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Beenenue

JlaHHOE PYKOBOJICTBO MpEIHA3HAYEHO IS HACTOSIIMX M OyayIux mojb3oBaresneit mporpamMmbl Multifitting u
HaIMCaHo e€ aBTOPOM. 371ech OYJeT CKa3aHo O Ha3HAYEHHUH MTPOTPaMMBI, O TOM, KaK Ha4daTh €i IMOJIb30BaThCs, a
TaK)Ke MCYEPIBIBAIONIAs WHGOPMAIUS O JOCTYIMHON (DYHKIIMOHATHLHOCTH U TOJh30BATEILCKOM MHTEpdeEiice.
OTOT JHOKYMEHT OyaeT OOHOBJISATHCS BMECTE C OOHOBJICHHMEM IMPOTpaMMbI (M JaKe dballe), YTOObI Bcernua
OTpaXkaTh aKTyallbHOE cocTosHUE Nen. uTepderic mporpaMMbl MPECTaBICH TOIbKO HA aHTJIMHCKOM S3bIKE, a
JJAHHOE PYKOBOJCTBO — Ha JIBYX SI3bIKaX: PyCCKOM M aHIVIMMCKOM. [IOCKONBKY aHIIMHCKUI — HE MOM POJAHOU
SI3BIK, B aHTJIMHCKOM BepCUM OyJIET HEMaJo IpaMMaTHYECKUX, CTHIMCTUYCCKUX M MPOYKMX JIMHIBUCTHYECKUX
omuOok. BripodeM, B pycckoii Bepcuu oHU TOke OymyT. Tak 4To eciiu Bbl BUIUTE OMUOKY — MMUIINTE MHE Ha

ANEKTPOHHYIO oYty svechnikovmv@gmail.com.

Jus gero mpeanasHadeHa 5Ta mporpamma? OCHOBHAsA 3a/lada — YHCICHHOE MOJICIMPOBAHUE OTPAKEHUS H
MIPOITyCKaHMS M3ITy4YeHHs] MHOTOCIIOMHON CTPYKTYypoil. DTO, B CBOIO OYepenb, TpeOyeTcs ISl TUArHOCTUKH
CTPYKTYP, OlIeHKH 3((HEKTUBHOCTH OTPAKAOIIUX TOKPHITHH U MIPOMYCKAIINX a0COPOIMOHHBIX (DUIBTPOB, a
TaKKe JIs pa3paboTKH MOKPBITHH C 3aJaHHBIMU ONITHYECKUMH CBoWicTBaMU. [loa n3mydeHneM 3/1eCh B IIEPBYIO
ouepes MOHUMAETCS TIOCKasi MOHOXPOMAaTHIeCKas BOJTHA, HEMPEPBIBHO Maiatomias Ha oOpasetr. JlinHa BOJTHBL,
B IPUHIUIE, MOXKET OBITH JIF00OH, HO 0a3a ONTHYECKUX KOHCTAHT B MEPBYIO OUEpellb NpeHa3HaueHa IS
JMara3oHa OT PKCTPEMaIbHOTO yibTpaduonera 10 keécTkoro pertrena. B mmuuaax BosH 3to 0.01-100 HM, 1O
sHeprun pororoB — 0.01-100 k3B. MHorocinoiiHas cTpykTypa (IJJaHapHas) MOXKET COJIep)KaTh BHEIIHIOK
cpeny, MOJUIOKKY, OTAETbHBIC CIIOH, TIEPHOANYECKUE YUACTKH MPOU3BOIBHON CTEIICHN BIIOKEHHOCTHU C YHACIIOM
CIIOEB B MepHOne >2, alepHoANYecKre y4acTKH. Kaskaplil clloil CTPYKTYphl XapaKTepU3yeTcsl MaTepHajoM,
IJIOTHOCTBIO, TOJIIUHOM, HHTepGEHCOM Ha BEpXHEH rpaHuIle JaHHOTO ¢jios. Marepuai MoeT ObITh 3a/IaH 1o
Ha3BaHMIO (KaK MPaBHJIO, XUMHUYEecKas (HopMmyria), IPH HATHYMH ONITUYECKUX KOHCTAHT B 0a3e JIaHHBIX, HIIH
COCTaBIICH U3 OTAETHHBIX XUMHUYECKHX 3JIEMEHTOB C IPOU3BOIBHBIMU CTEXHOMETPUIESCKUMH COOTHOIIEHHSMHU.
Multifitting MokeT McHONB30BaTh 0a3y onTHYeCKHX KOHCTaHT mporpammbl IMD. MexcnoeBsie nHTEpdEicH
XapaKTePU3YIOTCS CPEIHEKBAJPATHUHON IMUPUHOW ¢ u BuaoM mpoduus. Multifitting takxke mossomnser
YUHTHIBATH PSJI allapaTHBIX PYHKINH, HCKAKAIOIINX HAOII0IaeMy0 BEIMYMHY, TAKUX KaK KOHEYHOE YTIIOBOE
U DHEPreTHYeCcKOoe paspelieHue, MONSpU3aIus, paccesHHblii (oH, «3DPeKT crena» B CKONB3SAMMUX yIiax B
3aBHCHMOCTH OT Pa3MepoB 00pasiia i 30HIUpyroliero mydka u apyrue. Multifitting paccuutsiBaeT ogHoMepHbIE

3aBHUCUMOCTHU OIITHYCCKHUX ®YHKHHﬁ OT yTJia CKOJIbLXCHUA WX JJIMHBI BOJIHBI.

[Tomo6HBIE IPOTPaAMMBI TS YUCIEHHOTO MOJIETUPOBAHMUS ONTHYECKUX CBOWCTB CJIOMCTBIX CTPYKTYP CO3/1at0TCS
perynsipHo, Kak OecrjiaTHele Tak KoMmMepdeckue. [Ipumepsl  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]). Cpenn

MepeYrCIICHHBIX HHCTPYMEHTOB HanbosIee IMUPOKoi pyHKIIMOHATBHOCTHIO 001a1aeT BornAgain, Ho, moxanyi,
camasi U3BeCTHas M HanboJee MacCoOBO HCIONb3yeMast sl pa3paOOTKH M THArHOCTHKH PEHTTEHOONTHYECKUX

MOKPBITUH U CBOOOAHOBUCAIIMX CTPYKTYp — 310 IMD. 3a Gonee uwem 20 ner ona crana QakTudecku
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CTaHIAPTHBIM HMHCTPYMEHTOM B PEHTTCHOBCKOW omnrTuke. MMenHo e wmHTEepdeiic W GyHKIINOHATHHBIC

BO3MOXKHOCTH s B34JI 3a OTAJIOH U aJallITUPOBaJl IJIAd psAaa 3agad.

Multifitting o6mamaer uaTEpdEicom, CrierHuanbHO MpeaHa3HaYeHHbIM s OBICTPOr0 U3MEHEHHsI ITapaMEeTPOB
CTPYKTYPbI H MTHOBEHHOTO OTOOPaKEHUsI PE3YJIbTATOB. DTO BAKHO MPHU PE(IEKTOMETPHIECKOM TUATHOCTUKE
00pasIoB, Korga MoJeidb CTPYKTYPhl TOYHO HE W3BECTHA, M TPEOYETCS BPYYHYIO PACCMOTPETh MHOKECTBO
BapraHToB. [Ipy 4acTOM peleHNH TOJOOHBIX 33/1a4 BOIIPOCKI 3PTOHOMHUKH HHTEp(eca BEIXOIAT Ha IIepeTHHU
wiaH (MU HATMYUK TpeOyeMoii pyHKIIMOHATIBHOCTH, pasymeeTcs), moaromy Multifitting pekomennyercs Bcem,
KTO 3aHUMAETCS PEHTTCHOBCKOM JMATHOCTHUKOM TOHKHX IUIEHOK M B OCOOCHHOCTH — TEM, KTO JENIAeT ITO

peryisipHo.

bazopas unpopmanus o Multifitting onmy6nukosana B xypnuane Journal of Applied Crystallography [5]. ITpu

MyOJIMKAIMK BalllMX PE3yJIbTATOB, MOMYYEHHBIX ¢ momombio Multifitting, mpocsba cchutaThest Ha 3Ty CTAThIO.

YcraHoBKa U 3aI1yCK

Multifitting noctrymnen mis Widows (maumnas ¢ Windows 7) u Linux. Cka4aTts ero MoXHO ¢ caiita Jlaboparopun
peHTreHoBckol ontuku WHCTHTYTa (PHU3UKH MHUKPOCTPYKTYp Poccuiickoit akamemun Hayk. CTpaHWIa Ha

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

optics.org/products/software-multifitting/. TIporpamma OecriatHa At BCeX MOJIb30BaTEINCH.

Windows
YCTaHOBKI/I KakK TaKOBOﬁ HC Tpe6yeTc;1, JA0CTATOYHO CKa4daThb apXI/IB, paCHaKOBaTb cro mn SaHyCTI/ITb

HCTIONHSAEMBIN (haiyl. B 3aBUCHMOCTH OT pa3psiIHOCTH ONEPAIIMOHHON CHUCTEMBI CICAYeT 3alycKaTh (aill u3
COOTBETCTBYIOIICH TIAIIKH: “Multifitting_v.X.Y.Z/windows_x64/Multifitting.exe” WA
“Multifitting_v.X.Y.Z/windows_x86/Multifitting.exe”, rme “X.Y.Z” — nHomep Bepcuu. Ecnu 3amyckarb
Multifitting u3 KoMaHIHOI CTPOKH, TO B CiTyYae BO3HUKHOBEHHS OMIMOKH W aBAPUIHOTO 3aKPHITHsI TIPOTPAMMBI

MOJKHO OyJIET IPOYUTATh KOJ OIIMOKHU, YTOOBI B JaJIbHEHIIIEM COOOITUTH O HEM.

Ecim IIpH 3aI1yCKEC MMPOrpaMMbI BbI ITOJTYHaCTE CIICAYIOLICC COO6H_I€HI/I€Z

. v | 3anyck NporpaMmel HEBOSMOXKEH, TAK KAK Ha KOMMBIOTEE OTCYTCTBYET
MEVCP140.dIl. MonpoGyiTe nepeycTaHOBWTE NpOrpanMuy.

oK

TO TO 03HAYACT OTCYTCTBHUE “‘CTAHIAPTHHIX  CHUCTEMHBIX OMOIMOTEK B cucTeMe. MicripaBUTh 3TO MOXKHO, CKadaB

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

us/download/details.aspx?id=53840) u ycTaHOBUB €r0 B COOTBETCTBHHU C PAa3PsITHOCTHIO BAIIIEH OMEPAI[MOHHON

CHUCTCMBI.
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Linux
B paCHPOCTpaHSIeMOM apXI/IBC HaxoOsaTCA BCE H606XOI[I/IMBIC

Hcnonusemsrii datin “Multifitting_v.X.Y.Z/linux_x64/Multifitting”.

OMOIMOTEKM W HCHOJHAEMBIH (haidi.

bbicTpbIii cTapT

Xopommuii c1oco0 MO3HAKOMHUTHCS ¢ TMPOTPaMMON U OIEHUTHh €€ BO3MOXXHOCTH — 3TO HayaTh cpa3y ¢ Hel
paborarh. 3/1ech MpUBEICHA IOIIAroBas MHCTPYKIMS IO CO3JaHHI0 MojedbHON cTpykTypsl B Multifitting,
OCHOBaM paboThI C HEl, COMOCTABICHUIO CTPYKTYPE BHEIIHUX ‘“IKCIIEPUMEHTAIBHBIX MaHHBIX U PEIICHHIO

00paTHOH 3a/1a4uu — HAXOXKIEHHUS apaMeTPOB CTPYKTYPHI 110 KPUBOW OTPaKEHHUSI.

