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Quick summary

¢ Switch the systems on h
¢ Setup appropriate laser, CCD and spectrometer gratings
¢ Setup the tower filters )
N
¢ Focus the image
¢ Focus the laser and optimize the counts
y,
~
¢ Record and image
¢ Record a spectrum or multi-spectral dataset
J
¢ Remove cosmic rays and background h
e Compare with existing libraries
e or show the data in a 2Ddataset )
e The PC's harddisk is not a backup for your projects )
¢ Preferrably copy over the network
¢ Switch off the lasers P
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Universal rules

Rule 1: don't touch a control if you are not sure of the
outcome of that action

Rule 2: never, ever force anything beyond finger strength

Rule 3: if in doubt ask for help

D vanhecke | Adolphe Merkle Institute D vanhecke | Adolphe Merkle Institute



21nsU| AP 2ydjopy | 3YUeA g

(s)49se| 93 440 youms 03 (s)Aay ayz uany

J9A02 213se|d ay3 yim 2dodasosdiw 3yl JaA0)
1n080] 10U Op ‘a1eM140S 3Y3 3S0|D

93e3s ay3 uo J0399304d 1y31| 9Y3 dde|d

dn uegd pue ajdwes JnoA anoway

(Axdwa) 9 uonisod 03 31244n3 BY3 YoUMS

wa1SAs a3 Ul 430 PaYdUMS S 1ySi| 8yl aJ4ns e
elep JnoA 11odxa Jo aAaes

NS n 6 N o

T
:pawJoyad ag 0} paau 1ey3 JapJo 3y} Si SiyL

wa3lsAs ay3 dois

pazAjeue pue papJodal eleq
:s931sInbaJaug

10 walsAs ay3 Sulyd3Ims :uonesysuowaqg

21nsu| APUBIA 2ydjopy | 3YUeA g

G 140 wasAs 2y SUIYOIMS :UOIIRIISUOWSQ
G saSew Sunpouq :sishjeuy
[ saLIeaqI| SUIISIX® Yum a1edwo) :sishjeuy
e sishjeue uewey :sishjeuy
Qe e309ds UOISUBWIP J3YSIY :UOIeIISUOWRQ
G B1EPEIDIA :UOIIRIISUOWS(
T winJ1oads 3|8uUIS :uoNesIsUOWa(
T e MB3IA JO p[314 PRYI1IIS PI0I3Y :uoljesisuowaq
e agew a|3uIs e pJ0d3Y UOIFRIISUOWSQ
7 e ajdwes JnoA peo :uonelisuowaq
G ajdwes ayj SNo04 :uonelISuoWaq
g ajdwes e peoq :uonelisuowaq
1 Aaantatate i R R 9JeM1JOS pue asempJiey ayl dn Suiniels :uollesisuowaq
[ uo wiaisAs ay3 SUIYIIMS :UOIFRIISUOWSQ
e s M3IAJIAO 3JEMPIBH :UOIIRULIOM]|
g A103Y] :uonewIOu|

R R R R R R R RS SUOI1eI07



Peak Width Filter (FWHM) Calculates the maximum of the

. . _ range. Shows the position of the
Starting from the F(pos of max) the algorithm searches to the right anc

pixels of these two positions are used in a linear model fo calculate th - maximum intensity in the result

Minimum Filter image. Can also be used e.g. to

Fn =min{S:n; =i <n,} find a specific cosmic ray that

Maximum Filter couldn't be removed by the
Frax =max{S;ny<i<n.} Cosmic Ray Removal tool. For this,

. - ) calculate the total average of all
Position of Minimum Filter

Foosof min = first{x;:S; = Fpmymy < i <n,} spectra in a'spectrél image, then
do the maximum filter on the area
Position of Maxamum Filter

-F'pasofmax = FiTSt{xi:Si = -Fma.xJnE =P= ?’L,.}

of the "small cosmic ray peak"
that could be visible in this total
average spectrum. The result image then could show the position of the cosmic ray.

Starting from the F(pos of max) the algorithm searches to the right and the left
direction at which the signal falls below 0.5*F(max). The neighbor pixels of these two
positions are used in a linear model to calculate the FWHM.

