1. X-ray diffraction

1-1 Flow chart
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1-2  X-ray diffraction Measurement

1-2-1 Setting up the geometry system

Open “Rigaku control panel” from the Rigaku folder. Double click “RINT 2200 Rigaku system. ”
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1-2-2  Out-of-Plane Measurement

Open [Start] — [Programs] - [Rigaku] — [Rigaku Measurement] — [Thin Film Meas. Menu. |

In-plane profile measurment 2 /

RD pattern {phase identification)/Preferred orientation >

& crystal qualityfin-plane preferred orientation/Rocking

curve/Reflectivity/Small angle scattering/Thin film scan
eneral and in-plane XRD profile measurements using

] b o-theta, omega, two-theta-chi, and phi axes
employed)

ample alignment for in-plane measurement is

Select [Profile/In-Plane] measurement.

d x|
ron P 3
El e I Condition edit
Altachenent :  Altachment for thin fim/Ulime (I
Ending process © r Irst position Kﬁmdul ( IF‘le:erdccn:ﬂim 3
& =
Mo, [ Use|Prnt Folder name File name SampleName | C.-diion]| Ned | °
1 |Ves| Mo C:vRindeex¥DATAY Test taw Browss . [TEST SAMPLE ] Cont...
T - RES P

Input the folder name, the file name and the sample name. Switch “Use” to “Yes” (otherwise the measurement
will not be performed!) To print the raw data (measured profile and the scanning condition) after the
measurement, switch “Print” to “Yes.”

If you want to perform a series of scans, click “No. ” and “copy” button; the measurement condition will be

copied. To remove conditions, use “Remove” button.

To edit measurement conditions, click on the “condition edit” button or double-click on the number input in

[Condition.]
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An example of scanning condition for OQut-of-Plane measurements in as follows;

Eile Edit Help
l Y £ 7]
Nol |No2 | Ned | Na# | Ne5 | Nef | No7 | No8 | Nog | Ne10| Na1t| Nei2|
Opesator [Admiristiator Memo [
Unit | counts v Defaul scale [TO00 counts ¥ Auto scale
I™ Delete previous selling resuits W Set'Omega = Two-Theta/2'
¥ Specimen Alignment ——————————— —————————— -V PreciseAlignmet —————
Scan Sequence|Omega > Z = aTT[17100 ] Scan Sequence|Omega - 2 Fine) ~ | ATT[17100 ]
Repeat|2 ] Cycles ps[a10mm | Repeat|2 ] Cycles psfoitom  ~|
Theeshold]1000 _v| counts SS|0.2mm e Theeshold|1000 _¥| counls $5|0.2mm hd
Peak Search Method| Peak-top =l rs[o20mm v Peak Search Method| Peak-top | psfo.20mm -]
Scan fion setting—————— ——— Two-Theta/Omega|69.1300 deg
Specimen Thickness [100 mm __Set | Ads | Deta Dela | Samping | Speed | DekelBack)
— — — — (Start) End) Step [mm/min.] ]
Auds Stat End Samping Speed | DelaBack) [mm] Imml Imenl
[mm) [mem] ;sup [mm/min.] [mml] Z [os00 0.500 0.005 2.0000 0.500
mm]
Omega |- ; 7 ; i
Z [zo0m0  [oom 0510 20000 [as500 o] i B oo BN o B .
Omega [0.5200 |os200 [o.0100 [4.0000 [o5000 ' =
|7 Profie Measwement [T —— ) & N . N
Scan aiis IZThetalOmsga v| Scan method | Continuous v Range Setling |Absoue v|
Exec. |  Stat End Samping Speed ATt DS 55 AS Connect Al Ranges |
[deg] [ceg] Slep __| [deg./min) I = L )
deal ¥ ~ # 3| | @ T Oign ——————
 |a0000  [s90000  |0.0400 50000 |Open ~J[0omm ~l[tmm  ~|[100mm | a 00007 deg
¥ |69.0000 £9.6000 0.0400 5.0000 | >|]1.00mm v || 1mm > }}1.00mm ] Dmega |C 2
W |63.6000 1000000  0.0400 5.0000 Open ~i100mm  >|[tmm  ~|[1.00mm =] Thetalti 0000 dec
) S ¢ 70 { ; o =1 e | il i .
r Upen ot g ]| Tm j 1 00mm 7| - i l
I r [ I Open i I | ] 4|1 00w ~f | —
Range which can be inpulted :-2 5800 to 139.9800 Measuement tme.00:12 1618

¥¢ Specimen alignment

“Specimen alignment” has to be performed before Out-of-Plane measurement. Input “Specimen Thickness”
and click “Set.” The recommended scanning conditions of Z and Omega axes are input automatically.
“Precise Alignment” is used when users need to be sure the direction of lattice plane observed with 20/
scanning. When the critical angle for total reflection is input to “Two Theta/Omega,” the lattice planes parallel
to the sample surface are observed; when the diffraction angle of the substrate is input, the lattice planes

parallel to the substrate’s lattice planes are observed.
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7 Out-of-Plane measurement (2Theta/Omega scan)
“2theta/omega” is selected as “Scan axis.” The scanning range is determined by referring the ICDD card data.
The sampling step should be 1/5 ~ 1/10 of a diffraction peak. Switch the attenuator (ATT) at the middle of the

scanning range according to the peak intensity, if necessary.

I Frofie Measuement ——— —_— S ——
Scan as IZThe‘la/Clmega 'I Scan method |Con&nuws 'I Range Setting IAhsotute '|
Enec. | Stat End Samping | Speed ATT DS 55 RS Connect Al Ranges I
[deg ] [deg ] Step | [deg./min) = . - e — —t
Idea) ¥ * 2 3 * 3| T orgn
~ [40.0000 690000  [0.0400 5.0000 [Open ~[1.00mm  fjtmm  >[1.00mm | | e
W~ 690000  [636000  [0.0400 5.0000 ~|l1.00mm  ~]{tom  v|[1.00mm | oo -
[/ |696000  [100.0000  [0.0400 5.0000 Open =1omm wfiom  ~l[1.00mm ¥ i [0
I ; [E | | | e Pri 0000 e
| |5 000 Cp= ] I = ; |
I [»e7 & 0000 C e AREE TR | EEEY .00 ]| -
‘Range which can be nputted ;-2 3800 to 135.9800 - Measwement time:00:12 1618
“¢Rocking curve (Omega)
“Omega” is selected as “Scan axis.” Input the 2theta angle of the diffraction peak and the half value into
“2Theta” and “Omega” in “Origin”, respectively.
l ."p Profie Measuement TTTTYTITTITTTTTT T T - T
’ Scan axis |Dmeg.5 'l Scan method lcqnunugug 'l Range Seting |F\etalive 'i
| [Gec [ Dea Dela | Samping | Speed ATT G 53 RS
: onnect All R
(Start) {End) Step [deg/minj! N . . _Comnect All Ranges
[deal idea | fdea ¥ * = B2 4 | Gnigin B
~ 100006 [10.0000 0.0400 5.0000 [Open ~Jhoomm  =l[tmm  =f{1.00mm <] Zheta [433800 deg
r £9 E000 141 R | R | R =i ] Omega [216300  deg
r : Oper | LRSI | —1 2ThetaChi [0.000 deg
ri - : C e e = P[00 deg
r [~ ; 3k = - - N
- = = = = Read Curent Position |
[ focs ! = ka Al - A ——
[Range which can be inputted 200010 120.000 _ Measuement tme:00:04 16:21
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1-2-3 In-Plane Measurement

Before starting the measurements, vertical divergent Soller slits are installed.

0.5° vertical divergenc
Soller slit

In-plane profile measurment
| IXRD pattern (phase identification)/Preferred orientation
& crystal qualityIn-plane preferred orientation/Rocking
curve/Reflectivity/Small angle scattering/Thin film scan
eneral and in-plane XRD profile measurements using
wo-theta, omega, two-theta-chi, and phi axes

ample alignment for in-plane measurement is
employed)

a
—

T
1

Select [Profile/In-Plane] measurement.

BB o ls messsement [Right] © ¥Windmax¥ Apps¥inpmeas¥ProfilsCond m x|

File Edit View Process Hep

ﬁ' Condition edit

Attachment :  Alachment for thin Fim/Uima Il
Endnaprocess: [ lpostion X5 endingahter] [Freent cordtion  ~}

Ed

Use Folder name File rams SampleName | To~diion]| Hew |°
1 |Vec| No D:d¥indwex¥DATAY Test 1am Browee. . |TEST SRMPLE 1 Cond_.
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This is an example of scanning condition for preliminary scan of In-Plane measurement.

