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Turning ON SmartLab SE
1. Turn ON CPU
2. Turn ON the circuit breaker clockwise on the rear side of the SmartLab SE XRD.

ELB ELB
AC220-230V 1phase 50/60Hz 40A

AC220-230V 1phase 50/60Hz 40A




5. Double Click Smart Lab Studio Il shortcut on desktop.

o)
90

Smartliab
Studioil

6. Enter password xxxxxx. (Tick sound after login. Door is auto locked).

Please login

Server name:  localhost\SQLRIGAKL

Login: | Administrator

S
[¢1
-
‘:

Password:

[ | Auto lagin

Cancel

7. See the bottom left; do nothing unless you see “Ready”.
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8. When the status is ready, then press XG control and press “ON”.

Data Browser
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Home View
e K=t
' we e

Data Browser

=1 =1
F: 1=p

Ce &

Wizard New Open Save  Save Run DB Create
Flow Flow~ Flow~ Flow As~ Flow~ Browser Report
Package Operations | Database | Print/Report

=g
= &

Package Startup/

Part  Shutdown Browser Status

Ca 2

Data

SmartLab Studio Il x64 v4.6.426.0 »>logged in as Adm

['ﬂh'] Pro Control "n‘ Optics Managen
[—‘y Initialize

“I4 %G Control

Showing Controls and Status

H/W  Display
Area

XRD Measurement X JEREGUEEEES | HRXRD = | Powder XRD % ‘ Data Manager * | Logging * | User M

><|DB“ g X

ials Manager *

Package Activities

XG Control

Flow Editor

XG control Shutter control
Vacuum Open Close
Off Timer
D Use timer

Cn
X-ray
of [o Clr[o2]

Tubglkoltage and current

;B X

Hardware Contral

Executing by XG control.

Remaining time: 00:00: 38

[

Turning OM X-ray Generator...

Stop

9. Chiller will turn on automatically; do nothing till the status changes to ready.
10. Press set on XG Control window for the Default Settings as

a. Voltage KV 40
b. Current mA 45

fn | uoaenBguoy | usswainsegy



XG Control
XG control Shutter control
Vacuum QOpen
On Off Timer
X-ray [] Use timer

On

Off

Tube voltage and current

Voltage, kV: | 40
Current, mé:| 45

< (€3>

Set

N

(=]

o

? = 0O X

Hardware Control

Running by XG control,

L Remaining L IRY

Setting X-ray loading to 40 kV, 45 mA...

L
o
=

11. When X-RAYS generator turns ON, the X-RAYS lamps and X-RAYS ON indicator will
turn ON. The X-RAYS lamps are at the left and right locations.

12. Press H/W Status to confirm the set values of voltage and current.



Data Browser
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Home View Data Browser

IE - File

= I Y= I

™™ v T 5

Wizard MNew ©Open Save Save Run
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Create
Report
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Package Startup/

Part
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Data

Shutdown B

X | Logging | Useg
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XRD Measurement X nager
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PO RN dl KRR < | HRXRD x| Powder XRD x | Data M:
H/W Status 7 =0 X
E XN
MNarne Status
4 Axis
r 928 0.0000 °
r D 0.0000 °
sample
4 Optics
Cﬁ)httachment base Standard attachment
Cﬁ)httachment head Standard attachment head
Cﬁ)httachment opticn MNone “
4 Detectar
=0 Detectar D/fteX Ultra 250
4 X-ray generator
{l':'-; Wacuum -
@K- ray On
'—I Shutter Close
73 Tube voltage 40 kV
73 Tube current 45 ma
£33 1G voltage 1.00E-5 Pa
{72 0perating time of the X-ray ON  71.73 H
4 QOperating time
{72 0perating time of the X-ray ON  71.73 H

{73 Operating time of the high valtage -

Warning!!

a. Do not Click H/W configuration.
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HMW  Display
Status  Area

Showir

H/W Status |

Show H/W st

ER §



b. Do not click Utility.
c. Do not change Hardware Assembly

Tools | Help | Transfer

7 =OX

Shutter control

Timer

D Use timer

| Aynn | uoRenbyuoy pm/H | JUBLIRINSEIW [ 4

Now SmartLab SE Instrument is ready for measurements.

