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edistructiva cu Radiatii X:

A. Microstructura fizica (faze cristaline) — XRD (WA, IP, GI) ->

Transmisie +/Reflexie, Topografie
Al. Materiale Policristaline
Filme subtiri, pulberi, suspensii, probe de volum

Nanomateriale (faze cristaline slab difractante, cantitati mici)

A2. Materiale Monocristaline
Plachete- probe de volum/grosime mare, filme epitaxiale, QD&(M)QW

Straturi poroase PS-Si

B. Determinarea grosimii, rugozitatii, densitate, largimea interfetei filmelor subtiri

depuse pe substrat — XRR (Reflectivitate de raze X)

(Indiferent de tipul materialului probei/compozitia de faze — cristalin si/sau amorf)
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imitari / Perspective impuse/determinate de:
1. Caracteristicile fascicolului de raze X incident pe proba:

- lungimea de unda/energia fotonului X 1A/1-15 keV,

- fluenta si intensitatea fascicolului pe proba 1-107¢ -10"° cps,

- durata pulsului,

- tipul fascicolului: paralel sau divergent,

- divergenta fascicolului.

2. Caracteristicile goniometrului & sistemului de detectie:
- numarul de axe independente de rotatie ale probei — uniax (pulberi & policristale),

- uniax, axa dubla sau tripla.

3. Caracteristicile probei

- Faza slab difractantata — volum/cantitate mica, amestec faza cristalina/amorfa
- Nanomateriale: dimensiunea medie de cristalit 1nm <D < 5nm;

- Limita pentru faza cristalina este de 1nm!
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Aplicatii:

1. Difractie pe pulberi (policristale) > X-Ray Powder Diffraction

Compozitie de faze

% cristalinitate (analiza cantitativa&calitativa)

Dimensiune de cristalit

Incidenta razanta GIXRD- grazing incident small angle X-ray diffraction
Rafinarea parametrului de retea cristalina

Deformari si tensiuni reziduale

Microdifractie & Mapare parametri fizici pe proba

Textura

2. Analiza filmelor subtiri

GIXRD glancing incident angle diffraction

IPXRD in-plane XRD

Masuratori de reflectivitate de raze X — X - ray reflectivity XRR
Filme epitaxiale (grosimi, tensiuni, compozitie, deformari)
Rocking curves — analiza perfectiunii de monocristal

3. Analiza semiconductorilor de volum (monocristal > placheta)

A 10-a editie a Seminarului National de nano

UHRXRD Difractie de Ultra Inalta rezolutie- determinarea absoluta a parametrului de retea
RSM Reciprocal Space Map

Determinarea dopajului

Rocking curves — analiza perfectiunii de monocristal
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ifractometrul de inalta rezolutie cu anod
rotitor 9 kW cu axa tripla Rigaku SmartLab
instalat in IMT
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Metodele moderne de metrologie si control nedistructiv cu radiatii X presupun:

Limite:

1. Proceduri automate de aliniere (modulelor optice, fascicol, proba) si achizitie date
2. Viteza mare de achizitie a datelor

3. Intensitate maxima a fascicolului pe proba

4. Repetabilitatea si fiabiliatatea mare a datelor experimentale (fara artefacte)

5. Proceduri software adecvate de Analiza si Prelucrare a Datelor Eperimentale (automate sau nu)
6. Stabilirea adecavata a metodei si configuratiei de analiza experimentala