& I-Plane Profile M cve AR x|

File Edit Help

[ o) G

Nol |No2 |No3 | Nod | NaS | Nab N7 |NoB | No8 | Note}Not1|Nai2)

| Comator il Mems | ‘
’ Urat |comls vl Default scale W——— courds 7 Auto scale
[ Delete previous selting results V Set‘Omega = Two-Theta/2'
p Smw S "\7 P'eciseAignmenl - S
Scan Saquence|Omega -> Z j ATT|1/100 hd Scan Sequence}Omega > Z (Fine] '[ ATT|1/100 _'_J
Repeat|2 | Cycles DS|0.10mm hd Repeat|2 ~| Cycles DS}0.10mm pd
Thieshold[1000 ~] counts 55[02mm ~] Theshold[1080  ~] counts 55[0.2mm 1
Peak Search Method|Peak-top ~] A5[0.20mm -] Peak Search Method|Peak-top ~| RS[020mm <]
~ Scan condition selfing ——————— - Two-Theta/Omega[0.4000 deg.
| Specimen Thickness [1.00 mn_ Set | A& | Deim Deta | Sampig | Gpeed | DekaBack]
. = irsnm] [[m) ;5"1:15 [mm/min.] [mm]
h [Snl:n‘] (m S?ﬁ:‘g [msn?/ﬁ.) Dd(:szl Z [0500 0.500 [ooos — [2o000 0,500
Z [zom  [o000 T [ Ovegal1000 [1OXO_ [oo0 140000 Jos0
[Orega[G5200  [a5200  jomicd 20000 as000 o ! e )

“I/ Profie Measwement I— _

Scan axis |2Thetalﬂmega 'l Scan method |Cnnlinuou: 'I Range Setting lAbsolute 'I
SS

= - - A R R -5
Idea) ¥} o 3 2 £> 3] T e
% [0.0000 3.0000 0.0100 ~ljotomm  ~]joomm  ~l{020mm ~] 2 ™ 3
il TS ni R T A | R 00000 deg
r [ oo =dfimm <A1 00mn < T
o Lk Il | RS | R = hal -
| r 5 i | | =
T ESRE d Joul | RLU B . —
Range which can be inputted 120001012000 - Measwement time:0001 RN

Y Specimen alignment
For In-Plane measurement, both “Specimen alignment” and “Precise Alignment” has to be performed before
measurement. The critical angle for total reflection is input to “Two-theta’Omega”; this procedure makes the

incident angle (Omega) constant for any phi angle.

Y¢Preliminary measurement

(DExamination of critical angle

To observe the diffraction from the samples, incident x-rays have to penetrate to the sample. When the incident
angle is smaller than the critical angle for total reflection, the penetration depth is just few nanometers and
sometimes diffracted intensity becomes extremely low. To estimate the critical angle, perform 2Theta/Omega
scan around critical angle (0~3 deg.) Read critical angle 6, and input the value into “2Theta” and “Omega” in

“Origin”.
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(2Finding peaks
Check on the diffraction angles of (hkl)s which expected to be observed in In-Plane measurements from the

results of Out-of-Plane measurement. Perform 2ThetaChi/Phi scanning around the angles.

¥ Profile Measwement S

Scan adis IZThe\aChi;‘PH 'I Scan method |I:ontnmus 'I Range Seiting IAbsalute 'l

Exec. Stat End Sampling Speed ATT DS SS RS Connect All Ranges l
[deg] {deg] Step _ | [deg /mir} < = - == e
Idea] l & K3 2| | W Oign

¥ |70.000 |80.000 0.040 5.000 Open hd ~||Open  >|iOpen  ~] 2heta [0.4500 deg

- 17100 Ed =l1mm e | RRCCTE Omega |0.4500 deg

r | | ~oome =] 1me ~owes =] 2ThetsCri [0.000 deg

I r I I 3 1 [ R | R | D I | RRCUI. phi [0.000 deg
l r I Ol =i I | Rl Zlj1.00 hd Read Curent Position I
I r ' I i | RRETGN I | R0 i == = _ —

[Range which can be inputted -1 - Measuement time:00:02 16:27

If any peaks are not observed, it is supposed that the film is three-dimensionally oriented. In this case, try Phi

scan with fixing 2ThetaChi angle at a diffraction angle estimated above.

7 Profie Measurement

Scan axis ‘Phi v] Scan method | Continuous v Range Setting IAbsolLAe 'I
Start ATT DS SS RS Connect Al Ranges l

End
deg] | Ideg] e —
0.000 360.000 0.100 2theta |0.4500 deg

3
Ry IR i Omega |0.4500 deg
R | . 2ThetaChi [74.120 deg

|
|

| « flei

0.10mm

=

v
1.00mm [t

-

e

Open Open

Pri [0.000 deg

Read Current Position

Lol fie

_
Ladbediett

Measuement time:00:04

(3DEstimation of incident angle
Input the peak position into “2ThetaChi” and “Phi” at “Origin”, respectively. Perform a Omega scan with the
condition above. Find the incident angle that gives the highest intensity. Input the value to “2Theta” and

“Omega”.

W Profle Measwement o - —

Scan axis !Dmega 'I Scan method | Continuous v Range Setting IAbsoiute 'l

Ewec | Stan End Samping Speed ATT S S RS Connect All Ranges I
[deg ] [deg] Step | [deg/min] = . § " —
deq] 2 3 + 3 | (% Ongn =
~ 00000 1.0000 0.0050 0.5000 Open ~Jlotomm  ~][Open  ~] Rd Zheta [0.4500
[T = i S R I (T = 21 Omega [04500 e
r i ; C | hae ] ) oTheatn 74130 de
| I z r 1L D e 5 000 ( | AR | AT 4 hd Phi [37.064 deg
Ll £ [ ‘ = ot { A | L Read Curent Posiion_ |
T [ = w1 L -
[Range which can be inputted :-12.000 to 12.000 T Measurement time:00:02 o
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77 In-Plane measurement (2ThetaChi/Phi scan)
“2ThetaChi/Phi” is selected as “Scan axis”. The scanning range is determined by referring to the ICDD card
data. The sampling step should be 1/5 ~ 1/10 of a diffraction peak.

HINT : Any diffraction peaks can not be narrower than the resolution of the Soller slits (0.4deg. with standard

Soller slit, and 0.12deg. with thin film PSA).

¥ Profile Measwement T ——— EEE —
Scan axis !ZThe'(aCh/Ph 'l Scan method ‘Cnnlinucms '! Range Selting !Abmiu\e vl
e Stant End Samping Speed ATT DS SS RS Connect Al Ranges
[deg ] [deg Step | [deg./min) — _ e - l
idea) % 3 3 3 3| 3 g
[P [evo00 |ED.UII| 0.040 2.000 lOpen ~Jj010mm <]jOpen  >|iOpen  ~] 2theta |0.45([l deg
Il EEET 2. g o o e < 00w -] Omega W deg
] Ahoem =[iee =[ioes =] 2Thetscri [.000 deg
Il | e Il R A 00 < | Phi IQM dec
[[ r | LRI hd jrrm i | ARV Read Current Posiion I
- o | b 1 v
Rangs which can be inputted :0.0007 10 10.0000 ) “Measurement time: 07:30

FrRocking curve (Phi)

“Phi” is selected as “Scan axis”. Input the 2Theta angle of the diffraction peak into “2ThetaChi”.

F Proiie Maasuemenl T T TR O SRS = R AT st SOt B
Scan ans |Phi '] Scan method |Canl'nuaus L’ Range Setting |Abso|ule 'l
Evec. Start End Samging Speed 5i DS B3 RS Connect Al Ranges
[ [deg] [deg] Step __ | [deg/min] - - o — I
Idea] ¥ = ) 3 M ¥ ®Ogn
v [0.000 360.000 2.000 60.00 Open hd +{|Open ~1{0Open hd Zihata iQ 4500 deg
i N R FE N | Y G [ 7
1 e Ed e ] 2l oThetstni [74500 e
e g = e = i J0000 deg
r =z b ol | g i Read Curent Pasiion J
r 2 =lh A A ——————
[Range which can be inputted :-10.000 to 2.000 o T Measuement time:00.06 T o 16:37
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1-2-4 Reciprocal Lattice Map

Open [Start] — [Programs] — [Rigaku] - [Rigaku Measurement] — [Thin Film Meas. Menu].