Taking measurements of powder / thin film
1. Prepare and Attach sample
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Package Activities

4  General

) General (BB)

1 Pole Figure
r""" Residual Stress
) Reflectivity
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4 Utility

71 DiteX Adjustment
1 Attenuator Correction
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4 Administrator
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4 Alignment Activity
~10 Optics Alignment (EB)
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=K B ) General (BB)
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3. Double Click General Measurement under Measurement Activity

Part Activities W Q ] General (65)

4 Alignment Activity 5 Drop activities here
=10 Optics Alignment (EB)
= 0 Optics Alignment (PE)
= 0 Optics Alignment (pseudo PE)
= 0 Sample Alignment (Powder, Bulk)

* 0 Sample Alignment (Transmission)
= 0 Change Optics (BE)

=0 Change Optics (PB)

=0 Change Optics (pseudo PE)

4  Measurement Activity “

_,-J"t General Measurement (BB)

I
[}
I
}
I
:
*:l I Sample Alignment (Thin Film)
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I
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P
A\ General Measurement
A -
'\ Pole Figure Measurement
f :
0 Residual Stress Measurement

_»"'-. Reflectivity Measurement b

LT LUMS
1 e S 1 General (BE)

Part Activities W Q

M General Measurement

4 Alignment Activity
+10 Optics Alignment (BE)
= 0 Optics Alignment (PB)

I
I
. :' I Optics Alignment (pseudo PE)
':ll Sample Alignment (Powder, Bulk)
':l I Sample Alignment (Thin Film)

!
"
I
I
I
I
I
I

1 Sample Alignment (Transmission)

* 1 Change Optics (BB)

* /U Change Optics (PE)

*71 Change Optics (pseudo PB)

4  Measurement Activity
,f’"t General Measurement (BB)
,f"ﬁt General Measurement
[+ Pole Figure Measurement
[+, Residual Stress Measurement

[2" Reflectivity Measurement =

4. Now click General Measurement under the Flow Editor, new window of
general measurement will appear.
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General Measurement

e Package Startup/ Data  HAW Display ["] Manual exchange slit conditions ~ || (] KB filter condition ~ || [ Detector conditians

ort Part  Shutdown Browser Status Area

eport Showing Controls and | | Messurement conditions

Manager ‘ Logging * ‘ User Manager * | DBManag | | Attachment base:| Standard attachment [v] Attachment head:| Attachment without movable axis [v]

Flow Editor ? =B X% Bee. | Scaniis | Renge o St? . Sep” | Step” | Speed Ymin ‘S"‘;‘d’:': = zﬁ“ii::'"rgm = ?ﬁ:j;j”’fmg Attenutor | Comment |- Optons |-

1 30000 800000 00100 4000 1000 1.000 1125 [~[ open ] [ set. |~
2| O
3l 0
4 0O
s| O
s [
7 O
s O
9 O
w0 [ v

21 General (BB)

|\ General Measurement

5.

Save measured data

[ Separate measured file

File name: |3

Sample name:

Memo:

(] Move to home position after the measurement completed.
] Run real-time search match

Calculated scan duration: 19min 345

00 e

Check the Manual exchange condition, Kp filter condition and detector

conditions. Select the KB filter condition to none and detector conditions to

1D(scan).

o)
H

‘ General Measurement

Manual exchange slit conditions - KB filter condition - Detector conditions -
] Incident Soller slit: | Soller slit 2.5° ] || ke fitter None [V || Detector D/teX Ultra 250 v
Length-limiting slit: | 10 mm E Monochromator:| None E
Receiving optics: Slit E Scan mode: 1D(scan) E
Receiving Soller slit:| Soller slit 2.5° v Energy mode: Standard \ E
Read Current Optics \

Set the scan conditions for start, stop angle, step size and speed. The

standard values are given in the picture below and press set.

General Measurement ®
[V Manual exchange slit conditions | |V K@ filter condition 4 | [/ Detector conditions -
Incident Soller slit: | Soller slit 2.5 ] || g fiiter None ¥ || Detector D/teX Ultra 250 v
Length-limiting slit: | 10 mm [v] Monochromator:| None [v]
Receiving optics: | Slit Iv] Scanmode: | 1D(scan) v
Receiving Soller slit: Soller slit 2.5 v Energy mode: | Standard v]
Read Current Optics
Measurement conditions
Attachment base:| Standard attachment [¥] Attachment heac| Attachment without movable axis ~
. . . . o Incident Receiving Receiving .
Bec | Sonidsy Range o Stert” | Stop” o Step” ) Speed Yimin | R RN o [ Atenustor o Comment - Options |

1 828 |v]|Avsolute [+ 20000 800000 00100 40 1000 1000 1125 Set. |~

|

3 0

4 U

5 O

s O

71 0

g [

9 O

w0 O v
Save measured data




7. Click three dots as given in figure below and select the folder where the data
file is to be saved, enter the sample name and press save.