7. Utilizarea uzuala de standarde, referinte si (re)calibrari uzuale

1. Probe slab difractante, predominant amorfe, volum mic de faza cristalina (cazul nanomaterialelor)

2. Metode statistice — valorile masurate sunt mediate pe multe celule elementare/cristalite/arie mare

3. Dimensiuni/ modificari/ influente la nivel de celula elementara Dd/d = 103 - 107

Rugozitati maxime de 4 -5 nm (XRR), grosimi maxime de 1000-2000 nm

Perspectivele sunt determinate de limitele actuale

1. Durata pulsului RX -> micsorare

2. Intensitatea/Brilianta fascicolului (pe proba) -> crescuta cu ordine de marime

A 10-a editie a Seminarului National de nano

18 mai 2011, Biblioteca Academiei Romane



Optics

S

Ney, T L

Bragg-Brentano focusing
Phase id, crystal structure, etc.
for powders

Parallel beam
Phase id, crystal structure, etc.
for thin films

Ge 2-bounce
Crystal structure, film thickness, etc.
for imperfect crystals

High resolution / triple-axis
Crystal structure, film thickness, etc.
for highly perfect crystals

In-plane geometry
Depth controlled phase id, etc.
for ultra thin films 417,50
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Tunable for the best performance (just following the guidance software)

Slit collimation
(with mirror)

resolution

~0.05(w) Ine. ¥-ray

Ge(220) 4bounce

~II RS = Ge(220)

Ge(220) 2bounce

~0.01°

~22BE" = Gel220)

Offset of optical path Ge(440) 4bounce

can be adjusted ~50.37" = Ge(440)

options

Rigalcw

Ge(220) beam compressor

Ge(400) Zbounce

~22.65° = Ge(220)
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~33.00° = Ge(400)
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ica oferita de monocromatoarele de Ge

exii multiple

Appendix : Angular Resolution of Optical System
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2. Metoda Al > Microstructura PVA cu factor de biodegradare marit
Transmisie, Fascicol paralel nemonocromatizat
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3. Metoda Al,2 > Microstructura Monocristal / Filme Policristaline etrate

Reflexie, Fascicol paralel ne/monocromatizat

Figura de poli
Si (111)

® — sample rotation

v — sample inclination

Alpha=19.50

Beto=20.00
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, figuri de poli

onocristal Au(111) cu defecte (twining)

b. Monocristal Au(111) cu defecte (twining+dislocatii la 60°) si texturarea suprafatei

Projection

Projection
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c. Textura Au(111) + blocuri
monocristaline
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extura, rocking curve

Comparatie Aulll cuIMT 2xmica.ras / Collected Data-4

Satnple HMame
Comnetit

Doate

Operator

Z-Fay
Wavelength
Gotdometer

Base Att. Config,
Attachiment
Detector

Memo

Dptics Attribute

. Mone

: Height aligrment

111209 12:19:06

o Admin

DoA0EV B0 mas

o Cullaf 1541267 &
o BmartlabiIn-plane)
o Std. chd cradle

. RxByr

DoEC-T0

: Mone

o Mledium resolution parallel beam/BS

Sean Mode
Bean Speed
Sean Step
Sran Axs
Hean Hange
2-Theta
Omega

Chi

Phi
2-ThetaChi

: CONTINUOIE

12.0000 degimin

- 0.0100 deg
: Omega

1.0001 - 350001 deg

1 382376 deg
;09951 deg
: 0000 deg

: 0000 deg

: 0.0000 deg

CBO selection slit
Incident parallel slit
Incident slit

Length limiting slit
Receiving slit # 1
Filter

Feceiving optical device
Receiving paralle] slit
Feceiving slit # 2
Attermaator

Diffracted beatn mono.
Monochromator slit

. PB

© Boller slit 50deg
o 1.0005um
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: Hone
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ni > Microstructura filme policristaline subtiri

A. Reflexie, Fascicol paralel ne/monocromatizat, WAXRD

400

| [cps]

300

200

100
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! Gassmﬁxu(lﬂ) — RX3 I

Au(200) Au/Cr/Glass, WAXRD
RX3: Au:11.27nm, Cr:6.24nm

Au(220)
Y Au(222)

Au(311)
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18 mai 2011, Biblioteca Academiei Romane




“ ll, GIXRD

Au(111) — R3]

