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1. Syllabus

10:00~11:30, 3 April
Personal practice 3,4,10,11,17,18 April
Test 24 or 25 April
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Qualification for Raman operation

1. Raman self-user training
1) Theory class (Raman manager Seonhye Son, 4175)
2) Operation class (Raman manager Seonhye Son, 4175)
- 10:00-12:00 A.M : Manager explains about Raman
- 13:30-16:30 P.M : Each person practices with manager

2. Practice Raman yourself
- Each person practice with manager 3 times.

- Please contact manager and make an appointment.

3. Attend the Raman test
- 20 min.test
- Explain about Raman and measurement methods.

- Sample measurement and laser power meter setting.
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2. Basic Principles
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Raman spectroscopy i L WUPST

Types of interaction between radiation and matter.

Scattering and Photoluminescence

>
Incident light Transmission
Sample
Reflection
Refraction

Chemiluminescence
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Raman spectroscopy Coies  WPRST
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Raman spectroscopy IR g WIET

IR active

Dipole
moment

Raman
active

Polarizability

Molecular vibration
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Raman spectroscopy his WUMST

Absorption Emission of scattered laser light

Senses dipole vibrations Senses polarizable vibrations

O-H, N-H, C=0 C=C, Aromatic group

Sample preparation necessary, short optical Little or no sample preparation, measure through
pathlength required transparent packaging

Non-aqueous samples Aqueous samples

Fig. FT-IR(upper) transmission and Raman scattering(lower)
of oleic acid methyl ester.

O
[
c=C
/- ~
H H
600 1 100 1600 2100 2660 3 1 (‘)0 McCreery, R. L., Raman Spectroscopy for Chemical Analysis, 3rd ed., Wiley, New York: 2000

Energy, cm™!
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Raman spectroscopy IR g WIET

Fluorescence Avoidance

" |n general spectrum is invariant with A_,ation

lraman Proportional to 1/A%

Rama

= NIR or UV wavelengths have been used to avoid background fluorescence interference.

Raman, 532 nm laser

Raman, 785 nm laser

y ——

3500 3000 2500 2000 1500 1000 500
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Raman applications e WUHiST

Raman spectrum

Single spectrum
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Raman applications e UL i
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Spectral Imaging (Mapping)

Sample: Oil/Water Emulsion

Filter A Excitation: 532nm, 2 mW
Scan Range: 100 ym?
HZO . g MM |
Resolution: 180 x 180 point
r,.m““‘“\ 40ms/spectrum, 22 min
[
81 / \“
I |
Filter B
CH, |

Dots
300

200
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Raman applications i L WUPST

Optical Terminology

Working Distance(W.D.)

The distance between the front edge of the objective lens and the specimen surface (with
the surface of the cover glass in case of the cover glass objective lens) when the
Specimen is focused.

Numerical Aperture (N.A.)

The numerical aperture is a key factor to the performance of objective lens (resolving
power, focal depth and brightness).

The N.A. is determined by the following formula :
N.A. = n x sin@

n = refraction rate of the medium between specimen and objective lenses.
(air : n=1, oil : n=1.515)
0 = angle which is made by the optical axis and refraction of the light farthest from the center of lens.
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Raman applications R LriST

Optical Terminology

Resolving power
The resolving power of an objective lens is measured by its ability to differentiate two

lines or points in an object.
The larger the N.A., the higher the resolving power.

e =061 x (Reyleigh formula)

N.A.

A : wavelength or radiation in use
N.A. : objective lens N.A.

Focal depth of Microscope

The focal depth refers to the depth of the specimen layer which is in sharp focus at the
same time, even if the distance between the objective lens and the specimen plane is
changed when observing and shooting the specimen plane by microscope.

w x 250,000 A
+ DOF = + (um)
N.A. x M 2(N.A.)?

w : resolving power
N.A. : objective lens N.A.
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Raman applications Coies  WPRST

Resolving power

Magnification N.A. A [nm] AX [nm]
532 811
0.61 x A 20x 0.4 633 965
= 785 1197
N.A. 532 405
50x 0.8 633 482
785 598
532 360
For example. Image scan : 30x30 pm 100x 09 633 429
with Raman 532nm, 100x objective /8> 532
Geometry Width (Height) 30,000 nm
Point/Line (Line/Image) = = = 83 Point
Resolution (AX) 360 nm

Image scan (Point/Line & Line/Image) will be 83 point and it is enough good.

To improve image scan, Image scan can be multiple three times by 83 points.

Why three times? That’s a kind of statics.

The more you do image scan double, triple and four times, the more you get the better image.
However, measurement time is increasing. Triple is enough.

