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BBenenue

JlaHHOE PYKOBOJICTBO MpeIHA3HAYEHO ISl HACTOSIIMX M OyIyIuX mojb3oBareneit mporpammbl Multifitting u
HaIMCcaHo e€ aBTOPOM. 371eCh OYJIET CKa3aHO O Ha3HAYCHHUH MTPOrPaMMBI, O TOM, KaK Ha4yaTh €i 1M0JIb30BaThCs, a
TaK)Ke MCYEPIBIBAIOINIAs WHGOPMAIUS O JOCTYIMHOW (DYHKIIMOHATHLHOCTH W MOJB30BATEIILCKOM WHTEpQerice.
OTOT JNOKYMEHT OyAeT OOHOBJIATHCS BMECTE C OOHOBJICHHMEM IPOrpaMMbl (M JaKe dballe), YTOObI Bcerma
OTpaXkaTh aKTyallbHOE cocTosHUE nen. HTepderic mporpaMMbl MPEICTABICH TOJIbKO HA aHTJIMHCKOM S3bIKE, a
JJAHHOE PYKOBOJCTBO — Ha JIBYX f3bIKaX: PyCCKOM M aHIVIMMCKOM. [IOCKONbKY aHIMIMHCKUN — HE MOM pOJHOU
SI3BIK, B aHTJIMHACKOW BepCHH OyJIeT HEMaJjio TpaMMaTHYECKUX, CTHIINCTHYECKUX M MPOYNX JIMHIBUCTHYECKUX
ommnOoK. BripodeMm, B pycckoii Bepcuu oHH Toxke OymyT. Tak 4To eciu BB BUIWTE OMUOKY — MUIINTE MHE Ha

ANIEKTPOHHYIO oYty svechnikovmv@gmail.com.

Hns dero mpenHazHaueHa 3ta mporpamma? OCHOBHas 3aJada — YHCICHHOE MOJCIMPOBAaHUE OTPAKCHHS U
MPOMYCKaHUS U3ITy4EHHsI MHOTOCIOWHONW CTPYKTYpOH. JTO, B CBOIO Ouepeab, TpeOyeTcs /Ui AUArHOCTHKH
CTPYKTYP, OLIEHKH 3()(HEKTUBHOCTH OTPasKAIOIINX MOKPHITUH 1 MPOIMYCKAIOMIUX a0COPOIMOHHBIX (QUIBTPOB, a
TaKXe JJIsl pa3pabOTKU MOKPBITHH ¢ 3aJaHHBIMU ONTUYECKUMH cBoMicTBaMH. [1oa u3mydeHneM 37ech B IepBYIO
ouepeb MOHUMAETCS TII0CKasi MOHOXPOMAaTHIeCKasi BOJTHA, HETPEPBIBHO Majaatomias Ha o0pasel. J[imrHa BoIHBI,
B IPUHIUIIE, MOXKET OBITH JIF00OH, HO 0a3a ONTHYECKUX KOHCTAHT B NMEPBYIO OUYEpeb NpeHa3HAueHa IS
JMara3oHa OT PKCTPEMaIbHOTO yibTpaduonera 10 skéctkoro peHrreHa. B mmuuaax Bosd 3to 0.01-100 HM, 1o
sHepruu poronoB — 0.01-100 k3B. MHorocnoiiHas cTpykTypa (IIaHapHas) MOXKET COJIep)KaTh BHEIIHIOKO
cpeny, MOUIOKKY, OTACTBHBIC CIIOH, TEPHOANIECKIE YIACTKU IPOM3BOIEHOM CTENICHU BIOKEHHOCTH C YHCIIOM
ClO€B B Tepuoje >2, anepuoAndecKue Y4acTKu. KakIplil cJIOM CTPYKTYphI XapaKTepH3yeTCsl MaTepHaIoM,
TUIOTHOCTBIO, TOJIIMHON, HHTEep(deiicoM Ha BEpXHEH rpaHuIle JAHHOTO CIIoS. MaTepuall MOKeT OBITh 3a/1aH 110
Ha3BaHUIO (KaK MPaBHJIO, XUMHYECKas (OpMyIa), MU HAIMYUU ONTHYECKUX KOHCTAHT B 0a3e JaHHBIX, WM
COCTaBJICH U3 OTJIEIBHBIX XMMHUUYECKHX AJIEMEHTOB C MPOM3BOJIHBIMU CTEXHOMETPUIECKIMHU COOTHOLICHHSMH.
Multifitting MokeT UCHoabp30BaTh 0a3zy onTHYECKUX KOHCTAaHT mporpammbl IMD. MexcioeBbie naTEpderich
XapaKTepU3YIOTCsl CPEIHEKBapaTHYHOW MMpUHOW © M BuaoM mnpodums. Multifitting taxke mo3Bossiet
YUUTHIBATh PSIJI alapaTHBIX (YHKINH, HCKKAIOIINX HAOII0JaeMyI0 BEIMYMHY, TAKUX KaK KOHEYHOE YTII0BOE
W JHEPreTUYecKoe pas3pelieHue, MOJSpU3aLus, paccessHHbIN (QOH, «3(eKT ciuena» B CKONB3AMINX YIiax B
3aBUCHMOCTH OT Pa3MepoB 00pasiia 1 30HIUpyoIIero myuka u gpyrue. Multifitting paccunTbiBaeT ogHOMepHbBIC

3aBHUCUMOCTHU OIITHYCCKHUX Q)YHKHI/II\/'I OT yrIJjia CKOJIbXXCHUA WIW JJIMHBI BOJIHBI.

HOZ[O6HI)IC IIporpaMMabl 1JId YUCIICHHOTO MOACIIUPOBAHUA OIITHYCCKUX CBOWCTB CIIOMCTBIX CTPYKTYP CO3Oar0TCA
perymsipHo, Kak OecrmyiatHele Tak KoMmMepdeckue. Ilpumepst  OecrulatHbix  mporpamm:  IMD
(http://www.rxollc.com/idl/,[1]), GenX (http://genx.sourceforge.net,[2]), REFLEX
(http://reflex.irdl.fr/Reflex/reflex.html,[3]), = BornAgain  (https://www.bornagainproject.org,[4]). Cpemn

NepeyrCICHHBIX MHCTPYMEHTOB HanOoJIee MUPOKOi (pyHKIMOHATIBHOCTBIO 00naaet BornAgain, Ho, moxkanyi,
camas M3BeCTHas U HanboJyiee MacCOBO UCIOJNIb3yeMas Ul pa3pabOTKU M AMAarHOCTUKU PEHTICHOONTHYECKHX

MOKPHITUI M CBOOOAHOBUCALIMX CTPYKTYp — 3T0 IMD. 3a Oonee uwem 20 ner ona crana (akTudecku
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CTaHAAPTHBIM HWHCTPYMCHTOM B pCHTFCHOBCKOﬁ ontuke. MMenHo eé I/IHTep(l)eﬁc n (bYHKI_II/IOHaJ'IBHLIC

BO3MOYKHOCTH I B3sIJT 33 DTAJIOH M aIalITUPOBAIT TS psaa 3amad.

Multifitting obmamaer uaTEpdEiicoM, CIENHATBEHO MPeIHA3HAYCHHBIM IS OBICTPOrO M3MEHEHHS IapaMeTPOB
CTPYKTYpPbI H MTHOBEHHOT'O OTOOPayKEHHUS PE3YJIbTATOB. ITO BAKHO MPH Pe(PIEKTOMETPHUECKON TUATHOCTHKE
00pasIoB, Korja MoJedb CTPYKTYpbl TOYHO HE HM3BECTHA, M TPeOYyeTCs BPYYHYIO PACCMOTPETH MHOMKECTBO
BapuaHToB. [Ipy yacTOM perieHur Mo J00HBIX 33/1a4 BOIPOCHI SPrOHOMHUKH HHTEp(deica BBIXOIST Ha IEPeIHIIA
wiad (Mpy HATMYuK TpedyeMoii pyHKIIMOHATBHOCTH, pasymeeTcs), moatomy Multifitting pekomenyercs Bcem,
KTO 3aHMMAeTCs] PEHTTCHOBCKOM IMArHOCTHKOW TOHKHMX IJIEHOK W B OCOOCHHOCTH — TEM, KTO JIENAeT 3TO

peryisipHo.

BasoBas undopmarnus o Multifitting omy6iukoBana B xypuane Journal of Applied Crystallography [5]. TTpu

MyOJMKAIUK BalllMX PEe3yJIbTaTOB, MOJYYEHHBIX ¢ momomsio Multifitting, mpocsba cchutaThest Ha 3Ty CTAaThIO.

YcraHoBKa U 3aIIyCK

Multifitting noctynen s Widows (naurnas ¢ Windows 7) u Linux. CkadaTh ero MoXHO ¢ caiita Jlabopatopun
peHTreHoBckoi onTtuku HHctuTyTa (usmkn MHKpocTpyKTyp Poccuiickoit akamemun Hayk. Crpanuia Ha

PYCCKOM: http://xray-optics.ru/products/software-multifitting/ w  wa  aHDIHiICKOM: http://xray-

optics.org/products/software-multifitting/. TIporpamma OecriatHa assi BCeX MOIb30BaTEINCH.

Windows
yCTaHOBKI/I KakK TaKOBOﬁ HEC TpeGyeTCﬂ, JOCTATOYHO CKa4yaTb apXI/IB, paCHaKOBaTL ero " SaHYCTI/ITB

UCIIONHSEMbIH (aiiil. B 3aBUCHMOCTH OT pa3psiTHOCTH OINEPAIl[MOHHOM CUCTEMBI CIIEIyeT 3amycKarh (haili u3
COOTBETCTBYIOIICH TAIKU: “Multifitting_v.X.Y.Z/windows_x64/Multifitting.exe” Wwin
“Multifitting_v.X.Y.Z/windows_x86/Multifitting.exe”, rone “X.Y.Z” — nHomep Bepcuu. Ecmu 3amyckarb
Multifitting 13 KoMaHHO¥ CTPOKH, TO B CIy4ac BOSHUKHOBEHHUS OIIMOKH U aBAPUIHOTO 3aKPBITHS TPOTPAMMBI

MOJKHO OyJIET IPOYNTATh KO OIIMOKHU, YTOOBI B JaJIbHEHIIIEM COOOIIUTH O HEM.

Ecim IIpH 3aI1yCKEe IMMPOrpaMMbI BbI ITOJIYyHaCTE CIICAYIOLICC COO6H_I€HI/I€Z

f ¥ | 3anyck NporpaMmel HEBOSMOMKEH, TAK KAK HA KOMMBHITEE OTCYTCTEYET
Sl MSVCP140.dIl. NMonpoByiiTe NepeycTaHOBITE NpOrpammMy.

oK

TO 3TO O3HAYACT OTCYTCTBUC “CTaH,Z[apTHLIX” CHCTEMHBIX OMOIMOTEK B CUCTEME. I/ICHpaBI/ITL 9TO MOKHO, CKa4aB

ycranoBounblii maker ‘“‘Microsoft Visual C++ 2015 Redistributable” (https://www.microsoft.com/en-

us/download/details.aspx?id=53840) 1 ycTaHOBHB €ro B COOTBETCTBHHU C Pa3psAHOCTHIO Balllei orepalinoOHHON

CHUCTCMBI.
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Linux
B pacmnpoctpaHseMOM apXuMBe HAaxOIATCS BCe HEOOXOAUMble OHMONMOTEKH W HCIIOJHSEMBbIH (air:

«Multifitting_ X.Y.Z/bin/multifitting». Bepcust 1.10.2 umeer nsa apxuBa, 0003Ha4deHHbIe Kak «linux-old» u
«linux-new», COBMECTUMBIE C Pa3THYHBIMU AUCTPUOyTHBaMU. «linux-old» mposepsuics va Debian 11 u Ubuntu
20.04. «linux-new» npoBepsiicst Ha Debian 12 (testing), Ubuntu 22.04, Fedora 37, OpenSUSE Leap 15.4, Arch

Linux, Manjaro.
bbicTpbIii cTapT

Xopomii crnocod MO3HAKOMUTBCS C TMPOrPaMMOI U OLICHHTh €€ BO3MOXKHOCTH — 3TO HayaTh cpa3y C Hei
paboTarhk. 3/1ech NMpPUBECHA IMOMIArOBask MHCTPYKIMS IO CO3/JaHHI0 MOAENbHOH cTpykTypsl B Multifitting,
OCHOBaM pabOThI C HEH, COMOCTABICHUIO CTPYKTYPE BHEUIHUX ‘‘IKCIICPUMEHTAIBHBIX NaHHBIX U PEHICHHIO

00paTHOH 3a/1auu — HaXOXKIEHHUS apaMeTPOB CTPYKTYPHI 0 KPUBOW OTPaXKEHUSI.