D vanhecke | Adolphe Merkle Institute

Locations

The instrument can be found here:

e Witec Raman Alpha 300R (room C0141)
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If the number of pixels is zero on one side a horizontal line is used as background
estimation. It is calculated by the intensity average of the other side.

V'S

Filter Range| —

=

.20

o

A V=
> o
) o)
wv L
S @
£ E
- Q.
Pay

B -
>

Position x;

If both number of pixels are 0, no background subtraction is performed.

12. Filter calculation

The following notation is used for the filter calculations.

n; :leftmostpixel inside the filter range
n, :rightmostpixel inside the filter range

13. Filters

Sum
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vibrational states ( +
ground state k4 ,

2. Fundamental Principles

The Raman effect arises when incident photons interact with the electron cloud of a
molecule, inducing a dipole moment proportional to the molecular polarizability (o).
Unlike fluorescence, which involves real electronic excitations, Raman scattering
promotes the molecule to a virtual intermediate state before relaxation to a different
vibrational or rotational level, conserving energy overall. These virtual electronic states
are energetically very far away from fluorescence states, when electrons in the cloud are
excited: Raman vibrational state energies are in the range of 100-4000 cm™ (0.01-0.5
eV), vastly smaller than fluorescence emissions in the visual spectrum (~15,000-25,000
cm™or 2-3 eV).

% . ° In Rayleigh scattering, the molecule returns to
the exact initial vibrational/rotational state |i) = |f)
, re-emitting a photon at v; (also written as v;) with

virtual states - T-

-------- no net energy transfer to the molecule.

° In Raman scattering instead the molecule
relaxes to a different vibrational state (v; £ 1),
I v, producing Stokes (vq —v;,, energy loss) or anti-

s, 2 L] Y, Stokes (vo+ vy, energy gain) shifts, where v,
IR Rayleigh Stokes Anti-Stokes Fluorescence
Raman

matches molecular modes.

D vanhecke | Adolphe Merkle Institute



21nsU| AP 2ydjopy | 3YUeA g

‘uolie[ndjed
2do|s 9y1 J0} 91eUIPJO0I Y3 BUIBP SIPIS Y10 uo suollisod a8esane ayl pue Ajisuaiul
23eJane ay] "paje|nojed si ado|s e g ueyl Ja81e| I sapIs y1oq 03 sjaxid Jo Jaquinu ayy §|

x uonisod
<
\M "w'
& e
- o =
) S oy
m —_— :
—_ v =
o -
= = P
:‘ ~.
; ™
@ o
= aguey 1114 =
v

"J3M3IA 43314 BY3 Ul paulap aq ued 13| 3yl o3 pue 1y ay3 o3 s|axid jo Jaqwinu
9y ‘a8ued 431J14 9Y3 Jo s|oxid Joqysiau ay3 Suisn paje|najed si g punoudyoeq ayl

179x1d 30 uo13150d [VA302dS : x
'x uosod v uonpunlsa punosbyong: ('x)g

punoubxonq Inoynmwun.3oads : Ig
punoubyovq y1Mmuwn.aloads: 'S
(g-'s="'s

uonewi}ss punoJadyoeg "IT

‘9sodund s31 pue 42314
yoea 404 uodlIdSap 1OoYS e 104 117 42114 99S°SJ114 d|qe|leAe ay) 4o auo Su1d9|as pue
,S49314 21e3.),, Suissaid Aqg 4231} mau e 33eaud Ajdwis ued noA :(uoiing) s4a314 21eal)

21nsu| APUBIA 2ydjopy | 3YUeA g

‘SajeuIwop A1a3n

say031S pue (uagdoaiu pinbiy) 3 £/ 03 {002 1IN0 SUSAS J1 pue Y 000Z 03 dn
JeoH "UBWEY SO 03S 93 Se FU0JIS SE 04T~ A[UO ST UBWRY S9¥03IS-IIUE 0S ‘T0°0
E 2 “ead uewey (A9 Z1'0~) ;_Wd 0QOT 10, :3|dwex3

oy $20°0/21°0-
(A3 g;0T x Z¥T'9 = T) A® SZO'0~L3 Ul S}NS3J SIY}
M 00€ Ioges| |
MW/l £2-0T X 6¥908E'T ‘1UeISUOD S,UueWZ}|Og SI )
‘(A S'0-T'0~) de3 A3usus |euoneaqia 2y si v
12J9YM
s22103S