* Optical Resolution: 200 nm/ laterally, 500 nm/ vertically

* Spectral Resolution: 0.02 wavenumbers 4




Raman applications
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Parallel
Per

Characteristic
Raman frequencies

Changes in frequency of
Raman peak

Polarization of Raman peak
endicular

s

Width of Raman peak

i

Intensity of Raman peak

Composition of material

Stress and strain state

Crystal symmetry and orientation

Quality of crystal

Amount of material
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Various Carbon

2000

1582
42 Graphite
§ —
1350 f  1s82
Disordered
graphite 1620
Fullerence Ce:o
493
|
186
M}L MNanotubes
1332
Diamond I
1 T T — T
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Raman Shift (ecm™)

urisT
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Raman spectrum of graphene

Intensity (a.u.)
e

D+D" D+ D 20

1,500 2,000 2500 3,000
Raman shift (crm™)

Raman spectra of pristine (top)
and defected (bottom) graphene.
The main peaks are labelled.

NATURE NANOTECHNOLOGY | VOL 8 | APRIL 2013
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3. Hardware
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Conceptual Raman Spectrometer T g WP ST

Excitation Laser
Monochromatic light source

typically a laser

Detector Rayleigh Rejection Vo
Filter (Notch filter)
Vo-AE;, . .
Raman Rayleigh and Raman Scattered light
\\ IRayleigh = 106 X |Raman
\ _"_/ A
Grating spectrometer Rayleigh
Sample

Detector

£

Grating

V-

£

iy U W N,
lI‘t’
2000 1600 1200 800 400

Laser
Sample
Raman shift (cm)
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- ULSAN NATIONAL INSTITUTE OF
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Multi Mode Fiber Beam Notch Push
Splitter Filter Rod

Image
Mode

Laser
Mode DF ouT IN

Raman
Mode DF IN ouT

CCD Detector

Spectrometer

High efficiency filte

- l R
Laser (532nm) H

White light illumin

Holographic
beam splitter

j Objective
- Scan table '
_ e e reeertiots Hamantio®
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Raman spectrometer

2%
g
29y
NS

Measurement
mode

Laser source (nm)

Objective
(N.A., WD mm)

Temperature
controller

i

ﬁ

102- B107

O|2|/X}EALE 7tS
Alpha300R

Powder, liquid, film
Single scan, Image scan
532

50x (0.8, 0.54), 10x (0.25, 7.0)

102- B107

O|2|/XIEME IS
Alpha300S
Powder, liquid, film
Single scan, Image scan, SNOM

532, 633, 785

100x (0.9,1.0), 50x (0.5, 10.6),
20x (0.4, 3.8)

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Raman scan table

X No sample holder

@® Max. sample size

Scan table: 120 mm in x- and
y-direction, 25 mm in height
Temperature control scan table
: 10 mm in x- and y-direction,
4 mm in height
@ Min. sample size
: 2 mm in x- and y-direction

® Flat & Smooth Surface

Temperature controller

Temperature -185 ~ 300°C

range (~600 °C with
cooling system)

Temperature <0.1°C

stability

Hold time at 77K About 3 hrs
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Si calibration LEre | UPST

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

1. Laser on=> warm up (10 min) 3. Put down a Si substrate(reference) on a slide glass
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Si calibration e T

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

4. Image Mode—> Control=> lllumination = 100, Speed 100> down
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Spec Camera 1 [CCD 1]
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&% Line Scan : =l =10l x|
= % Auto Focus Start Auto Focus | R@I | | ’ %l%lg’l I %Ifxrl

L. Single Spectrum [1. 0.050] [xsoma.0s =] Top

!§ Time Series (Fast) [10000, 0.0099999998]

E3 Image Stitching [Color Bitmap. 1000, 1000]
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Si calibration i urfsT

ULSAN NATIONAL INSTITUTE OF
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5. lllumination = 50, Speed 50 = down-> lllumination = 30, Speed 30 = down—>
Illumination = 10, Speed 10 = down-> lllumination = 5, Speed 5 = down (take a focus)
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Si calibration
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6. Video Control-> Calibrate Video Image click-> Rotation < x1
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Si calibration LEEe WUMNST

7. Laser Mode—> Laser shutter on-> Slit decrease—> Laser position = red circle
(Video Control-> Set Video Origin click=> Laser position click)

Laser shutter on

[© witecCuctral mthled l8lx
Dlgi=iale] =iomTE B ol = Lol =

S, 24 Ak 7T Corbigratons Haman
[T —
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+ O AvoSave
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e v M
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L Focus Speed [pmjs] 500
Facus Up Foous Up

(o

# i Meroscope 2 Control
O ScanTable

S Listen Postion
Poston 04 [um]

Powibion (2 Mcroscops 0000

Se1 2ero (Postion)

Focus Speed fumys]  B500
3 Focus Up
+* Focus Down

+ 2 Spectograph 1 & 2 Spectiograph 1

% P Spec Cameral * P Spec Camara
Osciloscope - Oschloscoge
3 P mage Sean
7 Lne Scan