GIXRD, PB + DBM
(o = 0.35")
(9.3 sec/step, step 0.094°)
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) - -

o -] -
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4000 F D, = 4.44nm
3000 |
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eterminarea grosimii filmelor pe substrat

REFLECTIVITY PROFILE

! ' ! ' ! ' ! — Meas. data]
— Simulation |
No. Layer Thickness Density Roughness Period Func. -
i Name  (nm) (g/cm3)  (nm) ]
4 2 Au 11.26(6) 19.30000[--] 2.16(3)  Const. ]
1 Cr 6.24(2) 5.30000[--] 0.581(4) Const. E

I 0 GLASS 0.000[--] 2.21000[--] 0.580(12) Const.

0% ]
) -3:‘ E
= f
2 |
c?2.04:— E

107 3

10'7 | L | L | L |

0.0000 1.0000 2.0000 30000 4.0000 5.0000
2theta angle (deg.)
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, film Au fara strat de aderenta de Cr

REFLECTIVITY PROFILE
0 | | | | | | | | — Meas. data
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A Density Distr. .
: 40.00000 " T " f ' f f — Density distr! :
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nativ amorf (poros, densitate < val. Teoretica)

REFLECTIVITY PROFILE

0_ ! — Meas. data|
10 z\/\ —Simulati0n§
10-1§‘ E

25 No. Layer Name Thickness Density | Roughness Period Func.
10 ¢ (hm)  (g/cm3) | (nm) E
10-3:_ 2 SiO2 1.026(6) 1.826(6) 0.5292(19) Linear )
—~ 1 SiO2 3.559(7) 1.608(7) 0.654(11) Linear ]
2 4 0 Si 0.000[--] 2.33000[--] 10.642(5) Const.
=) 3
2%
N
10-6;‘
10-75
10-8;

-g: |
10 0.0000 50000
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H
3052011, S14:12PM, Exp. Curve: DLCH KRR A2_2-Theta_Omega.asc
+
5 Layer Structure : CISI020S
10+ 4 1
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1 © 132624076 065004 155021
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oY T R — 1.00 fix IR Ey—
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-Si (Si poros) cu gradient de deformare

SAXS SEM SEM
Particle Size Pore Size Grosime | Densitate pori
[nm] [nm] PS [pm] [%0]
1Omx,:/cm2 4,20 4,7 5,83 52,81
25m>/2\zlcm2 3,70 6,6 10,82 64,08
4Omx,§/cm2 3,32 8,5-10,0 15,70 75,08
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—— X2_etched
—— X1 _etched
—— X3 _etched

68,80 69,00 69,20 69,40
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S,
*ymmetric space map RSM asymmetric space map, gra@

Si(004), X2 before etch exit, Si(224), X3 before etch v

-0.0005 o.oooo
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res, Superlattices + QD + MQW,
s/GaAs AlGaAs Buffer on GaAs (004)

Wwﬂww |

Theta/2-Theta[deg]
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Intensity[cps]

(66.0704, 1§15600.3, 0.0068) .

A

66.0 66.2 66.4
Theta/2-Theta[deg]
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ntinutului de Austenita reziduala (oteluri)

V1517 PB.ras / Collected Data-3

Sample Hame
Comunent

Drate

Operator

Z-Ray
Wavelength
Gotdometer

Base Att. Config.
Attachinent
Detector

I et

Optics Attribuate

w1517 Sean hlode
Sean 3peed
Hone Sran Step
050311 14:29:14 Srat Az
& dimin Hrcan Range
45 BV, 200 ma 2-Theta
Cuklad 1 541867 & Omega
Smartl abiTn-plate) Chi
Std. chi cradle Phi
BBy 2-ThetaCi
BC-70