9 ~ ———————— uonenba ay3} SMO||04 UOIINGLIASIP 3Y3 ‘Aj|ed1IeWaYIe A

I/ 4v— $93103S—17UD

2JnjeJadwial WOOJ 1B 91BUIWOP SHYIYS S0IS SNy “(uoliedqia e Sulldxa
Al9A1108443) T-=A 01 0=A wou} doip ued |je Ajueau ajiym ‘a4ayy alels Aisus T=A ayi je
2Je s||eq ma} AJan asnedaq aJed S| 0=A 01 T=A wod} Suiddoup ing *(an|q suys ‘ASuaus suied
:$2)015-13ue) dn 31 321 JO (,_Wwd OO0 031 00T Inoge Ag pas syiys 131 pasaiieds ‘ASiaus
S9S0| 9|NJIDOW :S01S) UMOp ||eq ay} doip ued 3uli91leds uewey ‘sHy Jase| B USYM
"yoeas 03 AS4sus |ewuayl eJIxa pasu sdais Jaysiy aduls ‘(¢ T=A) sauo Jaysiy ueys (a1e1s
punoJs ‘0=A) do1s wo110q ay3 e 1saJ (sapow |edaldA) 10} %66-G6~) S|leq 240w Jey :Alaesd
91| S30B UOIINQIIISIP UUBWZ1|0g Y3 ‘(N 00E~) 24n1esadWwal WOoOoJ 1y *(S|9A3| |euolleaqIA)
sdols ASious jo Joppe| e uO [|eg e I 9NddjowW Yoea auiSew| :uoneuejdxa ajdwis

"2wos ujed ueysy [9A3] 18y} 03 ASJ3UD O }Iq B 3S0| 03 S3|NJ3JOW AY}
1oy J31sea 11 sayew siy] "91e1s punoud jeuoiielqin ayl Sulioney uonendod uuewszyjog ay3
:SpJom Jaylo uj *(,23e1s punoug, ay3) [9A3] ASJ2Ua |eUOIIRIGIA 1SOMO] JI1Y3 3B 1S S3|Nd3J0W
Jsow asnedaq aJniesadwal woos e Adodsosioads uewey Ul S3BUIWOP SHIYS SH03S

uewey Sa3031s-1jue SA S2)01S ¢




Analysis: Producing images

Prerequisites:
Spectra recorded in map, depth or layers

Learn about the Filter viewer

The Filter Viewer creates images from image-graph objects (or graph objects from line-
graph objects or single result values from single spectra) using defined filters, e.g. a
sum filter. The Filter Viewer helps you finding the interesting Raman bands and creates
images which show structures of your components.

Through the drop action, open a filter window.
Input: Use can use any graph object with this dialog.

Results:The result is depending on the dimensionality of the input graph object.The
Filter Viewer creates the following results for each defined filter:image objects for
image graph input data objectssingle graph objects for line graph input data objectstext
object containing result as text for single graph input data objects,

e 20 =

Add Quick Delete Prev Next Sﬁow

o = TS S Filte

F
F‘?’ Average 2 Position: [1751.7355
O Std. Deviation 3
width: [76.474699
4.8880 CCD cts

Sub BG

[ o Al A

Create Sum Filter (Button): This creates a new sum filter.

D vanhecke | Adolphe Merkle Institute

4. Scattering intensity and fluorescence trade off

Raman scattering arises from the induced dipole moment in a molecule interacting with
incident light of frequency vy. Quantum theory shows the transition rate (intensity)

4 . . . . 1 4
follows I o v*. This mirrors Rayleigh scattering's wavelength dependence = XV

where electric field strength and energy density both scale with v2, yielding the fourth
power overall. Shorter wavelengths (higher vy) thus boost signal dramatically, aiding
weak Raman detection.

Example: A 532 nm laser (v, corresponding to ~18800 cm™) yields Raman signals 2 times
stronger than a 633 nm laser (~15800 cm™) for the same vibrational mode, and nearly 5
times more than a 785 nm laser (~12800 cm™). A 633 nm laser yields about 2.4 times
more signal than a 785 nm laser.