In-Plane Recipracal Space Map Measurement

In-plane crystal quality/Mosaic spread/Orientations of film
and substrate crystal axes

{In-plane rzciprocal space map measurements using two-
theta-chi and pti axes)

Select [RSM] for Out-of-Plane reciprocal space mapping, or [RSM/I] for In-Plane reciprocal space mapping,

respectively.

Qut-of-Plane RSM

// sample surface
In-Plane RSM

“rSpecimen alignment

Perform the same procedures with Out-of-Plane or In-Plane measurements, respectively.
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37 Preliminary measurement
Refer to the results of 2Theta/Omeg (2ThetaChi/Phi) and Omega (Phi) scans to select the proper scanning

ranges, sampling steps and scan speed.

¥vMain measurement
A reciprocal space map is made of two dimensional data of d-value (calculated from 2Theta/Omega
(2ThetaChi/Phi) scans) and crystal direction (obtained from Omega (Phi) scans). There are two ways to collect
data;

* Omega step - 2Theta/Omega scan

- 2Theta/Omega step - Omega scan
The mode which containes fewer number of scan will be finished faster than the other ; the positioning motion

between each scan takes several minutes.

| G #5]

NoT |No2 | No3 | Nod |NoS | No6 | No? |NoB | Ned | Not0|Natl|Nai2|

Operator [Administrator Memo |
unit [ops - Default scale [T060 cps F Auto scale 7 Mull ine profie
[T Lsiete g g resut F O Two Treta/;
[T SpecimenAlignment — [~ Precise Alignment e —
i 5 T
Fza _'_] RS0 \d
Z L Z
- ,, [
[Greaa 757 [~ | ) |
‘™M Recprocal Space Map Measwement S s o= S .
Mdhnd’clmega step - 2Theta/Omega continuous scan 3 SR———— —— ¥ Origin S
[ N B l- — ,I - - o J ATT |Open hd 2theta |63.2400 deg
| 5 o DS [1.00mm ~] Omega [346201  deg
g § [imm  ~| il e
I~ : ) I RS [T00mm <] SIS e
l _ ‘ o I [ I RAead Curent Position |
R MR e e e e —
Range Setting | Relative b Range Setling IAbswe 'I
Step Move Dela +«Delta Samping Scan Start End Sampling Speed
Condition {Start) [End) Step Condition [deg ] [deg ] Step [deg./min.}
[deql [deq] Ideal [dea |
[ Omega 5,0000 5.0000 0.2500 2Theta/Omega (420000 720000 [0.0800 |20.0000
[Range which can be inputted --3.0000 to 140.0000 Measurement porrk 41 % 376 = 15416 Msasurement time: 01:03
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1-2-5 Pole Figure

Open [Start] — [Programs] — [Rigaku] — [Rigaku Measurement] — [Thin Film Meas. Menu].

hin Film Measurement "IN X

In-Plane Pole Figure Measurement

Prefeired orientation

(Whole pole figure is measured without using
transmission geometry)

Select [PF/1] for pole figure measurement.

M ro50e Poletiere measurement [Right] (C¥Windmax¥AppsthnmeasErolsio X|
Fil=  Edit Yiew Process Help

B o

Attachmant:  Attachmant Far thin iin/ Ttera (L
Endincprocest: | Init posiicn 3 en:ihg:afca'z‘ mn I‘P:eaerl sordtion _'_J

& &
LE) Frnt

| Jze Fridet narre I Fle ram= Sample Hame Candiban | Nest [ 2
1 |Yae| Ho [Cz¥¥indnexDiTAZ Testraw Erowsc... | EST SAWPLE ) Coril..
E;':v ¢0 t
Crovnse - -]
| 05/01/2004

To edit scanning conditions, click on the “Condition edit” button or double click on the number input in

[Condition].

11
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The following is an example of specimen alignment / scanning conditions for pole figure menasutement

€ In-Plane Pole Figure Measurement - x|
Eile Edit Help

l Y =1 7]
Nol |No2 | No3 {Nad | No5 {NoG |Na7 |Na8 | Na3 | No10| Noil | No1z}

! Operator [Administrator Memo |
Undt |counts v] Defauk scale {1000 counts ¥V Autascale ¥ Mukiline profile
i I Delete previous setting results v Set'Omega a Two-Theta/2'

¥ Specimen Alignment W Piecise Alignment —_— - ——

E Scan Sequence|Omega - Z 'l ATT}1/800 hd Scan Sequence‘Dmega [Fine) 'I ATT|1/800 Rt
Fepeat|2 | Cycles D5{0.10mm v Repeat|2 | Cycles DS}0.10mm v
| Thieshold [1000 | counts 5510.2mm ~] Thieshold | 1060 ]| counts §5}0.2mm hd
| Peak Seaich Mathod| Peak-tap ~] RS|0.20mm  ~| Pesk Search Method |Peak-top | RSj0.20mm ¥
| Soan condiion setting ———————————— TwoTheta/Omega[637300  deg.
Specimen Thickness [1.00 wm _Set | B | Deka Deka | Sampiwg | Speed | DekaBack]
S— [Staxt) [End) Slep {deg./min ] [deg]
Asis Stant End Sampling Spesd | DekaBack) _ _Ideal Ideal Ideal _
[mm} [mem] IStep‘ {mm/man.] [rmm] - ] i |
T
Z [2o0m D.000 010 4.0000 050 Uweg¥potio  Josom fooiao lzqqqo 05000
|Omega |-0.5200 |0.5200 0.0100 4.0000 [o5000 |
17 P*Fwe Memm G e ———— ettt —_— - - —
OmegaMin. [05000 idlaitrea J ~ Pole Orientation ————— - 1~ Ongin SRS
— alphia e T 2Thel£’43.3000 (= | Mheta [ o
' [Range Seting [ St End Semping siphaf0.00 deg e |
(deg ] [deg] Step " o | M
‘ fdea L bed000 dep
Absoute v |[0.00 30.00 200 P
R
- beta ——— ATT Open - - I
Scanmethod | Range Setting Stait End Samplng Spesd Ds [750 =]
[deg] [deg] Step [deg./min ] - =
[dea.] S8 f1mm |
|Continuous ~|{Absate  ~]foi000 60.000 |2000 fe0.00 RS [T00mm ]
Range which can be inputted :-3.0000 to 140.0000 - Measuement time: 0031 1802

¥¢Specimen alignment

“Specimen alignment” has to be performed before pole figure measurement. Input “Specimen Thickness” and
click “Set.” The recommended scanning conditions of Z and Omega axes are input automatically.

“Precise Alignment” is used when users need to be sure the direction of lattice plane observed at the center of a
pole figure («=90deg.). When the critical angle for total reflection is input to “Two Theta/Omega,” the lattice
planes parallel to the sample surface are positioned at the center; when the diffraction angle of the substrate is

input, the lattice planes parallel to the substrate’s lattice planes are positioned at the center.
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2. High- resolution x-ray diffraction
2-1  Measurement

2-1-1 Setting up the geometry system

In this section, high- resolution optical system with Ge(220) incident monochromator is used to observe
diffraction peaks from high-quality epitaxial films and single crystals. Adjust each optic by following the

procedure mentioned in the manual.
(DMove 6-s to 45deg.

Remoe the incident-side slit and the incident

Soller slit.

Attaching the incident Ge(220) channel cut

Monochromator.

Attaching the dedicated incident- side slit.




TTRAXII

Open “Rigaku control panel” from the Rigaku folder. Double click “RINT 2200 Rigaku system. ’

‘i RINTZZ00 Right system Property of— i
Select following items; System canstruction | Y-ray Beam Type | Geometry Syster |

f

System Name : RINT 2200 Right spstem

’

2

Anachment: Gonlemetey ———————— ~ Incident monochio - o
[Utimalll thetarthets goriometer ] |_Propety || Use ] [_Propety_]
Attachment for thin film/ e SRR
Aftachment SR i
Ultimalll [2nachment for the fenUbmatii = v | Piopeny | Propeity
“Fhee— — ————— —————————— ~Monochiomala—————————————————
i otk ¥ o ]
Incident monochro: - -
- Detector c @n

Use IScintﬂalion caurts :J Piopeity l

Slit:
Auto variable slit

(High- resolution/Ultimalll)

Monochromator:

Not installed

Systern ccms:irucﬁnnl ¥-ray Beam Type Geometry System

Geometry Information:

| System Name : RINT2200 Right system
Thin film (highly precise) ’

Geomelry Infomation - B s
" Focusing Method 7 Pualel BeanMethod  Thin fim{general)

& Small Angie " Small Angle Residusi( & [Thin fimfhughly precive]
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2-1-2 Rocking curve Measurement

Open [Start] — [Programs] - [Rigaku] — [Rigaku Measurement] — [Thin Film Meas. Menu. ]

In-plane profile measurment 2
XRD pattern (phase identification)/Preferred orientation

& crystal quality/in-plane preferred orientation/Rocking
curve/ReflectivityfSmall angle scattering/Thin film scan
eneral and in-plane XRD profile measurements using
o-theta, omega, two-theta-chi, and phi axes

ample alignment for in-plane measurement is

employed)

Select [Profile/In-Plane] measurement.