Austendta remicduiala
Medium resolution parallel beamF3

CONTINITONS
6.0000 degfmin
0.0100 deg
Thetal2-Theta

. 350000 - 101.0000 deg

3450050 deg
174975 deg
0.000 deg
0.000 deg
0.0000 deg

CBO selection slit
Incident parallel slit
Incident slit

Length Lirmiting slit
Receiving slit # 1
Filter

Receiving optical device
Eeceiving parallel slit
Receiving slit # 2
Attermator

Diffracted beam mono.
MMonochromator shit

: PEB
o Soller _slit 50deg

1.0001mun
15 Dsrum
1.0001mun

: Mone
. P3A_open
o Soller _slit 50deg

1.0001mun
1710000

: Mone
: Mone

T 0e+003F
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=
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=
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—
O
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V1517 BB L.raz / Collected Data-4

Thetal2-Theta[deq]

Bample Natme V1517 _BE Hean MMode CONTINTIOS CBO selection slit EE
O omment austenita res Hroan Speed 2.0000 degfmin Incident parallel shit Goller_sht 50deg
Hean Step 0.0200 deg Inecident slit 25deg
Drate 05M311 16:15358 Hran Axs Thetald-Theta Length linating shit 15 Orram
Crperator & dtndtn Groan Range 420000 - 104.0000 deg Receiving slit# 1 4000deg
H-Ray 45 BV, 200 ma 2-Theta 0.0000 deg Filter Hone
Wavelenigth Culkla 1541867 A Cinega 0.0000 deg Receiving patallel slit Boller slit 50deg
Gomometer Smartl abiln-plane) Chu 0.000 deg Receiving skt # 2 13.0001tum
Base Att. Config, Std. chi eradle Phi 0.000 deg Atterniator ety
Attachment FxBy 2-ThetaChi 0.0000 deg Diffracted beam mono. Mo it
Detector Dtes Ultra Ml onochromator slit Hone
Metmo ATSTENITA, BE
Cptice Attribaate Braggz-Brentato focusing
5 e+ I:I I:I 5_ T T T T T T _]
@  4e+005- .
=
=
]
k=3 L 4
=
7]
& 3de+00g- -
=
+00s 1 I - I 1 1 1
2e+00 &0 B0 70 g0 g0 100
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Qualitative analysis results

Fhasename Formula Figure of merit Fhasereg. detail DB card nurnber
Iron, sy, Fe 0.283 ICOD (POFZ.DAT) 00-006-0696 204-stainless stel -
304-stainless steel | CrO19Fe0. 7 M0 11 0.492 ICDD (PDF2.DAT) 00-033-0397 I
376949 S [ — | . | . v 43.482(4) 0.597(17) [
S Crystallite size and lattice strain v 50.46(3) 1.62(5) i
371949 - Williamson-Hall method s ) 0.75(7) a
2 v 90.27(5) 1.05(@)
A 366949 | [Phasename Crystallite size(A) | Strain (5e) v 559233 15687552 3|
é Iron, 3¥n. 176.3 0.00463(5) ; ; =
= 361049 304-stainless steel | 56.72 0.0000002+000 | | earredtion
£ 356949 %
351949 % Iron, syn x
346949 Lattice strain and crystallite size | -
Halder-'Wagner method -
341949
@l 0.00375 s
336949 & 000325
= 000275
331949 = 000Ps
50 60 70 80 90 100 % e ——
0 ged ..u_j
Measurement conditions g DOOI%
S 0.00075 P 4
X-Ray 45KV _ 200 mA Scan speed/ Durationfime 2.0000 deg./min. Wl es '
Ganinmster Stepwidth 0.0200 deq. 5 -0.00025
Aftachment = Scan axis 2thetatheta -0.00075
Fifter Scanrange 42.0000-104.0000 deg. Boaihetayeinineta) fay o4
B selection slit - Incident slit 213deqg
Diffrected bearm mono. | Mo unit Length limiting slit -
Cietector DfAex Ultra Receiving slit#1 4 .000deg
Scanmode COMTINUQUS RFeceiving slit#2 13.000mm
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1.00e7