Rough calculation: (%)4 = 2.0, (%)4 ~ 4.75 and (%2)4 ~ 2.4

Fluorescence Trade-off: Visible lasers often trigger fluorescence (b) in organic samples,
swamping the ~107® weak Raman signal (a) with broad emission bands.

Fluorescence occurs when excitation

energy matches electronic transitions, far

stronger than Raman (~10° times), and

“ peaks near the laser wavelength for

®) short A

Near-IR lasers (e.g., 785 nm) minimize this

© by avoiding electronic absorption bands,

sacrificing vg boost for cleaner spectra in

fluorescent

samples. Background

subtraction (c) can help to remove the fluorescence signal.

D vanhecke | Adolphe Merkle Institute



21nsU| AP 2ydjopy | 3YUeA g

'sdoJp Appdinb 31y poo3 e Jo soueyd sy} ‘s|eldarew € 40 g Yim eyl
910N ‘[ela1ew JnoA ul sjusuodwod Jo Jaquinu ay3 193|3s ‘gel suoindQ pue yaieas syl uj

‘(paJ) papeo) aq ||Im wnJi3aads JNOA
‘aseqeleq uolyoe dosp ayy uadp

‘AJeaql) umo JnoA pjing ysnw
NOA 0S ‘SalJeJql| |BI2JWWOD SABY 10U 0P A “S|eldaiew Ajlauspl Aja1esndde 03 salelql|
92U3J3)2J4 YHM e4323ds painseaw 40 uosiiedwod Y3 SMO||e 2JeM}J0S Ydjewana] 3391 1M

s}oselep aseqelep 03 ejep ay3 aledwo)

passad0.d 3s0d pue paplodad eidadg
:s931sInbaJaug

sauesqi] yum asedwo) :sisAjeuy

21nsu| APUBIA 2ydjopy | 3YUeA g

‘A YT 0 = % Inoge 03 spuodsa.iod YIys ,_wd 00T e ‘d|dwexs Jo4

2% = (49)g40 (;_wouD) AX ,_0T X 68621 = (12)1

:03 sayldwis siy3 ‘AjjeasawnN

sqwo|nod .. 0T X £9/9TSSE 1) 934eyd Asejusw|a ayi st 2
quiojnod ¢ dieyo A EEL

(s/w 8SY 76L 66¢) 1431| Jo paads ay1 si 2

(/8% ;W ,c.0T x ST0L09T9'9) IUBISUOD S dUBd SI Y

‘WD Ul YIYs s9%01S dY3 sI A

:249ym
]
ax—=(49)7
oy

:asn ‘(A3) S1JOA U0J123|3 01 (,_WD) SISQUINUBABM Ul USAIS 1J1YS S9)01S B 1I3AU0D O
(A®) 3|OA U0J1I3]3 03 . WD WO UOISIBAUO)
Sy %y

———= Sa — 0 :3y81| paJa11eds 3Y) PUB UOIIB}HIXD

J9Se| 3y} U9aM1aq JOqUINUIABM Ul DIUDJIDLIP 3YI SB PaUlyap SI YIYys uewey ayl e
‘Sysyiduajanem
paJa11eds ul 3ulynsad ‘(anoge 99s) ajdwes ay3 ul sa1849ua [euollesqin Agq umop

Jo dn payiys Ajpysis syidusaaem yum ‘parda||od st 1y3i| paio3ieds uewey syl e
"(wu zgg “89)

Oy yi8uajanem umouy e je s uoiIeIIX d1IeWOIYdoUOW SapIAoId Jase| 3yl e

‘y18uajanem Jase| ay3 jo Juspuadapul sa1849uUa [euoieiqgiA salji3uenb Ajjusiusauod
siaquinuanem ul sIYs Suissasdxa ‘Jaquuinuanepn ‘(s1a1owoueu) yydusjanem ul payiodal
AjjeaidAy si uoissiwa 1y3i| siase| ydnoyy uana (A3uaus uojoyd o3 |euonysodoud Ajpoauip
SI 4oIym ‘,_wd J0 AS ul) sisquinuanem ul pauodal st suojoyd jo ASusu3 ‘syidusianem
91njosge jou ‘Y31 pasaneds jo ASiauad ul Yiys e sainsesaw 2dodso41dads uewey vy

SUOISI9AUOD SilunN  'g




WITec's TrueComponent Analysis module in Control 7.0 software automates chemical
imaging by identifying and separating distinct sample components from hyperspectral
Raman datasets. It employs advanced clustering algorithms to locate up to dozens of
unique spectral signatures simultaneously, generating false-color maps where each
color represents a pure component spectrum.

