuasia U3 TUIJIA B IIpolLecce KMcia-
peHus npefBapUTeIbHO IIPOBOAMJ/IOCEH €0 CIIeKa-
Hue. [IJIg UCKIIOYeHH s [leperpesa IMJIeHKH ajlio-
MUHHUS HallblJleHHe 6opa Ha KaXXIYI CTOPOHY
IIPOBOJMJIOCH B HECKOJIBKO 3TAIIOB C [IepepPhIBaAMHU.
B mpoiecce HaHeceHU s 6opa CKOPOCTh HaIIblJIe-
HUS Y TONIIKMHA [IJIEHKH KOHTPOIKUPOBAJIUCh aKy-
CTOOIITUYECKUM CIIeKTpopoToMeTpom AOS-3S.

HaneceHue 06KJIALOYHEIX CJI0eB 6opa mpo-
MCXOOMJIO 3a OBa LIMKJa, INPU OSMHAKOBBIX
mapaMeTpax Ha KaXAyl M3 CTOPOH MHUILIEHEeH.
Ha puc.2 npencraBjieH CHUMOK TOTOBOM MUIIeHH
B-Al-B, BBIIIOTHEHHBIN Ha MHKpocKome MEIJI
MC50T c 75-KpaTHBIM YBeIHYEHHEM.

H3MmepeHHe TONIIMH HOAYyYeHHBIX IIJIEHOK
ATIOMHHUS U 60pa MPOU3BOAUIIOCH 10 AaTUHU-
KaM-CBHeTeIsIM, KOTOpble yCTaHABIMBAIUCH

Fig.2. Target B-Al-B

several stages with breaks. The temperature was moni-
tored by a thermocouple sensor attached to the substrate
holder.

The final step in the fabrication of free-hanging alu-
minium film was its removal from the glass substrate
and fixation in the holder. For this purpose, the sub-
strate with the film was carefully immersed in distilled
water, after dissolution of the buffer layer of salt, the
film separated and floated to the surface. It was then
pulled out onto one part of a 0.1 mm thick stainless steel
holder with a1mm hole in the centre. The film was fixed
in the holder by clamping it between two parts of the
holder with subsequent spot welding.

Thin boron cladding layers were applied on the VU-22M
unit by electron-beam method. To fix the target blanks
(Al film fixed in a holder) on the substrate holder placed
in the chamber of the unit, legs made of 0.8 mm thick
nichrome wire were spot welded to them, which were
removed after completion of application of boron clad-
ding layers. The substrate holder with targets and wit-
nesses was placed directly above the evaporator. Graphite
crucibles with indirect cooling were used as the evapora-
tor. Since boron films are not pure when using carbon
evaporators, it is necessary to cool the crucibles to pre-
vent interaction of the crucible material with the evap-
orated material [5]. Powdered boron (99.99% purity) was
used as the vaporised material. To exclude splashing of
the material from the crucible in the process of evapora-
tion, its sintering was carried out beforehand. To avoid
overheating of the aluminium film, boron sputtering on
each side was carried out in several stages with breaks.
During the boron deposition process, the sputtering rate
and film thickness were monitored with an acousto-
optical spectrophotometer AOS-3S.

VoL.16 No. 52023 NANO INDUSTRY
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Tabauua 2. Mapamempbl U320mo8AeHHbIX MuLLieHell
Table 2. Parameters of prepared targets

1-npo6Has NnapTus MuLleHen

1test batch of targets

2-npo6Has NapTus MULLEeHeNn
2 test batch of targets

3-npo6Has napTus MULLEeHen
3 test batch of targets

MaTepuan TonwmHa, HM MNOTHOCTb, r/cM® | ToALWMHA, HM MNOTHOCTL, r/cM® | TOALWKMHA, HM MAOTHOCTb, r/cm?
Material Thickness, nm Density, g/cm? Thickness, nm | Density, g/cm? Thickness, nm Density, g/cm?
bop 897 +16 2,3+0,2 1457 +26 2,3+0,2 1840 £33 2,3+0,2
Boron