1.00ek

1.00e5

1.00e4

Intensity (cps

1.00e3

1.00g2

C, {003

ritate spectrala (Cehia), D=26nm

Crystallite size and lattice strain

Willlamson-Hall method

Fhase name

Crvstallite sizefA)

Strain (%)

Graphite-2H

263(54)

014019

Measurement conditions

Z-Rav 45KV, 200mA Scan speed’ Durationtime | 6.0000 deg./min.
Gonipmeter Step width 0.0100 deqg.
Aftachment - Scan axis 2thetaitheta

Filter Scanrange 11.0000-80.0000 deq.
ZBO selection slit - Incident slit 1.000mm

Diffracted beammono. | MNE_URit Length limiting slit -

Cetector SC-70 Receiving slit#1 1.000mm

Scanmode CONMTIMNUOLS Receiving slit#2 1.000mm
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er (Si, Sticla) D=6.7nm

EG NMP 0702 D.ras / Collected Data-9
Sample Name : Hone Sean Mode o CONTINUOUS CBO selection slit . FB
o i . Hean Speed : 12,0000 degfmin Incident parallel slit o Goller_slit 50deg
men - rone Sean Step © 00100 deg Tncident stit © 1 000
Date o 0419411 17:10:00 Hean Axig . Theta2-Theta Length limiting slit 10 Drum
Cperator o Admin Secan Range 100000 - 62.0000 deg Receiving slit # 1  1.000mm
L FHay © 45KV, 200 mé 2-Theta : 90050 deg Filter : Mone
Warelength coCuKal 1541867 A Omega D 49975 deg Receiving optical device : Mone
Goniometer : Bmartlab(In-plane) Cha : 0000 deg Receiving paralle] shit o Boller_slit 50deg
Base Att. Confiz.  © S5td. chi cradle Phi : 0000 deg Receiving slit # 2 © 1.000mm
Attachment . RaRy 2-ThetaChi : 00000 deg Attenuator 1410000
606+004 Detector R o] Diffracted heammono.  © Mone
Memo ¢ transfer pe sticla Monochromator slit : Mone
Optics Attribute © Medium resolution parallel beam/F3
m
S
= F ' (25 4350, 63680 1T, U 5E03) ' ' — Follected DA g
= B.0e+0041 -
»n
= L
2 5.De+004- -
= 4.0e+004 = -
& 40e+004F .
= i
2 30e+004 .
E L
2 0e+004- B
1.0e+004- -
A . - ek,
2.0e+004 20 40 500 &0
Theta/2-Theta[deg]
BmartLab Guidance(TW) A dmin(3yvstem Manager) _ . . -
= N C rystallite size and lattice strain
o — ~ o
= S < Wiliamson-Hall method
o o e
o N Fhasenams Crystallite sizefA) | Strain (%)
o +
0.0e+000 Srakphl’[e 2H g?dgg?}gﬂ g.ggggﬂﬂe Qoo
nEnown ) )
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— oxid de grafit), strat C redus

-GOX SCW _T.ras / Collected Data-5
Hatnple Matne : Mone Scat Mode o COMTINOOUE CBO selection slit . PB
Comment . Mone Arcat Jpeed 12,0000 degfmin Incident paralle] slit : Soller slit 50deg
' Sran Step : 0.0100 deg Incident slit o 1.000zumn
Date o 0412011 12:54:20 Sran Axs © Theta/2-Theta Length limiting slit o 10.0mim
Operator o Admin Srcan Range ;10,0000 - 90.0000 deg Receiving slit # 1 : 1.000mmn
Z-Ray A5 EV 200 md 2-Theta o B9850 deg Filter : MNone
Wavelength oo Cukal £1.540593 A Otrega o 48075 deg Fecetving optical device © PEA open
Gondotmeter o Smattlabln-plane) Chi : 0.000 deg Receiving parallel slit o Soller slit 50deg
Base Att. Confiz.  © 3td. chi cradle Phi : 0.000 deg Receiving slit # 2 o 1.000zumn
Attachunent . RaRy 2-ThetaChi : 0.0000 deg Attenmator 1410000
Detector =1l Diffracted beam mono.  : None
Ilemo : Mone Monochromator slit : Hone
Optics Attribute  © Medium resolution parallel beam/R3
| ' ' — Collected Data-5
2 0e+004- -
w
o 1.5e+004- .
=
= L _
@
£ 1.0e+004- .
£ 0e+003- .
1
20 40 B0 BO
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, D, XRR