Advanced Fitting Tool (Lorentz) X
Fit Maskl Fit Parameters I Preview Options I Extract Options | ¥ Advanced Mode
Category: Function: Options:
Peak Functions ADD E"ID; | [Tolerance 1E-08
Exponential Max # of Iterations 200
Polynorlmal Number of Functions 1
3enera Extract Intensity Kind Area
ser
Listen Intensity Kind Amplitude
A
2 n—1 Ai w,
y=yst— 3 >
iz (4(x—x,)" +w;)
v
+ Fit and Extract All {[: Fit and Extract Current Extract & Next Step
Fit Successful (8 Iterations) Chi~2: 1.6683265E08 " [# of Values: 1024
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6. Polarizability and Depolarization

The induced dipole p = aF oscillates at vy, but vibrational modulation yields sidebands
at vy * v,,,. Polarizability in Raman scattering is how easily a molecule's electron cloud
gets stretched or squished by the laser's electric field, like deforming a soft balloon with
your hand. If the molecule deforms the same way no matter the direction (isotropic), the
scattered light keeps the laser's original polarization. Anisotropic molecules deform
differently by direction, scrambling the polarization so scattered light becomes
depolarized or rotated. If the polarizability is the same in all directions (isotropic), the
molecule scatters light that keeps the same polarization as the incoming laser light. But
if the polarizability varies with direction (anisotropic polarizability), the scattered light
polarization changes or becomes "depolarized."

Isotropic Example: Carbon Tetrachloride (CCly)

CCl, is a symmetric, tetrahedral molecule where the electron cloud distorts equally in all
directions for certain C-Cl  stretch.
The laser's polarized light induces a dipole that scatters with matching polarization,

vibrations, like the symmetric

giving a depolarization ratio p near 0 (Ii = 0), meaning almost no light in the

perpendicular direction. This confirms totally symmetric vibrations with no polarization
change.

Anisotropic Example: Benzene (CsHe)

Benzene has a flat ring shape, so vibrations like the in-plane C-H stretch deform the
electron than perpendicular to it.
An incoming vertically polarized laser produces scattered light with mixed polarization,
yielding p = 0.75 (strong perpendicular component), showing depolarization due to
directional differences.

cloud more along the ring plane

D vanhecke | Adolphe Merkle Institute
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Information: Hardware overview

2500
Prerequisites:

20007 Understanding the hardware that produces Raman data
2 15001 Learn about the hardware setup
8

1000 A . . o

Never ever look directly in a laser line!!
500
1. Thelasers
D_ T
Turn the key to ON of the laser(s)

200 400 600 800 1000 1200 1400 1600

Raman shift / em~? you want to use

Press Extract & Next step

"1
Extract S Moyt Stgn I

% Background Subtraction
Sub BG
b TV Graph Smoothing
Smooth
Eye and switch

Fibre optics from Laser to Eye:
measure and adjust correct
output, then send it to microscope

Choose background subtraction

7. Background subtraction

Switch: comm line
to switch off laser

Input: all data types, cosmic rays removed.
Output: Background removed from spectra

when not in use.

Select the "Shape" tab.

D vanhecke | Adolphe Merkle Institute D vanhecke | Adolphe Merkle Institute
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WITec Raman Alpha 300R Introduction — Page 42

Analysis: Raman analysis

Prerequisites:
Spectra recorded

Run basic post treatment to improve analysis

The drop actions window is the portal for all data analysis. To open the drop actions window,
LMB click and hold on a data entry and move the mouse.

OLLAE ress

Raman  CRR | SubBG | Analyze | Fitting | Cluster Database

Z ) } 1} At v TUX (E)

F:lhr ’RamanTv Demixer Repair = Smooth A Average Export

X Hd. & -2

Calc | Crop 'Stitching NMF | PCA | Correct

=1 ] D w;ﬂ&

' SubBG = Stat | Section = Filter | Repair Combine

Bl G G Qe ]

Fourier Correlate Max/Add Export Inv BasisTransfom\
Not all actions will be available for all datasets.