Save measured data —

Separate measured file
File name: €3]

Sample name:

Meme:

Mave to home position after the measurement completed.
[_] Run real-time search match

Calculated scan duration: 19min 34s

Conce

< >~ 4 T ThisPC » DataDisk(D) > gsbutt v C Search gsbutt P "

Organize ¥ New folder =- @
£ Home Name Date medified Type Size
- Comment Options
A Gallery Mo items match your search. [=] = =

El Set.. ~

> OneDrive

@ Desktop A4
b Downloads #

|5 Documents #

A Pictures »
O Music » | b
File nome: | Fe203] &* -
Save astype: RASK Format -
| Memo:
8. Check all the boxes mentioned with red arrows and Press RUN.
General Measurement @“
Manual exchange slit conditions - KB filter condition - Detector conditions -
Incident Soller slit: | Soller slit 2.5° ¥ || Kefiter|None ™ || Detector D/teX Ultra 250 [v]
Length-limiting slit: | 10 mm v Monochromator| None [v]
Receiving optics: | St ~ Scanmode: | 1D{scan) v
Receiving Soller slit:| Soller slit 2.5° v Energy mode: | Standard v]

Read Current Optics

Measurement conditions

Attachment base:| Standard attachment [¥] Attachment heac:| Attachment without movable axis ~
. . . . . Incident | Receiving Receiving .
Exec. | Scan AxlsE Range = Start, =] Stop, = Step, = Speed, “/min 5] Sltmm [2] Sit#tmm 5] S22 mm 2] Attenuator Comment Options =

020 |v] Absolute v 30000 800000 00100 40 1000 1000 1125 [V[[open  [¥] -

6w~ o |wew i~
o o o

10

Save measured data

Separate measured file

Filename: | DA\gsbuthFe203 001rase ™ _o” -
Sample neme; e
Mema: _— ~

Calculatgd duration: 20min 8s

=



9. Measurements will start.

e e .
(619100, 24933330 cps)
Hardware Control s000-] ggglf:;g
-104536

General Measurement running. (1/1) |

4000
Scanning 9/28 axi 2
Scan mode: 1D{scan) =
Start: 30000 * -] |
Stop: 80.0000 ° H
Step: 0.0100° z
Speed: 40 */min

2000

Stop
(21 Sequence |
Linear
|\ General Measurement @ ol . . . . ‘ ‘ ‘ . . ;
10 20 30 40 50 60 0 80
2028,°
10. Data file of the format .rasx will be saved.
8i20,°
Data Browser ?oRx

Name Position Intensity FWHM Method

Pro Control
Alignment
[] imported
4 Package
8/28

Fe203 18 April 2024_001/1 \

11. To load the .rasx data file, press File > Load Data = File System and then select file

from the location.

Home View Data Browser Chart @

Recent Files
,H\ Ke;, KB, Lo Lines “A | I ALy Dittest snalysis\gsbuttFe203 00Trase
Quick oad Data Ae 418
Styles= "A

Recent * j DA\test analysis
Ac AN8/

Options

butt\Fe203 18 April 2024_001.rasx
02:50 PM

H LN DtochtFR207 12 Anil 2024 001 race

Select Source




ﬂ Load Measured Data

Loak in: I: gshutt

-~

| = EckE

| ST | uonenbyuod pWH | JuRWRINSE3R {

q Mame Date modified Type Size
HJ {[ ] Fe203 18 April 2024 (01.rasx 4/18/2024 11:05 AM RASX File 33KB :
ome
D Fe203_001.rasx 4/17/2024 3:43 PM RASX File 32KB
. D Fe203_001_001.rasx 4/17/2024 4:42 PM RASX File BKB
Desktop
—
Libraries
This PC
Network
File name: |Fe203 18 Aprl 2024_001 | Open
Files of type: I Measured Files(* rasx:" ras:" rad:" raw:" asc;” xy:" txt:* img) ;I Cancel |
File information Preview
Scan axis:  ©/28
Scan range: 3.00 - 80.00
Scanstep: 0.01
Scan speed: 4.00
Scan mode: CONTINUOUS “ano—
Data points: 7,701
Comment:
Sample:
Zo0o0—]
Scale
_ _ a.
(®) Linear () Log z0 ! ' ad
Select axis:| 8/28 << < B
12. Exporting data as .csv
Display Area -
:
s000] Fe203 18
April
2024_001/
(&,  Resetview 1
T “A  Options.. ‘
E) copy +
4000 D) Export +[2) | Eport data..
§ [;é Show XPS... @ ‘Expmrt\'mage..‘
g ) Import Data
E +Z)  Export Data
=
J*  Search Peaks
2000 A¥  Clear Peaks
w8 Export Peak List
. Send Position 3
Send Graph Region 3
K T T T e ' I T T
10 Unit 3 40 70 80
Scale L4 B/28, ©
Data Bro ;B ox
Name Position Intensity
Pro Control

Alignment
4 Imparted
4 V8028

Fe203 18 April 2024 001/1




Copy/Export data

< > ~ 4 T0> ThisPC > DataDisk(D:) > testanalysis > gsbutt v Search gsbutt »

File type: |CSV w

Encoding:| Unicode (UTF-S]\ Organize v Newfolder =- @
Warning! Data header contains s £ Home MName h ified Type Size
which may be displayed improperly in N
some encodings. El Gallery ms match your search.