ANOMUHWNI 380+7 2,5+0,2 380+7 2,5+0,2 380+7 2,5+£0,2
Aluminium

bop 894+16 2,3+0,2 148027 2,3+0,2 1834+33 2,3+0,2
Boron

B HeIOCPeACTBeHHON 61HM30CTH OT MHUIIEHEH.
B KxauecTBe cBHUIETE/IS UCIIONb30BAIMCh CTEKJISH-
Hble IJIACTHUHEHI. [lepen cBUOeTeeM YCTaHABIIH-
BaJlach MacKa M3 MeTalJIn4ecKol ¢ponbru. TakUM
obpa3om, Ha He3aKPBITOM MOBEPXHOCTH obpa-
30BbIBajiaCh CTyneHbKa. CKAaHHUPYS €€ BBICOTY
Ha npodunomerpe FRT MicroSpy Profile c BepTu-
KaJIbHBIM pa3pelleHreM 6 HM, OIpeesisijiu TOJI-
IIKHY [OoJy4YaeMbIX c/loeB. B Tab.2 npuBemeHbl
Ppe3yabTaThl K3MePeHH I TOJIIHH CJ10eB U3Tr0TOB-
JTeHHBIX MUIIeHel. [IorpelHOCTh H3MepeHHUH
coctaBuia 1,8% mis 6opa U 2% — 0JI aJIOMUHUS.

ITorpeIHOCTH M3MepeHHUH TOJIIHH IIJIeHOK
paccuuTaHbl 10 popMyIie:

) 1)

roet, n-1- Ko3pduiueHT CThIOJEHTA.

PacueThl NPOBOAMUIUCE AJISI JOBePUTEIbHOH
BeposTHOCTH 0,95.

H3mepeHHe IMJIOTHOCTH IIOJYyYeHHBIX IIJIEHOK
IIPOBOJUJIOCH IIyTeM B3BeIIMBAHHUS CTEK/ISIHHOIO
CBUJeTess 4O HAIblJIEHUS U IOC/Ie U pacyeTa
o ¢popmyie:

(2)

b
<|B

romeV=m-r2-h.

[IorpemHOCTh M3MEpPEHUMN cocTaBuiIa 9%.
Pe3yspTaThl H3MePEHUH IIJIOTHOCTH IIJIEHOK IIPH-
BeeHbl B Tabi.2.

[IOorpeImHOCTH U3MEePEeHHUH IJIOTHOCTH IIJIEHOK
pPacCYMTaHBI 110 popMyIie:
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The boron cladding layers were deposited in two
cycles, with the same parameters on each side of the
targets. Figure 2 shows an image of the finished B-Al-B
target, performed on a MEIJI MC50T microscope with
75x magnification.

Thickness of the obtained aluminium and boron
films were measured using witness sensors, which
were installed in close proximity to the targets. Glass
plates were used as a witness. A metal foil mask was
placed in front of the witness. Thus, a step was formed
on the uncovered surface. Scanning its height on the
FRT MicroSpy Profile profilometer with a vertical reso-
lution of 6 nm, the thickness of the resulting layers was
determined. Table 2 summarises the results of layer
thickness measurements of the fabricated targets.
The measurement error was 1.8% for boron and 2% for
aluminium.

The errors of film thickness measurements are cal-
culated by the formula:

b (1)

where t, ,, ;is Student’s coefficient.

Calculations were performed for a confidence level
of 0.95.

Density of the obtained films was measured by
weighing the glass witness before and after sputter-
ing, and calculated according to the formula:

m
= — 9 2

P=y @
whereV=m-r?-h.

The measurement error was 9%. The results of film
density measurements are given in Table 2.
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Tabauua 3. Viccnedyembie 06pasupl
Table 2. Studied samples

N2 o6pasua

Sample No.

XapakTepucTuka

Characteristics

Fused powdered boron

1 CrinaBneHHbIV NOPOLWKoo6pasHbii 60p (99,99 %)

NoKpbITUSA 700 HM

2 BOp, HarblIEHHbIN 3/1EKTPOHHO-/Iy4eBbIM METOAOM Ha MAACTUHY U3 HEPXKABEILEN CTaW, TONLWMUHA

Electron-beam sputtered boron on stainless steel plate, coating thickness 700 nm

3 MwuweHb B—Al-B, TonwmHa cnoes 897 HM — 380 HM — 894 HM COOTBETCTBEHHO
B—Al-B target, layer thicknesses of 897 nm —380 nm — 894 nm respectively