MR Frofile measuement [Right] C¥Windmax¥Appsifing o e ed) x|

File Edit Yiew Process Hep

EJ I Condition edit

Alachment :  Attachment for thin fim/Ultima [l
Endnaprocess: | Inlpostion G ending after| [Fresent condiion +]

& =

Use Folder name File nars Sample Name | "o~diion| MNea |
T [es | Ho [0 oW indmex¥TATAY  [Tedt raw Browee. |TEST GAMPLE 1 Corl.
Saest — — e

To edit scanning conditions, click on the “condition edit” button or double-click on the number input in

[Condition.]
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v7 Specimen alignment

XRD measurement for epitaxial films and single crystal substrates requres precise azimuth alignment because

the distribution width of reciprocal lattice points are narrow sot hat the each goniometer axis should be

arranged precisely.

% IPlane Profile Measurement

File Edit Help

| Leg

Nol |No2 | Ne3 | Ne4 |No5 | NeB | No7 | Nog | Ned | No10| Na11| Nat2}

Operator [Administrator Memo |
Unit Imy[g vI Defauk scale hmu counts

™ Delete previous setting results

¥ Set'Omega = Two-Theta/2'
~f¥ Specimen Akgnment T A

—= -7 Precise Akgrment

[V Aulg scale

ScmSeq.:ence‘Elmega >Z 'I ATT}11100 L‘ Scan Sequence|Omega -> Z (Fine) 'l ATT|1/100 :j
Repeat|2 ] Cycles os{aiomm v Repeat|2 | Cycles ps[otomm =}
Thieshoid[1000 ] counts 55{0.2mm -] Thieshoid{1000 ] counts ss[o.2mm -]
Peak Search Method|Peak top | ps[o.20mm > | Pesk Search Method|Peak-op | RS[020mm ]
~ Scan condition setting ———————————————— | Two-Theta/Omega{69.1300 deg.
Spocmen Thikoess [1.0 mm _Set | [P [ Dok Dels | Samping | Gpeed | DekeiBack]
= —_— | {Stan) End) Step [men/min.] [men]
As Stant End Samping Speed | DelalBack) | | fmanl Imm] frnn]
{rrm) fmm] Step fom/min.} frnm} Tz Toso 0.500 0.005 20000 0.500
[ 2 [zom 0.000 umllnm‘ 4.0000 0.500 ! U_"‘m 1.0000 1000” 0"_330 4‘”?':_' D'?‘m
[Omeca[05200  [os200  [oma  [4oooo  [050m E| : o
v Profle Measuement —— S —
Scan axis |2Thetaf0mega 'l Scan method | Continuous v Range Selling |Relative 'I
Exec. [ Delta Dela Samping Spesd ATY DS 63 RS
el | (ool | e 3| ™y o | I~
& |-1.0000 1.0000 0.0040 0.2000 1/800 ~l[1.00mm  f[tem  >][1.00mm > Jtheta [69.1300 dec
[l BEEEE 10 | B 14100 = RS =l ooee -] Omega [345650  deg
r & F I | ERCCOT | AL d =~ 2ThetaChi [oodg deg
™ ] £ Oprer d el | R s | Phi oo deg
s - *’ = e = Read Curert Postion |
r 3 r i =i =l =] e
[Range which can be inputted :0.001 to 2.000 Measurement time:00:10 B

YrHigh resolution rocking curve (symmetric scan)

The symmetric rocking curve observes the crystal planes almost parallel to the sample surface. Since the

“Precise Alignment” procedure makes those crystal planes being observed, perform 2theta.omega scan right

after the alignment. Input the diffraction angle of the substrate into “2Theta” and the half value into “Omega”

in “Origin”, respectively.




TTRAXIII

¥rHigh- resolution rocking curve (asymmetric scan)
To observe crystal planes not parallel to the sample surface, the difference between incident and exit angles
should be equal to the angle between the observing crystal planes and the symmetric planes. The angle between

(Mkyl)) and (hykols) is calculated with the following equation (for cubic system),

hh, + kk, + 11,
U+ 4 o 4 + )

Cubic system : COS¢ =

Also phi angle (in-plane sample rotation) should be at proper position to observe asymmetric planes. Perform

phi scan before starting main measurements and find the proper position.

TJ Profile Measurement - T e T - - ) Sl A
Scan axis IZThela/Dmega 'I Scan method |Continuous v Range Seiting IF\elalive 'l
Exec. Delta Sampling Speed ATT DS SS RS
(Star) Step | [deg./min] - . - N ___—I Cormect All Ranges
Idea] fdea] F! + +] +] ¥| ¥ Oign P
~ [1.5000 0.0040 0.2000 17800 Ji1.0omm = |[1mm | 2heta [B30283  deg
r 23800 Jo.0400 5 0000 1100 e | DO R R Omega [8.7500 deg
T - Toen <] [ =l oThewChi 0000 deg
[ r l il i hd I | Rl ] Bl Phi |-2.500 deg
| ! : Dpen = ~ ] Read Custent Posib I
| r ] L Open e | LI I | LU Y 4
[Range which can be nputted -20.4980 10 51.9697 Measurement time:00:15 750
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2-1-3 Reciprocal Lattice Mapping

Reciprocal lattice mapping is used to obtain the coordinates of reciprocal lattice points and the degree of

relaxation for epitaxial films. An example of scanning condition for SiGe (004) / Si (004) samples are as

follows;
% Fecirocal Spece Map Measurement T H_hr x|
Eile Edit Help
[ Y £ 7
Nol |Ne2 | No3 |Mad | No5 | No§ | No? | No8 | No3 | Na10| Natt|Not2]
Operaior m alor Mema |
Urit [cpe ]  Defaut scalo [T000 cps [V Auto scdle ¥ Mubi ine profie
r ‘] P . F
I T Specimen Algnment S— e —— 7 PecseAlgnment ——
3 [ 3 scanseamelii T ] ]
¢ Da) = Pl RS ! =
Bt M
= 3 'F kJ =l 3 A
b e : g —TL »
Z ML l C
| |
47 Redirocal Space Map M _ S
Meﬁndlﬂmoas&ep»ZTMa/Gmacm&umscan :] Sk————————— ~ Oiign e o
S W[—jiﬂ — e ) J ATT |Open  v| Zheta [ET1300__ deg
—— = X T s [1.00mm ~ _Omega [345650  deg
] ss [0imm  ~ slamety i 2
RS [Ciomm <) Phi [0.000 deg
[ — Read Current Position |
RadalM ——— — ——— — =
Range Saiting lFlalm've 'I Range Selting |Abxou= 'l
Step Move Deka +Deka Sampling Scan Start End Samping Speed
Condition [Start) {End]) Step Condition [deg.] [deg] Step [deg /min] .
Idea ] idea] Idea) [dea |
Omega 01000 01000 00080 ZTheta/Omega 685000  |695000  [0.0080 1.0000
Flange which can be inputted :-36.0650 to 42.4350 Measuement point:26 x 126 = 3276 M time:00:27 1759

Measurement mode (Omega step — 2Theta/Omega scan or 2Theta/Omega step — Omega scan) is selected as the
total number of scan becomes fewer. Because reciprocal space map consists of successive 1D (26/® or ®)
scans and it takes several ten seconds to position scan axes (axis) to the start angle in every intervals.

To observe the spread of reciprocal lattice point, the range of measurement should be wide enough. The scan
range of 20/ is determined by referring to rocking curve profile as the intensity decreases to the background

level at the both end. The range of Omega should be several times larger than the o peak width.

T 28/
o

Sampling step : 1/5 of 26/ and
. Containing both peaks
o peaks, respectively. g)
< T

Several times of ® peak width 5
| B
’ L (1)
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The following is a example of the scanning condition for SiGe (224) / Si (224) samples.
Considering the epitaxial films can be totally strained, the range of Omega should be wider than the case of

symmetric RSM measurement.