Co3pgaHue CTpyKTypbl
3amyckaeM IporpamMmy.

I 4 = Manage windows_x64 — O x
Home Share View Application Tools 0
= v A » Multifitting » windows_xg4 w | 0 Search windows_x64 0

Mame " Date modified Type Size
7 Quick access
iconengines 17.10.201911:50  File folder
& Onelrive imageformats 17.10.201911:50  File folder
I This PC platforms 17102019 11:50  File folder
printsupport 17.10.201911:50  File folder
¥ Network styles 17.10.201911:50  File folder
translations 17102019 11:30  File folder
|:| D3Dcompiler_47.dll 11.03.2014 1454 Application extension 4077 KB
|:| libEGL.dII 31.08.2019 11:51 Application extension 24 KB
2 ihGLESY? Al 3102 0101159 £-.Ir~lr-|ira+ir~n Edtension 2,001 KB
Cff Multifitting.exe 16.10.201917:15  Application 7079 KB )
u opengladsw.dll 14002076 1200 Application extension dUds3 kb
|j Ot3Core.dll 16.10.201917:24  Application extension 5831 KB
|:| Ct3Guidll 31.08.2019 11:31 Application extension 314 KB
|:| Qt3PrintSupport.dll 31.08.2019 11:51 Application extension 1B KB
|:| Ct35vg.dll 02.09.201910:38  Application extension 325 KB
|:| Ct3Widgets.dll 31.08.2019 11:31 Application extension 5451 KB

16items 1 item selected 6.91 MB =

OrtkpoiBaercs riaBaoe okaHo Multifitting u okHo TepmuHana. TepMuUHAT HCIONIB3YETCS TPOTPAMMOIA TS BBIBOIA

TEKCTOBOH MH(pOpMaUK MO X0Ly paboThl. I 1TaBHOE OKHO MO3BOJISET 337aBaTh CIOUCTYIO CTPYKTYPY M Ha&T



AOCTYII KO BCEM OCTAaJIbHBIM MHCTPYMCHTAM. I/IHTCp(I)CfIC TJIaBHOT'O OKHa XOPOIIIO 3HAKOM ITOJIb30BaTCIIAM IMD

— OH IMPAKTUYCCKHU ITOJTHOCTBIO BOCHpOI/IBBeI[éH.

- Multilayer Model
Menu File Calculate Optical Constants Help
struct_1 £ +

ambient: Yacuum

Structure <

- v
Toolbar Tt XY BBy el
- Independent Variables Main Tools
Plot_1 R ) +
Parameters Grazing angle, 8 [90.000°]  Active
Wavelength, 2 [1.541 A]
forcurve <

calculation

G X e

-
Measured and Target Curve
targe‘[ curves Import <no description > Add Row Remove

Cosnmamum nepuogudeckoe Mo/Be 3epkano Ha Si mosoxke. i 3TOro Ha MaHeNd WHCTPYMEHTOB HY)KHO

HaxkaTh kKHorky “Add Substrate” ==, norom “Add Multilayer” =.

Independent Variables Main Tools

IMpu nakatuu “Add Multilayer” = mosiBUTCS OKHO, B KOTOPOE MOYKHO BBECTH YHCIIO CJIOCB B DJIEMEHTAPHOM

siaeiike mepruoinueckoro ctaka (>2). OcrapisieM udpy 2 u Haxxumaem Enter.

4 Multilayer ? =

Mumber of different layers in multilayers stack
B

Cancel

Tenepp Halla CTPYKTYpa BBINJISIAUT TaK:



# Multilayer Model - O X
File Calculate Optical Constants Help

struct_1 £ +

ambient: Vacuum
v Multilayer (1 - 2), N=1, d=20.0008, y=0.500
Be layer (1), z=10.0004, p=1.000
Be layer (2), z=10.0004, p=1.000
Si substrate, p=1.000

Thwm Y XY BRR e v e d

CrpyKTypa npelcTaBieHa B BUIE APEBOBUIHOTO CIIMCKA C OCHOBHOH MH(OpMaimeil o kaxaoM siemenre. [1o
YMOJTYaHHIO CT3K COIEP)KUT OAWH MEPUOJ C YKa3aHHBIM YHCIIOM (B HalIeM Clydae ABa) OAMHAKOBBIX CIIOEB.
Crou TakKe UMEIOT MaTepuall, INIOTHOCTh, TOJIIUHY U HHTepdeiic Mo yMoadaHuo. 3HAYEHUS 10 YMOTYAHHIO
MOTYT OBITH U3MEHEHBI B KOHQUIYypaLuOHHOM (aiine. MI3MEHUTh TeKylHue mapaMeTphl JIEMEHTa CTPYKTYPBI

MOJKHO JIBOMHBIM KJIMKOM I10 JIEMEHTY HJIM BBIIEIHMB JJIEMEHT U HakaB MKOHKY “Edit” +

struct_1 [ +

ambient; Vacuum
v Multilayer (1 - 2), M=1, d=20.0008, y=0.500
Be layer (1), z=10.0004, p=1.000
Be layer (2), z=10.0004, p=1.000
Si substrate, p=1.000

TS X EBREB . v

Independent Vari - Main Tools

OTKpBIBIIEECS OKHO TI03BOJISAET 33/1aBaTh PA3IMUHbIE MAapaMeTphl CJIOA. 3a/auM ClIeAyIONIHe: TIepBhIi CII0M:
marepuan — Be, Tommuna 35 A, Roughness/Diffuseness 5 A. Bropoit cioii: matepuan — Mo, Tommuna 25 A,

Roughness/Diffuseness 5 A.

4 Belayer (1) — x

File Units Precision

Material: Browse... | Relative Density: |1.0000 Thickness, z [A]: 10.0000

Depth Grading

(®) Optical constants file name () Composition of elements

Roughness/Diffuseness, ofA]: [0.000 Sigma Grading

Interlayer Compasition

erf [Jlin exp Otanh [Jsin [ step Use PSD
weight: 1 1 1 1 1

ofA]: 0 0 0 0 0 0

|:| Use many o

Daone




AHaJOTUYHO PEeJaKTUPYIOTCS cBoWCcTBa momnokku. OctaBum matepuan Si, a Roughness/Diffuseness 3amaanm
3 A. Omsre ke, aHATOrMYHO OTKPHIBACTCS OKHO MAPAMETPOB CTIKA. YCTAHOBHM 9YHCIO meprogoB 110.
BennunHa nepuosia U TOMIIMHHOE COOTHOIICHHUE Y (OTHOLICHHE TOJIIIUHBI IEPBOTO (BEPXHET0) CIIOSI K HEPHOIY

B IBYXKOMIIOHCHTHBIX 3ep1<anax) YK€ paCCUUTAHbI B COOTBETCTBUH C 3aJaHHBIMU TOJIIUHAMHU CIIOCB.

# Multilayer (1- 2) — X
File Units Precision

Mumber of repetitions, M:
Period, d[&]:
Thickness Ratio, y:

[ ] Make general aperiodic [ | Make regular aperiodic [ ] Invert order of layers

I Done |

Bcé, crpykTypa nepuoandeckoro Mo/Be 3epkana 3agana!

BbluncneHne KpMBOM OTpaXKeHus
Tenepb paccuuTaeM KpUBYIO OTPaKEHHS PEHTICHOBCKOTO M3IYYEHHUS OT JaHHOTO 3epKana. it 3TOro Hy»KHO

yKa3aTh Kakylo (YHKIMHA BBYHCIATE  (OTpakeHHe/MPOX0XKACHHUE/TIOTIIONIEHHE), 3a1aTh CBOMCTBA
30HJMPYIOIETO0 MydYKa, TUN W JHana3oH 3HAauYeHWH apryMeHta. Bc€ 3TO MOXHO cienaTh BO BKIIAJIKe
“Independent Variables”. UTo6bl yka3aThb pacCUMTHIBAEMYIO BEIMYHHY, HA)KMUTE HA HKOHKy LK. B

OTKpBIBIIIEMCsI OKHE yOeauTech, 4to BKiItoueHa dynkius “Reflectance” (ona BritoUYeHa 1o yMOJTYaHUIO).



& Multilayer Mode — O

struct_1 £ +

ambient: Yacuum
¥  Multilayer (1 - 2), N=110, d=60.0008, y=0.583
Be layer (1), 7=35.0004, p=1.000, 0=5.000&

% Independent Variable — >

—] Enable
—Standard Functions

Reflectance [ ] Transmittance [_] Absorptance

= | —Field Functions

Field Intensity Joule Absorption

A

R+T; cos(A)*R.~3-sgrt(1) ; pow(F, log(root(3,5)))

Daone
5@
Target Curve
Import <no description = Add Row Remaove

Temeps crieayer 3amaTh mnapameTpbl “‘ckaHa”. Bo Brimagke “Plot_ 1 R” (Plot_1 sT0 aBTOMaTHYecKH
CreHEepUPOBAHHOE Ha3BaHHWE IUIs JaHHOW KpHBOi; R o3mauaer, uro paccuutsiBactcsi Reflectance) ects nse
crpoukn: “Grazing angle” u “Wavelength”. Dto 3HauuMT, 4TO CKaHMPOBAaHHE MOXKET BECTHCh IO YTy
CKOJIBXKEHUsI 30HIUPYIOIIETo MyYKa W 110 JutnHe BostHbl. Hampotus “Grazing angle” crout craryc “Active”,
3TO O3HAYAET, YTO OyJET PacCUUTHIBATHCS YIIIOBOH ckaH. OIHaKO B KBaJPATHBIX CKOOKAaxX yYKa3aHO BCETO OJIHO
3HayeHune yria — 90°. Otkpoem OKHO penaktupoBanus “Grazing angle” u 3amaaum 2000 Touyek B ceTke.
ABTOMAaTHYECKH TOSIBUTCS BO3MOXKHOCTH BBICTAaBHTH AMAIa30H YIJIOB. BmecTe ¢ 3TMM, MOXHO HAacTpPOHUTH

YIJI0BOE pa3pellieHne, pa3Mephl ydka u oopasia.



Pid

#* Independent Variable - x

File Urnits Precision
—Grazing angle, 8

values, from |0.00000 | to |7.00000
Angular resolution, AB o

Beam width mm  Sample size mm
Beam spreading Sample shift mm

| Done |
I I

TSt X RR s v d

Independent Variables Main Tools

®; stepsize |D.00350 | ® Active

Plot_1 R +

Grazing angle, & [2000 values: 0.000 - 7.000°]  Active
Wavelength, A [1.541 A]

B & X |

Target Curve

Import <no description > Add Row Remove

Jnuny BonHBI OocTaBUM npexkHed. Ilockonbky anuHa BOJHBI (PUKCHPOBaHA, HE HY)KHO 3aJaBaThb CETKY e

3HavyeHuil. Tenepb mapaMeTpsl BBIYUCICHUS] KPUBOW OTPAXKEHMS 33aHbl U MOXKHO IIPUCTYIIUTh, COOCTBEHHO, K

BBIYHCJICHUIO.