4 ANOMUHMEBas CTpy>Ka (MaTepuan MarHeTpPOHHOW MULLIEHN)
Aluminium chips (magnetron target material)

Ap= J(%)Z+ (2 -%dj: (%}2 . )

HeHOCpe,I[CTBEHHO rmnepe HaIlblJIEHHEM IIPO-
BOAHJIACH CYLIKa ITOAJIOKEK AJIs yAa/IeHH S BlaT'H
C IIOBepPpXHOCTH H H3 IIOP CTeKJIa, SBHAYHUTEJIbHO
BJII/ISIIOH_IEI;I Ha HavyaJIbHBIH BeC IIOOJIOOKKH M COOT-
BEeTCTBEHHO Ha pe3yJ/IbTAThI I/IBMEPEHI/II;I.

UCCNAEAOBAHME CTPYKTYPbl U AHANIU3
XUMHWYECKOI0o COCTABA TOHKUX MJEHOK

N MATEPUANOB, UCMOJIb3OBAHHbBIX 414 UX
®OPMUPOBAHUA

[Jist olpeeeHUsI XUMHUYECKOr0 cocTaBa obpas-
LI0B, yKa3aHHBEIX B Tab6s1.3, ObIJ BBIIIOJIHEH aHa-
JIU3 [IPH MOMOIIK CKAaHHUPYIOIIEero 3/1eKTPOHHOTO
MHKPOCKOIIa, OCHAIleHHOI'0 9HeProJUCIIepCHOH-
HBIM CIIEKTPOMETPOM.

[nst onipefie/ieHHU S XUMHUYeCKOr0 3/IeMeHTHOTO
cocTaBa 13 obpasua N2 1 6b1J1 U3roTOBIEH MUKPO-
mand. XapakTepHBIM CHUMOK MHUKPOCTPYKTYPHI
MaTepuana obpasna Ne 1 ¥ peHTreHOBCKHe CIIeK-
TPBI C IOBEPXHOCTH Pa3/IMUYHBIX Ppa3 NIpUBeeHE
Ha pHC.3. BugHo, 4To obpasel; COCTOUT U3 IBYX
da3. B peHTreHOBCKOM CIIeKTpe C [IOBEPXHOCTH
TeMHOH a3bl PeTUCTPUPYIOTCS IMHUHU, IIPUHAL-
nexkamue 6opy (criekTp 24); cBeTnoM dassl - bop,
rapHUH, TUTAH (CIIeKTP 25).

Hanuuue npumMecen radHHUsS U THTaHa
B o6pasme N2 1 06yc/10BJIeHO BO3MOKHOCTBIO HX
NomnajgaHUs B THUILeIb, B Ipollecce CIeKaHUS
6opa, c 371eMeHTOB BHYTPHKaMePHOMN apMaTypEl
yCTaHOBKH BY-2M.

[nst oripefie/ieHHU s XMMHUYeCKOI0 3JIeMeHTHOTO
cocTaBa MaTepuana ob6paswoB N2 2-3 ¢ uX oBepx-
HOCTH OBI/IN ITOJ1y4eHbl PeHTI@eHOBCKHeE CIIeKTPHL.

The film density measurements errors are calcu-
lated by the formula:

(Rl eAE e

Immediately prior to sputtering, the substrates
were dried to remove moisture from the surface and
pores of the glass, which significantly affects onto the
initial weight of the substrate and, consequently, the
measurement results.

CnekTp 25| Spectrum 25

F]
i

[aHHble npoduns
no INHUM 2
Profile data on line 2

3B|Imp/sec, eV

ll/IMn/ceK.
L

Spectrum 25 Spectrum 24

o

CnekTp 24 | Spectrum 24

Mmn/cex, 3B | Imp/sec, eV ¥

Puc.3. XapakmepHbil cHUMOK MUKpocmpykmypbl 06pasua Ne 1
U peHmzeHo8cKuUe cnekmpbl ¢ N08EPXHOCMU pa3AUYHbIX Ga3
Fig.3. Characteristic image of microstructure of sample No. 1 and
X-ray spectra from the surface of different phases
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HAHOTEXHONOrMun

Y4acCToK C NOKPbITUEM
Coated section

YyacTok 6e3 nokpbiTus
Uncoated section

CnexTp 39| Spectrum 39 CnexTp 36| Spectrum 36

Imp/sec, eV]

vimn/cex, 3B [Imp/sec, ev

mn/cek, 3

F a . = K38 kEV| P a . + K38 | KEV]