5. Start Raman analysis

: dummy, will start the CRR

6. Cosmic ray removal

Input: all data types. Advanced CRR works only with image-spectrum .
Output: cosmic ray (or a cosmic ray map) removed from the data

D vanhecke | Adolphe Merkle Institute

WITec Raman Alpha 300R Introduction — Page 15

3. The spectrometers

There are two spectrometers: VIS 300 and NIR 400.

VIS300: for 532 nm laser, outputs to CCD1
Gratings: 600 and 1800 g/mm (lower spacing distance
means higher spectral range)

NIR300: for 633 nm and 785 nm laser, outputs to CCD2
Gratings: 300 and 1200 g/mm (lower spacing distance
means higher spectral range)

Choose the grating based on:

Spectrum range

» wider range, low gratings (300, 600 g/mm)

Signal strength

*|ow gratings (300,600 g/mm)
e Use higher energy laser (but more damage)

Spectral resolution
e Use high gratings (1800, 1200 g/mm)

D vanhecke | Adolphe Merkle Institute
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3. Cross section (“Depth”)

This will scan a map (“Area”) of a defined field of view, perpendicular to the surface, as
a virtual cross section.

Demonstration: Switching the system on

Experiment: Cross section (“Depth”)

1. Under Large area scan, In the , choose depth
| R -
2. In Geometry > listener Area/position, select an area. Note that the Scan method will
change back to “area”. Change it back to depth. Two things happen:
- The blue area becomes a green line (where the cross section will happen)

- In Geometry, height becomes not enabled, while depth becomes enabled?.

Scan Method

Width [pm] 24.6
Height [pum]
Depth [um] 50
3. Resolution: In At every point > g - -
- Points per line = perpendicular to the ,“" el '
surface of your object 2 -

- Points per image = in Z direction,
number of lines scanned in depth

4. The expected time shown in
|= [ Large Area Scan | [Est. Time: Oh 7m]

Start the area scan by clicking the icon in the top menu:

- WA= SR SEN

P
:25) | Unit: CCD cts
|.Spatial Distance .

Open the data in the same way as explained for the map (Area)

Prerequisites:
System switched off

Start the system

Upon arrival, check the following:

Switching on the system

1. In the Witec cabinet, if the PC is switched on (blue LED). If not, flip the switch at the
top left.
2. Left of the cabinet, check if the multiplug A is on (it should be)

3. Right of the cabinet, if the multiplug B is on (it should be)

2 Note that the cross section depth will center around the current z value. E.g. if you set a value of 20 um, then 10 um
will be above the current Z plane, while another 10 um will be below, i.e. inside the object. Therefore, the first scan lines
usually will be very noisy, as there is no signal, or only background fluorescence signal

D vanhecke | Adolphe Merkle Institute

You should now have a functional system with a switch on PC.

D vanhecke | Adolphe Merkle Institute
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2. Map area

This will scan a map (“Area”) of a defined field of view

1. In control window: Large Area scan menu.

2. In the , select Area

Experiment: record a map

=] E Large Area Scan

Scan Method
Topography Correction

|Est. Time: Oh 2m] ||

Depth
off

Signal Stabilization

Start Stabilization

fuea =l At Every Point
SteEwise Faster Points per Line 25
Depth Lines per Image 25
Stack Layers per Scan
Bl [} Geometry [14.2, 16]
3. In Geometry > listener Area/position, 3 listen Position/Area ] | Never
Width [pm] 14.2
either draw a rectangle on the image or Height luml
Depth [um] 50
select a center: Center at Current Pos. Center at Current Pos.
|C ot (M) = Center (X) [pm] -14826.100
i I Center (Y) [pm] 588.525
Conter Once] Center (Z) [um] 0.000
Center [Multiple] Gamma [°] 0.1
irea Eanﬁell ] & Start LA Scan Start Large Area Scan
rea ultiple:
Depth by Line [Once) % Restart
Depth by Line (Multipls] & stop stop
. . . Act. Int. Time [s] i
4. Set the size of the area (Width & height) Integration Time (5] 0.05
Accumulations
. ) Min. Time Retrace [s] 1.00 Laser 1
5. Resolution: In At every point > s3zrm -
Points per line = number of single points in the X direction =l=[*+I+
. . . L L [ 500 |er
Points per image = number of single points in the Y direction B
Set these number of points according to your laser beam resolution! @ 306 mm