Delimiter: | 5 = OneDrive

M Desktop  #
L Downloads #
|= Documents #
A Pictures 4

O Music  #

File name:

Fe203 18 April 2024_001

Saveastype: | CSV Files(.csv)

Save data to separate files ~ Hide Folders Cancel

13. Exporting data as text

Copy/Export data - - x
€ 5> v 4 T0 ThisPC 3 DataDisk(D:) > testanalysis > gsbutt ) Search gsbutt o
File type: ‘Text
Encoding:‘ Unicode (UK Organize v New folder o- @
Warning! Data header coMgins symbols
- . Hi it tch h,
which may be displayed im yin 1} Home tems match your sear
some encodings. ) Gallery
De‘i'”ite”‘”\ﬁ \ | > OneDrive
O Desktop 4
3 & Downloads #
2] Documents #
PN Pictures Ed
© Music *
File name: | Fe203 18 April 2024 001 -

n | Format Save astype: Text files (“.bxt) -
B
ave data to separate files Close s A Hide Folders Cancel

14. Exporting chart image

Display Area rr =
128 v| 3
5
£
000} Fe203 18 z
Agpril =
2024 001/ g
@, Resetview 1 2
] . 2
20 Options... g
g
El copy ’ E
4000-] [® Epont +| ) | Export data.. g
2 Show XPS... 5 | Export image... g
%" | &3] Import Data
g {2 Export Data v
E
J*  search Peaks v
2000 A Clear Peaks
a1 Export Peak List
Send Position '
Send Graph Region '
5 Show ,
T T ) T T T T T T T T
10 Unit » 30 40 50 B0 70 80
Scale , 0128, °




EN

Copy/Export data

WOeiop  #
4 Dounloass #
v Docoments #
W Pictures #

@ Muic  #

P o- e
Image resolution: | High (500DPI) M o] s
R Gallery.
3 7 OneDrive

File pame: [ Fe203 18 April 2024 001

Save astype: JPEG Image

Export Close

—— e
g - r— St i AR by i b i S
IEEE tone  Vien  DataBiowser | Chat
B Moin Gt [ ey scse [Lmear 5] St e = | [ Pk | A e =
L_Coordinate A ke K L Lines qu 4D xport pesi i Clear pests AESRUMBEE [ =l
[~ [ L e o _ e 4
Diiay chan 5 Scleis oper rers image
o [ % | romserrs < | v wreae ] TR T
i P Flow Editor T
Packee Acivites (100 (]| (BB B -
« General = PY
e e s ‘ e
624 o0t
:
«
2
F
+ vy :
) DX Adjstment H ‘ Mw
13 Mointenonce 2
+ Adedtetor
B wus .
Part Activities D=0 wer ]
Drep actives here 3 & ! o ! 5 5 5 @ L ! s}
(Mot peiity & e az,*
*+{0 Optics Alignment (BB)
16. Export peak list (Axis, Position, Intensity, FWHM).
e -
D Export Peak List | | Clear Peaks | Maximum [ongra [¥]
None
Operations Marke Image
sager % | Materials Manager < -
Jisplay Area Ty F
£
a -
3
\
00 [33.1272, 5799.0784, 0.0740] Fe20318 é
¢ Agpril =
2024 001/ g
[35.6118, 4928.8605, 0.0716] 1 E
| . g
§
&, Reset view [54.0462, 3988,9039, 0.0872) | =
1000 %A Options.. 49,4438, 35901004, 008721 63.9534, 3634,8095, 0.0898] g
665298, 0.0670] (624114, 3375.8605, 0.0896] E;
[E) copy > pas , 31561391, 007455350, 31001300, ME,.,Z] . 721324, 3201.8693,0 | | |
=) Export vl & - | [70/865E, 27 SE05H D044
B "‘_] g 44,3666, 28053575, G908 (o5 Eo0 7582 kR G £2AF56) , ) [70080, 28155921
[Z  Show XPS... i . 12 g B
+Z] Import Data v
2] Export Data v
& Search Peaks v
M Clear Peaks
Export Peak
N Send Position v
T T T T T T T T T T
10 Send Graph Region k) 0 50 60 70 80
Show 0 0126,
Unit , ) x
Scale »
i Mot




Do Ee Ee e Cam i an o e— .
| B savess X
€ >« 4 T ThisPC » DataDisk(D:) » testanalysis > gsbutt w (&) Search gsbutt P
Organize » MNew folder [ o

(} Home
El Gallery
» ~ OneDrive a.,
Fe203 18 April
2024001
B Desktop »
i Downloads  #
= Documents #
P4 Pictures »
P
L] @ Music » |
| |
File name: | Fe203 12 April 2024_001 peal list k -
Saveastype: CSV files (*.csv) v
|
y # HideFolders Cancel

17. Create Report

)8 ~ Data Browser Chart Smartlab Studio Il x64 v4.6.42¢
% Home View Data Browser Chart
G RSt D 2 (=) v Mm@ W Gt g pro Cont
- o L ] -
o oo & S Y Lp € 2 & itiate
lizard New Open Save  Save Run Load DB Create Package Startup/ Data H/W Display .
Flow Flow= Flow= Flow As= Flow= Data~ | Browser Report Area “{4 %G Cont