2% Multilayer Model - O *
File | Calculate Optical Constants  Help
St Specular optical functions/fields Ctrl+5hift+C

Start fitting Ctrl+5Shift+F
v Calculate confidence intervals Ctrl+5Shift+4
Abort calculation Alt+,

Si substrate, p=1.000, o=3.0004

YrtoObl paccyuTaTh OTpaKEHHE, MOKHO OTKPbITh MeHIo “Calculate” u BbiOpaTh cooTBeTCTBYIOMIMIT MyHKT. HoO
ropa3Jlo TpakTHYHEE TO0Jb30BATHCS COOTBETCTBYIONIVMMHU KJIABHATYPHBIMH KOMOWHAIMSMH, TI03TOMY
naxkumaem Ctrl+Shift+C. Kpusast paccunrana! I'me e€ moxuo yBuaers? B crermanpHoM okHe. UToOBI €ro

OTKpBITh, TepexoauM Bo Bkiaaky “Main Tools” psaom ¢ “Independent Variables” u Haxumaem KHOIKY
“Graphs”.



TS X EBREB . v e
Independent Variables Main Tools

Structure table

Graphs

Fitting settings
Calculation settings

Fits selector

OTKkpoeTcst OKHO C rpa)uKoM. DTO OKHO MOKHO JIep>KaTh OTKPBITHIM, M IPH U3MEHEHUH U TIepecyeTe CTPYKTYPBI
rpaduk Takxke OydeT OOHOBIATHCHA. ['paduku MOTYT MpencTaBiAsATHCA B JIMHEHHOM M JIOTapHU(PMUIECKOM
MacmTade; Mo yModYaHHio MacimTald JMHeWHbId. C MOMOMIBI0 KOJIeca MBI MOXHO YBEIHYMBATH MU
YMEHBIIATh MaclITad, MpuIeM OTIIENLHO MO KakJI0H ocu. UToObl BepHYTh UCXOAHBINH MaciuTad, Ipu KOTOPOM
BUJIHA BCS KpUBAas OJIHOBPEMEHHO CIIEAyeT CHOBA HAXAaTh HA MEPeKIoYaTeslb MaciiTaboB. 10 paboTaeT npu
BKJIFOUeHHOM onmmu “Rescale”, taxke npu BKIOYEHHOW OMIMKM MaciiTad BO3BpAIIAeTCs K UCXOAHOMY IMPU
KaXIO0M Iepecdyére CTpYKTyphl. [Ipyn OTKIIFOYEHHOW OmuMH MaclTad He M3MEHSETCS aBTOMAaTHYECKH IpPU
nepecuére 1 BCE BpeMsl OCTaETCsI 0Ib30BaTEIbCKUM. B Ha3BaHMM KaX10T0 rpaduiKa yKa3bIBaeTCsl UMsI BKIAIKU

B “Independent Variables” u ocHoBHbIE MapaMeTpbl CKaHa.

4 Plots — O x
Struct_1
—Measured
— Independent
Plot_1: A=1.540560 A, pol=1.000
[ {I‘ L O e e I e
0.8 -1 0.8
e 0.6 H 4 0.6
o ]
E “
=
]
T 0.4 H0.4
o || ]
0.2F = 0.2
i b \ L_l [ | ] ] | |
0 1 2 3 4 5 5
Grazing angle 8, ©
Scale v:{® Ln () Log Rescale
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OKHO TOPHM30HTAIBHO pasaeiacHo Ha aBe cekuuu: “Measured” u “Independent”. B cekimun “Measured”
MPUBOSATCS 3arPy’KEHHbBIC IKCIIEPUMCHTAIBHbIC KPUBBIC W PACUeTHBIC KPUBBIC Ha TOM ke CeTKe. B cekiun
“Independent” mpuBOAATCS MCKIFOYMTENLHO pacyeTHBIC KPHBBIE Ha 3a1aBacMoOil ceTke. MexIy CeKIMsIMH
HAXOJIMTCS HEBUIMMBIN Pa3IeIUTENb; IEPEABUHYB €0, MO’KHO YMEHBIIIUTD UIIH OJHOCTBIO CKPHITh HEHYKHYIO

CCKIIHIO.

PaboTa co cTpyKTypHOM Tabanuen
MeHaTb nmapaMeTpbl CTPYKTYPbI MOXKHO, KITUKas Ha OTACJIbHBIC 3JIEMCHTBI, U B OTKPBIBIIEMCS OKHE BBICTABJIATH

HY’XHbIE 3HaueHus1. Ho 310 Hey1oOHO 1 He3(D(PEKTHBHO, €CITU HY)KHO IIOBTOPUTH MPOIICYPY XOTS ObI HECKOJIBKO
pa3. Bonee nmpaBuibHBIH cIOCO0 — UCMIOIB30BATh OOIIYIO TAOJHUITY, B KOTOPOH MPEICTaBICHBI BCE YHUCICHHBIC
mapaMeTphl, OMUCHIBAIOIINE CTPYKTYPY. OTKpBITh € MOokHO KHOmKo# “Structure Table” Bo Bxiagke “Main

Tools”:

Independent Variables Main Tools

Structure table

Graphs
Fitting settings
Calculation settings

Fits zelector

Tabnuua coaep>kKUT MHOXKECTBO IOJICH, TIOATOMY 3aHUMaeT HEMalylo IUIONIa s Ha dKpaHe. BepxHss e€ yacThb
COJICP>)KUT LIBETOBYIO JIETCHIY U TapamMeTpoB W OMIIMH, MO3BOJISIONINE Ooyiee yI0OHBIM 00pa3oM MEHSTh

3HAYCHUS [TapaMETPOB.



At Table Of Structures - a *

File Calculate Units Precision
Struct_1

Set min/max
confidenceinterval active fit P —% 2fd, £% o, %

masterslave _ common 2 Reset Reset Reset
pure master restrict z commeon @ |10‘000 | ‘T0.000 ‘ |10.000 |
free parameter
Set steps
Mouse Wheel Change Dependent pstep z/d step astep y step astep drift step
Recalaiate [ooor | 1ok | [or0R [oonx |
Struct_1
N d[A] v

Multilayer (1-2) O it O fit At

Be plrul z[8] o] ef [Jlin [Jexp [Jtanh [Jsn []step [Ddzlin  []dzran
Browse [Looo0 | 35.0000 | [s.0000 | [Looo w000 00000 0.0000
[ Be layer (1) O fit O fit it Of 6t it O fit

gerf alin aexp o tanh asin o step

plru] z[8] oA ef [Jlin [Hexp [Jtanh [sn []step Odzlin  [Jdzran
Browse |]‘DDDD | ‘ZE.DDDD ‘ |5‘DDDD | ‘I.DDD | 1.000 1.000 1.000 1.000 1.000 0.0000 0.0000
Mo layer (2) [ it
P

Oa &t Ofe O Ot [t

gerf olin o Exp o tanh osin ostep

[ 6t

o[l ef in Jeop Hwh [Jsn [Ostep
Browse 1000 1.000 1.000 1.000 1.000
Si substrate 16t Oa &t s O Ot [t
oerf olin aexp o tanh o sin ostep
| .
Momudurarop “Recalculate” I Reiaiate 10 YMOJTYAHUIO BKITFOUEH, 3TO 3HAYHT, YTO IMPHU KaXKTOM W3MEHEHUHN

TIF000ro napamMeTpa KpUBBIC aBTOMATHYCCKU NEPCCUYUTBIBAIOTCA. 9TO MOXHO BUACTH, €CJIIM OKHO l"pa(l)I/IKOB
OTKPBITO W HAXOAUTCA MCpeH IJIa3aMu. MeHATh 3HAYCHHS MOXKHO Kak BBOJOM C KJIaBHATypbl, TaK H
99

“HpOKPYTKON” 3HAYEHUI C MOMOIIBIO KOJECa MBIIIM WU KIABUATYpPHBIX CTpenoK “BBepx” u “BHu3”. Illar

W3MEHEHUs mapameTpa 3af1aércs B cexiun “Set steps”.

ObpaTtHas 3aga4a

Tenepp mompoOyem pemmTh OOpaTHYIO 3ajady: HaWTH MapamMeTpsl CTPYKTYphl MO 3KCHEPUMEHTAIHHO
MOJTy4eHHOU KpuBOii oTpakeHust oT M0o/Be 3epkana. Daiin ¢ kpuBoi HaseiBaeTes “Sample D364 Mo_Be angular
0.154nm.txt”, oH pacripocTpaHsieTcsi BMecTe ¢ mporpammoid. UtoOsl 3arpy3uth ero B Multifitting u conocraButh
MOJICTIBHOI CTPYKTYpE HY)KHO Ha)KaTh Ha KHOMKY “Import” Buu3y rinaBaoro okHa. Hammucs “<no description>*

03Ha4yacT, 4TO Ha llaHHBIﬁ MOMCHT HHUKaKas KprUBas HE 3arpy>KcHa.

|
[ S

Target Curve

<no description = Add Row Remave

OTKpbIBIIEECS OKHO CIIY)KHT JUISI UMIIOPTAa JAHHBIX M yKa3aHUS MapaMeTpoB, MPH KOTOPHIX OHH ObUIH

HU3MCPCHBI, TAKMX KaK U3MEpsdAeMasd BCIWYMHA, apryMCHT, CAUWHUIBI U3MEPCHHA, HOPMHUPOBKA, IOJJIAPpU3aAIUA,



(boH, mapaMeTphl anmapaTHoi GyHKIKUU. YT0OBI 3arpy3uTh JaHHbIE, TOCTATOYHO MEPETANUTH TEKCTOBBIN (aiit
B 3T0 OKHO (drag-and-drop). AnbTepHaTriBa — BbIOpaTh (haiin, HakaB KHOMKY “Browse” wim BBeCTH MyTh K
daiiny n Haxxatp “Read Data”. Taxke “Read Data” mo3BosisieT niepe3arpy3uTh JaHHbIC MPH UX W3MECHEHHUHU B

yKe 3arpy’KeHHOM TEKCTOBOM (haiine.

% Import Data — O ot
10-1 10-1
o 1072 102
g
5
B 103 10-3
o
o
I
104 104
105 ; 105
RN
LI ST
Grazing angle B, *
Plot options
Scale: () Lin (®) Log
File path

| D: WMultifitting \PykosoacTeo Multifitting\sample D364 Mo_Be angular 0. 154nm. tet ~ | Browse. ..

Data

Argument | Grazing angle ~ | Units | = ~ | Offset

Scale factor Divide on beam intensity
Function | Reflectance ~ | Mode R ~ | Offset Scale factor Indident photons per point, start: final:

Polarization Spectral resolution, AEfE

Background Angular resolution, AB

Beam width mm Sample size mm
Beam spreading Sample shift mm

| Done | Read Data

At fined wavelength: |1.540580 A~

BricTaBnseM 3nadenue “Background” pasmeiv 2x10%, 5T0 He moBnMsAeT Ha BBIYMCIEHHS, HO MO3BOJIUT
OTPaHUYUTh CHU3Y JHara3oH Macitabos. [1o cyTu, 3To npubaBneHne KOHCTAHTHI K KOO(GOUIIHMEHTY OTPasKeHHS
aUws 0151 omoodpasicenuss paCIETHOW KpUBOH. 3HAYEHUS OCTABHBIX ITApaMETPOB OCTABIISAEM 10 YMOIYAHHUIO U
3aKpbiBacM OKHO. Terephb kpaTkas MHGOPMAIUSA O 3arpyKCHHOH KpHUBOM 0TOOpa)kaeTcsi B IJIABHOM OKHE B

obsactu “Target Curve”

[ R A O

Target Curve
Import 1: Angular {gr); B; 0.05-4.798% at 1.541 4 | Add Row Remove




Ecnu Tenepb nepeoTKphITh OKHO TpaMKOB, TO TaM B ceKImu “Measured” mosiButTcst 3arpyxeHHas Kpuasi. [1pu

nakatuu Ctrl+Shift+C nosButcst Takke pacu€THas KpuBasi, HATOKEHHAsT Ha IKCIICPUMEHTAIBHYIO.