Co3paaHue CTpYKTypbl

3amyckaeM IporpamMmy.

[ = | Manage windows_x64 — O >
Home Share View Application Tools 0
= v » Multifitting » windows_x64 w [ Search windows_x6d 2

Mame B Date modified Type Size
7 Quick access
iconengines 17.10.201911:50  File folder
@ OneDrive imageformats 17.10.201911:50  File folder
B This PC platforms 17102019 11:30  File folder
o printsupport 17.10.201911:50  File folder
E_} Metwork styles 17.10.201911:50  File folder
translations 17.10.201911:50  File folder
|:] D3Dcompiler_47.dll 11.03.2014 1454 Application extension 4077 KB
|:] libEGL.dII 31.08.2019 11:51 Application extension 24 KB
[ JikGL ESYa Al 2102 901911.51 aonlication sdencinn 201 KRB
('R Multifitting. exe 16.10.2019 17:15 Application 7079 KB
|;| openglaZsw.dll 1400, 2076 1300 Application extension 20453 kb
|:| Ot5Coredll 16.10.201917:24  Application extension 5831 KB
IJ Ct5Guidll 31.08.201911:31 Application extension & 314 KB
|:] Ct5PrintSupport.dll 31.08.2019 11:51 Application extension J1E KB
I:I Ct55vg.dll 02.09.201% 138  Application extension 325 KB
IJ Ct5Widgets.dll 31.08.201911:31 Application extension 5431 KB
16items 1 item selected 691 MB

OrtkpoiBaercs riaBaoe okHo Multifitting u okHo TepmuHana. TepMuHaI HCIONIB3YETCS TPOTPAMMOIA TS BBIBOA
TeKCTOBOM MH(OpManuu 1o xoay padotsl. [71aBHOE OKHO ITO3BOJISIET 33/1aBaTh CIOUCTYIO CTPYKTYpY U NaéT
JIOCTYII KO BCEM OCTaJIbHBIM HHCTpYMeHTaM. MiHTep(eiic rimaBHOro 0OKHa XOpoIo 3HaKoM mosib3oBatessiMm IMD

— OH NMPAKTUYCCKU ITOJTHOCTBIO BOCHpOI/I3BeZIéH.



2% Multilayer Model
Menu File Calculate Optical Constants  Help
struct_1 [£) +

ambient: Vacuum

Structure <

~ v
Toolbar T XN BB el
r Independent Variables Main Tools
Pot_1 R [E +
Param eters Grazing angle, 6 [90.000°]  Active
Wavelength, A [1.541 &]
for curve <

calculation

B & X |z

~
Measured and Target Curve
target curves Import | <nedesaiption> AddRow | Remove

Cosmamum nepuogudeckoe Mo/Be 3epkano Ha Si momyoxke. i 3TOro Ha MaHeNd WHCTPYMEHTOB HYKHO

Haxath KHonKy “Add Substrate” ==, morom “Add Multilayer” =.

Independent Variables Main Tools

IMpu nakatuu “Add Multilayer” = mosiBUTCsS OKHO, B KOTOPOE MOYKHO BBECTH YHCIIO CJIOCB B 3JIEMEHTAPHOM

siYeiKe IePUOANYIECKOro cTaka (>2). OcranisieM 1udpy 2 u Haxkumaem Enter.

S Multilayer 7 *

Mumber of different layers in multilayers stadk
B

Cancel

Tenepp Haia CTPyKTypa BBITJISAUT TaK:



# Multilayer Model - O *
File Calculate Optical Constants Help

struct_1 [E) +

ambient: Vacuum
v Multilayer (1 - 2), N=1, d=20.0004, 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

TR X BRR . v e d

CTpyKTypa mpeacTaBiieHa B BHJE APEBOBUIHOTO CIIMCKa C OCHOBHOM MH(OpManuel o Kaxaom 31emente. [1o
YMOITYaHUIO CTIK COAEPKUT OJUH MEPUOJ C YKa3aHHBIM YMCIIOM (B HAIlleM Cydae J1Ba) OJWHAKOBBIX CIIOEB.
Crou TakKe UMEIOT MaTepuall, INOTHOCTh, TOJIIUHY U HHTepdeiic Mo yMoauaHuo. 3HaYeHUS 10 YMOTYaHHIO
MOTYT OBITh M3MEHEHBI B KOHPHUTYpalMOHHOM (aiiie. MI3MeHUTh TeKylue mapaMeTphl dJIEMEHTa CTPYKTYPEI

MOYHO JIBOMHBIM KITUKOM I10 3JIEMEHTY WJIH BBIJICIHMB 3JICMEHT M HaxkaB HKoHKy “Edit” /.

struct_1 £ +

ambient: Vacuum
v Multilayer (1 - 2), N=1, d=20.0004, 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 PBREB . vy e d

Independent h'ari Main Tools

OTKpBIBILICECS] OKHO MO3BOJISIET 33/1aBaTh Pa3IMYHbIC TApaMETPhI CJI0s. 3a1auM CIICYIOMIHe: MEPBbIN CIIOM:
matepuan — Be, Tommuna 35 A, Roughness/Diffuseness 5 A. Bropoii cioii: matepuan — Mo, Tonmuna 25 A,

Roughness/Diffuseness 5 A.

2% 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
erff  [lin exp [dtanh [dsin [ step Use PSD

weight: 1 1 1 1 1

af&]: 0 0 o 0 0 0

|:| Use many o

Daone




AHAIOTHYHO PEIaKTHPYIOTCS CBOMCTBa momrokku. Ocrasum marepuain Si, a Roughness/Diffuseness 3amanum
3 A. Onarb ke, aHANOIMYHO OTKPHLIBAETCS OKHO MAapaMeTPOB CTIKA. YCTAHOBUM 4HCIO mepuofoB 110.
Bennunna neprosia ¥ TOMIHHHOE COOTHOIIEHHE Y (OTHOIIECHHE TOJIIMHBI IIEPBOTO (BEPXHETO) CIIOS K IEPUOTY

B IBYXKOMIIOHCHTHBIX 3ep1<anax) YK€ paCCUUTAHbl B COOTBETCTBUH C 3aJaHHBIMU TOJIIIUHAMU CIIOEB.

2% Multilayer (1-2) — X

File Units Precision

Mumber of repetitions, M:
Period, d[&]: 50,0000
Thickness Ratio, y: 0.5833333

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

I Done I

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

BbluMcneHUe KpUBOY OTPaXKeHUA
Tenepp paccuuTaeM KPUBYIO OTPa’KCHHS PEHTTCHOBCKOI'O M3IY4EHHs OT JAaHHOTO 3epKana. i 3TOro HyHO

yKasaTh Kakyld (YHKIUHA BBIYMCISTH  (OTpaKeHHE/TPOXOXKICHUE/TIOTIIOCHNE), 3a1aTh  CBOWCTBA
30HIMPYIOIIETO IydYKa, THI W JWANa30H 3HAYCHWI apryMeHTa. Bc€ 3T0 MOXKHO CHeiaTh BO BKIAJIKE
“Independent Variables”. Uro6bl yka3aThb pacCUMTHIBAEMYIO BEIMYUHY, HA)KMUTE HAa HKOHKY . B

OTKpBIBIIIEMCsI OKHE yOeauTech, 4to BKiItoyeHa dynkius “Reflectance” (ona BritoyeHa Mo yMoOJTYaHUIO).



2 Multilayer Mode — O

struct_1 [ +

ambient: Vacuum
~ Multilayer (1 - 2), N=110, d=60.0004, y=0.583
Be layer (1), z=35.0008, p=1.000, a=5.0004

% Independent Variable — >

—[] Enable
—Standard Functions

Reflectance [ Transmittance [ Absorptance

= | —Field Functions

Field Intensity Joule Absorption

R+T; cos(A)*R"~3-sqrt(J) ; pow(F, log{root(3,5)))

Daone I
@
Target Curve
Impart «<no description = Add Row Remove

Teneps crneayer 3amaTh mnapameTpbl “‘ckaHa”. Bo Brumagke “Plot_1 R” (Plot_1 sto aBTOMaTHM4ecku
CreHepUpOBaHHOE Ha3BaHHWE Ul JAaHHOW KpHBOif; R o3Haudaer, yro paccumthiBactcsi Reflectance) ecth nBe
crpouku: “Grazing angle” u “Wavelength”. Dto 3Ha4uT, YTO CKAHUPOBAHHE MOXET BECTUCH IO YTy
CKOJIRKEHUS 30HAMPYIOIIEro MydKa Win mo JuinHe Bonusl. Hanporus “Grazing angle” crout craryc “Active”,
9TO O3HAYAET, YTO OyJET PacCUUTHIBATHCS YIIIOBOW ckaH. OJTHAKO B KBaJPATHBIX CKOOKAaX YKa3aHO BCETO OJIHO
3Hauenue yrina — 90°. OtkpoeM OkHO pemaktupoBanusi “Grazing angle” u 3amamum 2000 To4yek B cCeTke.
ABTOMAaTHYECKH TOSIBUTCS BO3MOKHOCTH BBICTABUTBH JIMAMa30H YIJIOB. BMecTe ¢ 3THM, MOKHO HAaCTPOHUTH

YIII0BOE pa3pelleHne, pa3Mepsl Iydka u oopasia.



2 Multilayer Mode — O

% Independent Variable — it

File Units Precision
—Grazing angle, 8

values, from |0.00000 | to |7.00000
Angular resolution, A8 o
Beam width mm  Sample size mm
Beam spreading sample shift mm
[ Dore |
"/ X BRavhed |

Independent Variables Main Tools

®; stepsize |0.00350 | © Active

Plot_1 R +

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

B & X |

Target Curve

Import <no description > Add Row Remove

JnuHy BOJHBI OCTaBUM mpekHed. [locKonbKy AnMHA BOJMHBI (PUKCHPOBaHA, HE HYKHO 3aJaBaThb CETKY e

3HaueHui. Temepb mapaMeTpbl BHIYUCICHUS] KPUBOW OTPaXKEHHMS 33aHBI U MOXKHO MPUCTYIHUTh, COOCTBEHHO, K

BBIYHCIICHUIO.

# Multilayer Model — O d
File Calculate Optical Constants Help

Sir Specular optical functions/fields Ctrl+5Shift+C

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

Si substrate, p=1.000, o=3.0004

Yro0bl paccynTaTh OTpaKEHHE, MOKHO OTKPbITh MeHIo “Calculate” u BbiOpaTh cooTBETCTBYIOMM MyHKT. HoO
ropaslo TpakTHYHEE MO0Jb30BATHCS COOTBETCTBYIOLUIMMHU KJIABHATYPHBIMH KOMOWHAIMAMH, II03TOMY
naxkumaem Ctrl+Shift+C. Kpuas paccuurana! I'me e€ MoxHO yBuaets? B crenmansHoM okHe. UTOOBI ero

OTKpBITh, TepexoauM Bo Bkiaaky “Main Tools” psgom c “Independent Variables” m Haxumaem KHOIKY
“Graphs”.