# . Auo Focus

# |i Sngle Spectum [ ]

# 13 Tims Saries (Fash [19000. 0 0093339335]
image Stiching [Color Brmap, 1000, 1600]

[
= U Time Series (Fast) [ooco
image Stching [Color Bamap

e |
B Messecope 2 Corwel | X-Sensor [pm)
Y-Sensor [pm]
Z-Sensor [pm]
Microscope 7 [pm]
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Si calibration

ULSAN NATIONAL INSTITUTE OF
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8. Raman Mode=> Control=> Oscilloscope Start (Integration Time = 0.05 S)=> Slit increase
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Si calibration iz IWFST
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9. Real Time Spectrum—> Lowest point click=> Cursor Manager—>
Distance: Spectral Position =0, Z Value =0
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5 dajaal (| == e | ARARIS (4] 23 Q0] i
i VTE B 5] e Lle) mik L J’.EI_\:JJ!-] i imm| - % 177 | T
e T S - Paw
— i i LI LI LY |1 , - e
R e L et 71 B prr
AN = I | s ¥ 2

=T

Click hear

L Mekugn2 Gt |

o e |
CHERETR TR

Onet] 90 ¢ s win | miems e Ty — D07 aRa wam

10. Real Time Spectrum=> Move a cursor to the highest point (520 cm-1 peak) =
Distance: Z Value = 15000 CCD cts (If, Distance: Z Value < 15000 CCD cts—> Speed 0.5 down or up)
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Si calibration

11. Graphic Tool> Zoom click=> Zoom in 520 cm-1 peak—>
Center point of 520 cm-1 peak = 520.0 ~520.5 cm-1(Position=> Spectral Position)>

Control> Spectrograph% Laser Wavelength change

S~ Center

s o S prmry— ] 2R i
it o] e — T —
SENCICY 35'\5&UJ3‘§!J":J.J
\l\-p—] 180 Iil y H-13 G

S| 90§ v i | dsome

|~
=% A= I " o
s S e | R
i RI2VTiS (L

leiigi) =10 WVE W81 512 o we) min) |
A P—_ﬁ;@%mw =
| — ”r'”': o
* | = o 520.0~520.5 cm-1
" T T— =
I~ =] o
‘
i
T ——
! . A
8 MessmpaZ Cus | e L e LI : ¥
oo | B ol *l B
SRR

WO TR wam

T )

S| #1081

=S| nSAtE

29



Si calibration T JUriST

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

12. Oscilloscope Stop
13. Control-> Single Spectrum-> Acc. Single Spectrum click(Integration Time = 0.05 S)
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Sample measurement_Single spectrum‘f-. : ;'- urfsT

1. After calibration, Image Mode—> Put down your sample on a slide glass
2. Take a focus (calibration 4,5 repeat)
3. Raman Mode—-> Oscilloscope Start—> Increase main peak (Speed 0.5 down or up)

4. Control=> Single Spectrum=> Parameter change = Acc. Single Spectrum click

o] ilnl
DiSeie) =ie) mwE B e Fel 5 e sl L ‘ D= |lie] oo = m e =L 8 ] ]
IR P A e | e s R
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Sample measurement it WIS

5. Open video image data or spectrum data = Click on the right mouse button = Export

I 770E0 TEgE W Project Manager CINm> T 0=

INT= % T 194
2= i e ) = ectral Position 2530.3 rel. 17cm 2530.3 rel.

EEREEDRS VAT ANEE | [Sorted by Inder] + | Falue 10863 CCD cts 10863 CC

E Calar Prafile

lﬂ" Calibration Information
% Spectral Cursor
533nm_EEIDg_EIDD_F'DsitiDn Transformation Image Tools @
B33nm_B00g_000_Spec.Data 1: Spectral Transfarmation |
I&‘ B33nm_EO00g_000_Spec.Data 1 1 | :
T 533nm_500g_000 Information : | e
Blvideo Image_001: AFM/SNOM 20:20.4 [Tap) i
Bitmap Transformation: Yidea Image_001: AFMASHOM 20... |
'I-'I_DEI'I_F'Dsitinn Transformation T oo Value: 0 0
1-1_DD1_Spec.Data 1: Spectral Transfarmation F ) . | L
[ 1-1_001_Spec.Data 1 Bottom Value: 0 0 i :
T 1-1_001 Information = =
F1-1_002_Pasition Transformation iR Save W|th |mage data _@
[2]11 O Soec Data 1 Soectal Transfomation 1lE &
Export Bitmap to File

-
[ 1-1 001 SpecData 1

[ ) W pmm ) e

10007
}

Spec.Data 1

Mouse Mode r Bitmap to Preview

Cehoals

Zoom * Bitmap To Clipboard Ctrl+C

Mode { ASCI to File

t y t y Sh
ana B00 800 1200 1500 1B00 2100 2400 ow ASCI to Clipboard

tel. Yiom B Change Graph Color ascl o ac0 spec: OaV€ With txt data

V (1471) = 10863 CCD cts

Extract Graph

Graphs N Set as Thumbna.ll Preview

Spatial Cursor 4

Spectral Cursor p MOM 20

=

1-1 001 Spec.Data 1: Spectral Interpretation  »