' Pec procal Space Map Measurement R <o TR x

Eile Edt Help

| =g 7=

Nol |No2 | No3 | Nad |Ne5 [No6 | Ne? | No8 | N8 | Na1a| Natl [ Natz|

Operator [Administrator Memo [
Unit Iq;s vI Default scale [T000 cps IV Auto scale v Multi lne profie
I~ gre F Omega = Two-Theta
——— " Precise Algnment = —
i = Omegs > = Fo o} =
z . 5
; B X
fd e r
~ Dmega [ 0 - T o
T i | o : : - —
[Prega [0 =% B non T RET ’ ) t ="
17 HWO‘:‘ Sm MQ Measuement - - == 3 - i
Mdh)dIZThela/Clmage step - Omega continuous scan _j ~SR————————— — Ovigin -
) - o | r P ,,7,,_*', | ATT [Dpen  ~| Zhels 80283 deg
CEE T N : = 0§ [1.00mm 1 Omege B0 deg
- 8§ [01mm v : II___..
D007 Tl - RS 010mm 7| al ol =
- i l Attt [ Read Curent Posiion ]|
0 [ Ly 77 CUOOE U
- Aladial Measuement - D
Range Setting IAbsdute 'I Aange Sedting IHolative 'l
Step Move Stat End Samping Scan Deta Deta | Samping | Speed
i [deg ] [deg] Step Condition (Stant) {End) Step [deg./min ]
[deq} Idea] Ideg.) Ideq |
ZThela/Omega  [67.3000  [68.8200  [0.0080 Omega 02000 [01200 0.0080 [z00m
Tﬁ;gevdi*icmbe'n:uted :-720.000 to 720.000 N Measwement point 191 x 41 = 7831 Measuement time:00:38 1757
20/w
A
A20/0
Containing both peaks
Sampling step : 1/5 of 26/® and C) the angle between (004)
/ and (224) is 35.3deg.
o peaks, respectively. A w L
considering the difference Ao between
Strained reciprocal > | strained and relaxed film.
lattice point
>0 A®=A20-tan (35.3deg. )
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2-2  Outline of rocking curve simulation software

2-2-1 Sample structure and x-ray divergence

[Multi Layer Dialogue Box] pops up. First of all, make layer structure and input x-ray condition.
Click [Substrate] tab. Select substrate compound, surface normal indices, offset angle if it has, and
diffraction indices on measurement. In asymmetrical measurement, select Incident Direction based on the

incident angle is Higher or Lower than the reflected angle.

Multi Layer Model Dialog Box
File Parameter_List Display Diff.Angles Smulation FRting Help
Environment | Simulation | Fitting I Guide
G . N i
X-ray | Layer Lj_l_xgggg_a_t_gwj Period | Expand \\ =
Gass 49 Onm
Compound Normal Indices nGats 10 3m
|cars ~| |oo1 | SUBSTRATE : Gars
(001,004) |
Off Angle (deg.) Diffraction Indices
|D.OGG . |0 0 4 V| |
TES Ll JurvELUDE Incident Direction |
Zunisle ‘ AS e LIS i Loe!
* Lisalle ¢ Symwetric |
A e bLric  High!
Rxdzua lg.
llDO.DDO e
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To add films, double- click SUBSTRATE in the illustration. Select compound, input layer thickness and
percentage of the composition X in the case of solid solution. Layers are copied/ deleted by double- clicking on

the film in the illustration with left/ right mouse button, respectively.

Fila Parameter_List Display_Diff.Angles Simulation FRting Help

Environment I Simulation | Fitting | Guide
X-ray _________H Substrate I Period | Expand \\/
Compound i e ok
i L e nGass 10.30em
| 1nGars -l s Const. [0.20000 v SUBSTRATE : Gafs
Inks x Sony (001.0D4)
GaAs (1-x)
Pt Z T SR
s ConsL. |O.DDDOO ]
Thickness (nm) A L
|1D.300 %
Relax. 0% Additional Strain
¢ l | L’ MESLRCE S~ S S— S —
¢ Const. ‘D.DDDDEHJD =
Division Il Func. :
[T This layer is not used.

To add new materials to the database, select [Edit] - [Edit Crystal Database] .

L

=) RIGAKU Rocking Curve Data Processing
Eile | Edit ¥iew Options Tool Window Help

F ret =) Datahacs
L L Sia Uat >C

Edit Indices Database

Edit Atomic Scattering Database
Edit Wave Length/Anomalous Dispersion Database

Elements (e.g. Si and Ge) and binary compounds (e.g. GaAs) are included in Basic Crystal list.
Crystallographical coefficients are necessary to add new Basic Crystal to the database.

Solid solution consists of two basic crystals. New solid solution model is registered if the basic crystals have
common crystal system. The values of crystallographical coefficients become the linear combination of each

basic crystal.
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Editing Crystal Database - Editing Solid Solution Database B
C tal | Salid Salution Name : IAlGaA:
Crysta
'(" A Open N of Basic Crystals : rz_
BaSlC Crystal|
. i i Basic Crystal List
€ Solid Solution > Structure of the Solid Solution i
¢ Crystal 1 Alds X Alhs Sgpe -
AIN Hexag.
Crystal 2 Gals (1-x) 1P cubic
TryEtal I AlSh Cubic
Trystal 4 Gals Cubic
GaN Hexag.
i GaP Cubic
Exit Delete from Database Gash Cubic |

Help |
- R P and Save Cancel Help
. R ——

Editing Basic Crystal Database

]

Crystal Parameters Atom Positions in the Unit Cell

‘Name (ID) 212 Atom a(X) b(Y)  c(2)

Atom 1 .00000 [0.00000 |0.00000

‘Crystal System |[Cubic

Cell Param. a IS.GGOOD (d) 3
|5.66000 |

Stiffness C11 12.50000 (1.0E+10

N,
c12 |5 .34000 et
| Cc44 IS.‘!ZODD

| Tewp.Factor B lo.ooono
N of Atoms IB /unit 10

11

. 50000 [0.50000 [0.00000

0.50000 |0.00000 [0.50000

0.00000 |0.50000 |0.50000

0.25000 |0.25000 [0.25000

0.75000 |0.75000 |0.25000

0.75000 |0.25000 |0.75000

0.25000 |0.75000 |0.75000

U @® ~J o 1 »

—I'Tl"l—|—|_|—|7_|_ﬂ

.00000 |0.00000 [0.00000

.00000 |0.00000 |0.00000

__.,——_._..__..—‘_.._._—__

.00000 [0.00000 0.00000

Delete from Database | ' 12 0.00000 {0.00000 |0.00000

Save Cancel Help
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If the sample has periodical structures, select the layers composing superlattice then [Enter Period Number]

window pops up. Input the number of time.

it Layer Model Dislog Box

Environment I Simulation I Fitting I Guide : |

X-ray Layer | Substrate l Period | Expand \‘\/"‘/

o | = as f
- InGa’s 10.3nm

[I_m Period v SUBSTRATE : Gafs
. (001,004)

In m

Ga

OK I Cancel i — |

Thie . Funz.,

|1o.300 1%

Relax. 0% Additional Strain ﬂ

] | | » T
—’ ¢ Const. |o.000m-:+00 I i
Division |1 Func.

™ This layer is not used.

The diffraction angle of those films and substrate are displayed by selecting [Display Diff. Angles].

21
Material Bragg(deg.) Incident (deg.) A.U. (sec.) alld) c(A) Delta/d
Gals 33.0259 33.0259 0.0 5.65325 5.65325 0.00%

32.0167 32.0167 -3633.0 5.65325 5.81161 2.80%

Surface Indices : 001

Diffraction Indices : 0 DO 4 Renew

10
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Input x-ray wavelength, polarization and divergence. The divergence angle is selected by incident optical

system. For [Polarization], o polarization should normally be selected.

Multi Layer Model Dialog Box

File Parameter_List Display_Diff.Angles Simulation Fitting Help
Environment ‘ Simulation ' Fitving | Guide |
X-ray I Layer | Substrate | Period I Expand |
Vave Length(A) Polarization
‘* 1.54056 | ]
; ~ 0.70930 Sigma: 100%
} © 2.28970 P1  :0%

Divergence Effect

. ﬁ'ﬁdbh’ Beam Vidth 1.000  (mm)
 Disable WWW 10.08 {sec.}
* L '»- P—
Division 7
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2-2-2 Comparison with measured profile

To compare calculated profile to experimental data, click [Simulation] tab, check [Display a data profile] and

select experimental file. Input simulation area and step then click [Simulation] on the bar above.