T T X EBE A vy H
Independent Variables Main Tools

Structure table

Graphs

Fitting settings
Calculation settings

Fits selector

OTkpoeTcst OKHO ¢ TpauKOM. ITO OKHO MOYKHO JIEP>KaTh OTKPBITHIM, ¥ TIPH U3MEHEHHH H TIEPECUETE CTPYKTYPHI
rpaduk Takke Oymer OOHOBIATHCS. ['paduky MOTYT MpeAcTaBIAThCS B JTUHEWHOM W JIOTapU()MUIECKOM
Macmrabe; Mo yMom4daHWio MacmTta® jauHerHbIH. C MOMOIIBI0 KOJeca MBIIM MOXXHO YBEITWYHBATH WIIH
YMEHBIIIATh MacCIITad, MpUIeM OTAEIHHO M0 Kaxa0i ocr. UTOOBI BEPHYTH UCXOMHBIA MACIITa0, IPU KOTOPOM
BHJHA BCS KPHUBas OJJHOBPEMEHHO CJIeyeT CHOBAa HAXKaTh Ha MEPEKIoYaTeNh MacTadoB. JTo paboTaeT mpu
BKJIFOUCHHOM ommmu “Rescale”, Takxke nmpu BKIIOYEHHOW OMIMK MaciiTab BO3BpAIIaeTCs K UCXOAHOMY MPH
KOKIOM Mepecuére CTPyKTypbl. [IpH OTKIIOYCHHON ONIMM MacIiTad HEe M3MEHSETCS aBTOMATHYCCKU IPH
nepecuére 1 BCE BpeMsl OCTaETCs MOIb30BaTEIbCKIM. B Ha3BaHNM KaKI0T0 rpadriKa YKa3bIBaeTCsl UMl BKIa KU

B “Independent Variables” u ocHoBHbIE MapaMeTpbl CKaHa.

A Plots — O x
Struct_1
—Measured
—Independent
Plot_1: A=1.540560 A, pol=1.000
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OKHO TOPHM30HTAJIBHO pasienacHo Ha aBe cekuuum: “Measured” u “Independent”. B cekmum “Measured”
MPUBOSATCS 3arpy’KEHHBIC SKCIIEPHMCHTAIbHbIE KPUBBIE W PACUCTHBIC KPUBBIC Ha TOM K€ CeTKe. B cexium
“Independent” mpuBOIATCS MCKIIOYMTENLHO pacdeTHbIE KPHBBIE Ha 3a1aBaeMoOil ceTke. MeXIy CEeKIUAMH
HaXOJIMTCSI HEBUIMMBIN Pa3IeIuTe b, IEPEABUHYB €T0, MOKHO YMEHBIIUTH WIIH OJHOCTBIO CKPBITh HEHYKHYIO

CCKIIHIO.

PaboTa co cTpyKTypHOM Tabauuei
Mensarb napaMeTpbl CTPYKTYPbI MOXKHO, KJIIMKAasl Ha OTACIIBHBIC 3JIEMCHTLIL, 1 B OTKPBIBIIEMCS OKHC BbBICTABJIATH

HyXHbIE 3HaueHus. Ho 310 HeymoOHO 1 Hea(h(peKTHBHO, ecITi HY)KHO ITOBTOPHUTH MPOIIEAYPY XOTS OBl HECKOIBKO

pa3. bonee npaBuiIbHBIN c110coO — UCIIONIB30BaTh OOLIYI0 Ta0IMIly, B KOTOPOH IPEACTaBICHb! BCE YHCICHHBIE
= N1 99 13 H

mapaMeTphl, OMKUCBIBAIOIIHE CTPYKTYpY. OTKpBITh €€ MOXHO KHOMKO# “Structure Table” Bo Bkiaake “Main

Tools”:

Independent Variables Main Tools

Structure table

Graphs
Fitting settings
Calculation settings

Fits selector

Tabmuma coepKUT MHOXKECTBO TIOJIEH, IO3TOMY 3aHMMAeT HeMalylo TUIOMAaAs Ha dKpaHe. BepxHss e€ vactp
COJIEP)KUT LBETOBYIO JIETEHIY JUIA TIApaMETPOB W OIIIWH, MMO3BOJLONINE Oosiee yIOOHBIM 00pa3oM MEHSTh

3HAUYCHUS [TapaMEeTPOB.



#% Table Of Structures

- O
File Calculate Units Precision
Struct_1
Set min/max
h confidence interval active fit P =% zfd, % o, =%
master slave _ common Z Reset Reset Reset
pure master restrict z commen o |10‘ODD | ‘10.000 ‘ |10.DDD ‘
free parameter
Set steps
Mouse Wheel Change Dependent p step z/d step astep v step astep drift step
Recalclate [ooor | [1o0& | [o0R Joonz |
Struct_1
N d[A] ¥
Multilayer (1 - 2) O fit it it
1 10.0000 0
2
Be plrul z[A] o[A] ef [Jin Dexp [Dtach [Jsn [Jstep [Ddzlin  [dzran
Browse [Looo0 | 35.0000 | s.0000 | [Loo |1co0 oo 1000 100D L0OD 0.0000  0.0000
[ Be layer (1) O fit it it O& O HO& O Ot 6t
0 gerf alin aexp o tanh asin ostep
plru] z[A] ef [in [exp [Jtarh [dsn [step [ddzlin  [Jdzran
Browse |1‘DDDD | ‘ZE.DDDD ‘ ‘I.DDD | 1.000 1.000 1.000 1.000 1.000 0 0.0000
41 Mo layer (2) [ 6t 16t Oa Oft Of O Ot 4t
0.5000 0000 gerf olin o Exp o tanh osin ostep
1.5000 5.0000 |5.0000 |5.0000 |5.0000
M o (A Mef [in Hexp [Jtansh [Jsin [Jstep
Browse 1.000 1.000 1.000 1.000 1.000
-1 Si substrate [t Oa et Ife [ Ot [t
ogerf olin gexp o tanh asin ostep

Momuduxrarop “Recalculate” ) Relaiate

Mo00T0 MapamMeTpa KpPHUBBIE aBTOMATHYECKU MEPECUUTHIBAIOTCS. JTO MOXHO BHAETH, €CIIM OKHO TpadukoB
OTKPBITO M HaxOAWTCA Tepes] Iina3amMu. MeHSTh 3Ha4eHHS MOXKHO KaK BBOJIOM C KJIaBHATYpbl, Tak U

“HpOKPYTKOI” 3HAYEHHM C MOMOIIBI0 KOJIeCa MBIIIM WM KJIABUATYPHBIX CTpeiok “BBepx” W “BHM3”. Llar

10 YMOJIHaHUTIO BKJIIO‘IéH, 9TO 3HAYUT, YTO IIPH Ka)KIAOM U3MCHCHHU

W3MEHEHUs mapameTpa 3a1aércs B cexun “Set steps”.

O6paTtHas 3aga4a

Tenepp mnomnpoOyem peIINTh OOpaTHYKO 3aJady: HAWTH MapaMeTpbl CTPYKTYPhl IO AKCIEPHUMEHTAIBHO
MOJTy4eHHOU KpruBOi oTpakeHus ot Mo/Be 3epkaina. Daiin ¢ kpuBoi Ha3biBaeTes “Sample D364 Mo_Be angular
0.154nm.txt”, oH pacripocTpaHsieTcst BMecTe ¢ mporpammoii. Ytoosr 3arpy3uts ero B Multifitting u conocrasuts

MOJIETIBHOM CTPYKTYPE HY)KHO HaXKaTh Ha KHOIKY “Import” Buu3y riaBaoro okHa. Hammwmcs “<no description>*

03HAYaeT, YTO Ha JaHHBIA MOMEHT HUKAKasi KpUBas HE 3arpy>KeHa.

<no description =

|
B W K e

Target Curve

Add Row Remove

OTKpLIBH_ICGCH OKHO CIIY>XXUT UId UMIIOPTAa AAHHBIX W YKa3aHUA HapaMETpOB, MPHU KOTOPBIX OHU ObLIH

HU3MCPCHBI, TAKUX KaK U3MCpACMasd BCIWYHMHA, apryMCHT, CAUHUIIbI USMCPCHUA, HOPMHUPOBKA, MOJISIPpU3ALIUs,




(o, mapaMeTpbl annapatHol ¢yHKIMH. YTOOBI 3arpy3UTh JaHHBIC, JOCTATOYHO MEPETAIUTL TEKCTOBBIN (haiin
B 9T0 OKHO (drag-and-drop). AnbTepHaTHBa — BBIOpaTh (haiiy, HakaB KHOMKY “Browse” wiam BBeCTH MyTh K
¢aiiny n Haxxatp “Read Data”. Taxke “Read Data” mo3BossieT nepe3arpy3uTh JaHHbIC TPH UX U3MCHCHHH B

YK€ 3arpy’KeHHOM TEKCTOBOM (haiine.

% Imnport Data — a *
101 101
-2 -2
- 10 10
o
5
B 103 10-3
o
K
I
104 104
105 10-5
WA
LT
Grazing angle 6, *
Plot options
Scale: () Lin (@) Log
File path

| D:\Multifitting\PyxosogcTeo Multifitting\Sample D364 Mo_Be angular 0. 154nm. twt | Browse. ..

Data

Argument | Grazing anale ~ | Units | = ~ | Offset

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

Polarization Spectral resolution, AEfE

Background Angular resolution, A8

Beam width mm Sample size mm
Beam spreading Sample shift mm

| Done | Read Data

At fived wavelength: |1.540560 R~

BricraBnseM 3Hauenne “Background” pasmbiM 2x10, 570 He mopiuseT Ha BBIMHCIEHMS, HO TIO3BOJUT
OTPaHUYUTh CHU3Y AMana3oH Macitabos. I1o cyTu, 3To npubaBieHre KOHCTAHTHI K KO3 UIMEHTY OTPaskeHHs
JUUs 01 omoobpadicenus Pacu€THON KpUBOW. 3HAaYCHHUS OCTAIBHBIX APAMETPOB OCTABIISIEM 110 YMOJIYAHUIO U
3aKpbIBaeM OKHO. Terepp KpaTkasi MHQOpMAIMs O 3arpy’>KeHHOH KpUBOH OTOOpa’kaeTcs B IJITaBHOM OKHE B

obsactu “Target Curve”

R e

Target Curve
Import 1: Angular {ar); B; 0.05-4.798% at 1,541 4 | Add Row Remove




JIA TEEPh I TKPBITh OKH HMKOB, TO TaM B CEKIIUU IOSIBUTCS ’KeHHas kpusasd. [Ipu
Ec ere epeo OKHO T'pa OB, TO TaM B C€ “Measured” o cs3a €HHA ast. [T

nakatuu Ctrl+Shift+C mossurcs Taxke pacuéTHas KpruBasi, HAJIOKEHHAs Ha SKCIIEPUMEHTATBHYIO.

2% Plots — O >
Struct_1

—Measured

1: A=1.540560 A, pol=1.000

10-1

10-2

10-3

Reflectance, R

104

105

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

—Independent

Plot_1: A=1.540560 A, pol=1.000
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ITpu sTom kpuBas B cekuun “Independent” uukyna He ucye3neT. Eciiu oHa He Hy)KHa, TOraa ¢€ BHIYUCICHUEC

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

“Main Tools”.