'| ITi 44 me m o m_e_ 4
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Sample measurement

6. WiTec Control Pro. CLOSE-> wait heating (10min)
7. Laser off

8. Data translation

Site Manager

=)

Site Manager

- @ New_Site Site Mame e m Site Mame
[New_site [New_site
Host /1P # URL Host /1P / LURL
[100.100.100.30 Advanced [10.249.74 Advanced
Usermame U zername
|dj|irr| I~ anongrous |dJ|"T| I Anonymous
Paszword Password
. [” Don't save password = [~ Don't save password
Fort Timeout Retries Part Timeat Fietries
|22 |50 |2 [~ Retry On |22 |50 |2 [~ Retry On
[+ PaSY ™ Use Prosy [7 PASY ™ Use Prosy
Connection Connection
[FTP =] [FTP =l
Comments S5L Oplions Comments S5L Dptions
I ~ ~ 2 4 r
r r r r
MNew Site MNew Categary | Connect | Cloze | Mew Site Mew Category | Connect | Cloze

(M |'I/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Host IP :

100.100.100.247 (in UCRF)
10.24.9.74 (from outside)
Username : djlim

PW : 0254

Port: 22
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Sample measurement

Equipment PC

Network Connect

100. 100. 100.247

urisT

ULSAN NATIONAL INSTITUTE OF

SCIENCE AND TECHNOLOGY

Server PC Researcher PC

100. 100. 100. 247
Internet Connect

10.24.9.74 10.24.9.74

@ Cors FTP LE - 10249422 H=h
File Wiew Sites Manage Help
| A=
&7 & SO
280 CWh command successful. " iz current folder. -
PwDO
257 "I"is current directory,
Pasy
227 Entering Passive Mode [10,24,3 42 146,137,
LIST
Connect socket #1020 10 10.24. 9,42, port 37563 .
150 Opening data connection for f
226 File sent ak
l Transferred 4,525 butes in 0.005 = U c R F PC o r My Pc Se rve r PC -
|c = & 2 [ | & &- % 2 O E : [ e &v % & &
Ii.'—. |CZWUSEBWUN|STWDDCUmEn15W ﬂ |;’ ﬂ 'i"__
* | Filename Size | Date | * | Filename | Size | Date -
09/13413 09:07 J S
) Fax 08/13413 1128 ..
J Malvem Instruments 05/19/12 10:43 , Compary 10/04/13 11:|=
| SAP 10703413 17:24 . Labs 10706413 20:
| Scanned Documents 0813413 11:28 . Program 09/02/13 12:—
) Ah=oH 0807413 15:49 | toengineer 0130413 10:
Eﬂ Seff 1l = dax 14 KB 09726412 1759 | touser 10/04/13 15:
@XHF_data_EIS s NZ2KB 12/2712 13:22 , UCRF 10:0213 17
@:HEHL S LF_2009 = pdf 45 KB 08/07/13 1613 , UCRF =15 & 10/01/13 14
Eﬂ%-‘?— HASIEEH A BHH ax 3Z2KE 04726413 18:00 rﬂ'_]ﬂFM A 2 220 e 0 M4/27413 15




ULSAN NATIUN’AL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Raman Analysis Program = ST

- Core FTP > Program > WITec project download

- Download :
1) WIiTecProject 2_10 1 setup
2) System Backup
3) Window7 Patch

oM x £ [ e v & & & Seman -u i m
= [/Program/WiTec/ ~] I 3
* | Filename | Size | Date
) Direct¥_Mov2008_Redist 081110 DO:DOD
J Manual 1040511 00:00
) Patch_Window?7 1272111 00:00
J Software 04/09112 00.00
[ SystemBackup 04/09/12 00:00
) WiTec Project 2.06 06/30/11 D000
) WiTec Project 2.10 09/12/12 00:00
EWIT&chject 1 56 1 setup.exe 6,856 KB 04/05/09 00:00
WiTecProject_2_10_1_Setup msi I 11,793 KB 09/04/12 00:00
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1. Si calibration

2. Check the Raman peak
on your sample with single
spectrum measurement

3. Open Image scan
1) Geometry

- Insert Width and Height value.
The max. value is 50um.

- Insert Points per Line and Line per
image after consider resolution.

(PPT page 14).