9]
1079 4 P54
1 1 12802010, 519:27 P, Exp. Curve: PSE_PBS_XRR_pre_2-Theta_Omec
Layer Structure : PhEMOuartzGlass
5 %
10 + % Larver Material Thicknesz [nm] rel. Density  Roughness [nm]
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70000 P1_GI_0.,5.ras / Collected Data-2
65000 Sample Hame : PL Srean Mode : CONTINUOWUS CBO selection slit : FB
Comment . Mone Sran Speed 1 12.0000 degimin Incident paraflel slit 1 Soller_slit 50deg
60000 ’ Srean Step 1 0.0100 deg Incident slit ¢ 0.100mm
Drate o 03723411 1353729 Sran Axis 1 2-Theta Length limiting slit 1 10 Ormm
55000 —_— Operator T Admin Hean Range : 200000 -90.0000 deg Receiving slit # 1 + 20.000mm
~ I Ray D45 KV, 120 ma 2-Theta 1 199950 deg Filter : Hone
50000 o Warslength . CuKa/1541367 & Omega . 0.5000 deg Receiving optical device : PSA 05deg
— Goniometer ¢ BmartlabIn-plane) Chi 1 0.000 deg Receiving parallel slit 1 Soller_slit 50deg
45000 ~ Base Att Config. © Std. chi cradle Phi © 0.000 deg Receiving slit # 2 ©20.000mem
o Attachment . RxRy 2-ThetaChi : 0.0000 deg Attenmator : 1A0000
40000 - Detector ¢ BC-T0 Diffracted beam mono.  : Hone
~ Mlemao o Zn(OH)2 Monochromator slit : None
g Optics Attribate © MMedium resolution parallel beam/R3
35000 =
@ e
o —
a 30000 =
= o & B Oe+D04F ' ' — Collected Data-7]
= 25000 c 5 0e+004- .
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a, GIXRD+ WAXRD

P5 PB_ GLras / Collected Data-1

Satple Hame ] Scan Mode . CONTINUOUS CBO zelection shit : FB
Comment - Hone Scan Speed 12,0000 degftoin Incident parallel slit o Soller_slit 5.0deg
' Sean Step 00100 deg Incident slit o 0.100mm
Diate o 0413111 14:19:13 Soaty Ae . 2 Theta Length liniting slit o 100men
Operator o Admin Secan Range : 10,0000 - 90.0000 deg Receiving slit # 1 o 20000
Z-Ray CO 45KV, 200 ma 2-Theta o 99950 deg
Wavelength o Cullal £1.540503 A Omega o 0.5000 deg ; . . . . . .
Gotdometer o Amartlabln-plane) Chi 0000 deg 1.26+004 M
Base Att. Confiz.  : 3td. chd cradle Phi 0000 deg
Attachment . BBy 2-ThetaChi : 0.0000 deg
Detector - SCT0 34.4814¢10233.3, 3.3900
Il ema : Hone 1.0e+004} (34.4814 333900 4
Optics Attribate ¢ Mediom resolution parallel heam/R3
E 8.0e+003- B
I T %
o
a = 6.0e+003- 1
o 1.0e+004
o 4.0e+003- b
=)
=
i
=
1 2.0e+003-
= I R I R I R I R I
£ 5.0e+003 10 20 30 10 50 60
Theta/2-Theta[deg]
0.0e+000 ! '
40 B0 80
Z-Theta[deq]