Multi Layer Model Dialog Box

File Parameter_List Display_Diff.Angles Simulation Fitting Help

¥-ray l Layer l Substrate l Period | Expand ‘
o v = i
Environment | Simulation “ Fitting | Guide \ /
Angle Area for Simulation (relative sec.) L ]
e & SR s e s L e i — InGals 10.3nm
From [-7000.00 To [3000.00 Step |[5.000 SUBSTRATE : Gafs
(D01.,004)
¥ Display a data profile
|C:\RW\ APPS\ Rock\DATA) Test . dat Ref.
Calculated profile is shown in [Simulation Monitor] .
= RIGAXL Rocking Carve Data Processing =18 x|
He ER Vew Options Jod Window tep i
T g
2 Flef 2 O s & 2
Bt (O ol BT
Simulation Monitor Celculation is aver.
Complece.
Q
0 T — r
B Caleulation
B Test dat 1 Transter Close
ot , 1:33.0259
[ 1 17
L ‘ 1|
10 | 4 |
".\ = | |
« L i 5 11
— R |t 1
E 0" A =
i ; . f o
72 | M, A
é w0 b . W ’P'l' ]
F { 1! n B
3 w I | U1 !
E B : ‘!i[ s‘tf]m ~ A ?
B < Wl JLAHA
skl VI |
é ;~11{\ i Y |
j Linki"E I AR
< P ”‘ [
U ! 1 |
i 11
: I
JJUR - |
N 1 |
I i
T R l — !
5000 0 |
X-RAY INCIDENT ANGLE (relative sec.) J'
- - T NUM

12
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2-2-3 Expanding

To expand a part of a profile, click ‘@ or select [Edit] — [Graphic Operation] . Check [Expand Operations],

move cursors to appropriate position, and click [Expand] .

= RIGAXU Rockng Curve Data Processing ;ﬂ.’—‘]
Fle Edt View Options Yool o
EEEEE = =) K
o< ]
Simulation Monitor i a—
0 € Data 1
—T : r — . : — 2
E Calculation
- Test. dat J Record List
WL 0. 33.0256 . |
w L (! —
~" F | ]
3| |
s U} ( i
E 0 PL fl'h & Expand Operations
E Al |
7A i y»ﬁAA'g‘ . flll” tﬁ Expand Cursor 1 : =-1135.000
é 0 2k fj \a (\'I‘ { XI f’\_\ . Feser I Cursor 2 : 1B36.340
& ﬁ # \ » [ 1A | ey
g [ i !H.\[ \ | ”i\ﬁﬂn“ Calibrate datal
§ Exl [ | \‘ “ M = calib. | X Offaet [0~ oo0E+00
>'< . L4 f, Y Offsec |o.00c|z+c|o
w k- 4 o e
w 'k . |
o p Close Help
<[ - — 1 =
10 -5000 a
X-RAY INCIDENT ANGLE (relative sec.)
- _ —
= RIGAXL Recking Curve Data Processing =i x|

Fle fdk vew Options Jool Window Help

2 A 2 W O s

L

X-RAY INCIDENT ANGLE (relative sec.)

o
Simulation Monitor
] 5
T L L e e pe e - . e
I 1\ i galcu;aahnn © Data 1
L o5t dat ]
2 :
T ’ 0:33.0259
C ” ] Record Lisc
i ey
3 )
T I 4
s F el
;3 i A
N af \ f \ =
E YE i i e
i . / \ » : -
— Fos 4N 4 Voo
%) i L |\ # Expand Operations
7 i oY
ol Vo oY i
[ v tf Vo ] Cursgr 1 @ -1160.000
] ! t H{ | 7\
E L \ ‘.,; i VoA j Reset J Cursor 2 : 1807.540
-5 | i f
5 10 f— ! ﬂf \1‘ .‘I 3 R e e
v i ‘J Calibracte datal
» 0t i Calib. | X offser [o-oooE+00
F Y Offset [o-oooE+a0
, Y Scale [1-ocoE+on
107 —
[ |
A N B S B T cm:el Hexpl |
-1000 0 1000 {
o

NUM



If the peak angle differs from each other, make an offset on the calculated profile. Click [Environment] tab and

TTRAXIII

input offset value. Also dynamic scale and background level are entered in this tab.

Multi Layer Madel Dialog Box

Fie Parameter_List Display_Diff.Angles Simulation FEitting Help

X-ray | Layer ] Substrate l Period I Expand
Enviromment || sSimulation | Fitting | Guide
Theta Offset Angle(sec.) |-65.000 %4

Scale Factor |6.’FODDO %4

Background ( = A * THETA + B )
A= |8.UDODE—G7 v
B = I2.2000E-06 v

{THETA : Relative deg.)

" G /
Gass 40.0nm
InGars 10.3nm

SUBSTRATE : Gaks
(0D 1.004)

14
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2-2-4 Profile Fitting

Final procedure of rocking curve analysis is profile fitting. Click [Fitting] tab, select measurement data, and

input fitting area. Parameter which have checkmark in their checkbox are refined.

Multi Layer Model Dialog Box

File Parameter_List Display_Diff Angles Smulation Fiting Help

X-ray I Layer I Substrate I Period I Expanad
Environment Simulation Fitting l Guide I \\"\\q_\/
Data File Neame P o
L AN il 5 & A — S nGass 10.30m
|C:\RW\ APPS\ Rock\ DATA\ Test . dat ez. | SUBSTRATE : Gaks
(0D1.004)
Ficting Area
|_Cicse The Dats File | giure seop
Start ISB Change =i-|
Stop |6'7‘7 Add -j
Step I 2 vl Delete <j _|
Least Square Setup Scale Mode
Diff. Width Il .00E-03 Linear
Tolerance |1-DDE—03 ¢ Logil0o
To start fitting procedure, click [Fitting].
' WIGARY Rockng Carve Data Processing al2l x|
Be E vew Options loo Wndow teb 0000000 R R
2 A2 AR O SN S
[Eemoe 9]
! Fitting Monitor T
| o L. B
107 — T — ] TOITERRATION : 2 , ALAN : 1.0000-05 , 580 : 1,2702E+
! r R Calculation 1 Ho.2 GeAs Thickness : 49.003947 oa
| i \ No.l InGeAs Comp.X : 2,027768E-01
| L | Testdat g Fo.l InGaAs Thickmess : 10.309327 na
i o th 0330259 ] |
s ] | *"ITERRATION : 3 , ALAR : 1.0000E-06 , S8Q : 1,2524E+
| 3 1 ¥0.2 Gaks Thickness ; 49,023197 na
| L ¥o.l InGaAs Coap.X : 2.027069E-01
| 0k f ] ¥o.l InGaks Thickness : 10.345437 ma
| 3 [ ! ] *ITERRATION : 4 , ALAR : 1.0000E-07 , 38Q : 1.2441E+
| = | . | Fo.2 GeAs Thickness : 49.055540 na
~ 4 S ¥o.1 InGaAs Comp.X i 2,025611E-01
| E RS . 1 at E ¥o.l InGaAs Thickness : 10.374811 na
|7 | A Al A 1 *NITERRATION : § , ALAM : 1,0000E-08 , 880 : 1,2429E+
'z ar o el M Hin 1 ¥o.2 GeAs Thickness : 49.079970 na
| E 07 f | ¢ ‘;I I U . Fo.l InGeAs Comp.X i 2.025448E-01
I = 3 J . | i 1 o.l InGeAs Thickness i 10,302943 ma
| — - f ““'\‘M AR, T RARGUARDT RETURN CODE : ©
BT I S | ‘('\Jl";! i R-VALUE : 6,125
| § E [\ | RN Calculetion is over. ~
| e Y 1 | '8} Complete, _Ill
{ >'< | il 4 | »
1 3 A
AR =N
| B ‘ Transter: Close
I w 'k 4
| [
sL 4, L] R .
10 5000 0
X-RAY INCIDENT ANGLE (relative sec.)
i
T T T T R NUM
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The result of fitting is shown by selecting [Parameter List] on [Multi Layer Model Dialog Box]. When clicking
the menu, a message asks whether you want to display the fitting conditions. By choosing “Yes”, fitted

parameters are displayed by red characters.