* Witec Control - Untitied

Dislelgls] =e e m s =

urisT

ULSAN NA}IONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

=181 x|

-1 @ Image Scan

[ ' [150, 150, 25, 25]
IPM: 74% FF: 82% AS: 73% Configur stion: Raman 785 . B
— 0 Fr Foints per Line 150
= b Auto Seve Store Praect [ LlnEE FIE'T' Image 'I 5':'
S P o T T Levers per Scan 1
: 5 gpsfg::::zg Fr;'?g g;n T1:600 g/mm BLZ _: G Enmew
s ‘3 Listen Positionf&r | Mewver
= 1= Image Scen [150, 150, 25, 25) o 5
e— Widlth [jim] 25
[ p— Height [am] 25
« & ScanDetails [Craate New Object, Single) =
= G 2:::‘;:::1 sis e DE'FIﬂ'I [I-I-rn] uu‘
£ Resten ﬁi Center et Current Center at Cusrent Pos.
e Tl o Center () [Wrn] 0
Ll Center () [pm] | D
< < Aorons uenierens Center (2) [Lm] o
e e G 0
= ¥ Time Series (Slow) [100.10.0] = amma [j
8 £l inece Shehing e % 2% Scan Details [Creata Mew Object, Single|
+ =5 Online Analysis
2! : 4 Stert Scan Start Scan
Graphic Contral S i
& Canlieves Posiioring | §iz Inverted Microscope 8. Microscor 4| ¥ i.:b HE sia Raslai
gl Stnp Stop
Act Int, Time (Trace) | 007
Int Time {Trace) [s] — 0.01
Time /Line (Trace)[ 1.5
dsat| @ () @ > % 7oaEsesison | wirecd TII‘I"IE Jl Ian {REIFHJ:E |]E
+ % Data Labeling [Scan, 0]
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Sample measurement_Image scan

3. Open Image scan
2) Center of the image scan

- Center at Current Pos.

When you want to make the position
measured single spectrum to the
center of Image scan, please click
Center at current Pos.

- Center (X), (Y)

When you want to make the center
with X,Y value, please insert specific
value at Center(X) and (Y) part.

- Select the region of the image scan

[ Geometry - Listen Position_Mutiple ]
Open the -Optical image - Click the
right button of mouse - Select the

[ Mouse mode - Marker ]

Drag the area where you want to scan
with mouse.

* WiTec Control - Untitled
f i !

(M I'I/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

=l81x]

= Eﬂ Image Stitching

[Color Bitmap, 1000, 1000]

Dl |=ele) =/s) mmE: B 2 =4 5 |%I Image Scan [150, 150, 25, 25]
[PM: 74% PF:82% A5: 73% Configuration: Raman 785 = -
[ Paints per Line 1560
# 'y llumination [0.0. [off])
= H Auto Save Store Project | L|nEE ICIE"I’ Image 'I 5|:|
+8 sename " om0 001 Layers per Scan 1
(s = ['f] Geometry
= e \& Listen PositionfAr | Newer
= [+ Image Scan [150, 150, 25, 25] r =
) Wiith ] 29
Layers per Scan 1 -
7ﬁ§g§fm§? ; [Cresie New OERE.Sigi Height [im] -
# 431 Scan Details reate New Object Single]
# & Online Analysis DEDﬂ‘I rlll'rﬂ I:I ':”
4‘ Start Scan Stat Scan
*’%?ii{ai 5 Center at Current Center at Cusrent Pos.
ct. Int. Tims race, )
T (10 Center () [um] 0
T!me,/ Line (Trace) [s] |
P T ] Center(v)[um] |0
& f~ AvoFoms S hinFous Center (£) [Hm] 1
% |} Single Spectrum [, 0.100)
Lyl Jeits L

o]

i

ol _‘_:Eﬁ

| & Ly = Micooco
Geometry

& Listen Position/As
Width [m]

4 start| & (3 @

Height [jim]

Mubiole
7] 1.1

» £ Total: 845325100 % WITec Control

Mouss Mode
Sk
&}, Zoom Out

Bl change Scale Bar Color

l I Yideo Image_000; S0t long (Top)
R Spatial Cursor
No Transformation Data

349,161)
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ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

3. Open Image scan
3) Set the Int. Time
4) Start Scan

Dl l=lgls] =e.) Start Scan
[pra: 74% pri82% AS:73% Configuration; Raman 785

® , llumineton [00.[off] = i:b HE 51ﬂ|1 -_\{__ Lai
& © Auto Save ‘& Igl S\tclp Etﬂp

i Microscope 2 Confrol Set Zoro (Stae)
# & Scan Table [-0.003, -0.007. -0.001)

/& Spechogroph 2 1039.901. T1: 600 g/mm BLZ. "‘I:.":t |ml Tlm E E.-rra':E} r -I-

# Y Spec Camera 2 CCD 2

e ——— SESTREMEES BN IR
e Time/Line (Trace)[ 1.5

Layers per Scan ]

) Geometry H
T e — Time/Line (Retrace 0.5
G}, Online Analysis
Stant Scan Stait Scan ] H
| + % Data Labeling
Act Int Time (Trace) s /101
Int. Time (Trace) [s] 001
Time /Line (Trace)[s] 15
Time /Line (Retrace) [¢ 15
# % Data Labeling [Scon. 0]
@ ¢ Line Scan Start Line Scan.
& . Auto Focus. Statt Auto Foos ]

4. Single Spectrum [1.0.100]

& U3 Time Series (Fast) [100.0.1]

@ § Time Series (Slow) [100.100) )
i+ £3 Image Stiching [Calor Bitmap, 1000, 1000]