6. Set the

7. The expected time to complete will show up in the Large Area Scan entry

8. Start the area scan by clicking the icon in the top menu:

PR =Y .

e RIS

2. Setup the tower
1. Set the Rayleigh filter wheel (orange box, rotating) to the appropriate laser length

2. Set the mirrors correctly by setting the correct Pins (OUT means sticking out):

532 nm 633 nm 785 nm

NIR 400: OUT NIR 400: OUT NIR 400: OUT
VIS 300: OUT VIS 300: IN VIS 300: IN
Calibration: IN Calibration: IN Calibration: IN

Watch out: guide the pins gently.

D vanhecke | Adolphe Merkle Institute
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Demonstration: higher dimension spectra

Prerequisites:
Components correctly setup
Laser focused
Sample loaded

Record 2D, 3D and 4D spectra

There are 5 types of datasets you can record:

Name #dim | Dimensions

Single spectrum 1 spectral

Line scan 2 1 spectral and 1D spatial

Map (“area” 3 1 spectral and 2D (XY) spatial

Cross section (“Depth”) | 3 1 spectral and 2D (XZ) spatial

Stack 4 1 spectral, 2D area (XY) and maps spatial

For single spectrum, see above

4. Choose the correct spectrometer in the software

In the Control panel window, the header will display the currently selected spectrometer
(in this case, the CCD2). Choose:

Control

-CCD1 - 532 nm

- CCD2 = 633 nm and 785 nm Raman CCD2 -

To change the spectrometer, click the triangle at the end of the header ( + )
In the menu that is popping up, follow Raman > Raman CCD1 or Raman CCD2

| I

Raman Raman CCD1
] User Mode 3 Raman CCD2

1. Linescan

The line scan will scan single spectra along a line. This is ideal to show interfaces
between two materials.

Experiment: Line scan

In the control window, expand the line scan menu.
In the Listen Line entry, choose Line (once)

Step 1: On the image in the window,

draw a line along which single points will be plotted

D vanhecke | Adolphe Merkle Institute

5. Choose the correct laser in the software

In the window , below the image, there are three setting tabs:

Focus Adjustable XY position Laser
with the top left Adjustable with  to select the appropriate laser. Use dropdown

joystick the bottom right box to match the laser you switched on.
(up/down). joystick. \
Laser Power
Microscope Z Sample Position ser Use — or +, or set it
AF, 9 785 nm manually (for Raman, not
. N [T [.l 3 lI=1=] [ + for imaging!)
— | = 50.32  |lcF
Uy a5 ‘n' — Laser safety
B -17s0.51[0]|(x: -3803.4 T Block the laser beam.
53] 0.00[0]¥: -1120.6 @ 510 nm Beam open: [2'2

FLR

Laser characteristics
toggle between lateral resolution (XY) or axial resolution (2)

D vanhecke | Adolphe Merkle Institute
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Demonstration: Single spectrum

Demonstration: Load a sample

Prerequisites:
Components correctly setup
Laser focused
Sample loaded

Prerequisites:
System switched on
Components correctly setup
Calibration not performed yet

Record a single Raman spectrum

Load the Si test wafer for calibration and alignment. This is mandatory!

Now, the illumination system is switched from the white light to the laser.

Experiment: record a single spectrum

1. After deciding on the laser (see p. 21 and grating (see p. 22), repeat
- the focusing of your object in the (see p. 25)
- Repeat the laser focusing, but only the Z plane (p. 26, point 3). Do not touch the

screws on the back of the tower anymore (point 4)!

2. Adjust (lower) the laser strength if needed.
3. Increase the accumulation settings (e.g. to 100), if needed
4. Click the single spectrum button in the top row menu to start the spectrum

JE-JEal=Y 3 RIS

Beside the screen on the right, in the white protective tube, find the Si wafer
calibration slide.

-
-\

D vanhecke | Adolphe Merkle Institute

ounting a glass slide

At the microscope, remove the black protection box to reveal the lenses. The selected
slot will the number 6, which does not contain a lens.