Package

art Shutdown Browser Status
Operations | Database | Print/Report

Showing Controls and Status

XRR % | HRXRD * | Powder XRD x | Data Manager | Logg

< | DB M x| Mater

Activities

Package Activities

4  General
(1 General (BB)
5 General (PB)
f{"' Reflection SAXS
fq Pole Figure
[ Residual Stress
7 Reflectivity
% Rocking Curve
£ RsM

4 Utility
r‘;"" D/teX Adjustment
[13,' Attenuator Correction
r"ﬁ" Maintenance

4 Administrator

71 LUMS

art Activities

4 Alignment Activity

!0 Aintics Alinnmant (RRY

KN

Header Info

Create Repo

XPS
Ad
Landscape

Normal

EIE & [

(Select All)
Measurement ¢
1D Profile
1D Peakl

ditions for 1D prof

?oRx

(2]l *][a] .
A~

Page size:

Page orientation:

Margins:

Header and Footer:

Keep graphics aspect ratio:
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Turning OFF SmartLab SE
1. Confirm that measurements are completed. Press XG Control (Home XG control)
and press OFF wait till chiller Turn OFF (5 min approximately). When the
generator turns OFF, the X-RAYS ON lamp and the X-RAYS ON indicator will turn

OFF.
XG Control ? =0 X
X3 control Shutter control
Vacuum Open Close
On Off Timer
X-ray [ ] Use timer

of [0 Clrlo Clminfo 2]

Tube voltage and curglist

2. Shut down SmartLab Studio Il program. Press File and then Exit.
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3. Switch OFF XRD instrument by rotating power key counterclockwise position.



ELB : ELB
AC220-230V 1phase 50/60Hz 40A

AC220-230V 1phase 50/60Hz 40A

4. Confirm that the power on indicator is turned off.
5. Turn OFF the breaker counterclockwise position, on the rear side of the XRD
instrument.




Fe203 Powder Measurements
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XRD Measurement Version 4.0

2024-04-26 13:10:29

Profile / Fe203 standard measurements_001/1

Sample name Scanaxis :6/28 Selection slit :BB
Comment 3 Scan mode : 1D(scan) Incident optics unit : IPS adaptor
Date of measurement: 2024-04-26 12:33:00 Scan range : 3.0000 - 80.0000 ° Incident Soller slit : Soller slit 2.5°
Operator name : Administrator Scanstep :0.0100° Incident slit box :1.000mm
X-ray 140 kV, 45 mA Scan speed : 4.0000 °/min Length-limiting slit 10 mm
Wavelength : Cu-Kar/ 1.54186 A Receiving slit box #1 : 1.000mm
Goniometer : Standard Goniometer Filter 1 :None
Attachment base : Standard attachment Receiving optics unit #1 : PSA open
Attachment head : Standard attachment head Receiving Soller slit : Soller slit 2.5°
Detector : D/teX Ultra 250 Receiving slit box #2 :1.125mm
Optics attribute :BB Receiving Attenuator : Open
Memo 2 Detector monochromator: None
Detector slit :None
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Peak list

No. Name 6/20,° Intensity, cps FWHM, © Method

1 Fe203 standard measurements_... 33.1326 5723.2592 0.0772 Powder Search
2 Fe203 standard measurements_... 35.6022 4684.8033 0.0768 Powder Search
3 Fe203 standard measurements_... 54.0454 3939.5634 0.0804 Powder Search
4 Fe203 standard measurements_...  29.8548 3669.9220 0.0788 Powder Search
5 Fe203 standard measurements_...  49.4460 3562.9892 0.0918 Powder Search
6 Fe203 standard measurements_... 62.4060 3511.9254 0.0562 Powder Search
7 Fe203 standard measurements_... 63.9830 3340.5029 0.1092 Powder Search
8 Fe203 standard measurements_... 24.1216 3315.9545 0.0690 Powder Search
9 Fe203 standard measurements_...  48.4828 2974.3990 0.0986 Powder Search
10 Fe203 standard measurements_... 32.0656 2937.3318 0.0692 Powder Search
11 Fe203 standard measurements_...  71.9532 2936.5262 0.0366 Powder Search
12 Fe203 standard measurements, 40.8328 2883.6218 0.0850 Powder Search
13 Fe203 standard measurements 77.6830 2799.1880 0.0988 Powder Search
14 Fe203 standard measurements_... 55.8446 2762.2339 0.1052 Powder Search
15 Fe203 standard measurements_... 44.3922 2760.5920 0.0668 Powder Search
16 Fe203 standard measurements_... 57.1976 2747.2378 0.0700 Powder Search
17 Fe203 standard measurements_... 58.7150 2699.4580 0.1094 Powder Search
18 Fe203 standard measurements_... = 35.7558 2669.3268 0.0776 Powder Search
19 Fe203 standard measurements_... 57.5678 2627.3493 0.1204 Powder Search
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SmartLab SE Workshop Concept Refresh

Basic XRD principle followed by SmartLab SE parts and sample requirements. Prepared for quick
workshop revision. The language is intentionally simple and practical.

