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Introduction

Currently, the infrared microscope is used ex
foreign materials. Since in microscopic infrared py, there is a huge database, which works vel
well on the identification of foreign materials, whil ared microscope has several problems for the
measurement such that the spatial resolution is limited to only a few micrometer and the sample
preparation is necessary if the foreign material is buried in the sample. Therefore, the Laser Raman
spectrophotometer is now often used for measurement of foreign materials in combination with infrared
microscope. Raman spectroscopy is @ method to analyze molecular structure by molecular vibration as
well as infrared spectroscopy, but there are following advantages in Raman spectrophotometer.

ne of the identification approaches for micr

(). The spatial resolution is as small as 1 um by using visible laser.

(2). The Raman spectrophotometer allows quick and easy measurement ¢f the
sample with nordestructive manner without sample pretreatment

(3) For inorganic samples, it is easy to indentify because of the easy
measurement in lowavenumberange.

”5 4100

The potential of measuring foreign materials by using Raman spectrophotbmeter

is expanding, and JASCO has developed a new laser Raman spectrophotometer,

NRS4100 with compact design and ease of use to be used together with :TIN
In this application note, the features of NRB)O and identification of foreign
materials buried in the polymer

film are illustrated.

Fig. 1 NRS4100

Features
The NRS4100 as shown in Fig. 1 is a Raman Spectrophotometer, incorporating

high performance spectrograph, sample compartment, detector and laser light sot

Supppert

4 | inaspace as small as 60 cm square, which can be installed on the ordinary
. laboratory bench other than amibration bed, with no extra space because the door
- of sample compartment moves up and down for open/close. In addition, the NRS
e 4100 meets the laser safety standards of Class 1. Maximum three lasers such as
it 457nm and 785nm as well as 532nm can be mounted, and the spatial resolution i

small as only E nin XY and 1.5¢ nin Z direction, enabling the high spatial
resolution and fluorescence minimization, which are important for the foreign
material measurement.
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ER AR, The AMeasurement assist funct4l00fordo a
- sample measurement; a simple sequence guide takes you through setup and
optimization of measurement parameters with helpful advice and tips, such as a
mmemimimanes | WAT NI Ng 1 f you have the | aser intens
i e function is used with the automated XYZ stage. A new algorithm developed by

JASCO (patent pending) analyzes the microscopic image and automatically selec
measurement position(s) based on the size, contrast and/or color of the target

material described by the user, then simply click the measurement button to exect
spectral measurements of the automatically identified sample positions. Spectra

Fig. 2 Manager Il includes a wealth of usselectable options for data analysis, as well as
Measurement assist functionthe usual tools like opening single or multiple spectra, zooming, normalization, a
variety of arithmetic data processing functions, there is a variety of Raman specific
tools and analysis functions.



layer may be picked up togethe
systemcanobtainthe spectrunmof
insideof the samplein non-contac
report, the position wherethe ta
axis direction)andalsoeachl a 'y
layeris shownin Fig. 4.
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In the obtainedspectrunof the foreign material,the C-H peakat around300cnr!is not shown,andso
it is quite differentfrom the spectrunof transparentiim andadhesiorayer. In orderto analyzetheresult
in furtherdetails,the spectrunmof foreign materialwastried to beidentified by usingdatabas@asshownin
Fig. 5, and it was found to be talc (hydratedmagnesiumsilicate) In addition, it is known that the
transparentilm is madeof celluloseandthe adhesiodayeris madeof terpeneesin
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Fig. 5 Search result of the database
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Evaluation of co respectroscopy

Introduction

Raman spectroscopy can be used to anal
structure based on various molecular vibrations. The
applied to analyses of various kinds of organic and in
polymers, chemicals, biological materials, semicondu
nanomaterialéncluding grapheneand carbomanotubes '

Due to miniaturization, performance improvement and cost reduction o
lasers and other optical devices, the price point of Raman spectrometers hias
been steadily declining. As a result, Raman spectroscopy is now being usgd for
materials analysis in many fields such as quality control for pharmaceutical
and in the food industry. In comparison with infrared spectroscopy, there afe
several advantages in Raman as-contact, nofdestructive , easy sample
preparation and small measuring spot down to approx. 1 micron.

An additional (and important) advantage, is that measurement in the lo
wavenumberange can be easily achieved to obtain precise information on N
inorganic samples. Cosmetic preparations consist of organic and inorgani
materials. This application note shows the method for identification and .
discrimination of the components in eye shadow samples using Raman micro Fig. 1 NRS4100
spectroscopy NR8100.

as

MS -4100

Experimental

Two kinds of eye shadowproducts(manufacturedoy CompanyA and CompanyB) were coatedonto a metal
plate And thesesamplesveremeasuredvith JASCONRS-4100Ramanmicro-spectromete(Fig. 1) to getmapping
imagesof it. Thesedatawereanalyzedandidentified by usinga searchdatabase

Systemconfiguration

Model Description P/N Remarks
Main Unit NRS4100 NRS-4100532 Raman Spectrometer 6882J021A 532 nm laser
Option RXY-4100 Auto Stage Imagin@ystem 6882J178A
Measurement conditions
Excitation wavelength: 532 nm Grating: 900gr/mm Laser power: I
Objective lens: 100x Sampling area:  35x 35 mm Measurement points: 35 x 35 with 1 nhm int

Results and discussion

Fig. 2 shows observatioimage of each eyghadow and Fig3 shows thespectra of the main components of each
eye shadow (black spectra are calculated using a PCA model analysis and red spectra are the results of the dat:
search)Fig. 4 presents the color mapping images of each eye shadow. The visual differences in the particle size
the color of the two kinds of eye shadow cannot be found in the visual observation Figag. (

The difference between the two kinds of eye shadows can be easily recognized by thelifjeeetree showtin
Fig. 3. The eye shadow made by company A contains a surfaaitile,TiO, and pigmentAnother sample contains
anatasdiO, in addition to a surfactantutile TiO, and the pigment.