% Plots — O >
Struct_1

—Measured

1: A=1.540560 A, pol=1.000

-t

-2

10-3

Reflectance, R

-4

10-5

Grazing angle 8, ©
Scale¥: () Lin () Log Rescale

— Independent

Plot_1: A=1.540560 A, pol=1.000

T T T T T T

10-1 4 10+
107k 4 102

e b ]

u:l" - g
2 103 {10

E 3 3
T o104k J 10

o 3 E
10-5 3 10-5
106 10+

E I I I I I ]

1] 1 2 3 4 5 B
Grazing angle 8, @

Scale ¥: () Lin (® Log Rescale

ITpu sTom kpuBas B cekuun “Independent” Hukyna He ucye3net. Eciu oHa He Hy)KHa, TOrJa €€ BHIYUCIICHUE

MOYHO OTKJTFOUUTb, 4YTOOBI pacuéT mren OpicTpee. DTo MOKHO cienaTh B okHe “Calculation Settings” Bo Bkiake

“Main Tools”.



# Calculation Settings - O >

Struct_1
—[] Measured
—] 1: Angular {gr); R; 0.05-4.793%; at 1.541 A

Fit

Weight |1 |
Divide by M [] Madimize integral

Function: |log(R +1E-5) Power; |2.0 Use y2
Ir1l::Ie|:u=_-r1t‘.|;r:?.m"L

—f Plot_1 R

[ Standard Functions
reflectance [ Transmittance  [_] Absorptance

(~ Field Functions
Field Intensity Joule Absorption

™~ User-defined Functions
R +T; cos{A)* R~ 3-sgrt(]) ; pow(F, log{root(3,5)))

| Done | Calculate Weights

E

OTcroa MOXHO YIPaBIIsTh BCEMH KPUBBIMHU, PACCUUTHIBAEMBIMHU 10 ‘“3KCIIEPUMEHTAIBHBIM U “HE3aBUCUMBIM’
cetkam. OTkirodaeM ranodky “Independent” u ckpbiBaeM COOTBETCTBYIOIIYIO CEKIIMIO B OKHE TpaduKOB.
Janblie paboTaeM TOJIBKO C SKCIEPUMEHTAIBHO 33JaHHOM CETKOM U CONOCTABIIsIEM /IBE€ KPUBBIC — MOJCIBHYIO

¥ U3MEPEHHYIO.

Teneps, uMes nepe riiazaMu OTKPHITYIO TaOIUIy U rpadMKH, MOKHO HAYMHATH 11000 MapaMeTPOB MOJIEIIH.
Lenp — HaliTh Takue GU3NUECKH pa3yMHbIE 3HAUEHUsI, IIPH KOTOPBIX KPUBbBIE OTPaKEHUs Oy IyT MaKCUMaJIbHO
noxoxu. Hauats mog0op MoxHO, Bpy4HYIO MEHSIS B Tabunie (IpOKpyYUBast ¢ OAXOASIINM 1aroM) 3Ha4eHUs
Nepuo/a, TOMMIMHHOTO OTHOLIEHHUS Y (MM TOJIIMH CJIOEB 10 OTAENBHOCTH) U BelM4rH 6. Ho MOKHO BHIETH,
YTO JaXkKe NPU HEIJIOXOM BHU3YaJIbHOM COBIIQJICHUM IOJIOKEHUS M (B MEHbBLIEH CTEIEHH) BHICOTHI TIMKOB MBI
NOJy4YUM OTianuyre B (opMe M MmMpHHE NHKOB. Ha kapTuHKe HIKEe NMpuMep NOAOOHOTO ‘“‘coBHaleHHS”,

MOJIYYCHHOT'O OITMCAHHBIM CII0COOOM.



% Plots — O =
Struct_1
—Measured
1: A=1.540560 R, pol=1.000
Fg Ty FrTT S SHHH Bt ) T T ) T T T
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Grazing angle 8, ©
ScaleY: () Lin (® Log Rescale

[MapameTpsl ipeIcTaBICHHON Ha IpadUKe MOJICIBHONM CTPYKTYPHBI CIIEAYIOIIUE:

ambient: Yacuum
v Multilayer (1 - 2), N=110, d=57.1004, y=0.570
Be layer (1), z=32.5664, p=1.000, 0=9.1004
Me layer (2), z=24.534A, p=1.000, o=3.6004
Si substrate, p=1.000, o=3.0004

Kakne paccormacoBaHus MexXIy KpUBBIMH Mbl HaOmogaem? IlepBoe — 3TO OTIMYME B 00JACTH MEXKIY
KPUTHYECKHM YTJIOM W TIEPBBIM OpIITOBCKHM IMUKOM. 3J1€Ch CKa3bIBAETCSl YIPOIECHHOCTh Halled MOJENH:
OTpayKeHHE B ATOI 00JIACTH YITIOB B 3HAYUTEIILHON CTENIEHHU ONPEAENIAETCS TOBEPXHOCTHBIM CIIOEM CTPYKTYPBI,
KOTOPBI Ha BO3/yXe OKHUCISETCS M MOKPBIBACTCS aJr€3HMOHHBIM CJIOEM M3 BOJBI, YIJII€BOAOPOIOB M T.A. B
MEpBYI0 OYepelb HAa KPHUBYIO OTpakeHHs Ha JuinHe BOJHBI 0.154 HM OKas3bIBaeT BIMSHHE TOJIIMHA
MOBEPXHOCTHOTO cjiosl. UToOBl yuecTb 3TH 3PQEKThl, XOTs Obl B MEPBOM NPUOIMKEHUH, CIEIYeT MEpBBII
MEPUO/]] CTIKA 3aMEHHUTD Ha Tapy HE3aBUCUMBIX CIIOEB, a MoBepx ciiost Be nobasuts cioit BeO. [Jyis 3Toro HyxHO
3aKpbIMb CMPYKMYPHYIO MAOAUYY, BBIIEIUTh MBIIIKON CaMblii BEPXHUH 3JE€MEHT CTPYKTYpPHI (3TO BHEIIHSSA
cpena) ¥ TpU pas3a Haxkath MKOHKY “Add Layer” = Ha maHeiu MHCTPYMEHTOB (Y4TOOBI JOOABUTH TPH CIIOS).
Crou Beerna n00aBISIIOTCS HUd/ce BBIICIIEHHOTO JIEMEHTA, HO BBILIE MOJUIOKKU. VI3MEHHUTH MOJIOKEHHE YKe

CYIIECTBYIOIIETO BBIJCICHHOTO CJIOS CTPYKTYPhI MOXKHO C MIOMOIIBI0 KHOTOK “Move up” « u “Move down” «



Ha MaHeJIM UHCTPYMCHTOB. HpI/I OTKpLITOﬁ Ta6J'II/ILIG MaHCJIb UHCTPYMCHTOB HeakTuBHa! JTO CACIIaHO OJIsA
CUHXPOHU3aIUN CTPYKTYPBI B I''TaBHOM OKHE U B Ta6nnue. HOSTOMy €CJIN BBI HC MOXCTC I[O6aBI/ITB cIIon —

MIPOBEPHTE, 3aKPHITO JTU OKHO TAOJIHAIIBL.

& Multilayer Model: .../ /save.. — O ot A Multilayer Model: .../ fsave.. — a et
Calculate  Optical Constants  File  Help Calculate  Optical Constants  File  Help
Struct_1 T Struct_1 ¥
ambient: Vacuum arhientelisserer
v Multilayer (1 - 2), N=110, d=60.0004, y=0.583 =1 Belayer (1), z=10.0004, p=1.000 -
Be layer (1), z=35.0008, p=1.000, o=5.0004 < Be layer (2), z=10.0004, p=1.000 >
Mo layer (2), z=25.0004, p=1.000, 0=5.0004 memabie layer (3), z=10.0004, p=1.000 ]
Si substrate, p=1.000, o=3.0004 v Multilayer (4 - 3], N=T10, d=c0.000A, y=0.583

Be layer (4), z=35.0004, p=1.000, 0=5.0004
Ma layer (5), z=25.0004, p=1.000, o=5.0004
Si substrate, p=1.000, a=3.0004

(X Y BB v o T X § BB A v

Variables Main Tools Independent Variables Main Tools

B kauecTBe MaTepuainoB cIoEB ClieAyeT 3a/1aTh, cooTBeTcTBeHHO, MO, Be u BeO. Tommuny Mo cienyer 3anath
TaKoW JKe, KaK B CTIKE, a TONIUHY Be — MeHbllle, T.K. 4acTh OCpUIUIMS HaXOIUTCS B okuciie. Hampumep,
HECJIOKHO PAacCUUTATh, YTO TOJIIMHA OKCH/IA COOTHOCUTCS € TOIIMHOM OEPUILIUS 10 OKUCICHUS CIEIYIOLINM

00pa3oM: MpH OKUCIICHUU CJI0S OSpUIUTUS TOIIIMHOM X 00pasyeTcst okcua BeO tommmuoit 1.7X.

OTtngaroTcst Takke OparroBckre NUKH. [lepBhIil UK CMEIIEH 10 YTITy, a MOJIENbHEIE 4,5,6 KK TOPa3io yKe,
4eM H3MepeHHbIe. Pe30HaHCHI ONPEessIFoTCs TePHOMYECKOH JacThi0 CTPYKTYPHl M TIOATOMY OHH JIOJDKHBI
aJIEKBaTHO OIMCBHIBATHCS TMPEACTABICHHONW Mozenblo. YTo sxe Mbl He ywin? To, 4To peanbHast CTPYKTypa He
SBJISIETCS WACAITBFHO EPHOINUYECKOil. B mporecce HampuIeHNsT MEHSIETCS JaBJICHUE Ta30B, IIPOUCXOAUT SPO3US
MHIICHd U BMECTE C 3THM MEHSETCS CKOpOCTh pocTa IUIEHOK. Jlerue Bcero oOHapyxuBaercs 3(Qext
MOHOTOHHOTO YBEJTMYCHUSI JIA yMEHBIIICHHS TOJIIMHBI IEPUO/Ia 10 BCE IIyOHuHE CTPYKTYphI. BenndnHa 3Toro
s deKTa 3aBUCUT OT BEIMYHMHBI Jpedda, 4rcia MEepuoJioB U TOPSIKOBOTO HOMEpa OpATTOBCKOTO IHKA.
Multifitting mo3BosisieT 3a1aBaTh Takue OTKIOHEHHS OT CTPOTOil MEPHOIUYHOCTH, TOITOMY JJOOABUM UX B CTIK.
JIiist 3TOTO B CTPYKTYpHO# Tabnuie BKarounM mapamerp “dz lin” mus oboux cmoés Mo u Be. Dror mapamerp
O3HAYaeT BEIMYMHY JMHEWHOrO HM3MEHEHHs TOJIIMHBI CJIOS C POCTOM HOMEpa IepHoja Ha CIUHUILY, B
MPOLIEHTaX OT HOMHHAIBLHOM TOJIIMHBI CJI0ST; OTCUET UJIET OT MOBEPXHOCTH 00pasia. DTOT Apeid MOKeT ObITh
KaK MOJIOKUTENILHOM, TaK ¥ OTPUIATEIILHOM BEJIMYMHOM, T.€. CIOW MOTYT CTAaHOBHUTHLCS TOJIIIE BIIIyOb CTIKA, &
MOTYT — TOHbIIIE. B Hamiem ciydae u3 (GopMbl IKCIIEPUMEHTAIBHBIX MHKOB CIIEAYET, YTO CIOH y MOJTIONKKH

TOHBLIC, YEM Y ITOBEPXHOCTH.