% Calculation Settings — a .
Struct_1

—[=] Measured

—b1 1: Angular (ar); R; 0.05-4.798%; at 1.541 &

Fit

Weight |1 |

Divide by N [ Maximize integral
Function: (log(R +1E-5) Power: 2.0 Use y2

Independent —»

b1 Plot_1 R
™~ Standard Functions
Reflectance [] Transmittance [ ] Absorptance

[ Field Functions
Field Intensity Joule Absorption

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

| Done | Calculate Weights

9

Ortcro/1a MOXKHO YIIPaBIISITh BCEMU KPUBBIMH, PACCUUTHIBAEMBIMH MO “IKCIICPUMEHTANBHBIM 1 “HE3aBUCHMBIM®
cetkam. OtkimrodaeM ranodky “Independent” u ckpbiBaeM COOTBETCTBYIOILIYIO CEKIIMIO B OKHE TpaduKOB.
Jlanpire paboTaeM TOJIBKO C SKCIIEPUMEHTAIBHO 33aJaHHOM CETKOM U COMOCTABIISIEM JIBE KPUBBIE — MOJCIHHYIO

Y U3MEPEHHYIO.

Tenepsb, uMes nepes riiazaMu OTKPHITYIO TaONIHILy U TpadUKH, MOKHO HAYMHATH ITOA00DP MapaMeTPOB MOIEIH.
Lenpb — HaliTH Takue GUINUECKH pa3yMHBIE 3HAUYEHHUsI, IPH KOTOPBIX KPUBBIE OTPaKeHUs Oy IyT MaKCUMalIbHO
noxoxu. Hauate mozi00p MOKHO, BpyYHYIO MEHSS B Ta0uIe (POKPYUYHBAs C MOAXOASIIIM [IaroM) 3HAYCHUsI
Meproa, TONIIMHHOTO OTHOIIEHUS Y (WJIM TOJIIINH CJIOEB MO OTAEIBHOCTH) U BeMU4YuH 6. Ho MOXHO BHUIETH,
YTO JaXKe MPU HEMJIOXOM BH3YaJbHOM COBIAJICHUH IMOJIOXKEHUS M (B MEHBIICH CTEIIEHH) BHICOTHI TMKOB MBI
MoJy4uM oTin4re B (opMe M HIMPHHE NHKOB. Ha kapTWHKE HIbKEe NMpUMEp MOJ00HOTO “‘coBHajieHHs”’,

MOJIYYCHHOT' O OITMCAHHBIM CII0COOOM.



A Plots - O =
Struct_1
—Measured
1: A=1.540560 A, pol=1.000
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[MapameTpsl ipeIcTaBICHHON Ha IpaduKe MOJICIBHOW CTPYKTYPBI 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=9.100&
Me layer (2), z=24.534A, p=1.000, o=3.6004
Si substrate, p=1.000, o=3.0004

Kakue paccormacoBanmss MeXIy KpuBbIMH MBI HabOmomaem? IlepBoe — 3TO OTiMYHMe B OOJIACTH MEXKIY
KPUTHYECKHM YTJIOM W TEPBBEIM OPATTOBCKUM IMHKOM. 371€Ch CKAa3bIBAeTCA YHPOIIEHHOCTh HAIIed MOJIEIH:
OTpaXKCHHUE B 3TON 00JIACTH YIJIOB B 3HAYUTEIILHOM CTEIICHU OIPEIENISICTCS TOBEPXHOCTHBIM CIIOEM CTPYKTYPBI,
KOTOPBI Ha BO3JyXe OKUCISICTCS M IOKPHIBACTCS aJre3MOHHBIM CJIOEM U3 BOJIbI, YIJIEBOAOPOAOB U T.1. B
MEPBYIO OYepe/b Ha KPUBYK OTpakeHHs Ha jyiuHe BoJHbI (.154 HM oOKa3blBaeT BIIMSHUE TOJIIIMHA
MMOBEPXHOCTHOIO €105, YTOOBI ydecTh 3TH 3P QEeKThl, XOTs Obl B IEPBOM MPUOIMKEHUH, CICAYET MEPBbIH
MIEPHOJ] CTIKA 3aMEHHTD Ha [apy HE3aBUCUMBIX CIIOER, a moBepX ciiost Be 1o6asuTth cioit BeO. [Ij1s1 3T0ro HyKHO
3aKpbIMb CMPYKMYPHYIO Mabauyy, BHIICINTh MBIIIKOH CaMblii BEPXHUH 3JIEMEHT CTPYKTYPbI (3TO BHELIHSIS
cpeaa) u Tpu pasa Haxarh WKoHKY “Add Layer” = na maHenn WHCTPYMEHTOB (Y4TOOBI TOOABUTH TPH CIION).
Crom Beeryia 100aBISIOTCS HUJice BBIJICIIEHHOTO DJIEMEHTa, HO BhIIIE MOJUIOKKU. VI3MEHHUTH TOJIOKEHHE YKe

CYIIIECTBYIOIIETO BBIIEIECHHOTO CIIOSI CTPYKTYPBI MOXKHO C TIOMOIIBI0 KHOMOK “Move up” « u “Move down” «



Ha TIaHeNW WHCTPYMEHTOB. [Ipm OTKphITON Tabnuile maHelb WHCTPYMEHTOB HeakTHBHa! DTO cienmaHo Aus

CUHXpOHHM3alU CTPYKTYPLI B TJIABHOM OKHC U B Ta6m/1ue. HOBTOMy €CJIM BBl HC MOXCTC I[O63BI/ITB CIIon —

MIPOBEPHTE, 3aKPHITO JTU OKHO TAOJIHAIIBL.

Be layer (1), z=35.0008, p=1.000, o=5.0004
Ma layer (2), z=25.0004, p=1.000, o=5.0004
Si substrate, p=1.000, o=3.000A

Be layer (2), z=10.0004, p=1.000

~  Multilayer (4 - 3], M=TT10, d=60.000A, y=0.383

=enBe layer (3, z=10.0008, p=1.000 ]

& Multilayer Model: ..././save.. — O * % Multilayer Model: .../ /save.. — a ot
Calculate  Optical Constants  File  Help Calculate  Optical Constants  File  Help
Struct_1 T Struct_1 T
ambient: Vacuumn arhientelisserer
v Multilayer (1 - 2), N=110, d=60.0004, y=0.583 =" Be layer (1), z=10.0004, p=1.000 I

Be layer (4), z=35.0008, p=1.000, o=5.0004
Ma layer (5), z=25.0004, p=1.000, o=5.0004
Si substrate, p=1.000, o=3.0004

(= X Y BB v TS XL BRI

Variables Main Tools Independent Variables Main Tools

B xauectBe maTepuasioB clI0€B cleAyeT 3aaTh, cooTBeTcTBeHHO, MO, Be u BeO. Tommuny Mo cienyer 3agatsb
TaKoW e, Kak B CTIKe, a ToMmuHy Be — MmeHbIIe, T.K. 4acTh OEpWUIHS HaXOIUTCS B okucie. Hampumep,
HECJIO)KHO PaCCYHUTATh, YTO TOJIIMHA OKCHAA COOTHOCUTCS C TOIIMHON OCPHILINS 1O OKUCIICHHUS CIEAYIOIINM

00pa3oM: MpH OKUCIICHUH CJI0 OSpUIUTUS TOJIIIMHOM X 00pasyeTcst okcua BeO tommmuoit 1.7X.

OTyn4aroTCsl Takke Op3rroBCcKue MUKH. [IepBhlii MUK CMEIIEH 110 YUy, a MOJICbHEIC 4,5,6 TUKU TOPa3Io yKe,
4YeM U3MepeHHble. Pe30HaHCHl ONpeneNstoTcs NepUOoINYECKOd YacThl0 CTPYKTYPBI M MO3TOMY OHH JIOJIKHBI
aJIeKBaTHO OMHCHIBAThCA IPEJICTaBICHHOM Mojemnbio. YTo ke Mbl He yunu? To, 4yTo peanbHas CTPYKTypa He
SIBIIIETCS WEaIbHO MePUOJNYECcKOil. B mpoliecce HambuIeHUsT MEHSETCS AaBJIEHUE Ta30B, IPOUCXOAUT 3PO3HA
MHUIICHH ¥ BMECTE C OTHM MEHSETCS CKOpPOCTh pocta IuIéHOK. Jlerye Bcero oOHapyskuBaetcs 3¢ ¢dekTt
MOHOTOHHOTO YBEITMYEHHS WIIH YMEHBIIICHHUS TOJIIIMHEI IEPHO/Ia IO BCEeH rITyOnHEe CTPYKTYphI. BenmnuuHa 3Toro
a¢(dekTa 3aBUCHT OT BENUYMHBI Jpeia, ducia TEepHoJIOB M TOPSIIKOBOTO HOMEpa OpITTOBCKOTO ITHKA.
Multifitting mo3BosisieT 3a1aBaTh TaKHE OTKIIOHEHHS OT CTPOTO# EPHOTUYHOCTH, TOATOMY J00ABUM UX B CTIK.
JIi1st 9TOro B CTPYKTYpHOI Tabuuie BKiIrounM mapamerp “dz lin” mis oboux cnoés Mo u Be. DroT mapamerp
O3HauaeT BEIWYMHY JIMHEHHOTO W3MEHEHHs TOIIIMHBI CIIOS C POCTOM HOMepa Iephoja Ha €IWHUILY, B
MPOIIEHTaX OT HOMUHAIBHOW TOJIIIMHEI CIIOST, OTCUET UIET OT MOBEPXHOCTH 00pasia. DTOT Jipeiid MokeT ObITh
KaK TIOJIOKUTEIFHOW, TaK U OTPHUIATEIIHHON BETMYWHOMN, T.€. CJIOW MOTYT CTAHOBHUTBHCS TOJIIIE BIIIyOh CTIKa, a
MOTYT — TOHbIIle. B Hamem cirydae n3 GpopMbl IKCIEPUMEHTAIBFHBIX TTHUKOB CIEAYET, YTO CIOW y TOJIOKKH

TOHBLIC, YEM Y ITIOBEPXHOCTH.