<l | &

I E T —
85 Conblever Posiioring | % Inverted Micioscope 82 Microeocg « | » X-Sensor [pm]

Y-sensor [pm]
Z-Sensor [pm]
Microscope Z [pm]

@istart| & (3 @ S Totak B45325100 & WiTec Control B @AE «OFK 1 |

xR YHlusxts | 38



4. Filter the spectrum peak with Filter manager

= M5_6_ML 1004 Spec.Data

)

400 D 100 200 300 408 500 600 700 800 900 1000
rel. 1fom

Y-Axis: 2981.4 (-113.63) CCD cts .
¥-Axis: Pixel (450) | 425.44 (27.169) rel. 1/am

' M5 6 ML 1 004 Spec.Data 1

1\ )
||| RePrala | AL o [ =d
#r;me Start Stop | Unit Lawer BG Awve. [Pikels]
Sum 3EE63 39433 el 1em ’47
S Sum 398.28 42544 el 14cm Upper BG Awe, [Pixels]
’47

2 Typel-b) |
- Active Filker Mame:_Sum
Stat [F982756  Stop:[125.4043 el 1em | 2 TVPGZ)

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

SETER
Sample measurement_Image scan it WIS

1) Click add sum filter.
2) Select area

Type 1
a) Click right button of mouse at spec data
e s oS N === it

- [
. Export >
g I Mouse Mode I
N Scale and Zoom 4
o Mode  %x  Mouse Move M
g MiscVisua &, Mouse Zoom in (select region)
s Options / C 8

Graphs Mouse Marker

I, ™56 ML =~ MouseFollow Data

b) Check Listen at filter manager

c) Drag the region of peak at the spec data
window which you want to make mapping
Image

Type2
Insert Start and Stop wavenumber
at filter manager.

3) Change the BG Ave.[Pixel]
4) Click calculate

HPXAERBHuSAE | 39
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SCIENCE AND TECHNOLOGY

Image scan_BG Ave.

W Filter Manager |
BT E A e | A RO B
M ame Start Stop  Unit Lower BG Awve. [Fixels]:
= Sum 18
Upper BG Awve. [Fixels]:
19
Active Filker Mame: Sum

[ Listen

Intensity

Start: 0 Stop: 0

= — . BG Ave. 16 BG Ave. 4

Spectral Position

— /\—\J LN_.\.,\__ BG Ave. 16 BG Ave. 8 BG Ave. 4

320 400 480 560 640
Rel. 1/cm

= Sum Filter_BG Ave.

CCD cts
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SCIENCE AND TECHNOLOGY

Image scan_Filter manager iis  UPNST

= Sum Filter SUM filter create a new image data object with the dimension X, Y and integrated

intensity Which can then be displayed as an image.
Sum= Zn_z I. .. . .
i=n ‘i  The output unit is the same as the z-interpretation of the spectrum(CCD counts).

T 1310-1380 cm™! 1530-1630 cm™! 2605-2740 cm!

NN

0 1000 2000 3000
Rel. 1/cm

CCD cts

= Center of Mass Filter The center-of-mass filter calculates the intensity-weighted spectral position.

Sum filter Center of Mass filter

2677 cm1? 2677 cm?

N

Rel. 1/cm Rel. 1/cm

CCD cts
CED-cts
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Image scan_Filter manager

Width Filter

Position

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

,

100

FWHM

50

Al Al RGN
Name: Start Stop  Urit Lower BG Ave. [Pixels]:
A widh 4
Upper BG Awe. [Pivels]
n

Level [%]
&0

Level (%) 1~99

Active Filter Name: \width
List
Ll Start; 01 Stop: 0

Amplitude

CCD cts

CCD cts

2500

2600

2700

2800

2500

2600

2700
Rel. 1/cm

2800

Rel. 1/cm

Width filter

Sum filter
!um - ‘ .

AiPR|elE T | 1S}z

| 42



Spectrograph_Grating

urisT

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

600g/mm

The resolution of X axis is about 3~4 cm™. You can see the whole range of Raman spectrum when the ‘Spectral Center’ is 2040 cm™.

Configurations  Help

Dlc/=lEle) =u @EE 8 @ =

Hardware Spectrum: DY401_BY

PM: 60% PF: 77% AS: 8% | Configuration: Raman

| s
# o Mumination [7.0. [on]] &
# M Auto Seve Shore: Project
® g Microscope Z Cantral St Zeio [Shalus] oE
[ % Scan Table [0.000. 0,000, -0.003] 3
= &% Specirograph 1 [2040.000, T1: 600 g/mm BL3 2

Grafing T1: 600 gfrmm BLZ=500nm T
TR

Canter Wavelength [nir |536.665
Laser Wevelength [nm] 531.920

e T I

Exit Mirror =ront [ E b 500 200 1500 D 2100 a0 =00 3000 ) won

Options Opticns

7000

[ (98) = 33723 CCD ks

1800g/mm

The resolution of X axis is about 1 cm™. You can see the spectrum that the range is about 1000 cm™2.
Please input the ‘Spectral Center’ value differently for your sample peak.