o151
Ble Edt yew Oplions Tool Window Help S
W g ~ =
2 gfef) il W O sl sl 2|
T e =lalx|
** MULTI-LAYER MODEL REPORT OUTPUT **
1
File Name : (none)
Date Time : 2004.07.23 15:36
1
X-ray : Wave Length 1.5406 A
. Substrate : Gaas 0 0 1 , 0 0 4 Symmetric Reflection
—~ Off Angle 0.00 deg.,
=
= Condition : Theta Offset -55.00 sec., Scale Factor 6.700E+00
ﬁ ! Background 8.000E-O07 * theta + 2.200E-06
=
% Meas.Data : C:\RW\APPS\Rock\DATA\Test.dat
E 1 Sample $
Z Conment X
— Calc.Area : 36 - 707
Lol Step 2
§ Condition : dx = 1.00E-03, tolx = 1.00E-03 (logl0 fit mode)
;;C Result : 550 = 0.0000E+00, R value = 0.000%
1
[Multi-Layer Model] (from the surface)
. GaRs t= 49.00 (nm), Relax. 0%
InGeAs t= 10.30 (nm), Relax. 0%
| Comp.X = 0.200000
T [ - I o NUM
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3. X-ray reflectivity

3-1 Flow Chart

Preparation
To select the geometry system, sampling step and slit width, simulate XRR profile with
GXRR software. Click #® and input designed layer structure.

= To select optical system, change [Number of divisions] from 1 to 7. Input 0.04 and 0.01
into [Divergence] and examine the profiles;
If the profiles do not change clearly —Slit collimation
If 0.01 gives distinct oscillation while 0.04 gives dull shape
—Ge(220)channel-cut monochrometer

= To select step width, change [step] value and compare the profiles.
= To select the DS slit, estimate the critical angle. To observe XRR profiles properly, it is

necessary to limit the irradiation width within the sample width at critical angle. Refer to
[irradiation width- incident angle] graph and select the most suitable one.

Measurement

)

- Optics adjustment.

4

= Sample alignment and measurement. Perform 2theta/omega scan with the sampling
step selected above.

Analysis

= RMS fitting with GXRR software. Click & to switch to fitting mode. Compare
calculated profile to measured profile, change parameters to make it resemble measured
one before execute profile fitting.

= If there are large differences between calculated and measured profile, the designed
layer structure might be quite different from the actual structure. In such a case, Fourier
Transformation ¥  would be effective to make a proper layer model.




TTRAXII

3-2  Preparation
< GXRR - [Profile] T2 e =10lxi
Start GXRR software. 5 File Edit View Graph Process Ultility ylrdow Help sy R |- K
. . . Task |Reflectivity Analysi =2 "Rl O % ®
Click “Simulation” button. ! ilidkiiatsse _L — < _aw 8
ael@ PP & (= +
M ~ v | e e a0

Select

X
“layer” tab. Waterial o -] _- |
Density(@/cm3)  [2650000 :Il r I 1
Thicknesstm) 130000 Hr ~1
Roughnessom) 10500 Hr T |
fdd leyer I Apply parameters ]
Dat, Layer | sensity Func | Simulation | Period | Utility
- Multi Layers Structure —————— e
No.  Material  Density@/omd) _Thicknesshm) | Roughnesstm) ' Period Depth __
1 Si02 220000(--] 130.000(—] 0500{--] const
o  Si 233000(--] 0.060[--1 0500[--] const.

Up | Down| Copy |[Delete] I Galculate atter input Detait disp. | |

Calcutation Information
R= T~ ODO000 ~ Oh2= [ GDOGOEOD0 |

Calculation was succsss.[Code=0]

GCalculate ' | s l N —— F_,“

Input the designed layer structure.

Choose the substrate/layer material from “Material”  list.

Click “Add layer” button.

Change “Thickness” to the designed values.

Use “Up” and “Down” buttons to switch the order of the layers.

Click “Calculate” to show the simulated profile. (When “Calculate after input” is checked, the

simulated profile will be calculated automatically. )
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3-3 Measurement

3-3-1 Setting up the geometry system

Open “Rigaku control panel” from the Rigaku folder. Double click “RINT 2200 Rigaku system. »

— i
_'!r .qJ.ﬂL!‘J S RIGAKL Control Paned ol ‘M-x‘l
Fle Edr e Faetes  Teals  Hap - He Wow Hp

Sopek - = - L‘amm -_‘JFIH:(_: oy | # - ﬂi’ ﬁ ’p
=) o (a ) E y

f Doplp | Kyt Debads FINTZ200
optomabe  Maasurament  Fresard 3% D aticn Righ: zute
A gnmerd (... seroer PozkiPi. . et
Loy (4 e AppRCor 1.354B 1= My Computer

x|
Select following items; System construction | X-ray Beam Type | Geometry System |
f System Name : RINT2200 Rigit system
Attachment : Goniometer Ircident morochro
| Uil thetzthets goresmete: | ‘ Froperty l [use ] | Propery I
Attachment for thin film/ Ultimalll — == == = )
{atachment for trn fim/Ulime 11 = ] [ Propeny | <
Incident monochro:
s 5 v 3 =
Use b T e -
|Sciniation counter | [ Prpety ] R
Slit: {_‘ =
. . - ‘ "
Auto Valiable slit(Thin film/ S
Ultimalll) "‘
Monochrometer: —
' (CTJ) o= ]
Not installed -
A x|
Geometry Information: System constrackan | Yray Beam Type | Oecmetry System |
Thin film (general) or ' System Name * RINT2200 Right system
Thin film (highly precise) f GOty tesimton
™ Foourirg Method " Parsbal Bean Method & Thin fim{genaral)
* Small Angle € Smal Angle Residual ¢~ Thin fim{highly precite)
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3-3-2 XRR Measurement

Open [Start] — [Programs] - [Rigaku] — [Rigaku Measurement] — [Thin Film Meas. Menu. ]

S Tha Eilm 7 2 254
B2 Th Film Measurement e X

Frofile measurment 2l
RO pattern (phase i dentification)/Preferred onentation

& crystal qualityRockang curvedReflectivity/Small angle
scattering/Thin film scan

(General XRD profile measurements using tao-theta ana
omega ams)

-
i
Select [Profile] measurement.
B Frofile meazrement [Right] (C¥Windmax¥Apps¥inpmeas¥Prol ..."v'l : e x|
Ede Edt View Process Help
. ] D o
Bl I Condition edit
Altachment :  Altachment for thin flm/\Ukima 11}
Endnaprocess: [ Intpostion X ending after |Present condiion > |
& 2
No. [Use[Pmit Folder name File rame Sample Name | —.~Mion| Nedt |*
1 [Ves| No [C: ¥8indmax¥DATAY Test 1aw Browse... [TEST CAMFLE 1 Cont..
= S e

Input the folder name, the file name and the sample name. Switch “Use” to “Yes” (otherwise the measurement
will not be performed!) If you want to print the raw data (measured profile and the scanning condition) after the

measurement, switch “Print” to “Yes.”

To edit measurement conditions, click on the “condition edit” button or double-click on the number input in

[Condition.]



Tnitialize measurement

conditions

TTRAXIII
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Copy measurement

Manual slit setting

Offset
=
o) k)
Mol |Me2 [Mad [Mal [HaS [ Mok |[Na? | Mob | Med |Ha®0| et | nat12]
[ASSSSY re—— Memo [
e [ 3 Dol sosle [ 11 T - T Aute scde
I Delwis pevss ssling weuis P 2 Unege - Tup Theta/7
g e My o Paces Mhgywerd
[ e—— - ArTf wx - e e I ATT|1 K -
Papest| . Gyt oS -r__" . 080 Tmem -
L =| epe = % S50 > bt
Pop Sowch Mathud|“ow 1y § - B , o i
L rondiee selwg - Thata/Omaga) ~ 411 g
Soasmen Tngtoass (77 - _Se | Tm [ Uela | Duia | Takw [ ]
By | Enf $np !I‘-.Ml fes)
[~ | =] [ ] Sengleg Speed | Detalack) L_ 1 L_ 1} L1l
I l L] Inm| l S [ =] Mz 1 s oo |- oo |
rrtﬂﬁA_“» — ~“bn Lo B r;_ [ 1 L% a < 10 S
[—-; = [ T n j( o i LT r e A% . e frox
ol By « § lor A scansiigrenent
= Puglis Mapnsement
Somn amn | yama omage -l ‘w‘dl T -I Rarge Sotirg | iccase 'i

T

[y

we | S [T hll [\

r-f il e | ‘H:lJ lh'-r:J ol ! .