Place the calibration slide on the stage. You can use the magnetic clamps for fixation.
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2. Correcting for vignetting

Vignetting is edge darkening: image borders are dimmer than the center, resulting in
seams in stitched images. | the object is reasonably flat, Vignetting correcting can solve
this.

Demonstration: Focus the sample

Prerequisites:
System switched on
Components correctly setup

Experiment: vignetting

1. Make sure you are in focus =menu 10x

. A window pops up

*  Step (1/16, 1/8, 1/4): Defines the step size
for the automatic movement (e.g. 1/16

2. RMB (right click) on the [@] in the
[ _Vignertinchrrection

Combined
Step ys | 4 Rlo(s

e video image size). 1/16 is usually good.

Add 50
Add 100

Add 20/50/100: Automatically moves the
sample positioner and adds video images

0/ 0 to the current Vignetting Correction. 50 is
usually good

3. After the correction is recorded, the vignetting icon turns green |

4. Notice a black gradient towards the borders in the vignetting correction window. Now
Repeating the stitching (see p. 31) will remove the vignetting in the stitch:

#,

Without vignetting With vignetting correction

Focus the image

There are two illumination systems:
- The white light for imaging
- The laser for the Raman spectrum

6. Focus the imaging system

D vanhecke | Adolphe Merkle Institute

Focus the imaging system

Zeiss

1. Select the 10X lens. Assure to retract |cceypianeoriuar oic

Working Distance: 9.3 mm

10x/0.25

Select O Cancel 0

2. Press menu + Y combination

This closes the condenser aperture,
edges are helpful to find the object focus plane.

3. Press X for autofocus.

Note: autofocus will search in a range of 200 um of
the current focus plane. If the focus is off by more,
it will not be found, and the box edges will turn red.

Running the autofocus iteratively will find a focus as far as 300 um off (in 2-3 steps).

When focus is found, the box edges turn green. If the focus is further
than 300 um, you will need to use the Z button and focus manually.

D vanhecke | Adolphe Merkle Institute
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Demonstration: Record a single image 4. Adjust the crews on the back of the tower to maximize the
values of the Y axis in the hardware spectrum window?. Use:

Prerequisites: - VIS 300 (lower ones) for the 535 nm laser
Components correctly setup - NIR 400 (upper ones) for the 633 and 785 nm laser.

Laser focused
5. Repeat step 3 & 4 until the primary peak is maximized. E.g.

Sample loaded
- 532 nm laser: primary peak above 3500 counts/0.5 s

Recording images - 633 nm laser: primary peak above XXX counts/0.5 s
- 785 nm laser: primary peak above XXX counts/0.5 s

Here, we explain how to record images. Therefore, the white light illumination is used,
5. Stop the oscillator

IO R SRR

not the laser systems.

Demonstration: Record an image

With a properly focused image in the WiTec video control

532 nm to 633 nm on the VIS 300

=Menu | ' Bo o0 (3 @
. O Click to record an image.
It will appear in your project You have now maxed out the signal transduction from the sample to the detector. Now
pp y proj
window as Video image (RGB doublecheck these setting by measuring the height of the secondary peak
g
icon). Experiment: measure the height of the secondary Si peak
Project Manager O X 1 h d | | h E/\“S' e [0.500, 10]
- . In the window Control panel, open the 17 -INgle Spectrum =il
=y Acqg. Single Spectrum
onE «EPFIa ) panes op ]
Iite;hgpemumﬁoyﬁspec.nm1 menu “Single Spectrum” and set: & stop Stop
test--Spectrum--028--Spec.Data 1 : -
I testspecrum 25 specota 1 - the integration time t0 0.5 s Integration Time [s] 0.500
|i test--Spectrum--030--Spec.Data 1 . Accumulations 10
la. test--Spectrum--031--Spec.Data 1 - Accumulations to 10 Infinite Accumulation 0
I& test--Spectrum--032--Spec.Data 1
[T]test-videoimage—033 |

r-o—r e Mo et e = 2. Click the single spectrum button in the top row menu to start the spectrum

J’ 2859.86 um =
-SRI

Lif you slightly tap the tower on top and the spectrum jumps down (only down!), you have centered the screws
perfectly. If the spectrum jumps up and down, you can still improve
D vanhecke | Adolphe Merkle Institute D vanhecke | Adolphe Merkle Institute
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