When you input 500~600 cm™ at ‘Spectral Center’, you can see the Si peak during calibration.

* WiTec Control - Untitled Hardware Spectrum; DV401_BV =

File Add Wiew ©Options Hardware Control  Configurations  Help
0| == e =e = mE @ EL
PM: 56% PF: 74% AS: 75% ‘Cunfiguratiun: Raman %
A
« Nurnination [7.0. [off]] g
M Auto Seve Store Project | =
{ ’
= g2 Microscope Z Cantrol Set Zern [Status] | @g Check Spect ra I Ce nter
& Scan Tahle [0.000, 0.000, -0.003] 2
ey —rErer when you change the
Grating T1: 1800 g/mm BLZ=500nm |
Center vawelength [nrr [549.456 N gratl ng Con |t|0n .
Laser ¥Wavelength [nm] 531.920 i
= £
Spectral Canter 00,000 e
Ex‘t error Fruni n 90 1an 270 360 450 530 a3n 720 810 /00 Bon 108D
Options Options | ol tiem

[ (614) = 4375.3 CCD ks 4
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SCIENCE AND TECHNOLOGY

Temperature control measurement i WUPNST

1. Si calibration
2. Prepare temperature controller stage
1) Open the top of sample stage

TR FHuSAR | 44



SCIENCE AND TECHNOLOGY

Temperature control measurement i WPNST

- Place the stainless steel ring
- Cover the glass slip into the stainless steel ring

4. Load the sample on the stage and close the cover

AR FH SR | 45



Temperature control measurement

5. Prepare LNP and Temperature controller

1) Connect power connection
2) Connect the LNP with controller
3) Connect the stage with controller

The stage lead carries data to the temperature controller and supplies power to the stage.
The stage lead is specific to THMS600 stage.
The connector contains a chip with information required for temperature control, rates and limits.

GHTA[EEZR ZH IR | 46



Temperature control measurement

UrfsT

SAN NATIO
SCIENCE AND TE

5. Prepare LNP and Temperature controller

4) Connect the LNP line

Insert purging tube
into the gas valve to
Purging air from
stage and avoid
Condensation
forming on sample.

Place window tube
onto lid to blow N2

gas across
Window and
eliminate external
condensation

XA ER Y usxz | 47
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SCIENCE AND TECHNOLOGY

Temperature control measurement - - UrST

6. Prepare Liquid Nitrogen

X/

1) Open the top of dewar * Do not fasten catches until the
2) Fill dewar approximately 3cm from top
3) Close the top

bubbling noise from boiling off
Nitrogen subsides.

HPXAERBHuSAE | 48



SCIENCE AND TECHNOLOGY

LNP supply liquid nitrogen to the stage
TMS94 is temperature controller

0000000
0000000
e

A

7. Switch on the SNP and TMS94
TMS94 — Press Start button

AR P uSAtE | 49



Temperature control measurement LR UrST

8. Set the TMS94 temperature controller
1) Change the temperature (°C)
Limit — Press the number- Enter

2) Change the existing rate (°C/min)
Rate — Press the number - Enter

AIPx|gEE S| SR | 50



Temperature control measurement L UrST

8. Set the TMS94 temperature controller
3) Change the hold time (min.)
Hold — Press the number- Enter

4) Exit the program
Set the temperature 25 °C and wait the stabilization.
Press Exit - Enter

HX|EERYdusxiz | 51



ULSAN NATIONAL INSTITUTE OF
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SETEE e
Laser power meter LEre | UPST

Laser Power Meter (power setting)- in Raman Mode

HPXA2RBHUSKE | 52
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Cautions ek - L

ULSAN NATIONAL INSTI
SCIENCE AND TECHNOLOGY

1. Don’t touch this part 4. Laser off

2. Hold this part, NOT lens 5. Laser Power Meter
3. Lens up, whenever you change a sample - The head is very sensitive




SC!E CE AND TECHNOLOGY

Cautions R l.ll'llE T

6. Laser power meter

When you have trouble using the laser power meter as shown in the image below,

Please separate into two part. p

< Caution >
Please put on gloves and be careful
not to touch the sensor part.

Please reassemble the sensor part.
Ax|E | mexlE | 55



ULSAN NATIONAL INSTITUTE OF
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- - - ek PV S
Calibrate video image STis WUriST

If the rotation value is not within the range(-1<rotation value<1),

1. Please find the another position on the sample surface with sample stage part and focus again.

1) You have to find the position where a perceptible change in image. i
2. Please input ‘0’ at the Position(X), (Y).