Puc.4. PeHmzeHo8CcKue cnekmpsl ¢ nogepxHocmu obpasua Ne 2
Fig.4. X-ray spectra from the surface of sample No. 2

[lorpemHoOCTh aHa/JIK3a He HOpPMHpPOBaHa. 30Ha
reHepanuvy PeHTITeHOBCKOTO M3JIYyUeHUS IIPHU
aHa/IM3e 3axBaThbiBaeT BCIO TONNIKMHY B obpasiie
Ne 3, B o6pasiie N2 2 3axBaTbIBaeT IOJJIOXKKY.

CnekTp 4| Spectrum 4 I

| Imp/sec, eV,

“

Mmn/cek, 3B

¥ K3B | KEV]

400 MKM | p
—

Puc.5. PeHmzeHoscKue cnekmpbl ¢ nogepxHocmu 06pasua Ne 3
Fig.5. X-ray spectra from the surface of sample No. 3

STUDY OF STRUCTURE AND ANALYSIS OF CHEMICAL
COMPOSITION OF THIN FILMS AND MATERIALS USED
FOR THEIR FORMATION
To determine chemical composition of the samples
listed in Table 3, the samples were analysed using
a scanning electron microscope equipped with an
energy dispersive spectrometer.

To determine chemical elemental composition,
a polishing section was made from sample No. 1.
A characteristic photograph of the microstructure of
the material of sample No.1 and X-ray spectra from the
surface of different phases are shown in Fig.3. It can
be seen that the sample consists of two phases. In the

CHUMKN

B OTPaXKEHHbIX 3/1eKTPOHaX
(KOHTpPACT No aTOMHOMY HOMEpY
XUMUYECKOTO 3/1eMeHTa)
Reflected electron images

CHVMKM BO BTOPUUHbIX
3NeKTPOHax

(Tonorpacus nosepxHocTn)
Secondary electron images
(surface topography)

CHUMKM

B OTPAXKEHHbIX 3/1EKTPOHAX
(KOHTpacT No aTOMHOMY HOMepy
XMUMUYECKOr0 31eMeHTa)
Reflected electron images

CHVMKM BO BTOPUYHbIX
3NeKTPOHAX

(Tonorpagus noepxHoCT)
Secondary electron images
(surface topography)

(contrast by atomic number
of chemical element)

(contrast by atomic number
of chemical element)

Puc.6. CHUMKU nogepxHocmu mamepuana obpasua Ne 2
Fig.6. Images of the surface of the material of sample No. 2
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Puc.7. CHumMKu nogepxHocmu mamepuaana obpasua Ne 3
Fig.7. Images of the surface of the material of sample No. 3
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Tabauua 4. Xumuyeckuti 3nemMeHmMHbIl COCMas mamepuana 06pasios, eec. %

Table 4. Chemical elemental composition of sample material, weight %

XuMuyeckuin 3eMeHT, Bec. %
Chemical element, weight %

.

Ca Ni Mn
1 99,4 = = = = = = = = = 0,1 = 0,5
2 752 0,2 0,4 15,9 6,0 0,3 0,6 = = = 1.1 = -
3 89,7 92 0,2 0,7 0,1 + + + - g = ¥ -
4 - 99,9 - - - - - - - - - . -

MpumedaHume: "+" — cogepxaHme XMMmM4eckoro anemeHTa < 0,1 Bec.%.

w,n

Note: "+" - content of chemical element < 0.1 weight.%.

B peHTreHOBCKOM CIIeKTPe C IIOBEPXHOCTHU
NOKPBITHS B obpasie N2 2 perucTpuUpyIOTCS
AMHUU, NPUHAaAJeXallhe 60opy, aIOMUHHUIO,
MarHHIo, KUCJIOPOAY, KeJle3y, HUKeJI0, XPOMY,
THUTaHY, KpeMHHUIO (criekTp 39, puc.4). IIpu 3ToM
>KeJle30, HUKe/lb, XPOM, TUTAaH U KPeMHUH IIPHU-
HaJjaexxaT MaTepuaay MOATOXKH (creKTp 36,
puc.4). C yBepeHHOCTbIO MOXKHO CKa3aTb, 4To 6op,
AJIIOMUHUI, KUCIOPOA U MAarHUM IIPUHAJJIeXaT
TOJIBKO IIOKPBITHIO. Hanuuue aTlOMHUHUS U Mar-
HUS B IIOKPBITUHU MeHee 1% (Tabn.4).