#% Table Of Structures - O x

File Calculaste Units Precision

Struct_1
Struct_1 2
Be0 plrul z[&] o [A] ef [Jin [Jep [Jtach [Jsn [Jstep
Browse ‘1‘0000 | |15.0000 | |7‘0000 | |1.000 | 1.000 1.000 1.000 1.000 1.000
BeO layer (1) [ At Of Of Ofe COft i At
gerf alin gexp o tanh asin astep
e | Aef Oin Hep Dtah Jen [Ostep
Browse |l.000 | 1.000 1.000 1.000 1.000 1.000
Be layer (2) A [f [ [t [t []ft
gerf alin gexp o tanh asin astep
0.0000 |0.0000 |0.0000 |0.0000 00000
Mo plrul z [A] ef [Jin [Jexp [tanh [Jsn [step
Browse ‘1‘0000 | |24.0000 | |1.000 | 1.000 1.000 1.000 1.000 1.000
Mo layer (3) [ fit [ fit Oas O O Ot At [Jft
0 gerf alin gexp o tanh osin astep
0.0000 |0.0000 |0.0000 |0.0000 0.0000
v
Multilayer (4 - 5) O fit
a[A] erf [Jin [Dexp [Jtarh [Jsn [Ostep
Browse |9‘ 1000 | |1.000 | 1.000 1.000 1.000 1.000 1.000
Be layer (4) Os O O O Ot At
gerf alin gexp o tanh asin astep
9.1000 |9,1000 |9.1000 |9.1000
o] ef [Oin [Jexp [Jtach [Jsin [Ostep
Browse |3‘6000 | |1.000 | 1.000 1.000 1.000 1.000 1.000
Mo layer (5) O O O O At DAt
gerf alin gexp o tanh asin astep
3.6000 |3.6000 |3.6000 3.6000
pirul o Mef Oin Hee weh [sn e
Browse 1.000 1.000 1.000 1.000 1.000
Si substrate [t [t Of Of Ofe O [Of At
0.5000 1.0000 gerf alin gexp o tanh asin astep v
< >

Emeé oqun dhaktop, BIUSIONHIA Ha BEICOTHI ITMKOB M UX COOTHOIICHUE MEXTY cCO00M — B HHTEP(EHCOB MEKTY
cnossmu. [lo ymondaHuWio, JaTepaidbHO YCPEIHEHHBIH NPOPHUIH JAUAIEKTPUYECKONH MPOHHUIIAEMOCTH
ONMCBIBAcTCS (QyHKIMeH ommbok erf (cM. ramouku B TabiMIle B KaXJIOM U3 CIOEB), HO B JEHCTBUTEIBLHOCTH
dbopma MoxeT oTiaudathes. Mi3MeHuTs Bu ipoduiis MoxHO, BKitovas aqpyrue Gpynkuun (erf, lin, exp, tanh, sin,
step). IlogpoOHO BuI M BIMsAHUE 3THX (DYHKIMH OMHMCAaHBI B CIEAyIOIIEM pasjene pykoBojcta. Ceiiuac
npeajiaracTcsi MpoCTO 3aJCHCTBOBATh WX, M, MEHSS YJCNbHbIC Beca, HAOJOAaTh BIIMSIHUE Ha KPHUBYIO
OTpaKEeHUs. YJICNbHBIN Bec Kaxmod (yHKiuu 3amaércs moj o€ Ha3BaHMEM. 3HAYCHHE HMEIOT TOJIbKO
COOTHOIICHHS TUX 3HAYCHHUM MEXIy Pa3IMyHbIMU (PYHKIIUAMU; aOCOIOTHAS BeJIMUMHA HE BakHa. Eciu Bec

PaBeH HYJI0, TO 3TO SKBUBAJICHTHO OTKIIIOYECHHUIO TaHHOH QyHKIMK npoduias.

[Aerf [Jin [Jexp [Jtenh [Jsin []step

1.000 1.000 1.000 1.000 1,000 1.000

et [t st 6 6t []fit

oerf alin




Hrak, Tereps MozenbHAs CTPYKTYypa cTaja ropa3mao 0ojee CIOKHOW M MHOTOTapaMeTpudeckoil. MoxHO T1o-
MIPEKHEMY MECHSTB ITApaMETPhI BpYYHYIO U CMOTPETh HAa PE3yIbTaT B PEalIbHOM BPEMEHH (M 3TO BCET/a MOJIE3HO
JenaTb, Ha Jr0O00M 3Tane pedIeKTOMETPUIECKOW PEKOHCTPYKLHUH), OJHAKO MIAHCHI OOHAPYKUTh HCKOMYIO
001acTh MapaMeTpoB BechbMa Maibl. Ha 3ToM sTane aBToMaTH3MpOBaHHAas IOATOHKA CTAHOBUTCS HEOOXOANMOHN.
[Ipexne yem mepeiiTh K aBTOMaTMYECKOM IMOJTrOHKE, ClelyeT oOpaTWTh BHUMaHHWE BOT Ha 4YTO. XOTS
ONITUMAJIbHO MOA00paHHast (YHKIHMS HEBS3KW B HEKOTOPOH Mepe “BBIPABHUBACT’ BKIIAJ YYaCTKOB KPHUBBIX CO
3HAYNUTENIFHO OTJIMYAIOMIMMHICS BETMUMHAMU OTPaKEHHS, HO OYCHb YCIOBHO. HepaBeHCTBO pa3HBIX y4acTKOB
KPUBOI OTPa)KCHUS MPUBOJIUT K TOMY, YTO aJITOPUTM YacTO CTPEMHUTCS YMEHBIIIUTL HEBSI3KY B TICPBYIO OU€pEib
3a cy€T 00J1aCTH MOTHOTO BHEIIHero oTpakeHust (yriasl 0—0.3°), yacto B yuiepd BaKHBIM 0COOEHHOCTSIM KPUBOI
OTpakeHHs (TaKUM KaK OpITTOBCKHE MUKW BRICOKHX MOPAIKOB). UTOOBI TakOW KOH(MIMKT HE BO3HUKAJ, CIIEYET
3apaHee M03a00TUTHCS O TOM, YTOOBI 00nacTh [IBO, Gombimie 3aBHCAIIAs OT TCOMETPHH U3MEPEHUH, YeM OT
0COOCHHOCTEW CaMOW CTPYKTYpPHI, He MMeJa OOJNBIINX paccoriacoBaHUi. i 3TOro HyXXHO yKa3aTh pa3Mep
oOpa3sia, mupuHy 1 GopMy 30HAUPYIOMIETO MyYKa, CMEIIeHne 00pas3iia OTHOCUTENHHO IIeHTpa my4ka. [Ipumep
MpuBeNEH Ha KapTUHKE HIKe. UTOOBI momo0paTh MOIXOASIINE 3HAUYSHHS, HYKHO JIEPKaTh OTKPHITHIM OKHO C
rpaduKaMu ¥ IPU U3MEHEHUH T€OMETPUUECKUX TTapaMeTPOB NIEPECYUTHIBATh KPUBYIO. UTOOBI MactiTad KpUBBIX

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

Pad
Struct_1

—Measur

Reflectance, R

4
0.4 j 0.4
L3
0.2t 2 0.2
§ i 08t
0 A o
1 2 3 4
Grazing angle 8, ©
g angl sl
Plot options o
&
Seale: @ Lin (O Log 5
File path %
T o4f
[ D:\PyxoBoacTeo Muifitting Sample D364 Mo_Be. bt Browse
Data
Argument | Grazng angle | urits = | Offset [0.00000 | Scale factor 1.00000 Divide an beam intensity oz
Functon | Reflectance ~| Mode [R | Offset Scale factor Incident photons per paint
Polarization Spectral resolution, AE/E
5 or
2 i i i i i
At fived wavelength: |1.540560 | |& 0.1 0.2 0.3 0.4 0.5
— = Sorple e = R
Beam spreading |2.2000 Sampie shift = Scale: @ Llin O Log | Scatter: tine: 0.0 {{ (] Rescale ) Max R = 08801 at 0.2300 *

Tenepb NOATOTOBUM CTPYKTYPY K (PUTHHTY. B mepByto ouepesap Uit 3TOro norpedyeTcst OTMETUTH B TabiuLe

napameTphbl, KOTOpble OyayT MOArOHAThCS. J[is 3THX mapaMeTpoB HY)KHO BKIOUYHMTH ommuio “fit” Mty

YCTAaHOBUTDb HUKHIOIO U BEPXHIOKO I'PAHULIBI IXAI1a30Ha MMOUCKaA.

z [A]

current value =—>»
fitting on/off —>» [ fit
min = |25.0000

max 9 45.0000




TCHCpB Ta6J'II/II_[a CO BCCMH BBICTABJICHHBIMU NOATOHOYHBIMU IIapaME€TpaMu W HadaJbHBIMU 3HAYCHHUAMU

BBITJIAOWUT TaK:

2% Table Of Structures - O X
File Calculste Units Precision
Struct_1
Struct_1 2
BeO plrul 2 [&] Mo [l Merf [din Dexp [Jtanh [Osn  [Jstep
Browse |1.0000 ‘ |15.0000 | |7.0000 | |1.000 ‘ 1.000 1.000 1.000 1.000 1.000
BeO layer (1) [t fit fit O Ofe O O Ot 6t
0,5000 2,0000 1.0000 gerf olin ogexp otanh asin
1.5000 30.0000 20,0000 |._'.D'JD'J ‘ 7.0000 |7.0000 |7.0000 |7.0000
Be plrul] z[A] A o 181 Mef [Oin ewp Otanh [Osn [Ostep
Browse |1.UUUU ‘ |ZU.UUUU | |?.UUUU | |l.UUU ‘ 1.000 1.000 1.000 1.000 1.000
Be layer (2) [ it fit fit Cf O COft Ot e 6t
0,5000 5,0000 1.0000 gerf olin ogexp otanh asin ostep
1.5000 35.0000 20,0000 |._.D'JD'J ‘ 7.0000 |7.0000 |7.0000 |7.0000 |7.0000
Mo plrul] z[A] A o 181 Mef [Oin Hewp Otanh [Osn Ostep
Browse |1.UUUU ‘ |24.UUUU | |4.UUUU | |l.UUU ‘ 1.000 1.000 1.000 1.000 1.000
M layer (3) [ it fit fit Cf O COft Ot e 6t
0,5000 18,0000 1.0000 gerf olin ogexp otanh asin ostep
1.5000 30.0000 20.0000 |4.DIJDIJ ‘ 4.0000 | 4.0000 4.0000 |4.0000 4.0000
N d [ ¥
Multilayer (4 - 5) 14t 14t O #it
1 10.0000 0.0000000
2 30.0000 1.0000000
Be plrul z[A] [ o [A] Merf [din [Mexp [Jtansh [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 ft [ [t [Jft fit:
0.5000 25.0000 1.0000 gerf olin ogexp otanh asin ostep -0.0350
1.5000 45.0000 20,0000 |9. 1000 ug 1000 ug 1000 |9. 1000 |9.1000 |9.1000 -0.0100
Mo plrul z[A] [ o [A] Merf [din [Mexp [Jtansh [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) [t fit fit fit fit it [Jft [t [ft [t
0,5000 18,0000 1.0000 gerf olin ogexp otanh asin ostep 0,0000
1.5000 30.0000 20,0000 |3.'5'JD'J ” 3.6000 ” 3.6000 | 3.6000 |3.6000 3.5000 0.0000
plrul] A o 181 Mef [Oin ewp Otanh [Osn [Ostep
|3.UUUU | |l.UUU ‘ 1.000 1.000 1.000 1.000 1.000
Si substrate [t [fe  CIae e [t CIAe [ w
< >

Crenyroniuii mar — BKIIFOYUTh TOATOHKY IS JAHHOM 3KCTIEPUMEHTAIbHON KPUBOU U 3a/1aTh ()YHKIIMIO HEBSA3KH,

10 nenaercs B okHe “Calculation Settings”.



#% Calculation Settings — O >

Struct_1
—[+] Measured
[l 1: Angular {gr); R; 0.05-4.798% at 1.541 &

Weight |1 |
Divide by M [ LMayimize intearal

Lt ey
| | Function: |Iog{F‘.+1E—5} | Power: [] use 2 h)
I ——-E"'"'.I
~[] Independent
—~" Plot_1 R
™ Standard Functions
Reflectance Transmittance Absorptance

[~ Field Functions
Field Intensity Joule Absaorption

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

A1

| Done | Calculate Weights

Tanouka “Fit” cTOUT 1O yMOTYaHHIO, 8 PYHKIMS HEBSI3KHA MOXKET OBITh TMOO XU-KBAAPAT, JIHOO MPOU3BOIBHOM
(hyHKIHEH (IOMyCTUMBIN CHHTAKCHUC AJIS HAIMCAHUS BBIPAXXCHHUU OIMMCaH B CIEAYIOMIeM pasnene). B manaoM
Cllydae JOCTaTOYHO MEPEKIIOYMTH Ha JIOTapUPMHUUECKy0 (QYHKIMIO, CHAB Tanouky “Use y?’, a 3HaveHus
OCTaBHTh KaK €CTh. AJITOPUTM MUHUMHU3ALUH (HYHKIIMOHAJIA HEBS3KHU BBIOMpaeTCs B crienuanbHoM okHe “Fitting

Settings”. OKHO MOYKHO OTKPBITh M3 IMIABHOTO OKHa, BKJIajka “Main Tools”.