3. Click calibrate video image and check the rotation value again.

\i:) The videa calibration routine Found the Following parameters:
-

Displacement: 20,00um

Pixel Displacement x; 100,02
Pixel Displacement ¥ -0.03

o & Caltrating Scal Pixel Displacement R 100,02
0 %Calbva!hg Vide Raokation: -0.02°

O

=] , z Caltrating Vide I
R Listen Position _ Never N8 @0vaor sy e Use these parameters for calibration?
Position (<) [um] 0.000
® Poston ((um] 000 = " |
—————— i

 Position (2 Microscops 0.000_

Set Zero (Position) SetZero (Postion] |
~ Focus Speed [um/s] {0500 _ . =loi x|
S —— gF ) ;

- 4. Focus Up Focus Up K@%
" Focus Down Focus Down [{[10x0.25
> It - : :

# & Spectrograph 1 [1999 996. T1: 600 g/mm BLZ

+ Y Spec Camera 1 [CCOD 1]

I I

@ " Oscilloscope Stait Dscikoscops
@ == Image Scan [150, 150, 25, 25]
# ¢ Line Scan
1+ % Auto Focus Start &uto Focus

# L, Single Spectrum [1.0050)
# & Time Series (Fast) [10000.0.0093339998]
¥ wa 'mage Sttching [Color Bitmap, 1000, 1000]

~ Sample stage part
1
e P xd

If the rotation value is not within the range after this process and show similar wrong value repeatedly,
please contact manager.

LI T oYdEsg I | wv



JLSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Calibrate video image | urfsT

When you click calibrate video image, the Position(X) of measurement point(red circle part) move to
+20 um(with 50x lens).

The program can detect the change of image detecting the movement of measurement point.

We need detectable surface image to calibrate video image successfully.

Configuration: Raman

. [7.0, [on]]

calibrate

You will fail ‘calibrate video image’ when the surface image is out of focus and very clean surface because
program cannot detect the change of image.

video Calibration
) el 9y Th outine Found the Follo
. )

Sl A nQKlE | 57




6. Information
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Information LEre | UPST

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

O 27tA A LT B SES

=
DR M 14004475 Ol A, BH| TE |
| E ot 0O} Doy Alpha300S
M AL Witec SRl =o
XS 2H () 697,575,270 & S LAt 2009-06-10
28 W9 ZESBEMHIA TS T8 24
RH SE HS NFEC-2012-09-171092 =2 Ax}
2% FAFDET HOH01Z L SEY 240 H0|Z A A
IdEH Combined SNOM & Confocal Raman Microscope System
M. (=)
O AAAE2-ZH[2| 2F 2 F
M ADH L A=K olm el
38 L582MY (AF24)) | ol &
=M AIX|=EE 052-217-4175 shson35@unist.ac.kr
[] Witec Application Specialist
‘43 252MYE Xa H2A o|m
AMztol @@L oI AE O| A} 02-486-7930 sung@nanoinstech.co.kr
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Reservation control information = LIFST

Client(70%) 17,500/hr

UNIST
Self-user(50%) 12,500/hr

Reservation time unit Daily maximum reservation time | Cancelable timing

30 min. 3.0 hr 2.0 hr

AIPx|gEE S| SAE | 60



7. Emergency
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ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Emergency i UPRST

H4d Hz Xt np st 2
(Laboratory No.) B107= )
<

o LAIH AFM-Raman
(Laboratory Name) )

2= M6 LY A _ _
Of LAl OFX{EFEFX} = .Joﬂ ||”._(4175) (3_10 3176-1793
= = LLLDOo % Please do not hesitate to contact “Safety Manager”, if you have any
(Safe':y Manager) gueries or urgent business.

(2 At £ G0 8771 US Al A d QTSRO A HE 2F)

29| T8 9N om

External Main Telephone - — I -
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Fire, Explosion, Gas and Chemical Leak etc.

052) 217-

0119
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8. Related Equipment

-
- e = L
¢ L ]
s -
' e 87,
T e | [ ’:',
3 3 s s s
% L v -
S ) ) s @
s . B
[ -
% .

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY




ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Related Equipment : urfsT

Ao Md-7HAM 8 Y S o0 E Al A8
(UV-Vis Confocal Raman Imaging System)

Microscope, Laser, Raman Laser Coupler, Controller 2 /4%l 2 RH|= 213 SIS 0|50 A|ZE0
Choh Zet 24, 0|29 24t 1= 24 § A2 EHO| 12 & &Y &= ULt

He7|8 7| =18t L2l (IBS in UNIST)
A 8 A X} Rodney S. Ruoff
HEA/REE Witec / Alpha 300M+

micro-Raman with mapping functionality, with highest sensitivity for
266nm, 488nm and 532 nm excitation wavelength, High Throughput
Configuration using 2 Spectrometer and 2 CCD Cameras.
ZH BE | Aed-7iAEd BY S=d 20| 0[ YA A - = &0 XMt ™ALt
otit 28 ES 0|80t 19| TSREL ZE=RES
L EEE Ol 488 nm, 532 nm Q| 20| X 2|0f =7} 266
N

nmE Zt&FE 2t 24 YH|O|C.
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