Bua MHIIeHH B OlpaBKe K3 Hep>XKaBelleH
cranu (o6paser; N2 3) u peHTTeHOBCKHe CIIEKTPEL
C IOBEPXHOCTHU MHIIEHU IIPUBeJeHbl Ha PUC.5.
LludpamMu Ha CHUMKe 0b603HAUeHBl YUaCTKHU
cbopa crmekTpa. Pa3smep obinacTtu cbopa cmek-
Tpa B Ka’XJOH TOo4Yke COCTaBUI 70 x50 MKM.
XHUMHUYEeCKHUN 3JIeMeHTHBIM COCTaB MaTe-
puana obpasma N2 3 mpuBeJeH B CBOLHOU
Tab1.4 (pe3ynbTaThl yCPeLHEeHBl IO JAaHHBIM
C OSITH YYACTKOB).

Ha puc.6-7 mpuBeJeHbl CHUMKHU MOBEPXHO-
cTu obpasuoB Ne 2-3. [IoBepXxHOCTbh 06pa3LioB
HUMeeT BeIpakeHHBIN penbed, IMpeacTaBeHA
JacTULaMU chepryueckor ¢popMel. ITo CHUMKaM
B OTPa’KeHHBIX 37IeKTPOHaX (KOHTPACT 10 aTOM-
HOMY HOMeEPY XMMHUYeCKOro 3/ieMeHTa) BUIHO,
UTO B CTPYKType HeT OTHebHbIX BKIIOUYEHUH.
Bosee cBeT/able y4aCTKH Ha CHHMKax o0ycyoB-
JIeHBI BBICTYIIAMU CTPYKTYPHBIX COCTAB/ISIIOMIHX.

CHHMMOK BO BTOPUYHBIX 3JIeKTPOHAX I1OBEPX-
HOCTH CTPY>kKKH (06pa3ser; N2 4) 1 peHTIreHOBCKHe
CIIeKTPBHI C ee IOBEePXHOCTU MPHBeJeHbl Ha PUC.8.
B XMMHUYECKHUH 3IeMeHTHBIN COCTaB CTPYKKHU
BXOJIUT aIIOMUHUI, HAaTpui (Tabin.4).

X-ray spectrum from the surface of the dark phase,
lines belonging to boron are registered (spectrum 24);
of the light phase - boron, hafnium, titanium (spec-
trum 25).

The presence of hafnium and titanium impurities
in sample No. 11is due to the possibility of their pen-
etration into the crucible during boron sintering from
the elements of the in-chamber fittings of the VU-2M
unit.

To determine chemical elemental composition of
the material of samples No. 2-3, X-ray spectra were
obtained from their surface. The error of the analysis
is not normalised. The zone of generation of X-ray radi-
ation during the analysis captures the whole thick-
ness in sample No. 3, in sample No. 2 captures the
substrate.

In the X-ray spectrum from the coating surface in
sample No. 2, lines belonging to boron, aluminium,
magnesium, oxygen, iron, nickel, chromium, titanium,
and silicon are registered (spectrum 39, Fig.4). At the

CnekTp 47 | Spectrum 47

b CnekTp 46
; Spectrum 46

P m

L- . CnekTp 47
o hef Spectrum 47

=
e
CnexkTp48 .
Spectrum48.

e

Mmn/cek, 3B | Imp/sec, eV

Puc.8. CHUMOK 8 0mpa>keHHbIX 3AeKMpPOHAX N08epxXHOCMu 06-
pasua N2 4 u cnekmp ¢ e20 nosepxHocmu

Fig.8. Reflected electron image of the surface of sample No.4 and
spectrum from its surface
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HAHOTEXHO/OrUU

BbiBO/bl

B pesynpTaTe npomenaHHON paboTel oTpabo-
TaHa TeXHOJIOTUS U3TOTOBJIEHU S MHOTOCIOMHBIX
Ja3epHBIX MHUIIEHeN C 0OKIALOYHBIMH CIOSIMHU
M3 TYrONJ/JaBKOro Marepuajaa. M3roToBaeHBEI
IIpobHBble NapTHH MUIIeHeH. [IorpemHOCTb H3T0-
TOBJIEHU S TOJIIIHMH CjJI0eB He HpeBbicHUIa 10%,
IIOTPEIIHOCTb U3MepeHHU U TOJIIUH CJI0eB He IIpe-
BBICHIA 2%, IOTPEIIHOCTh U3MePeHHU M IIJIOTHOCTHU
cnoeB 9%. [TpoBefleH XMMUYECKUH aHAIN3 MHIIIe-
HeH U 06pa31ioB MaTepHala.