7% Table Of Structures — [} s

File Calculate Units  Precision

Struct_1
Struct_1 2
BeO plrul z[A] alA] eaf  [in
Browse ‘mnnn | |15‘nnnn | |7.nnnn | |1.nnn | 1.000
BeO layer (1) [ fit [ fit [ fit Oa  [Jft
0 ogerf alin
Be plrul z [&] a[A] ef [in [Jexp tanh [Jsn [Ostep
Browse ‘LCIU[]CI | |2cmnun | |7.mmn | |1.unu | 1000 |1.000 (1000 1000 1000
Be layer (2) [ fit [ fit [ fit O O O O At [Jft
0 cerf  olin  oexp otanh  osn  ostep
c- 0.0000 |0.0000
Mo plrul 2 [A] a[A] erf [in [Jexp tanh [Jsn [step
Browse ‘LCIU[]CI | |24‘nuun | |4.nnnu | |1.unu | 1000 |1.000 (1000 1000 1000
Mo layer (3} [ fit [ fit [ fit O&a O O O At [J6t
cerf  olin  oexp otanh  osn  ostep
c- 0.0000
Y
Multilayer (4 - 5)

[ fit

Be o [&] ef [Jin [Jexp [Jtanh [Jsin []step

Browse | | 1.000 | 1000|1000 |LO0D (1000 1000
Be layer (4) Oa Oas O Ot Oft [OJft
gerf alin gexp o tanh asin astep

9.1000 |9.1000 |9.1000  9.1000

Mo plrul z[4]

FEdl ER T =

Browse |24‘5530 | | |1.000 | 1.000 1.000 1.000 1.000 1.000

Mo layer (5) [ it O O O Ofe O e

0000 gerf alin gexp o tanh asin astep

3.6000 |3.6000 |3.6000 |3.6000

pirul =G Oee Hweh [Jen [sep
Browse 1.000 1.000 1.000 1.000

Si substrate [t [t Of O e [t

0.5000 1.0000 gerf alin gexp o tanh asin ostep v
< >

Emé onun dakTop, BIUSIOMNI Ha BEICOTHI TMKOB M KX COOTHOILIEHHE MEXKITy CO00# — BUII HHTEPPEHCOB MEKTY
cinosimu. [lo yMmom4aHuro, JaTepaibHO YCPEAHEHHBIH MPOQUIL TUIIEKTPUUECKOW TMPOHUIIAEMOCTH
onuchiBaeTcss QyHKIMeH omubok erf (cM. ranouku B Tabiuie B KaXIOM U3 CIOEB), HO B ICHCTBUTEIBHOCTH
bopma MoXkeT oTirYaThes. Mi3MeHuTsh BU poduits MOXHO, BKitouas apyrue ynkiuu (erf, lin, exp, tanh, sin,
step). [logpoOHo BuI W BiAMsiHUE 3TUX (YHKLUMI ONMHMCaHBI B CIEAYIOIIEM pasfene pykoBoacTBa. Ceifuac
npeyiaraeTcs NpocTo 3alleiicTBOBAaTh WX, M, MEHSAsS YJENbHBIE Beca, HaOJMIOAAaTh BIMSHHE Ha KpPUBYIO
OTpaKeHHs. YAENbHbIM Bec Kaxaol (yHKUuM 3amgaércst nmoj e€ Ha3BaHHMEM. 3HAuYeHHE HMEIOT TOJBKO
COOTHOILECHHUS 3TUX 3HAYCHUH MEXIY pa3iMyHbIMH (YHKUIUSAMH; aOCOIIOTHAS BEIWYMHA HE BakHa. Ecim Bec

PaBCH HYJIHO, TO 3TO S3KBHUBAJICHTHO OTKJIFOUCHUIO I[aHHOﬁ (bYHKHHH HpO(bI/IJ'ISI.

[Aef [Jin [Jexp [Jtenh [Jsin []step

1.000 1.000 1.000 1.000 1,000 1.000

6t [t Oa O/t [4t

oerf olin




Urak, Teneps MoAenbHAS CTPYKTYpa CTajla ropaso 0ojee CI0XKHONH M MHOTONapaMeTpuieckoil. MoKHO 1o-
MIpeKHEMY MEHSTh TTapaMeTPhI BpPYYIHYIO U CMOTPETh Ha Pe3yIbTaT B pealbHOM BPEMEHH (M 3TO BCeTa TOJIe3HO
JenaTh, Ha JIOOOM 3Tare pedIieKTOMETPHUIEcKOil PEeKOHCTPYKIINH), OJTHAKO IMAHCHl OOHAPYKUTh HCKOMYIO
o0JacTh mapamMeTpoB BechbMa Maibl. Ha ToM 3Tamne aBTOMaTH3MpOBaHHAs ITOATOHKA CTAHOBUTCS HEOOXOAMMOIA.
[Ipexxge ywem mepedTH K aBTOMATHYECKOH ITOATOHKE, CIIEAyeT OOpaTUTh BHMMAaHHE BOT Ha YTO. XOTA
ONITUMANTBHO TTOI00paHHast (YHKIHMA HEBSI3KH B HEKOTOPOI Mepe ‘‘BBIpaBHHBAET  BKJIA[ YYaCTKOB KPHUBBIX CO
3HAYUTENFHO OTIMYAIONIMMHUCS BETMYMHAMHU OTPaXEHHS, HO OY€Hb YCIOBHO. HepaBeHCTBO pa3HBIX y4acTKOB
KPUBOH OTpa)kKeHHUS MPUBOIUT K TOMY, YTO aJTOPUTM YacTO CTPEMHTCSI YMEHBIIIUTH HEBS3KY B TIEPBYIO OUepenb
3a cu€T 00JIaCTH MOJTHOTO BHEIIHETo oTpaxenust (yriisl 0—-0.3°), 4acTo B yiepO BaKHBIM OCOOCHHOCTSIM KPUBO
OTpakeHUs (TaKUM KakK OpITTOBCKUE MUKU BRICOKHMX MOPSIKOB). UTOOBI TaKOW KOH(MDIUKT HE BOHUKAJ, CIICIYET
3apaHee 1M03a00TUThCS O TOM, 4T0ObI 001acTh [1BO, Gomblie 3aBucAIas OT TEOMETPUU HU3MEPEHUH, YeM OT
O0COOCHHOCTEW CaMOW CTPYKTYpPBI, HE MMeJia OOJIBIINX paccoriacoBaHuil. [Jis 3TOro HY»KHO yKaszaTh pa3Mmep
oOpa3sia, MUpUHY U (GOopMY 30HAUPYIOIIETO MyYKa, CMEIICHHE 00pa3iia OTHOCUTEILHO IIeHTpa my4ka. [Ipumep
MpUBEIEH Ha KapTUHKE HUXe. UTOOBI Mo100paTh MOIXOASIINE 3HAYCHHS, HY)KHO JepKaTh OTKPBITHIM OKHO C
rpadMKamMH U IIPH U3MEHEHUH T€OMETPUIECKUX TAPAMETPOB IMEPECUUTHIBATH KPUBYIO. UTOOBI MaciTab KpUBBIX

HE MCHSUICS KaXK/IbIi pa3 Ha UCXOJIHBIN, HY)KHO OTKJIFOUHTH onuio “Rescale” B okHe rpadukoB.

Pad
Struct_1

—Measur

Reflectance, R

4
0.4 i 0.4
&
0.2} % oz
§ i 0.8
0 A 0
1 2 3 4
Grazing angle 8, ©
g angl 0
Plot options o
o
Scale: @ Lin O Log 5
File path %
T o04ar
[ DePyxosoacTes Mutiftting\Sample D354 Mo_Be.txt Browse.
Data
Argument Grazing angle ~ | Units | © ~ | Offset |0.00000 Scale factor |1.00000 Divide on beam intensity 0z
i CEEE o PR o Sl actr LA —
Polarization [1,000 Spectral resolution, AE/E
At fixed wavelength: |1.540560 A 01 0.2 0.3 0.4 0.5
Beam width [0.0550 mm Sample size mm Grazing angle 8, °
Beam spreading |2.2000 sample shift mm Scale: @ Ln O Llog | Scatter: ine: [0.0{{ (] Rescale ) Max R = 0.8801 at 0.2300 *

Tenepb MOATOTOBUM CTPYKTYpY K (GUTHHTY. B mepByto ouepesap Iuist 3TOro nmorpedyercsi OTMETUTh B TabJmIie

[apaMeTpsl, KOTOpble OyayT MOATOHATHCA. JI1 3THUX mapamMeTpoB HYXHO BKIIOYUTH omnmuio “fit” b it
9

YCTAaHOBUTH HUIKHIOIO U BEPXHIOIO I'PaHUIBI AHUAIIa30HA ITOUCKA.

z [A]

current value =—>»
fitting on/off —>» [ fit
min = |2s5.0000

max = |45.0000




TCHCpL Ta6nnua CO BCCMH BBICTABJICHHBIMHU IMOATOHOYHBIMU IIapaMCTpaMHd U HaYaJIbHBIMU 3HAYCHUAMU

BBITJIAOWUT TaK:

#% Table Of Structures - O X
File Calculaste Units Precision
Struct_1
Struct_1 Lo
BeO plrul z[A] = Mef [Oin ey dtarh [Osn step
Browse |1.UUUU ‘ |15.UUUU | |?.UUUU | |l‘UUU ‘ 1.000 1.000 1.000 1.000 1000
BeO layer (1) [ fit fit fit Ca Oee COft et D& At
0,5000 2,0000 1.0000 oerf olin ogexp otanh asin ostep
1.5000 30.0000 20.0000 |,_‘IJIJDIJ ‘ 7.0000 |7.0000 |7.0000 |7.0000 |7.0000
Be plrul z[A] A o 181 Mef [Oin ey dtarh [Osn step
Browse |1.UUUU ‘ |ZU.UUUU | |?.UUUU | |l‘UUU ‘ 1.000 1.000 1.000 1.000 1000
Be layer (2) [ fit fit fit Ca Oee COft et D& At
0,5000 5.0000 1.0000 oerf olin ogexp otanh asin ostep
1.5000 35.0000 20.0000 |,_‘IJIJDIJ ‘ 7.0000 |7.0000 |7.0000 |7.0000 |7.0000
plrul z[A] [ o [A1 Merf [in [Jexp [Jtarh [Jsin []step
|1.0000 ‘ |24.0000 | |4.0000 | |l‘000 ‘ 1.000 1.000 1.000 1.000 1.000
Mo layer (3) [ fit fit fit O O/t O Ot [OAt At
0.5000 18.0000 1.0000 oerf olin oexp  otanh o sin o step
1.5000 30.0000 20.0000 |+IJIJDIJ ‘ 4.0000 |4.0000 4.0000 4.0000 |4.0000
N d 4] ¥
Multilayer (4 - 5) O fit 14t O #it
1 10.0000 0.0000000
2 30.0000 1.0000000
Be plrul z[A] [ o [A] Merf [din [Mexp [Jtanh [Osin  [Jstep [ dzlin
Browse |1.0000 ‘ |32. 5470 | |9.1000 | |1‘000 ” 1.000 || 1.000 | 1.000 1.000 1.000
Be layer (4) [ fit fit fit fit fit it [Jft [ [ft fit
0,5000 25.0000 1.0000 oerf olin ogexp otanh asin ostep -0.0350
1.5000 45.0000 20,0000 |9‘ 1000 ”9 1000 ||9 1000 |9. 1000 9.1000 |9.1000 -0.0100
Mo plrul z[A] [ o (A1 Merf  [din [Fexp [Jtanh [Osin  [Jstep [ dzlin
Browse |1.0000 ‘ |24.5530 | |3.6000 | |1‘000 ” 1.000 || 1.000 | 1.000 1.000 1.000
Mo layer (3) [ fit fit fit fit fit it [Jft [ [ft [ fit
0,5000 18,0000 1.0000 oerf olin ogexp otanh asin ostep 0,0000
1.5000 30.0000 20,0000 |3‘6'JD'J ” 3.6000 || 3.6000 | 3.6000 |3.6000 |3.5000 0.0000
plr Mo li Mef [Oin Oee w@h sn [Osep
|3.UUUU | |l‘UUU ‘ 1.000 1.000 1.000 1.000 1000
Si substrate [ fit [t Ca Oee COft et D& At ©
< >

Crenyrouuii mar — BKIIOYUTH HOATOHKY AJIS JaHHOHM 3KCTIEPUMEHTAIbHOM KPUBOH U 3a4aTh ()YHKLINIO HEBSI3KU.

10 nenaercst B okHe “Calculation Settings”.