A% Fitting Settings - x

Fitting Algorithm | Differential Evolution (Basic) w
—— GSL library
[ ] Randomizec Levenberg-Marquardt
Levenberg-Marquardt with Geodesic Acceleration
Mumber of rung Dogleg
Double Dogleg
Max number of| Two Dimensional Subspace
SwarmOps library
[ hum. evals Mesh iteration
— ] Random Sampling {Uniform)
P Additional pg 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
Maore Yo-yos doing Global optimization
Farticle Swarm Qptimization (Basic)
Forever Accumulating Evolution

Many Optimizing Ligisons

Layered and Interleaved Co-Evalution

B cmnucke mpencTtaBieHbl HECKOJIBKO alrOpuTMOB. B mepBoil rpynme — TpajueHTHBIE alfOPUTMBI,
“pOACTBEHHBIC” KiaccHueckoMmy anroputMmy JleBeHOepra-MapkBapiata. OHU OCYIIECTBISIFOT “‘JTIOKAJIbHBINA
MOUCK, 3Q(HEKTUBHO CXOCh K OMIKaiiieMy MUHUMYMY HEBS3KH B TapaMEeTPHUYECKOM MPOCcTpaHcTBe. Bropas
rpyIIa — aifOPUTMBI TJI00aJIbHOTO TMOUCKA: PABHOMEPHBIN MOKMCK 110 KOOPJAMHATHON CETKE, CIydJaiiHBIN TOUCK
W TeHEeTHYecKue (IBOMIOLUOHHEIE) anrOpuTMbl. OCHOBHBIM MHCTPYMEHTOM IPH OOJIBIIOM YHCIIE TTapaMeTpOB
SIBJISIFOTCSI IMEHHO T'eHETHYECKHE arOpPUTMBI, TT03TOMY BeiOHpaeM “Differential Evolution (Basic)”. OcranbHbie

nmapaMeTpbl OCTABJIAEM 110 YMOJTYAHUIO.

IMoaroroBka 3akoH4eHa. Tenepsb Hy:KHO 3amycTuTh Gutunr, Haxxa Ctrl+Shift+F win BeiOpas “Start fitting” B

meHro “Calculate” riiaBHOro okHa:

2% Multilayer Model - O >

File = Calculate Optical Constants Help

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

Abort calculation Alt+,

v Multilayer (4 - 5), N=108, d=56.7185, y=0.590
Be layer (4), z=33.462A, p=1.000, 0=5.976A
- dz = {line, -0.0197%}

[lotiner mpouiecc BeIYKUCICHUS, 0TOOpakaeMblid B TepMUHaje. Tyna BHIBOAATCA HOMEP “UTepauuu’, TEKyIInue

3HAYEHUS BAPHUPYEMBIX MapaMeTpoB (0e3 paciupoBKH) U TEKYIHe 3HAYCHUS HEBSA3KH.



12 logical cores, 12 used
Multifitting version 1.9.1

Read optical constants: ©.139 seconds

"Differential Evolution" optimization
iter @ :13.149580 28.362949 8.906899 33.879792 3.138997 24.886769 5.975642 33.461864 2.9763080 23.25615 .853988

iter 16 :2.539781 23.287241 4.4629868 34.743875 4.621778 20.8308584 6.856261 48.716536 5.668438 29.5 .92693
:19.576637 6.989846 7.209499 7.848351 3.117158 24.0845721 16.4277085 25.184739 5.595633 28.
:2.6082146 5.883856 5.442675 16.599444 19.866623 27.921275 16.2328457 43.150061 9.634925 28.267284
:2.559945 13.687188 6.809735 8.183871 3.698333 26.853624 9.188795 44.,586165 192.893172 18.395872
:12.072658 21.563942 4.367125 9.178834 3.681148 23 .863816 16.599957 41.750826 15.215322 28.873331

:2.593787 18.873949 13.149898 14.451555 5.669764 29.7@83537 18.243358 42.968176 4.858474 27.785856

B KOHIIC B TCPMHHAJI 6YH6T BBIBCICHO CpPAaBHCHHUC HaYaJIbHOM M KOHEYHOH HCBHSOK.IIOHBSOBaTeHK)6yH€T

MIPEJIOKEHO MPUHATH PE3yIbTaT WU BEPHYTHCS K UCXoaHOMY. [Ipu Haxxatnn “Ye€S” cTpyKTypa B TaOnHIe U

rpaduxu OyayT OOHOBIICHEI.

.775619 . .153744 24.827129 5.986240 .484853
.561771 .815158 8.775238 . L158473 24.826528
.598296 .727113 8.779579 .802824 3.154128 24. . . .@82919
.007095 8, .B832517 3.154486 24. .9855390 . .B82158

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

M Replace

.154867 8.748141 .714808 3. .e8167e
Fitting is done,

.648721 .298913 8.748181

.616419 . . .685788 3. M- R o . - wem 3 .081530

Fit : 27.836 seconds
previous_ID = 17819345

= @.853988
6.85ae886
Best solution: [13.614857, 2©.201498, 8.745508, 32.697833, 3.154823, 24.026157, 5.985447,
71]




He Bcernma ciemyer MOATOHATH BCE MapaMeTpPhl OAHOBPEMEHHO, T.K. TPH CIHMIIKOM OOJIBIIONW pa3MEepHOCTH
napaMeTpHUUECKOro MPOCTPAHCTBA TPYJHEE BBISBUTH KeJlaeMylo 00J1acTh TapaMeTPOB U aJITOPUTM OYAET XyKe
cxoautbes. [loaToMy cneayeT oTKIIFoYaTh U MOJAKIII0YaTh TPYIIIEI HapaMeTPOB B MOCIEI0BATEIbHBIX TOATOHAX,
KOMOWHHpYsl aBTOMaTHUECKH (UTHUHT C PYYHBIM M3MEHEHHEM NapameTpoB, KOppeKuuei HeBs3kdu u T.4. C
OJTHOTO 3aITyCKa MOYKHO TOJIyYUTh MPUEMIIEMOE COOTBETCTBHE KPHUBBIX JIUIIb AJISI OYE€HBb MPOCTHIX CTPYKTYP C
MUHHMYMOM T1apaMeTpoB. B oOiieM e cirydae MOATOHKA — MPOLECC UTEPAIMOHHBIA U TPEOYIOUIHMH PYYHOTO
BMeIIATeNbCTBA. B pe3ynbpraTe 3TOro KOMOMHUPOBAHHOTO TIOMCKA MOKHO TOIYYUTh MPUMEPHO CIEAYIOLIYIO

KapTHHY:

2t Plots — O *
Struct_1

—Measured

101 B - 101

102 4102

103 10-3

Reflectance, R

104 104

105 105

Grazing angle 8, #

Scale: O lin @ Log | Scatter: Line: Restale |MaxR = 0.8792at0.2300 °

Haiinennas cTpykTypa, COOTBETCTBYIOIIAS KAPTHHKE BBIIIE, UMEET CIEIYIOLIe HapaMeTphl:

ambient: Yacuum

BeO layer (1), z=20.3634, p=1.000, 0=13.150A

Be layer (2), z=33.0804, p=1.000, o=8.9078

Mo layer (2), z=24.0074, p=0.950, 0=3.1394

v Multilayer (4 - 5), N=109, d=56.7184, y=0.590

Be layer (4), z=33.4624, p=1.000, o=5.9768
== dz = {line, -0.0197%]}
Mo layer (5), z=23.2568, p=0.950, 0=2.9764
---= dz = {line, -0.0230%}

Si substrate, p=1.000, o=3.0004




["TaBHBIN BOTIPOC: 03HAYAET JIM COBITAICHUE KPUBBIX OTPAKCHHS HCTUHHOCTH HalJICHHBIX mapaMeTpoB? Her, He
03HAYAET, HO SBISETCS BECOMBIM apTyMEHTOM YTOOBI ONIEPUPOBATh HAWICHHBIMU BEIMYUHAMHU B JajbHEHIIICH
pabote. OleHKa HAJAEKHOCTH TEX WIA WHBIX JAHHBIX TpPeOyeT HEKOTOPOTro OIbITa MOJ00HOM
“pPEKOHCTPYKTOPCKOW~’ pabOTHI; TakKe KpalHE >KENaTelNbHO IPUBICKATh PE3YJIbTAThl JOMOJHUTEIBHBIX

HCCIEIOBAaHMA 00pa3IoB.

[lononHuUTENbHbIE SKCNEPUMEHTA/IbHbIE KPUBbIE
B IEPBYIO O4YEpCAb TaKUMU HOOINOJHUTCIBHBIMU HUCCICAOBAHUSAMU MOIKHO CUHUTATH pe(I)J'IGKTOMeTpI/ILICCKI/IC

KPHUBBIE TOTO e 00pasiia, celaHHbIe PH APYTHX NapameTpax usmepenus. Hanpumep, 11t paccMaTpuBaeMoro
Mo/Be 3epkaa 310 creKTpajibHasi KpuBasi OTPaKEHHUs, OIyYSHHAS TT0/T YIIJIOM, OJH3KHM K HopMautd. Jo6aBum
oty kpuByto B Multifitting. dns storo HykHO BHu3y rimaBHoro okua Multifitting ma wumeromeiics
IKCIIEPUMEHTATIbHON KpHBOW HakaTh KHOMKy “Add Row”. IMosBuTcs emié oaHa CTpOKa, B KOTOPOH MOXKHO

3arpy3uThb 3KCIICPUMCHTAJIbHYIO KPHUBYIO TaK K€, KaK 3TO OBLIO CACJIaHO U B HepBLIfI pas.

Fits selector

Target Curve

Impart 1: Angular {ar); R; 0.05-4,798% at 1.541 & Add Row Remaove

Fits selector

Target Curve
Impart 1: Angular {gr); R; 0.05-4,798% at 1.541 & Add Row Remove

@ <no description = Add Row Remove

[Tocne HaxkaTust Ha KHOMKY “IMPOIt” oTKpoeTcsi COOTBETCTBYIONIEE OKHO, B KOTOPOE CIEAYeT ‘‘TepeTaluTh’
¢daiin co Bropoit kpuBoi, “Sample D364 Mo Be spectral 88deg.txt”, kOTOpBIH Takke NpuiIaraerTcs K

porpaMme.



% Import Data - O d

T T
0.6 - 0.6
0.5 -4 0.5
o
¥ 04k 0.4
C
o
o
= 0.3F J0.3
[T}
o
0.2 0.2
0.1F - 0.1
|
105 110 115 120
Wavelength A, &
Plot options
Scale: (@) Lin () Log
File path
| D: Multifitting /PykoBoacTeo Multifitting/Sample D364 Mo_Be spectral 83deqg. txt e Browse...