? Fux ot o [2o0mw wx i fcoe ffcom v M =
i '_'_ S | ——‘_'—'—' N ¥ 3 . =
o N A S +——— —
o e R NS ¢ 4| 4 F i
m——r— o — — —; R

Farge stsct con e roasind 00000 1 12 0000 Magsgemerd ww W Fi L)

Y7 Specimen alignment

For X-ray reflectivity analysis, both “Specimen Alignment” and “Precise Alignment” are needed to be done

before the measurement. Check these items.

“Specimen Alignment” — Input “Specimen Thickness” and click “Set. ” The recommended scanning conditions

of Z and omega axes are input automatically.

“Precise Alignment” — Input the value little bit smaller than the critical angle to “Two Theta/Omega. ”

Y¢Preliminary measurement

To estimate the attenuator switching positions, preliminary measurement is performed. The following is the

typical scanning condition.

Two theta / omega scan range : 0-3deg.

Sampling step : the estimated value from the simulation

Sampling speed : ldeg./min.

Attenuator : 1/800

DS, SS, RS : the selected widths from the simulation.
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Intensity
(log(T) cps)
The attenuator switching positions are estimated as follows. y
Intensity Attenuator is switched as 10,000 cps
10,000 cps 1/5000 — 1/400 /J\

1,000 cps 1/400 — 1/30
1,000 cps

50 cps 1/30 — open
\ 50 cps

o

al Lol e | - Lol ‘\\V-
>
A B C D E
26/

YrMain measurement
Remove the check marks at “Specimen Alignment” and “Precise Alignment” because the alignment procedures
are already finished before the preliminary measurement.

Set the scan conditions and attenuator switching positions for main measurement. Click on “Connect All

Ranges” to make sure that the start and end angle of each scan is continuous.

# Profle Measuement e - —

Scan axis |2thele/omega 'I Scan method !Continuaus 'I Range Setting lAbsdule VI

Exec. (3::1 [5::] Sasvt::\gA : £gpje":\ \ ATT 7 DS - S5 _ RS ) WTR?’,S—,J
Idea) ¥ + 3 k3 o | T Dign

P [0.0000 0.3000 0.0100 2.0000 1/800 ~llotem  ~lfozem  ~lfo2em  ¥] aea [0
~ [0.3000 05000 0.0100 |2.0000 1/100 ~J|0imn  ~]j02em  ~{|0.20m v oo [FO00

| ™ [o.5000 12000 00100 [2.0000 1110 s|[0imm  v|02mm  v|[02mm ¥ oon [T

| # [1.2000 /5.0000 0.0100 /1.0000 apen v|lotom  ~|[o2mm  |{02mm v i 7E g
v |5.0000 10.0000 0.0100 0.5000 apen ~0tmm vli02om v{{02mm ¥ . —J
r o0 00100 ; I | [ I |l ks Sl e

|



3-4  Outline of XRR analysis software (Demo data file path : C:¥Program
Files¥Rigaku¥GXRR3¥Data )

3-4-1 Open experimental data

Start the GXRR software and read experimental data. Both of *.raw and *.dat are readable on GXRR.
Open “Au.gxr” file saved in following path, C:¥Program Files¥Rigaku¥GXRR3¥Data.
Designed model ; Au (20nm) / Si substrate

* GXRA [ Aape - Profile |

e o =i8id
& LR 99 3
Q¢+l i & - T
Refeciviy  Oacllalion [ FF |D.wu'.n| cmuo-]
REFLECTIVITY PROFILE
T " Meas. data)

100 e

w0} 2
£ el
w2 =
= 4
g
2
K N

w3t

107 -

05 . L .

05000 1EEQ 25000 15000
2iheta angle (deg.)
—

3-4-2  Set the designed model

First, Select [Process] — [Reflectivity fitting] of click If_ to make a structure model of layer.

48 File  Edit  View Qraph Utility  Window Help
Task: |Reflectivity Analysis _ EFT Thickness Analysis..
_ Beflectivity Fitting._ B

Q @ B4 Y Y P Reflectivity Simulation..

‘ Reflectivity QOgcillation i FFT : Density Distr.j Comp. Distr. |

Select [Material] in [layer] tab, then select Si and click [Add layer]. Next, select Au and input [Density],

Fa

€ Dy 2T

[Thickness] and [roughness] as the designed values.

Remove [Thickness], [Roughness], [Density] checkbox of Au layer, [Roughness] checkbox of Si substrate

and [Apply parameters] to set as fitting parameters.



Reflectivity Fitting

Material |Si Li _| Density (£/cm3) ST
Surf. side  [2.33000 j roFx <]
Thicknesstum) 0000 Fix v ,
' —— Subs. side | r 1 .

Rougtnesstm) 10500 He [t =] Depth distribution | Gonstant -]

— —
< Apply parameters
. 4

Data {Layed) | Fittine | Period | Utility |

Multi Layers Structure

‘No.  Material Thicknessthm)  Density(@/cm3) Roughnessthm) Subs. side den..  Depth  Period
1 Au 20,000 1930000 0500 const,

A e ULBER— . -} “ZSARRE—] -1+ CRb an i s o canst f <

| -
Up J DOWI'IJ' Copy Delete ! v Calculate after input Detail disp. !

Calculation Information — -
R= C01A72 Chi2= 7.8463E-0071 R
Calculation was success.[Code=0] '

< Calculate ? Fit J Undo Exit

Click [Calculate] to display the calculated profile. The difference between calculated and measured profile

indicates that those parameters used in the calculation differ from actual values.
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3-4-3 Estimation of film thickness by Fourier transform

Film thickness is estimated by Fourier transform of oscillation components appearing on an XRR profile.

The result is reliable in the case of single-layer film, and it is also useful for multi- layer samples because it still

gives some hints for XRR analysis.

[FFT Thickness] dialogue appears by choosing [Process] — [FFT Thickness Analysis] or click @ . Click

[Analyze oscillation]. The oscillation components are separated as follows.

 QXRIG

[ Awgsr -

Frofile ]

@ Eile [dit View Graph
Task: [Reflectivity Analysid
Qb [ [V P2 Reflectivity Simulation
M FFT_ | Density Dist. | Comp Distr |
REFLECTIVITY OSCILLATION PROFILE
T e e et v S —
1oL f; hinky . arve |
fo————
S Yoray (ang) CuKal, 1540600 -
Referance Curve nformation
\ Scale = 1.00000 Detta = 4.34165E~006
3 BG = 237189E-003 Swema = 9.74248
R AN 2ThetaC = 106781
107" Ve 9
. Adjust paamslu_“
[ | Thickness | Density | Roughness | __intensity Delta |
[ 275 2000 097 -0167 1829€-008
) f 1860 2000 113 -L110 1829E-005
3, - |
3 1072 s E
z Lo 2] 1
2
2 Exit
2 LA
o4 e /
1073k & E
i 0 sl
M ¥
P
1 0_4_ T . _
e
~\a.
Yy
10-5 ! [ !
0.5000 15000 25000 35000
2theta angle (deg)
Thickness analysis by FFT. NUM

This oscillation is transformed to film thickness by the period of the oscillation and the electron density of

the film calculated from chemical formula and the density. The results of FFT analysis (Thickness, Density,

Roughness) show on FFT Thickness Analysis dialog.

Click [Adjust parameter]

to adjust the results of FFT analysis to the layer model.
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REFLECTIVITY PROFILE
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3-4-4 Profile Fitting

Input [Divergence] corresponding to optical system in [Data] tub.

Profile - - - e - ¥X-ray Beam -

2thetad (eg) [0000O0 =] T Fi [Cuka1 0540500 - -] '
Max. intensity WII Vv Fit I Divergence (deeg.) {0.01000 L—i

BG intensity  [4B87TE-005 < ¥ Fit

Data | Layer | Fitting | Period | Utility |

Set [Fitting Region] to decide the fitting range. Ordinary, input [Start] to the critical angle and [Stop] to the

angle that intensity becomes background level.

|
Fitting Region : Fitting Conditions {
Start angle (dee) 0.8000 j Convergence 001 7] ;
Stop angle (deg) [30000 *ii Max. of iteration |20 Ad

Data | Layer [Fitiing [ Period | Utility |

Click [Fit] to start profile fitting. Parameters which have checkmark in their checkbox are refined. Profile

fitting will be considered to finish when necessary parameters converge and R-value decreases to ~0.04.
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