A% Calculation Settings — O >

Struct_1
—+] Measured
[l 1t angular (gr); R; 0.05-4.798% at 1,541 &

Weight |1 |
Divide by N [ Manimize jntearal

—
[ | Function: |Iog{F‘.+1E—5} | Power: [] usex2 ‘>
I ——-E""-

~[] Independent
—~" Plot_1 R
[ Standard Functions
Reflectance Transmittance Absorptance

[ Field Functions
Field Intensity Joule Absaorption

™ User-defined Functions
R+T; cos({A)*R~3-=grt(1) ; pow(F, log{root{3,5)))

A5

| Done | Calculate Weights

Ianouka “Fit” cTOMT 1O yMOTYaHHIO, 8 QYHKIIMS HEBSI3KU MOXKET OBITh JTMOO XH-KBAIPAT, JTUOO MTPOU3BOJILHOM
¢dyHKIMeH (IoMycTUMBIN CHHTaKCHC sl HAMMCAHUS BEIPAYKEHUH OIMCAH B CIIEAYIOIIEM pasjelne). B nannom
Cilydae J0CTaTOYHO MEPEKIFOYMTh Ha JIOrapu(MHUUecKylo (YHKIHIO, cHAB ragouky “Use x¥’, a 3HaueHus
OCTaBUTb KaK €CTh. AJITOPUTM MHUHUMHU3AIMHU (PYHKIIMOHAJIA HEBSI3KH BRIOMpAETCs B CrielMaibHOM okHe “Fitting

Settings”. OKHO MOYKHO OTKPBITh M3 INIABHOTO OKHa, BKJajika “Main Tools”.



% Fitting Settings — et

Fitting Algorithm | Differential Evolution (Basic) e
——— GSL library
[] Randomizec Levenberg-Marguardt
Levenberg-Marguardt with Geodesic Acceleration
Mumber of runs Dogleg
Double Dogleg
Max number of| Two Dimensional Subspace
SwarmOps library
[ Num. evals Mesh iteration
— ] Random Sampling (Uniform)
P Additional pE Hill-Climber
Simulated Annealing
Pattern Search
Local Unimodal Sampling [

Differential Evolution (Basic)

DE (Best/1/Bin/Simple)

DE with Temporal Parameters

Jan. Differential Evolution

Evolution by Lingering Global Best
Mare Yo-yos doing Global optimization
Particle Swarm Optimization (Basic)
Forever Accumulating Evolution

Many Optimizing Liaisons

Layered and Interleaved Co-Evalution

B cnomcke mnpeacraBieHbl HECKOJIBKO QJITOPUTMOB. B mepBoil rpymme — rpaJdeHTHBIE ANrOPUTMBI,
“poacTBeHHBIE” KiaccwmueckoMmy anroputMmy JleBenOepra-MapkBapara. OHH OCYIIECTBISIFOT “‘TTOKATbHBINA
MOUCK, 3()(HEKTUBHO CXOSICh K OMrKaiiieMy MUHUMYMY HEBSI3KH B TapaMEeTPHUYECKOM MpocTpaHcTBe. Bropas
TpyIIa — alrOPUTMEI TI00aTEHOTO TIOMCKA: PABHOMEPHBIN MOKCK 110 KOOPJAMHATHON CETKE, CITy4YaitHBIN MOUCK
U T€HETUYECKUE (IBOJIIOLMOHHBIE) aNropuTMbl. OCHOBHBIM MHCTPYMEHTOM IIPH OOJIBIIOM YHCIIE TapaMeTpOB
SIBJISIIOTCS] IMEHHO IeHETHYECKUE alropuTMbl, mo3ToMy BeiGupaem “Differential Evolution (Basic)”. OctanbHbie

nmapaMeTpbl OCTABJIAEM 110 YMOJTYAHUIO.

[ToaroroBka 3akoH4eHa. Tenepb HyKHO 3anmycTuTh putuHr, Haxas Ctrl+Shift+F win BeiOpas “Start fitting” B

meHro “Calculate” riiaBHOro okHa:

2% Multilayer Model - O >

File = Calculate Optical Constants  Help

StrL Specular optical functions/fields Ctrl+Shift+C
. Start fitting Ctrl+Shift+F
Calculate confidence intervals Ctri+Shift+A

Abort calculation Alt+.

v Multilayer (4 - 5), N=109, d=56.7184, y=0.590
Be layer (4), z=33.4624, p=1.000, 0=5.976A
- dz = {line, -0.0197%}

[MoitneT mpoiiecc BHIYKMCICHHS, 0TOOpakaeMblii B TepMHUHAJE. Ty/a BRIBOAATCSA HOMED “UTepaiiuu’, TEKyIIHe

3HAYEHUS BAPHUPYEMBIX MapamMeTpoB (0e3 paciiupoBKH) U TEKYIIHE 3HAYCHHsI HEBSI3KH.



12 logical cores, 12 used
Multifitting version 1.9.1

Read optical constants: ©.139 seconds

"Differential Evolution" optimization
iter © :13.149580 28.362949 8.986890 33.079702 3.138997 24.806769 5.975642 33.461864 2.976380 23.25615 .@53088

iter 1@ :2.539781 23.287241 4.462900 34.743675 4.621778 29.838564 6.856261 40.716536 5.688430 29. .926893
:19.576637 6.9809846 7.209409 7.848351 3.117158 24.0645721 16. 25.184739 5.505633 26.761836
12.682146 5.803850 5.442875 16.599444 19.866023 27.921275 16.228457 43.159961 9.634925 28.267284
12.550045 13.687186 6.809735 8.183871 3.698333 26.0853624 9.168795 44,586165 19.803172 18.305872
112.972658 21.563942 4.387125 9.178834 3.681148 23.863016 16.599957 41.759826 15.215322 28.673331

12.503787 18.673940 13.140898 14.451555 8.660764 29.7683537 18,243358 42.0968176 4.858474 27.785656

B xonie B TepmuHan OyNeT BBIBEJCHO CpaBHEHHE HAYalbHOW M KOHEYHOHW HeBs30K. [lomp3oBarento Oyaer

MPEUIOKEHO MPUHATH PE3yJIbTaT MM BEPHYTHCS K HcXoaHOoMY. [Ipu HaxkaTun “YeS” cTpykTypa B Tabnuie u

rpaduku OyayT OOHOBIICHEIL.

.775619 . .153744 24.827129 5.986248 .484853

.561771 .815158 8.775238 . .158473 24.8265268

.598200 .727113 8.779579 .802824 3.154128 24. . . .882919

.997995 8. .832517 3.154486 24. .985539 . .@82158

.172482 8.749429 . .153167 24. . . .@81124

% Replace

.154867 8.740141 .714808 3. .881670
Fitting is done

.6468721 .298913 8.748181

.616419 . . .685788 3. M- R o . - e 3 .881530

Fit : 27.836 seconds
previous_ID = 17819345

= @.853988
@.85eees86
Best solution: [13.614857, 28.201498, 8.745508, 32.697833, 3.154823, 24.026157, 5.985447,
71]




He Bcerna ciemyer moAroHSATh BCe MapaMeTphl OJHOBPEMEHHO, T.K. NMPH CIMIIKOM OOJBIIOW Pa3MEepHOCTH
MapaMeTpPHIecKOro MPOCTPAHCTBA TPYAHEE BBIABHUTH KEJIAEeMYI0 00JacTh MapaMeTpoB U alTOPUTM OYAET XyxKe
cxoautbes. [loaTomy creayeT OTKIIIoYaTh U IMOAKII0YATh TPYTIEI TapaMeTPOB B MOCIIEI0BATENBHBIX MTOATOHAX,
KOMOMHHPYSI aBTOMaTHYECKUH (PUTHHT C PYYHBIM M3MEHEHHEM IapaMeTpOB, KOPPEKInel HeBs3kd u T.1. C
OJTHOTO 3aITyCKa MOXXHO TIOJTyYUTh MPHEMIIEMOE COOTBETCTBHE KPHUBBIX JIUIIH JJISI O9€HB MMPOCTHIX CTPYKTYP C
MHUHUMYMOM TapaMeTpoB. B o0rmiem ke cirydae MmoAroHKa — MpOoIecc UTEPAMOHHBIN U TPEOYIOMUN PyYHOTO
BMeIIaTeNsCTBA. B pe3ynpTare 3Toro KOMOMHHPOBAHHOTO MTOMCKA MOYKHO TONYYUTH MPUMEPHO CIEAYIOIIYIO

KapTHHY:

2t Plots — O *
Struct_1

—Measured

101 B 4 101

102 4102

03 103

Reflectance, R

104 104

105 105

Grazing angle 8, #

Scale: O lin @ Log | Scatter: Line: Rescale |Max R = 0.8792at0.2300 °

Haiinennas cTpykTypa, COOTBETCTBYIOIIAsl KAPTHHKE BBIIIE, UMEET CIIEIyIOIIe HapaMeTphl:

ambient: Vacuum

BeO layer (1), z=20.363A, p=1.000, o=12.1508

Be layer (2), z=33.0804, p=1.000, o=8.0074

Me layer (3), z=24.0074, p=0.950, 0=3.1394

~  Multilayer (4 - 5), N=109, d=56.7188, y=0.500

Be layer (4), z=33.4624, p=1.000, 0=5.9764
—--> dz = {line, -0.0197%;}
Mo layer (5, z=23.2568, p=0.950, 0=2.9768
---= dz = {line, -0.0230%}

Si substrate, p=1.000, o=3.0004




['maBHBII BOMPOC: 03HAYACT JIM COBIAJCHUE KPUBBIX OTPAKECHUSI HCTUHHOCTh HAalICHHBIX mapameTpos? HeT, He
03HAYaeT, HO SBISETCS BECOMBIM apryMEHTOM YTOOBI OTIEPUPOBATh HAMICHHBIMU BETMYMHAMH B JTajbHEHIIeH
pabore. OmeHka HAAEKHOCTH TeX WJIA WHBIX JaHHBIX TpeOyeT HEKOTOPOTro OIbITa MOJ00HOH
“pPEKOHCTPYKTOPCKOW~ pabOTHI; TakKe KpalHEe >KeNaTelbHO TPHUBIEKATh PE3YJIbTATHl OTONHUTEIBHBIX

HCCIIEIOBAaHMA 00pa3IoB.

JononHnTenbHble 3KCNepnMmeHTasibHble KpuBble
B mepByro ouepenp TaKMMHU AOIONHUTEIBHBIMH HCCIEIOBAHMSIMU MOXKHO CUHMTAaTh pPeQIIEeKTOMETPUUECKHUE

KpHBBIE TOTO ke 00pa3iia, CAeIaHHbIe TPU APYTHX MapaMeTpax u3MepeHus. Hanpumep, 11 paccMaTprBaeMoro
Mo/Be 3epkaia 3To ceKTpaibHasi KpuBasi OTPaKEHHUS, TIOyYSHHAsI TT0JT YTIIOM, OJTM3KUM K HopMauu. Jlo6aBum
oty kpuByto B Multifitting. [lns sroro HyxHO BHM3y rnaBHoro okHa Multifitting ma wumeromeiics
IKCIIEPUMEHTAIBHON KpuBOW HakaTh KHONKy “Add Row”. [MosButrcs emié ogHa CTpoKa, B KOTOPOW MOXKHO

3arpy3uTh IKCIIEPUMEHTAIBHYIO KPUBYIO TaK K€, Kak 3TO OBLJIO CIIENIaHO U B TIEPBBIN pas.

Fits selector

Target Curve

Impaort 1: Angular {gr); R; 0.05-4.798% at 1.541 & Add Row Remove

Fits selector

Target Curve
Impart 1: Angular {gr); R; 0.05-4.793% at 1.541 & Add Row Remove

@ <no description > Add Row Remove

[Tocme HaxkaTHs Ha KHOTKY “IMPOrt” oTKpoeTcs COOTBETCTBYIOIIEE OKHO, B KOTOPOE CIIEAYET “TIepeTamuTh”
¢aitn co Bropol KpuBoH, “Sample D364 Mo Be spectral 88deg.txt”, KOTOpbIM Tarke Impuiaaraercsi K

porpaMme.