Data

Argumenits B ~ | Offset Scale factor Divide on beam intensity

Function | Reflectance ~ Mode R ~ | Offset Scale factor Inddent photons per peint, start: final:
Polarization Spectral resolution, AE/E

Background I:I Angular resolution, A8 |0.00000000 | =
At fixed angle( a3 =, Grazing w
Beam width mm Sample size |25.00 mm

Beam spreading |2.0000 Sample shift mm
| Dane | Read Data

ITo cpaBHEeHHUIO ¢ TapaMeTpaMu MO YMOJIYAHMIO CIIeAyeT U3MEHUTh TUIl apryMmenTa Ha “Wavelength/Energy”,
yOEIUThCS, YTO SAMHHUIIBI U3MEPEHUSI apryMEHTa — “A”, ITOCKOJIbKY B JIAaHHOM (paiiyie JUIMHBI BOJIH JaHbI B
aHI'CTPEMax, BBICTABUTH YTOJI CKOJIbKeHHUs 88°. Terepb OKHO MIMIIOPTa MOXKHO 3aKPbITh U OTKPBITH OKHO “Plots”

YTOOBI YBHUACTH ABC KPUBBIC OTHOBPEMCHHO.



2 Plots - O b4
Struct_1
—Measured
1: A=1.540560 A, pol=1.000 2: Grazing 6=88.000 °, pol=1.000
T T T
0.6 | 0.6
101 10-1
0.5 0.5
10-2 10-2
o o
o o 04 10.4
5 5
‘8‘ 10-3 10-3 ‘8‘
= = 03 410.3
o o
o o
10+ 104 0.2k 0.2
105 H 105 [ Jo.1
e bl _
I nlre 1 I
105 110 115 120
Grazing angle 8, # Wavelength A, &
Scale¥: () Lin (@ Log Rescale ScaleY: (® Lin () Log Rescale

Tenepb npu KaKJI0OM U3MEHEHUH MApaMETPOB BUIHBI OTIIMYHS MEXIY SKCIIEPUMEHTAIBHBIMA H MOJICIBHBIMU
JaHHBIMH B JBYX THMax w3Mmepenuii. B oxme “Calculation Settings” Temepb MOCTYIHBI OMIMH I 00EHX
KPUBBIX. MOXXHO BECTH MOATOHKY 10 IBYM KPHBBIM OJJHOBPEMEHHO, €CJIH y 00eHX BKIFOYEHBI ranodku “Fit”,
IIPY 3TOM CyMMapHast HeBA3Ka CKJIaIbIBACTCS U3 HEBA30K KaXKI0UM KPUBOH C COOTBETCTBYIOIIUM BECOM, KOTOPBII

TaKke MOXKeT ObITh 3a7aH B moje “Weight”.

A Calculation Settings - O x
Struct_1
—[+] Measured
—[] 1: Angular {gr); B 0.05-4.798%; at 1.5918——  —[«] 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: |:| Lse 2 Function: ICI Power: |:| Use y2

—] independent

— Plot_1 R
™ Standard Functions
Reflectance Transmittance Absorptance

[ Field Functions
Field Intensity Joule Absorption

[~ Uszer-defined Functions
R+T; cos{A)*R"3F-=sgrt(]) ; pow(F, log({root(3,5)))

I Done | Calculate Weights




Ecmu TpebyeTcst paccMOTPETh TOJILKO OJTHY KPUBYIO, TO JpyTras MOXKET ObITh BPEMEHHO OTKJIFOUEHA CHATHEM

ranouxn [ B4 1 Angular @; pyyy B4 2: Spectral; JIiist OTKIIFOYEHHON KPUBOW He Oy[IeT BECTHCH PAacuéT U HE

OyzeT MmoKa3bIBaThCs rpaduk.

3afaHne anepuoaMYECcKoi CTPYKTYpbI
Tenepp mpogeMOHCTpUpYEM pPabOTy C amepuogUvecKol CTPYKTypod. OYeBHIHO, YTO JIOOYIO CIOUCTYIO

CTPYKTYPY MOXHO CO3/1aTh, 100ABIISIs OT/CIbHBIC HE3aBHCUMBIC CIIOH, OJHAKO U 3aJaHUE TaKOW CTPYKTYPHI, H
paboTa c Helt OTIUYAaI0TCS YPE3BBIYAHON TPYAOEMKOCTEIO. [loaTOMY /7151 3a1aHUS anlepUOAUKH 1 padOTHI C HEel
Multifitting mmeer crermaneabie Bo3MoxkHocTu. Craemaem Mo/Be 3epkano amepuomudeckum. st 3TOro B
TJIaBHOM OKHE HY’KHO OTKpBITH 2nement “Multilayer (4 - 5), N=109, d= 56.718A, y=0.590” 1BOHHBIM KINKOM
win HaxaB ukoHky “Edit” . B orkpsiBmiemMcs okHe oTmevaem ramodky “Make regular aperiodic” u

MNOoATBEPIKAACM U3MCHCHUC.

P

struct_1 [ +

ambient: Vacuum
BeO 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=3.1304
v Multilayer (4 - 5), N=109, d=56.718A, y=0.590
Be layer (4), z=33.4628, p=1.000, 0=5.9768

AAsnmac L

%

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

[] Make general aperiodic€ [«] Make regular aperiodic [ ] Invert order of layers

Done

T T = -

|

2% Make regular aperio... X

o Are you sure?
Target Curv:

Import Yes Ne Remove

Tun CTPYKTYPbI USMCHUTCA, BMECTEC C OTUM U3MECHUTCA BBIBOJUMAs I/IH(i)OpMaHI/ISI O CJIOAX.



Pid

struct_1 [ +

ambient: Vacuum

BeO layer (1), z=20.3634, p=1.000, o=12,1504

Be layer (2), z=33.030.3\, p=1.000, o=8.907R

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

~ 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, 0=3.000&

% Regular Apericdic (4 - 5) - X
File Units Precision
Ttem Common “z"  Common "o Restrict z: {4, p, Q}
1) Layer Be (tabular) O Ozo% |,p=/2 |, Q= 0.00000000
2) Layer Mo (tabular) O [Jzo% |,p=/2 |, Q= 0.00000000
[] mMake general aperiodic [] Make periodic [ tnvert order of layers
I Done I Layers
T 1 T £ T T
Fits selector
Target Curve
Import Angular (gr); R; 0.05-4.798%; Add Row Remove

“Regular aperiodic” — 310 cTpyKTypa C LEIbIM YUCIOM “IIEMEHTAPHBIX SYEeK’’; COOTBETCTBYIOIIHE CIIOU M3
Pa3HBIX TYECK MOTYT OTJIMYATHCS JIHIIb TONIINHON U nHTepdericoM. MaTepuai U IIIOTHOCTh CIIOEB OJMHAKOBBI
no Bced ryOuHE CTPYKTypbl. [109TOMy B TIJIaBHOM OKHE TNPHBOJMTCS AMANA30H 3HAYCHUI TOJIIMH H
repoxoBatocteii. B oTkpeiBiemest okue “Regular aperiodic” myskr “Common ¢” o3Hadaet, 4To HHTEpdEichI
OJIMHAKOBBI MO TIIyOMHE CTPYKTYphl. COOTBETCTBEHHO, €CITM YCTaHOBJIEHBI Bce ¢uaxku “Common z” u

“Common ¢”, To 3TO OyAeT NepruoanYecKas CTPYKTypa. 3aKpbiBaeéM OKHO, OTKPhIBAEM CTPYKTYPHYIO TaOJIUILy.



2t Table Of Structures - O X
File Calculate Units  Precision
Struct_1
Set steps L
Mouse Whesl Change Dependent p step zfd step ostep astep
Recalaiate oo | fochd | fond |
Struct_1
BeQ plrul z[A] o[l ef [Jin Dexp [Jtach [Jsn [Ostep
Browse ‘I.DDDD ‘ ‘20.3629 | |13‘ 1456 | |1.DI][] | 1.000 1.000 1.000 1.000 1.000
BeO layer (1) fit fit O O O O O [ft
22,0000 1.0000 oerf olin g exp o tanh o sin ostep
30.0000 20,0000 |1:‘.H‘3": |13.H‘3'E 13,1496 |13.1496 13.1496 |13.1496
Be plrul z [A] a[A] erf [Jin [Jexp [Jtenh [Jsin [Jstep
Browse ‘1.0000 ‘ ‘33.0798 | |8.9069 | |1.DDU | 1.000 1.000 1.000 1.000 1.000
Be layer (2) fit fit Of Of O Ot e 6t
5.0000 1.0000 gerf olin gexp o tanh o sin o step
35.0000 20.0000 8.9069 |8.9069 |8.8065 |B.9069 B8.9069 |B.9085
plrul z[A] oA erf [in [Jexp [Jtanh [Jsin []step
Browse ‘0 9500 ‘ ‘24.0068 | |3.1390 | |1.DOD | 1.000 1.000 1.000 1.000 1.000
Mo layer (3) fit fit Oa Oa Ot Oft it At
13.0000 1.0000 gerf alin oexp o tanh osin o step
30.0000 20,0000 |3. 1390 | 3.1380 |3.1390 |3.13%0 (3.1390 [3.1390
Regular Aperiodic (4 - 5 N
Regular Aperiodic (4 - 5) I 109
plrul z[A] a[A] erf fin exp [Jtanh [Jsin []step
Browse ‘1.0000 ‘ ‘33.4618 | |5.9756 | |0.DZZ ||D.97’8 "0.000 ‘ 1.000 1.000 1.000
Be layer (4) [ it [ it Oa Oae Ot Ot Ofc At
25.0000 0000 COMMan z [ restrict z: {=a, p, Q}
45.0000 commong 0% p=2 Q=0
z[A] oAl erf lin exp [Jtah [Jsn [Jstep
Browse 23.2562 |2.9763 | |[].]97 ||D.66D ||I].143 ‘ 1.000 1.000 1.000
Mo layer (5) [ fit O O O O O [ft
18.0000 [ commen z [ restrict z: {#, p, Q}
30,0000 commong 0% p=2 Q=0
v

YacTp onuuii U3MEHUIIACh 110 CPABHEHUIO € IIEPUOINYECKON CTPYKTYpOi. Teneps A anepuoandecKux CI0€EB
JOCTYITHO HAaJO)XCHWE W CHATHE YCIOBHH OJMHAKOBOCTH TOJIIMH W wuHTepdeiicoB. UroOsl 3amarh
WHIWBUAyalbHbIE TOMIIUHEI (M WHTEPQEWCH) CIOEB, HY)KHO OTKPBITH CIEIHATBHYIO BCIOMOTATEIbHYIO

tabmnuity. [IpaBoii KHOITKOW MBIIIN BBI3BaTh KOHTEKCTHOE MEHIO Ha HAa3BaHMU dJIeMEHTa CTPYKTyphl “Regular

Aperiodic (4 - 5)” 4 Regular Aperiodic (- 5) 'y yaycats Ha myHKT MeHI0. B OTKpbIBIIGiCS TaGiHIe IPUBEICHBI BCE
CIOM  amepuOAMYecKoil  CTpyKTypsl. LlBeroBast JereHma 00O3HAYaeT HAIMYHME CBS3CH  MEKIY
COOTBETCTBYIOLIMMH CJIOSIMH. ECITH CBSI3b €CTh, TO NMPH HW3MEHEHHH TOJIIMHBI/MHTEpdENca OJHOTO CIOst
3HAYEHHs] BCEX OCTAIBHBIX CIIOEB MEHSFOTCS aBTOMATHUYECKH. TOJIIMHBI CIIOEB MOTYT OBITH WHIMBHIYATBHO
OTMEYEHBI KaK BapbHpyembie. MHTEphEHCh MOTYT BapbUpOBAaThCs (MIPU aBTOMATHYECKOM TOITOHKE) TOJIBKO

BCC€ BMECTC, HC3aBUCHUMO OT HAJIMYUA CBA3U.