1. Basic Principle of XRD: Why Diffraction Happens
X-ray diffraction happens when X-rays interact with the regular arrangement of atoms in a crystal.

Because the wavelength of X-rays is close to the spacing between atomic planes, X-rays can scatter and
interfere with each other.

If the scattered X-rays interfere constructively, a diffraction peak appears. If they interfere destructively,
no peak or very weak intensity is observed.

Workshop line: XRD works because X-rays scatter from crystal planes and produce strong peaks only
when the scattered waves add constructively.

2. Laue Condition
The Laue condition explains diffraction in terms of wave interference from atoms in a crystal lattice.

It says that diffraction occurs only when scattered waves from different atoms remain in phase and
produce constructive interference.

In simple words, the crystal acts like a 3D diffraction grating. Only certain directions satisfy the condition
for constructive interference.

Workshop line: Laue condition says that diffraction occurs only in those directions where X-rays
scattered from the crystal lattice interfere constructively.

3. Bragg's Law
Bragg’s law gives a simple relation between X-ray wavelength, crystal plane spacing, and diffraction
angle:

nA = 2d sin@

Where n is diffraction order, A is X-ray wavelength, d is spacing between crystal planes, and 8 is the Bragg
angle.

Bragg’s law says that diffraction occurs when the path difference between X-rays reflected from parallel
crystal planes equals an integer multiple of wavelength.

Workshop line: Bragg’s law tells us at which angle a crystal plane with spacing d will give a diffraction
peak for a given X-ray wavelength.

4. Physical Meaning of Bragg’s Law
When X-rays reflect from two neighboring crystal planes, one ray travels an extra distance compared
with the other ray.



This extra distance is called the path difference. For constructive interference, the path difference must
be equal to a whole number of wavelengths.

Path difference = nA
Path difference = 2d sin®
Therefore: nA = 2d sin®

Workshop line: A peak appears when the extra distance travelled by one X-ray is equal to a whole
number of wavelengths.

5. Relation Between Laue and Bragg Laws
Laue law and Bragg’s law explain the same diffraction phenomenon in two different ways.

Laue condition explains diffraction using wave vectors and 3D crystal periodicity.
Bragg’s law explains diffraction using reflection from parallel atomic planes.

Bragg’s law is easier for basic XRD interpretation because it directly relates peak position to lattice
spacing.

Workshop line: Laue and Bragg laws describe the same diffraction condition. Laue uses crystal lattice
wave interference, while Bragg uses reflection from atomic planes.

6. Why Peak Position Depends on d, A, and 0

From Bragg'’s law, if wavelength A, lattice spacing d, or angle 6 changes, the diffraction condition changes.

A uniform change usually causes a peak shift. A distribution or spread in A, d, or 6 usually causes peak
broadening.

Change in d due to stress, strain, temperature, or composition can cause peak shift or broadening.
Spread in B due to beam divergence, rough sample, or poor alignment can cause peak broadening.
Multiple wavelengths such as Cu Kal and Cu Ka2 can cause peak splitting or broadening.

Workshop line: Any small change or spread in wavelength, lattice spacing, or diffraction angle affects
XRD peak position and peak shape.

7. Simple Summary of Laue and Bragg Laws
Laue condition tells us when scattered X-rays from a crystal interfere constructively.

Bragg’s law gives the practical equation nA = 2d sinB used to calculate diffraction peak positions.

In XRD, peak position and peak shape are controlled by wavelength, lattice spacing, diffraction angle,
instrument optics, and sample quality.

Workshop line: Laue gives the interference condition; Bragg’s law gives the practical peak-position
equation.



8. Cu X-ray Gun
The Cu X-ray gun produces X-rays by accelerating electrons from the cathode to a copper target/anode.

When high-energy electrons hit the Cu target, characteristic Cu radiation is produced, mainly Cu Ka and
Cu KB, along with continuous Bremsstrahlung radiation.

For most Cu XRD work, the useful wavelength is Cu Ka, approximately 1.5406 A. This wavelength is fixed
by the electronic energy levels of copper.

Workshop line: The Cu X-ray gun is the X-ray source. It produces Cu Ka radiation used for diffraction
measurements.

9. Effect of Voltage and Current Settings
Voltage (kV) controls the kinetic energy of electrons hitting the Cu target. Higher voltage increases
electron impact energy and the maximum energy of the continuous X-ray spectrum.

Current (mA) controls the number of electrons hitting the target per second. Higher current mainly
increases X-ray intensity/counts.

In Cu XRD, increasing voltage does not change the Cu Ka wavelength. It mainly increases tube output
and continuous background contribution.

Increasing current gives stronger peaks and shorter scan time, but also increases tube heating and tube
load.