2% Import Data — a *

Reflectance, R

105 110 115 120
Wavelength A, &
Plot options
Scale: (@ Lin () Log
File path
| D: Multifitting fPykoeoacTeo Multifitting/Sample D364 Mo_Be spectral 83deqg. txt e Browse...
Data

Ngumenits 4 ~ | Offset Scale factor Divide on beam intensity

Function | Reflectance ~ | Mode R « | Offset Scale factor Incident photons per paint, start: final:
Polarization Spectral resolution, AEJE
Background I:I Angular resolution, A8 <
Beam width mm Sample size mm

Beam spreading Sample shift mm
m Read Data

At fixed angle( 88 ®, Grazing A

ITo cpaBHEHHIO C TApaMeTpaMH MO YMOJIYAHHIO CIIeAyeT U3MEHUTh TUI aprymenTa Ha “Wavelength/Energy”,
y6eUTECS, 4TO eAMHHUIBI H3MepeHns apryMenTa — “A”, mockonbky B maHHOM (aiiie JUTHHBI BOJNH JaHBI B
AHT'CTPEMax, BHICTABUTH YTOJI CKOJIbKEeHHUS 88°. Termeph OKHO HMIIOPTa MOKHO 3aKPbITh U OTKPBITH OKHO “Plots”

YTOOBI YBUACTH ABC KPUBBIC OTHOBPEMCHHO.



# Plots — [m] x
Struct_1
—Measured
1: A=1.540560 &, pol=1.000 2: Grazing ©=88.000 °, pol=1.000
T T
0.6 - 0.6
10-1 10-1
0.5 - 0.5
10-2 10-2
o o
ai o 0.4 —H0.4
g g
o103 10-3 o
= = 03r 0.3
o o
o o
104 10+ o2k <402
105 4 105 0.1 J0.1
e v
110l i
105 110 115 120
Grazing angle B, # Wavelength A, &
Scale¥: () Lin (@ Log Rescale Scale¥: ® Lin () Log Rescale

Terneps NpH KaKJIOM M3MEHEHHH MTApaMETPOB BUIAHBI OTIHYHS MEKIY KCIICPHMEHTAILHBIMUA U MOJICTbHBIMH
JaHHBIMHA B JBYX Tumax u3Mmepenuii. B okue “Calculation Settings” Temepp mOCTymHBI Omimu st 00eHx
KpHBBIX. MOXKHO BECTH MOJTOHKY T10 JIByM KPHBBIM OJHOBPEMEHHO, €CJIM Y 00€UX BKJIOUeHbI ranodyku “Fit”,
[PY 3TOM CyMMapHasi HEBA3Ka CKJIaIbIBACTCS M3 HEBA30K KaXI0M KPUBOM C COOTBETCTBYIOIIMM BECOM, KOTOPBIi

TaKke MOXKeT ObITh 3a1aH B moje “Weight”.

A% Calculation Settings — | e
Struct_1
—[+] Measured
—[] 1: Angular {or); B; 0.05-4.798%; at 1.591A——  —[»] 2: Spectral; R; 123.358-102.885 &; at (gr) 88.000
Fit Fit
Weight |1 ||| weight |1 |
Divide by M [ ] Maximize integral Divide by M [ ] Maximize integral
Function: Power: []Usex2 Function: ICI Power: [] Usex2

—] Independent

— Plot_1 R
™ Standard Functions
Reflectance Transmittance Absorptance

[~ Field Functions
Field Intensity Joule Absorption

[ User-defined Functions
R.4T; cos{A)*R ~3-sqrt(1) ; pow(F, log{root(3, 5)))

I Done | Calculate Weights




Ecimm Tpe6yeTC$I PacCMOTPETh TOJIBKO OAHY KPUBYIO, TO Apyras MOXKCET OBITH BPECMCHHO OTKJIFOUCHA CHATUCM

[ 1 . . . o o .
ramouxn [ 0 L Anguar (@) o, b 2Spectral; rng oremouennoit kKpuBOi He GYJIET BECTHCH PAcuéT U He

OyZeT MmoKa3bIBaThcs rpaduk.

3afaHue anepuoamyeckon CTPYKTYpbl
Tenepb npopeMOHCTpHUpYeM pPabOTy C alepUOANYECKOW CTPYKTYpoi. OuYeBHIHO, YTO TIOOYIO CIOHCTYIO

CTPYKTYPY MOYHO CO3/1aTh, 100ABIIssl OT/CIbHBIC HE3aBUCUMBIC CIIOH, OJHAKO U 3aJJaHUE TaKOW CTPYKTYPHI, H
paboTa ¢ Heil OTIMYAr0TCs Ype3BbIYaliHOM TPYA0EMKOCThIO. [109TOMY /17151 3a1aHNMS alePUOIMKY U PabOTHI C HEil
Multifitting umeet crermanbbie Bo3MoxuHocTH. Cremaem Mo/Be 3epkano amepuoguueckum. J[ist aToro B
TIIaBHOM OKHE HY’KHO OTKPBITH d1emenT “Multilayer (4 - 5), N=109, d= 56.718A, y=0.590" n1BOIHEIM KIHKOM
wii HaxaB ukouky “Edit” /. B orkpeiBmemcs okme ormeuaem ranouky “Make regular aperiodic” u

MIOATBEPKIAEM U3MECHECHHUE.

P

struct_1 £ +

ambient: Vacuum
BeQ layer (1), z=20.2634, p=1.000, 0=12.1504
Be layer (2], z=33.081)ﬁ, p=1.000, a=8.9074
Mo layer (3), z=24.0078, p=0.950, 0=3.1308
v Multilayer (4 - 5), N=109, d=56.7184, y=0.590
Be layer (4), z=33.4628, p=1.000, 0=5.9768

e L

%

MNumber of repetitions, M:
Period, d[A]: 56,7180
Thickness Ratio, y: 0.5899684

[] Make general aperiodic€ [v] Make regular aperiodic [ | Invert order of layers

Done

T T = —

|

2% Make regular aperio... X

o Are you sure?
Target Curv:

Import Yes No Remove

Tun CTPYKTYPbI UBMECHUTCA, BMECTC C O3TUM U3MCHHUTCSA BbIBOAUMAL I/IH(i)OpMaIII/ISI O CJIOAX.



Pid

struct_1 ) +

ambient: Vacuum

BeO layer (1), z=20.363A, p=1.000, a=13.1504

Be layer (2), 2:33.030.&, p=1.000, o=8.9074

Mo layer (3), z=24.0078, p=0.950, 0=3.1394

v Regular Aperiodic (4 - 5)

Be layer (4), z=<33.462-33.462> .3., p=1.000, o=<5.976-5.976> A
Mo layer (5), z= <23.256-23.256> A, p=0.950, 0=<2.976-2.976> A

Si substrate, p=1.000, o=3.0004

% Regular Aperiedic (4 - 5) - x
File Units Precision
Ttem Common "z" Common "a” Restrict z: {£A, p, Q}F
1) Layer Be (tabular) O O+jo% |,p=2 |, Q=|0.00000000
2) Layer Mo (tabular) O Ozo% |,p=/2 |, Q= 0.00000000
[] mMake general aperiodic [] Make periodic [ tnvert order of layers
I Done I Layers
T 1 T £ T
Fits selector
Target Curve
Import Angular (ar); R; 0.05-4,798% Add Row Remove

“Regular aperiodic” — 310 CTpyKTypa ¢ HEIBIM YHUCIOM “DIIEMEHTApHBIX S4Yeek’’; COOTBETCTBYIOIINE CIOU M3
Pa3HbIX SUEEK MOTYT OTJINYATHCS JIMIIb TOJIIMHON U nHTEepdericoM. MaTepuan 1 INIOTHOCTD CIIOEB OAMHAKOBEI
Mo Bcel TiyOuHe CTPYKTyphl. [lo3TOMy B TJIaBHOM OKHE MPUBOIWTCS JAWANA30H 3HAYCHUH TONIIMH H
iepoxoBaTocteii. B oTkpeiBiemest okue “Regular aperiodic” myskt “Common ¢” o3Haudaer, 4To uHTepdeiics
OJIMHAKOBBI IO TIyOMHE CTPYKTYphl. COOTBETCTBEHHO, €CJIM YCTaHOBJICHBI Bce Quiaxkku “Common z” u

“Common ¢”, To 3TO OyAeT nepuoandeckas CTPyKTypa. 3aKpbiBaeM OKHO, OTKPBIBAEM CTPYKTYPHYIO TaOJIHILy.



#% Table Of Structures - O b

File Calculate Units Precision

Struct_1
Set steps &
Mouse Wheel Change Dependent p step zfd step ostep astep
Recalculate oo | Jowd | |owod |
Struct_1
BeD plrul z[A] oA erf [in [Jexp [Jtamh [Jsin []step
Browse ‘1.0000 ‘ ‘20.3629 | |13 1496 | |l.000 | 1.000 1.000 1.000 1.000 1.000
BeO layer (1) fit fit O O O & & Ot
2.0000 1.0000 gerf alin oexp o tanh osin o step
30.0000 20,0000 | 13.1456 | 13,1496 13,1496 |13.1496 13.1496 |13.14596
Be plrul z[A] a[A] erf [Jlin [Jexp [Jtanh [Jsin [Jstep
Browse ‘1.0000 ‘ ‘33.0795 | |8.9069 | |1.000 | 1.000 1.000 1.000 1.000 1.000
Be layer (2) fit: fit O O >O6& O [t [ft
5.0000 1.0000 gerf olin gexp o tanh o sin o step
35.0000 20,0000 |3.9':'6‘3 |3.9E‘69 8.9069 |8.9089 |8.9069 |8.9069
Mo plrul z [A] a[A] erf [in [Jexp [Jtamh [Jsin []step
Browse ‘0.9500 ‘ ‘24.0065 | |3. 1390 | |l.000 | 1.000 1.000 1.000 1.000 1.000
Mo layer (3) fit fit Oa Oa Ot O Ofc At
18.0000 1.0000 gerf alin agexp o tanh asin ostep
1.0000 30.0000 20.0000 |3. 1390 | 3.1380 |3.139%0 |3.1380 (3.1390 |3.1390
Regular Aperiodic (4 - 51 N
Reqular Aperiodic (4 - 5) [ 109
Be plrul z [A] a[A] erf lin exp [Jtanh [Jsin []step
Browse ‘1.0000 ‘ ‘33.4615 | |5.9756 | |0.02 "0.978 "0.000 ‘ 1.000 1.000 1.000
Be layer [4) [ it Oa  [a & Cf Clfe At
25,0000 common z [ restrict z: {=a, p, Q}
45,0000 commona  £0% p=2 Q=0
2 (] = Hef Hin Hep Hweh e Osep
Browse 23,2562 |2.9?63 | |U.197 "0.660 "0.143 ‘ 1.000 1.000 1.000
Mo layer (3) [ fit O it O& O Oa & O At
18,0000 [ commen = [ restrict z: {4, p, Q}
30,0000 commeno 0% p=2 Q=0

YacTp onuuii n3MEHHUIIach MO CPABHEHHIO C MIEPUOIUUECKON CTPYKTYpoil. Teneps i anepruoguYecKux CIOEB
JNOCTYITHO HAJOKEHHWE W CHATHE YCIOBUH OJMHAKOBOCTH TOMIIMH W wuHTepdeiicoB. UroOwl 3amarh
WHIWBUAYaJIbHBIC TOJILMHBI (M WHTEPQENCH) CIO0EB, HYXKHO OTKPBITh CIEIHANBHYIO BCIOMOTATEIbHYIO

tabnuiy. [IpaBoil KHOMKOW MBI BBI3BaTh KOHTEKCTHOC MEHIO HA HAa3BaHWH JIEMEHTa CTPYKTypsl “Regular

Aperiodic (4 - 5) & Regular Aperiedic (4-3) ) yayrats Ha yHKT MeHI0. B OTKpBIBIIEHics TaGIHIE IPUBEICHBI BCE
CJIOM  ANMepUOIMYECKOM  CTpyKTypbl. LlBeToBas JiereHga 00O3HAYaeT HAJIMYME  CBA3EH  MEKIY
COOTBETCTBYIOIIMMH CIIOSIMH. ECIM CBA3b €CTh, TO TPU M3MEHEHUH TOJMIMHBI/MHTEpdEiica OJHOrO Clost
3HAYEHHUSI BCEX OCTAIBHBIX CJIOEB MEHSIOTCS aBTOMATHYECKH. TOIIIMHBI CJIOEB MOTYT OBITh WHIWBHIYAIBHO
OTMEYEeHbI Kak Bapbupyemble. MHTEpdeiicsl MOTyT BapbUpOBaThCs (IPH aBTOMATHYECKOW MOATOHKE) TOJIBKO

BCC€ BMECTC, HC3aBUCHUMO OT HAJIMYMs CBA3HU.