4 Regular Aperiodic (4 - 5) — O X
File Units Precision
common o common 2 active fit commeon 2 and o "
[+#] Mouse Wheel zstep o step
Recalculate ‘1.00 B | ‘1.00 & ‘
Cell # Material z[A] Fitz  o[A] p
1 1 Be 33.4618 [ |5.9736 1.0000 [ruw.]
2 1 Mo 23.2562 [ |28763  |0.9500 [ru.]
3 2 Be 33.4618 [ |59736 1.0000 [rw]
4 2 Ma 23.2562 [ |29763  |0.9500 [ru.]
5 3 Be 33.4618 [ |59736 1.0000 [r.]
6 3 Ma 23.2562 [ |29763  |0.9500 [ru.]
7 4 Be 33.4618 [ |59736 1.0000 [r.]
8 4 Ma 23.2562 [ |29763  |0.9500 [ru.]
9 5 Be 33.4618 [ |59736 1.0000 [r.]
10 3 Ma 23.2562 [ |29763  |0.9500 [ru.] v
IE Daone EI

[TapameTpsl CII0EB anepHOANYECKOI CTPYKTYPBI MOTYT OBITh 33aaHbl BPYYHYIO WU 3arPy>KEHBI U3 TEKCTOBOTO
¢aiina. Daiin HykHO mneperamuth (drag-and-drop) B Tabmumy “Regular Aperiodic”. ®opmat daiina ¢
napaMeTpaMu TMOJHOCTHI0 aHAIOTW4YeH TakoBoMy B IMD, guciio cnoée B ¢aiine JOMKHO COOTBETCTBOBATH

YKa3aHHOMY B IapameTpax CTPYKTYpBI:

j structure_1_Struct_1_Aperiodic_#1.tet - AkelPad — O x
daiin Mpaeka Bwg Hactpofikn Cnpaeka
;< 05.07.201% | 12:15:5& > A
;< Multifitting v.1.%.1 >
soell material d (&) =zigma (A)
1 Be 33.462 5.976
1 Mo 23.256 2.976
2 Be 33.462 5.97¢
2 Mo 23.256 2.976
3 Be 33.462 5.976
3 Mo 23.256 2.976
4 Be 33.462 5.97¢
4 Mo 23.256 2.976
5 Be 33.462 5.976
5 Mo 23.256 2.976
g Be 33.462 5.976
& Mo 23.256 2.976
7 Be 33.462 5.976
T Mo 23.256 2.976
g Be 33.462 5.976
8 Mo 23.256 2.976
g Be 33.462 5.97¢ v
34:38 Ins  Unix 866 (OEM - Russian)

HpI/I HUMIIOPTE HYKHO YKa3aTb KaKuC CTOJ'I6LII>I MNPUCYTCTBYIOT B (bafme JaHHBIX W KAaKHUC CAWMHHUIBI JJJIMHBI

HMCIIOJIb3YHOTCH.



2% Aperiodic settings ? =

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

I Load | Close

CoxpaHeHwue 1 3arpyska
Multifitting coxpansier nanHbie B OuHapHOM Qopmare, ¢aiiibl umetor pacmupenue “.fit”. CoxpaHurth

CTPYKTYPY MOKHO, BBIOpaB MyHKT B MeHI0 “File” nin HaxkaB cOOTBETCTBYIOIIYI0 KOMOMHAIHIO KiIaBul. “Save”
COXpaHseT B nociednuti omxkpvimulii ¢hatin. Ecu npenplIyniero OTKpeITHS HE ObLIO, CTPYKTypa co3iaHa “‘c
HyJs”, To OyAeT co3aan dain “save v.X.Y.Z.fit” B manke ¢ ucnonusemsiM aitnom, X.Y.Z — HOMep Bepcuu
nporpammsl. “Open last”, kak cieayer u3 Ha3BaHHs, OTKPHIBACT MOCIEAHU (haiii, ¢ KOTOPHIM BeIach pabora.
Ecnu Takoro Her, mo OymeT oTKpHIT (aiin “save v.X.Y.Z.fit”. Ecnu u ero He cymecTByeT, TO 00 3TOM Oyzaer

COOOIIIEHO.

2% Multilayer Model — O x
File = Calculate Optical Constants Help
Open last Ctrl+0 +
Open Ctrl+Shift+0
Save Ctrl+5 3.1504
Save as Ctrl+Shift+5 o7A
Export structures Ctrl+T 39
Open Launcher =1.000, g=<5....
Close all Ctrl+Q =0.950, g=<...

d

OtkpoIT (aiia MoxHO, TpocTo neperamu (drag-and-drop) ero Ha riaaoe okao Multifitting.

JlaHHasi TJ1aBa MO3BOJISIET HavaTh Mcnoab3oBate Multifitting u maér npezncraBnenue o xapakrepe paboThI ¢ Heil
npu pedIIeKTOMETPUIECKOW PEKOHCTPYKIIMM MHOTOCIONHBIX HAaHOIUIEHOK. 371eCh OTPaKEHBI JIAIEKO HE BCE
0CcOOEHHOCTH TIPOTPaMMBbI, HO 0Aa30BBIN MK OT 33/]JaHKsI HEKOH HaYaIbHOM MOJIENH JI0 TOJTY4YEHUS pe3ysbTaTa

34€Ch NPCACTABJICH.

Ecim npu CJICAOBAHUU JAHHOMY MUHU-PYKOBOJACTBY Yy BAaC BO3HHKIIH HpOGJ’IeMBI, HJIN KaKHEC-TO IMEPCXOJbI
CJIIMIIKOM CJIO)KHBI W HCOYCBUIHBI — COOGH_II/ITG 00 9TOM, U HUHCTPYKIUA 6yz[eT JOIIOJTHCHA. Haubonee

moipobHoe onmucanune Beex aciekroB Multifitting mpencrasneno B ciemyroriem pasmere.
ITos1HOE onUcCaHue

<in progress >



Hcropus Bepcui

o Multifitting v.1.9.2 — nyoauxanus (06.07.2019).

e Multifitting v.1.10.0 (19.10.2019):

(@)
O

HcnpasneHsl pa3inyHble OMUOKH.

I'paduaeckuit wuHTEpdeiic Temeps MNOAMEPKUBACT MACIITAOMPOBAHHE W3 OIEPAITHOHHON
CHCTEMBI.

OOHOBNIEHO TIPUMEHEHHE YIJIOBOIO M CIEKTPaJbHOTO paspelieHus. Temepb BETHMYUHBI
paspemnieHusi, KOTopble OblIN 3a1aHbl B Bepeusx <1.9.2, cnenyer yMHOKUTD Ha 2. Teneps TOHKas
JUHUS pa3MbiBaeTcs B mupokyo ¢ FWHM = 3aganHomy paspemenutio.

VYT10BOE U CHEKTpATBbHOE pa3penieHne AeHCTBYIOT KaX/10€ Ha 00a TUIAa KPUBBIX: CHEKTPAIbHYIO
1 yrIIoBYIO (II0 YIIPOIIEHHOH CXeMe).

3amaércss HavyanmbHas W KOHEYHAs HMHTCHCHBHOCTH 30HAWPYIOIIErO IydYka C JHHEHHON
MHTEPHOIALNEH MEX/y HUMH.

[penynpexnenue npu nepezanucu (HailioB U3 NpeAbITYIIHNX BEPCHA.

I[HH I‘pa(bI/IKOB AOCTYIIHBI OOIIOJHUTCIBHBIC OIIIWU: MIallka C IapaMCETpaMu H3MEPCHHA,
nmorapummudeckuii macmrad ocu X.

Nudopmaiuro MOKHO MOKa3bIBAaTh/CKPHIBATh B OKHE Settings koHTekcTHOro MeHio okHa Plots.
MrHOBEHHBIN TEpecu€T Mpu BKIIOYCHHN/BBIKIIOUYCHUH 3JIEMEHTOB CTPYKTYPBI B CTPYKTYPHOM
tabnuie ecnu BKIIOYEH Moaudukarop "Recalculate™.

I'pacdukam B okHe “Plots/Measured” mpucBoeHbI MOPSIKOBBIC HOMEPA, TIO3BOJISIOIINE COOTHECTH
KPHBYIO C 3arpy>KCHHBIMH TAHHBIMH.

Job6aBneHa BO3MOXKHOCTh MAaKCHMH3AllMM HMHTErpana OT KPHUBOH OTpakeHHs C (QyHKIHeH
MCTOYHHKA.

JloGaBiieHbI HACTPONKHN alTOPUTMOB (PUTTHHTA.

I[CC)ITI/I‘IHI)IC pasaciauTeiiu B (baf/'max JaHHbIX — TOYKHU U 3alIATHIC.

B ©0a3y ontmueckmx koHcTaHT pgoOasnmensl  (aitmer  Cr_delmotte.nk, Pt soufli.nk,
Be_svechnikov.nk.

e  Multifitting v.1.10.2 (21.02.2020):

O

O O O O

Ucnpasnensl pa3inyHble OMMOKH, B TOM uuclie OomHMOKa (UTHHra K OTMAacIiTaOMpOBaHHON
SKCIEPUMEHTAIbHOU KPUBOU.

B 0a3y omnTudeckux KOHCTaHT Jjgo0aBiieHbl Qaitmel Sc_larruquert.nk, ScSink, Sc5Si3.nk,
Sc38Si5.nk, pacumpen auanazon MoSi2.nk, pacmupen nuanas3o Sc.nk.

Jo6aBieH BbIOOp MoOAMAaNa30Ha BHYTPY IKCIIEPUMEHTAIIBHBIX TAHHBIX [T TIOATOHKH.
Jlo6aBneHa BO3MOXKHOCTh TyOJIMPOBaHUS BKIaJOK CTPYKTYP.

Hobasnena Bu3yanuzanus npouis CTPYKTYpHI IO TIIyOuHe.

Job6aBneHa BO3MOXKHOCTh pacuéra mpoduiist AUANEKTPUIECKON MMPOHUIIAEMOCTH C pa3OueHneM
Ha TOHKHE CJIOH.

JlobaBneHa BO3MOXKHOCTD SKCIOPTa yKe 3arpyKEHHOU IKCIIEPUMEHTAILHON KPUBOH 00paTHO B
TEKCTOBBIH (haii.

JHob6aBneHa BO3MOXXHOCTH MOATOHKM MAacIUITa0MPYIOLUIETO MHOXHTENS WHTEHCHBHOCTU IS
JKCIIEPUMEHTAIBHBIX KPUBBIX.

MOoHO yCTpaHSITh MyapOBbIE MCKaXXEHHA PACUETHOM KPHUBOM, BO3HMKAIOIIUE, KOT/A MEPHON
OCHWJUIALNN OTPaXKEHHUSI OT TOJICTBIX CTPYKTYp MOYTH KpaTeH Imary 3KCIepUMEHTaIbHOU
KPHBOH.

Jlo6aBneHo aBTOMAaTHYECKOE BBIYMCICHUE CHEKTPAJbHOM LIMPUHBI IHMKAa OTPAXEHUS MpU
BBIYMCIICHUH COOTBETCTBYIOIEH KPUBOM.
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