For 40 kV and 45 mA, tube power is 40 x 45 = 1800 W = 1.8 kW.

Workshop line: Voltage mainly controls X-ray energy/output condition; current mainly controls intensity.
Cu Ka wavelength remains fixed.

10. CBO: Cross Beam Optics
CBO means Cross Beam Optics. It allows SmartLab SE to switch between Bragg-Brentano focusing beam
condition and parallel beam condition.

CBO prepares the incident beam condition, but the complete optics and goniometer geometry together
produce the final beam behavior.

In BB mode, CBO enables a divergent/focusing beam condition. In PB mode, CBO helps produce a low-
divergence nearly parallel beam.

Workshop line: CBO prepares the beam condition for BB or PB mode; the full optical setup creates the
final measurement geometry.

11. Bragg-Brentano Geometry
Bragg-Brentano geometry uses a divergent incident beam and parafocusing geometry.

If the sample is flat and at correct height, the diffracted rays are focused toward the detector slit.



BB gives high intensity and fast routine powder XRD scans, but it is sensitive to sample height error,
roughness, and non-flat surfaces.

Workshop line: BB = divergent beam + focusing toward detector + high intensity for flat powder
samples.

12. Parallel Beam Geometry
Parallel beam geometry uses X-rays that are nearly parallel to each other. The rays are not parallel to the
sample surface; they hit the sample at the selected incident angle.

PB has low divergence, so it is less sensitive to sample height error, roughness, uneven surface, thin
films, or irregular samples.

PB usually gives lower intensity than BB, so longer scan time may be required.

Workshop line: PB = nearly parallel beam + low divergence + better tolerance for rough, thin, or irregular
samples.

13. Soller Slit
A Soller slit controls axial divergence. Axial divergence is the sideways/lengthwise spreading of X-rays out
of the main diffraction plane.

The Soller slit contains many thin parallel plates that block off-axis rays and allow only rays within a
limited angle to pass.

A 2.5° Soller slit means the allowed axial divergence is about 2.5 degrees.

It improves peak shape, reduces peak asymmetry, and lowers unwanted background, especially at low
20 angles.

Workshop line: Soller slit controls beam direction in the axial direction; it reduces off-plane rays and
improves peak shape.

14. Incident and Receiving Slits: General Idea
Incident slits are before the sample. They control the incoming X-ray beam size, divergence, and
footprint.

Receiving slits are after the sample. They control which diffracted X-rays are accepted by the detector.

Smaller slits improve angular control and resolution, but reduce intensity. Larger slits increase intensity,
but may increase background, peak broadening, or small apparent shifts.

Workshop line: Incident slits control the beam before the sample; receiving slits control the diffracted
beam after the sample.

15. Incident Slit Box
The Incident Slit Box is placed in the incident beam path before the sample.

It controls beam size, width, and divergence before the beam reaches the sample.



A smaller slit cuts off outer, more divergent rays. This improves resolution and peak sharpness but lowers
intensity.

A larger slit allows more rays to reach the sample. This increases intensity but may increase divergence,
background, and broadening.

Workshop line: The Incident Slit Box balances intensity and resolution by controlling the incident beam
divergence and size.

16. Length-Limiting Slit

The Length-Limiting Slit controls the length of the X-ray beam footprint on the sample surface.

Common slit sizes are 10 mm, 5 mm, and 2 mm. These values refer to the approximate irradiated length,
not the total area alone.

Approximate irradiated area = beam length x beam width.

A 10 mm slit gives a larger illuminated sample length and higher intensity. A 2 mm slit is better for small
samples or when avoiding the holder/background area.

Workshop line: Length-limiting slit controls how much sample length is irradiated; larger gives more
intensity, smaller reduces holder/background contribution.

17. Receiving Slit Box #1 (RS1)
Receiving Slit Box #1 is placed just after the sample in the diffracted beam path.

It controls the angular acceptance of diffracted rays coming from the sample.
A smaller RS1 opening improves peak sharpness and lowers background, but intensity decreases.

Workshop line: RS1 selects the diffracted rays after the sample and improves angular resolution.

18. Receiving Slit Box #2 (RS2)
Receiving Slit Box #2 is closer to the detector than RS1.

It further cleans the diffracted beam by removing scattered or off-angle rays before detection.
RS2 helps improve background, peak shape, and detector signal quality.

Workshop line: RS2 further cleans/collimates the diffracted beam before the detector.

19. Detector
The detector measures the diffracted X-ray photons at each 28 angle and produces the XRD pattern:
intensity vs 26.

D/teX Ultra 250 is a 1D silicon strip detector. It records intensity along a line of strips and is much faster
than a single point detector for routine scans.



A 0D detector behaves like a point counter, measuring one angular position at a time. A 1D detector
measures a small angular range at the same time.

Some SmartlLab SE systems can also use a HyPix-400 2D detector, which records diffraction over an area
and can operate in 0D/1D/2D modes depending on configuration.