% Regular Aperiodic (4 - 5) — O X
File Units Precision
comman o comman active it  common z and o ~
Mause Wheel 7step astep
Recalaulate ‘1.00 A ‘ ‘1.0@ A ‘
Cell # Material z [A] Fitz o [B] D
1 1 Be 33.4618 [ |59756 | 1.0000 [ru.]
2 1 Mo 23.2562 [ |2.9763  |0.9500 [ru.]
3 2 Be 33.4618 [ |59756 | 1.0000 [ru.]
4 2 Mo 23.2562 [ |2.9763  |0.9500 [ru.]
5 3 Be 33.4618 [ |59756 | 1.0000 [ru.]
] 3 Mo 23.2562 [ |2.9763  |0.9500 [ru.]
7 4 Be 33.4618 [ |59756 | 1.0000 [ru.]
g 4 Mo 23.2562 [ |2.9763  |0.9500 [ru.]
9 5 Be 33.4618 [ |59756 | 1.0000 [ru.]
10 5 Mo 23.2562 [ |2.9763  |0.9500 [ru.] v
|E Done EI

[TapaMeTpsl CIOEB allEPHOANYECKON CTPYKTYPBI MOTYT OBITh 3aaHbl BPYYHYIO WM 3arPy’KEHbI U3 TEKCTOBOTO
¢aitna. daiin myxHo meperaumth (drag-and-drop) B Tabmuiry “Regular Aperiodic”. ®opmar daiina ¢
napaMeTpamMu MOJHOCThIO aHamorndeH TakoBomy B IMD, wmcio cinoéB B aiiie HODKHO COOTBETCTBOBATH

yKa3aHHOMY B TlapaMeTpax CTPYKTYpBbI:

j structure_1_Struct_1_Aperiodic_#1.tet - AkelPad — O x
Daiin  [Mpaeka Bwg Hactpoiikm Cnpaeka
;< 05.07.201% | 12:15:56 = Y
;< Munltifitting v.1.8.1 >
scell material d (&) =sigma (R)
1 Be 33.462 5.976
1 Mo 23.256 2.8976
2 Be 33.462 5.976
2 Mo 23.256 2.976
3 Be 33.462 5.976
3 Mo 23.256 2.976
4 Be 33.462 5.8976
4 Mo 23.256 2.976
5 Be 33.462 5.976
5 Mo 23.256 2.976
[ Be 33.462 5.976
& Mo 23.256 2.8976
T Be 33.462 5.976
T Mo 23.256 2.976
g Be 33.462 5.976
g Mo 23.256 2.976
b ] Be 33.462 5.8976 v
34:38 Ins  Unix 866 (OEM - Russian)

[Tpu uMIIOpTE HYXKHO yKa3aTh Kakue CTOJOIBI MPUCYTCTBYIOT B (aiijic JaHHBIX M KaKWe CIIUHHILI JITHHBI

HCIOJIB3YIOTCA:



2% Aperiodic settings ? X

[ Index [] Material [] Thickness [ Sigma (&~

I Load | Close

CoxpaHeHue U 3arpy3Ka
Multifitting coxpanser manneile B OumHapHoM ¢opmare, ¢aitnel umeror pacmmupenue “.fit”. Coxpanursb

CTPYKTYPY MOKHO, BBIOpaB IMyHKT B MeHI0 “File” min HaxkaB COOTBETCTBYIOIIYIO KOMOMHAIIHIO KiIaBuil. “Save”
COXpaHAET B NOCAeOHUll omKpbimbll ¢atin. Eci MpenpIIymero OTKpeITHS HE OBIIO, CTPYKTypa CO3/aHa ““c
HyIIs’, To OyneT co3man daitn “save v.X.Y.Z.fit” B manke ¢ ucnonaseMbiM ¢aitnom, X.Y.Z — HOMEp BepcHH
nporpammsl. “Open last”, kak ciemayer u3 Ha3BaHUs, OTKPBIBACT MOCICAHUI (aii, ¢ KOTOPHIM Belach padora.
Ecnu Takoro Her, mo OyneT oTKphIT (aiin “save v.X.Y.Z.fit”. Eciu u ero He cymiecTByer, To 00 3TOM OyIeT

COOOIIEHO.

2% Multilayer Model - O X
File Calculate Optical Constants Help
Open last Ctrl+0 +
Open Ctrl+Shift+0
Save Ctrl+S 3.1504
Save as Ctrl+Shift+5 p7A
Export structures Ctrl+T 39
Open Launcher =1,000, =<5, ...
Close all Ctrl+Q =0.930, g=<...

g

OTkphIT (aiia MoxHO, TipocTo neperamuB (drag-and-drop) ero va riasHoe okao Multifitting.

JlanHas ri1aBa TIO3BOJISIET HAYaTh HCmoabp3oBaTh Multifitting u naér npencraBnenne o xapakrepe paboThI ¢ Helt
npu pedIICKTOMETPUICCKON PEKOHCTPYKIIMA MHOTOCIONHBIX HAHOIUIEHOK. 371eCh OTPAXKEHBI JIAIEKO HE BCE
0COOEHHOCTH MPOTrPaMMBbI, HO 6a30BBIN UKJI OT 3aaHKsI HEKOM HaYaaIbHOM MOJIENH 10 TIOJyYEeHUsI pe3yJibTaTa

34€Ch NPCACTABJICH.

Ecnu npu ciieZoBaHNM TaHHOMY MHUHHU-PYKOBOJICTBY Y Bac BO3HMKIIM HPOOJIEMBI, MM KaKHE-TO IMEPEXOJIbI
CJIMIIIIKOM CJIOXHBI ¥ HEOYCBHAHBI — COOOIMMTE 00 3TOM, W WHCTpyKImms OyneT momoiHeHa. Hamboiee

moipobHoe onmucanue Beex aciekroB Multifitting mpencrasneno B ciemyromiem paszere.
ITos1HOE onCaHme

<in progress >



HUcropus Bepcuii

o Multifitting v.1.9.2 — ny6ukanus (06.07.2019).

e Multifitting v.1.10.0 (19.10.2019):

HcnpasneHsl pa3iuyHble OMINOKH.

I'paduueckuii uHTEpdElc Temepp MOJIACPKUBACT MacIITA0MPOBaHUE W3 OIECPALMOHHON
CHCTEMBI.

OOHOBICHO NPUMEHEHHE YIJIOBOIO M CIEKTPaJIbHOIO pas3pelieHus. Temepb BETMYUHBI
paspelieHusi, KoTopsie ObUTH 3a7aHbl B Bepcrsix <1.9.2, cienyer yMHOXUTH Ha 2. Tenepb TOHKas
JTUHUS pa3MbIBaeTcs B mupokyo ¢ FWHM = 3agarroMy pasperiennto.

VYTI0BOE U CHIEKTPAIHOE pa3pelieHre JeHCTBYIOT KaKI0e Ha 00a THIA KPUBBIX: CHEKTPAIBLHYIO
Y YIJIOBYIO (IO YIPOIIECHHOH CXeMe).

3amaércs HavanbHas W KOHEYHAs HMHTCHCHBHOCTH 30HAUPYIOIIEro IydKa C JIMHEHHON
HHTepHOJ’[HHHCﬁ MCXKAY HUMMU.

[Ipenynpexnenue npu nepesanucu (HpaiaoB U3 MPEIbIIYIUX BEPCHI.

Hnst rpaduKoB AOCTYNHBI JOMOJIHUTEIbHBIE OIIMM: ILIaNKa C HapaMeTpaMu H3MEpPeHHs,
sorapudMudeckuii Macrad ocu X.

Nudopmaiuio MOXKHO MOKa3bIBaTh/CKPhIBATh B OKHE Settings koHTekcTHOro MeHio okHa Plots.
MrHOBEHHBIN MEPECUYET MPHU BKIIOYCHUH/BBIKIIOYCHUN 3JICMEHTOB CTPYKTYPBI B CTPYKTYPHOM
tabnuie eciu BKIIOYEH Monudukatop "Recalculate™.

I'pacdukam B okue “Plots/Measured” mpucBOCHBI MOPSIKOBBIE HOMEPA, TIO3BOJISIOIINE COOTHECTH
KPHUBYIO C 3arpy>KEHHBIMHU JaHHBIMHU.

JloGaBieHa BO3MOXKHOCTh MaKCHMHU3AIIMM HMHTETpalla OT KPWUBOH OTpaxeHHs ¢ (yHKIUEH
HCTOYHUKA.

Jo6aBneHbl HACTPOHKHK aNTrOPUTMOB (PUTTHHTA.

JecaTuunble pa3aeauTent B Gaiaax JaHHBIX — TOUKH U 3arAThIe.

B ©0a3y onrtuueckux KoHCTaHT goOamieHbl ¢aitner  Cr_delmotte.nk, Pt soufli.nk,
Be_svechnikov.nk.

e Multifitting v.1.10.2 (21.02.2020):

O

o O O O

Hcnpasnensl pa3nuvHbie OMUOKH, B TOM 4uClie OomMOKa (UTHHra K OTMAacIITaOUPOBAHHON
3KCIEPUMEHTaIbHOU KPUBOM.

B ©0a3y onrtmueckux KoHCTaHT aoOaBieHsl (ainbl Sc_larruquert.nk, ScSink, Sc5Si3.nk,
Sc3Si5.nk, pacmupen auanazon MoSi2.nk, pacimpen quamna3on Sc.nk.

Job6aBneH BIOOp Mo AMANIA30HA BHYTPH SKCIIEPUMEHTABHBIX JAHHBIX ISl TOATOHKH.
Jlo6aBneHa BO3MOXKHOCTh Ty ONIMPOBaHHS BKIIJIOK CTPYKTYD.

JHob6apnena Bu3yanu3anus npouiist CTPYKTYpBI IO TIIyOnHe.

Jo6aBneHa BO3MOXKHOCTh pacuéra npoduiist AMINEKTPUIECKON MPOHULIAEMOCTH C pa3OueHneM
Ha TOHKHE CIIOU.

Jo6aBneHa BO3MOXHOCTD 9KCIIOPTa YK€ 3arpyKEHHOW SKCIEpUMEHTAILHON KPUBOil 00paTHO B
TEKCTOBBIN (aiii.

JloGaBneHa BO3MOXXHOCTh TOATOHKH MAacCIITa0HPYIOMIET0 MHOXHUTENS WHTCHCUBHOCTH IS
9KCHEPUMEHTAIBHBIX KPUBBIX.

MoOXHO yCTpaHSITh MyapOBbIE MCKaXKEHUA pAaCUETHOM KPHUBOM, BO3HHMKAIONIME, KOTAA HEPHO]T
OCUMWIUSIIUN OTPaKEHHsT OT TOJICTBIX CTPYKTYp IOYTH KpaTeH IIary SKCHEepHUMEHTaIbHON
KpHUBO.

Jlo6aBneHo aBTOMATHYECKOE BBIYMCICHUE CHEKTPALHON NIMPUHBI THKA OTPaXKECHUS IIPU
BBIYUCIICHUH COOTBETCTBYIOIIEH KPUBOH.
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