[anpHelIlee HallpaBjleHHe B Pa3BUTHHU pabot
10 M3TOTOBJEHHIO MHOTOCJONHBIX Ja3ePHBIX
MUlIeHen B-Al-B BUIOUTCH B r[o,uﬁope OIITHU-
MaJIbHBIX Pe’KHMOB U [IapaMeTpPOB HaIllblJIeHU S,
HMCKJII0YAIIHUX [I0OBPesKIeHKe CBOOOJHOBHCS I N
IIJICHKH aJIIOMHUHHS H3-3d BOSHUKAIOIIHUX HAIPs-
KeHUH B GopMHpyeMBIX ciosix 6bopa. JaHHAS
npobsema ocobeHHO aKkTyalbHa IIPU YMeHbIlIe-
HHUU TOJNIUIHUHBI IIJIEHKHU aJIOMUHUSA g0 100 HM
Y yBeJIMYeHHUH TONIIUH 06KIaJ0OUHBIX C/I0eB 6opa
0 4 MKM.

WHO®OPMALNA O PELLEH3UPOBAHUU

Pemakuus 6arofapuT aHOHHMHOTO pelleH3eHTa
(peLeH3eHTOB) 32 UX BKJIAJ B PelleH3HpPOBaHUE
3ToX paboThl, a Takke 3a pa3MelleHHe CTAaTeHd
Ha CaMTe KypHaja U lepefavyy UX B 3JIeKTPOHHOM
Buge B HOB6 eLIBRARY.RU.

Jekaapauus o KOHPAUKMe UHMepecos. Asmopbl 3096~
Aflom 06 omcymcmeuu KOHPAUKMO8 UHMepPecos UAU AUY-
HbLX 0MHOWeHUL, Komopble Mo2Au bbl nosAUAMb Ha pabomy,
npedcmasaeHHyto 8 daHHOI cmamee.
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same time iron, nickel, chromium, titanium and silicon
belong to the substrate material (spectrum 36, Fig.4). It
is safe to say that boron, aluminium, oxygen and mag-
nesium belong only to the coating. The presence of alu-
minium and magnesium in the coating is less than 1%
(Table 4).

The view of the target in a stainless steel holder (sam-
ple No. 3) and X-ray spectra from the surface of the tar-
get are shown in Fig.5. Numbers on the image indicate
the areas of spectrum acquisition. The size of the spec-
trum acquisition area at each point was 70 x 50 pm. The
chemical elemental composition of the material of sam-
ple No. 3is given in the summary table 4 (the results are
averaged over the data from 5 sites).

Figs 6-7 shows images of the surface of samples
No. 2-3. The surface of samples has a pronounced
relief, represented by spherical particles. The
reflected electron images (contrast by atomic num-
ber of chemical element) show that there are no sepa-
rate inclusions in the structure. The lighter areas on
the images are caused by protrusions of structural
components.

The secondary electron image of the chip surface
(sample No. 4) and X-ray spectra from its surface are
shown in Fig.8. The chemical elemental composition of
the chips includes aluminium, sodium (Table 4).

CONCLUSIONS

As a result of this work, the multilayer laser targets
manufacturing technology with cladding layers made
of refractory material has been developed. Trial batches
of targets were produced. The manufacturing error of
layer thicknesses did not exceed 10%, the error of layer
thickness measurements did not exceed 2%, the error of
layer density measurements 9%. Chemical analysis of
targets and material samples was performed.

The further direction in the development of our work
on the fabrication of multilayer B-Al-B laser targets is
indicated in the selection of optimal modes and param-
eters of sputtering, excluding damage to the free-hang-
ing aluminium film due to stresses in the formed boron
layers. This problem is especially relevant when the alu-
minium film thickness is reduced to 100 nm and the
thickness of boron cladding layers is increased to 4 pm.
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