Workshop line: The detector counts diffracted X-rays and converts them into the final XRD pattern.

20. Beta Filter
A beta filter is used to reduce or remove Kp radiation from the X-ray beam.

For a Cu source, a Ni filter is commonly used because it strongly absorbs Cu KB while allowing much of
Cu Ka to pass.

The beta filter improves spectral purity and reduces unwanted peaks/background caused by K
radiation.

It does not select a very narrow single Kal wavelength; it mainly suppresses Kj.

Workshop line: Beta filter removes KB radiation; for Cu X-rays, Ni filter is commonly used to keep mainly
Cu Ka.

21.Ge(220) 2-Bounce Monochromator
A Ge(220) 2-bounce monochromator selects X-rays by diffraction from germanium crystals using the
Ge(220) planes.

It improves wavelength purity by allowing a narrow wavelength band to pass. In high-resolution setups,
it can help select mainly Cu Kal.

Compared with a beta filter, a monochromator gives much better spectral purification but reduces
intensity more.

It is useful in PB/high-resolution measurements where sharper peaks and better wavelength definition
are required.

Workshop line: Monochromator controls wavelength purity; Soller slit controls beam
direction/divergence.

22.Sample Requirements to Achieve Best Results
The sample surface should be flat, smooth, and at the correct height, especially in Bragg-Brentano mode.

Powder should be fine, homogeneous, and randomly oriented to reduce preferred orientation effects.

The irradiated area should stay fully on the sample. If the beam hits the holder, background and
unwanted peaks may increase.

The sample should be thick enough for normal powder XRD, but not too rough or uneven. For thin,
rough, curved, or irregular samples, PB mode is usually better.



Avoid contamination, large grains, cracks, uneven packing, and transparent/loose powder surfaces when
possible.

Workshop line: Best XRD data comes from a flat, homogeneous, correctly positioned sample with good
particle statistics and minimum holder contribution.

22. PSA Open

PSA means Parallel Slit Analyzer.
It is a receiving-side optical component used to control the angular acceptance of diffracted X-rays
before they reach the detector.

When the setting is PSA Open, the PSA position is open, so strong angular selection by the parallel slit
analyzer is not applied.

This allows more diffracted X-rays to pass, giving higher intensity, but angular resolution and background
control may be lower.

Workshop line:

PSA Open means the receiving beam path is open at the Parallel Slit Analyzer position. It gives higher
intensity but less angular selection.

23. Receiving Soller Slit 2.5°

The Receiving Soller Slit 2.5° controls axial divergence of the diffracted X-ray beam on the receiving side.
Axial divergence means sideways or lengthwise spreading of X-rays out of the main diffraction plane.

It contains thin parallel plates that block off-axis rays and allow only rays within about 2.5° axial
divergence to pass.
This improves peak shape, reduces asymmetry, and helps lower background.

Workshop line:

The receiving Soller slit 2.5° reduces axial divergence of diffracted X-rays and improves peak shape and
background control.

24. ROD Adaptor

ROD means Receiving Optical Device adaptor.
It is a receiving-side adaptor used to mount and position receiving optical devices in the diffracted beam
path.

The ROD adaptor itself does not create diffraction and does not mainly select wavelength.
Its main function is to support correct placement and alignment of receiving-side optics.

Workshop line:

The ROD adaptor is the Receiving Optical Device adaptor. It helps mount and position receiving-side
optics correctly in the diffracted beam path.



25. RPS Adaptor

RPS means Receiving Parallel Slit adaptor.
It is part of the receiving-side optics and is used to mount or select the receiving parallel slit condition.

The receiving parallel slit controls the direction and angular acceptance of diffracted X-rays before they

reach the detector.

A narrower parallel slit condition improves resolution and background control, while a more open
condition gives higher intensity.

Workshop line:

The RPS adaptor is the Receiving Parallel Slit adaptor. It supports receiving-side parallel slit optics and
helps control resolution, background, and intensity.

26. Quick Comparison Table

Part / Mode

Main Control

Main Effect

Laue condition

Constructive interference in crystal
lattice

Defines allowed diffraction directions

Bragg’s law A, d, and 6 relation Calculates peak position

Voltage Electron energy Higher tube output; higher continuous spectrum
limit

Current Number of electrons Higher intensity/counts

CBO Beam condition Switches/enables BB or PB optical condition

BB Divergent beam geometry High intensity; needs flat sample

PB Low-divergence beam Better for rough/thin/irregular samples

Soller slit Axial divergence Less asymmetry and cleaner peak shape

Incident slit Incident beam divergence/size Intensity-resolution balance

Length-limiting slit

Beam footprint length

Controls irradiated sample length

RS1/RS2 Diffracted beam acceptance Better resolution/background control
Beta filter KB wavelength removal Cleaner Cu Ka-dominant beam
Monochromator Wavelength purity Higher spectral resolution, lower intensity
Detector Photon counting Produces intensity vs 20 pattern