Smattlab Guidance(TH) A dimin(Syetem Managed)

A 10-a editie a Seminarului Natio

Iay-17-2011 15:42:48 Page-1

18 mai 2011, Biblioteca Academiei Romane



omparatie detector OD NaI (SC70) cu 1D (Dtex) Analysis Results

Nanosustain (D= 8.7nm)

General Information

Crystallite size and lattice strain ¥ Analysis date 2/11/20118:23:55 PM
Sample name MRCWE 031,203 Measurement date

Intensity[cps]

illi Fil NRCWE_031. Operat
Willamson-Hall method Filename _031.asc perator
Fhase name Crystallite size(A) Strain (%) 1007
Zinc Oxide 020019

1061_ T T T .
- g
E 1 .00e6
a
2
105_— |
1005
104-‘ 20084
N 40 B0 a0 100 120 140
2-theta(deg)
Ll
FAUW | | Wi ’\W VJM\LHMNL . | . | . |
20 80 100 120 140
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omparatie rezolutie monocromatoare

InP npn 61 b.ras / Collected Data-9

Satnple Hame
Cotattiet

Drate

Operator

L-Ray

W avelength
Gomometer

Base Att. Config,
Attachment
Detector

Memo

Optics Attribute

. Mone
. Mone

o 0205010 20:54.57

o Admin

D A5EV, 200 ma

o Culal £1.540503 A
o BmartlabiIn-platie)
o Btd. chi cradle

. By

oBC-T0

: Hone

o Ultra high res. parallel beam Ge( 220/ FS

Gran Mode
Hreat Jpeed
Seaty Step
Hrat Axs
Hean Range
2-Theta
Cimega

Chi

Phi
2-ThetaChi

;. CONTINTOUS

o 00100 degimin
;00004 deg

. Thetal2-Theta

o B29500 - 37400 deg
D BZ2949E deg
DO31.ATA0 deg

o 0,000 deg

o 0,000 deg

: 0.0000 deg

CBO selection slit
Incident optical device
Incident parallel slit
Incident shit

Length liating slit
Fecerving slit # 1
Filter

Receiving optical device
Receiving parallel slit
Receiving slit & 2
Atterniator

Diffracted beam mono.
Monochromator slit

. FB

o Ger220id
: Ho_umnit
o 1.000mn
+ 10 Otrn
o 1.000mn
. Hone

D Gre2202
o Boller_slit 50deg
o 1.000mm
: Open

. Hone

. Hone

108
10°
o
5) 4
- 10
‘w
T 3
= 10
10°

(B3.3479..H55061.2, 0.0078)
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1. Metodele metrologice care folosesc difractia radiatiilor X

sunt aplicabile unui spectru larg de materiale, procese si tehnologii,

au un grad inalt de precizie si reproductibilitate

se preteaza integrarii in linia de productie (fab-line, de ex. In industria semiconductorilor,
farmaceutica, metalurgica,etc ),

necesita alegerea judicioasa a metodei de masura, a conditiilor experimentale si a
metodelor (software) de prelucrare ulterioara si extragerea parametrilor fizici de interes.

2. Metoda metrologica de determinare a grosimii filmelor subtiri prin
reflexia radiatiilor X - XRRare avantajul ca:

- Permite analiza filmelor subtiri cu grosimi de la 1nm (in unele cazuri de 0.1 nm) la cateva
mii de nm

- Permite analiza rugozitatii si largimii interfetei (atribuita rugozitatii topografice si
interdifuziei)

- Permite determinarea directa a densitatii filmului atunci cand compozitia e cunoscuta
- Permite controlul nedistructiv

- Este aplicabila unui domeniu larg de materiale, de la semiconductori, materiale magnetice,
polimeri, indiferent de forma de cristalizare/starea de agregare.
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