Fig. 4 showsthe color mapping images of the component distribution for each eye shadow formulation. The
differences in component dispersion can be reviewed in the mapping images.

Raman microscopy easily highlights the composition differences in chemical formulations that cannot be
discerned by optical or infrared microscopy. As an example, the dispersion of inorganic crystals that demonstrate
polymorphism can be easily measured by colored mapping images of the spectral peaks. Rarsgechioszopy
is effective for measurement of composite materials like cosmetics that contain organic and inorganic material
dispersed in discrete micraized locations within the chemical formulation.
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itation wavelengﬂh

Ramanspectroscopys a po

and is considereda comple
Recently,Ramanhasbeenattrac
offers severalimportantadvantage
contactand non-destructivetechn 5
little to no sample preparation S with a spatial
resolutionassmallas1um anddepthp easilyperformedon
transparensamplesHowever,in somec uality analysisby Raman
spectroscopganbeadverselyaffectedo drom fluorescence

The JASCONRS seriesof Ramanspectr reaveseveralfluorescence
compensatioffeaturesyhich fluorescenceliminationalgorithmis patented

This applicationshowsthe evaluationof NRS-4100 (Figure 1) mounting N

457 nm laserfor the measurementf samplesthat exhibit fluorescenceto

NES-4100
et

determinef this canbe a betteralternativeto red andNIR laserssuchas 785 Fig. 1 Raman Spectrometer
or 1064nm excitation

Methodsfor minimizing fluorescence
Both Ramanscatteringand fluorescenceare phenomenavhere the wavelengthsof light emitted from a

samplearedifferent from the wavelengthof the input excitationlight. If the wavelengthf Ramanscattering

andfluorescenceverlap,it is impossibleto obtaingood Ramanspectra The NRS seriesRamaninstruments

havethreedifferentfunctionsfor reducingor eliminatingthesefluorescenceffects

1. The fluorescencecorrectionalgorithm (JASCO patent)on SpectraManagerll software for minimizing
fluorescenceffect

2. Thehigh spatialresolutionin the confocaloptical systemfor the casethatfluorescencés emittedfrom the
surroundingexogenousonditions

3. Whenthe sampleitself emitsfluorescencethe mosteffectivemethod
is to changethe wavelengthof the excitationlaser The wavelengths
of Ramanscatteringdo not changeevenif the excitationwavelength
is changedyvhile the fluorescencevavelengthsire dependentn the
excitationwavelength Therefore,jt is possibleto minimize or even
eliminate the overlap of the Ramanscatteringand fluorescenceby
changingthe excitationwavelength As Ramanspectraaredisplayed
asa shift valuefrom the excitationwavelengthRamanpeaksalways
appeaft the samepositionindependenbf the excitationwavelength
andso Ramanspectrawith substantiallyminimizedfluorescencean
be obtained An additionalbenefitof usingthe 457 nm laseris that
the intensity of Ramanscatteringis inversely proportionalto the
fourth power of excitationwavelength thereforeby using a shorter
wavelengthiaserasthe excitationsource Ramanscatteringntensity

canbesubstantiallyincreasedvhile minimizing fluorescence Fig. 2 457 nm laser spot
(a blue-purple-color)

The 457 nm laseras shownin Figure 2 hasa shorterwavelengththan the 532 nm laserand offers two
importantadvantageshe sameCCD detectorcanbe usedaswith the 532 nm laserandthe Ramanscattering
intensitycanbeupto 1.8 timeshigherwhenusingalaserof equalpoweroutput



V) / 457 nm laser

- Laserswitchingmechanism
- 900and400gr/mm grating

Measurementand Analysis

A fiber samplewas measured
measuremenparametersare outline
wavelengthst both 532 nm and 785
the Ramanspectrum However, by us
exhibitedby the otherexcitationlasersi
fluorescenceorrectionsoftwareresulte
themeasuredamplewascorrectlyidentifie

hsof 457 nm, 532 nm and 785 nm;
re 3 demonstratehat using excitation
cavhich completelyobscuresany peaksof
engthat 457 nm, the fluorescencenterference
e spectrumobtainedusingthe 457 nm laserandthe
could be comparedo a databasdibrary spectrumand
6 fiber (Figure4).

Table 1: Excitation velength Measurement Parameters

Wavelength [nm] Grating [Line/mm] Measurement time[sec] Number of scans
457 900 30 2
532 900 5 12
785 400 30 2

— ] ﬂ — QRX #299; NYLON 6, 30% GLASS
457 nm i |
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L 785 nm I [ f\ M
A g JIWNMO
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Raman Shift [cr]
Fig. 3 Overlaid spectra for three laser excitation Fig. 4 DatabaseSearchResult

wavelengths

Summary
A nylon samplefiber wasmeasuredisingthe 6 s t a rb82anmd @86 nm excitationwavelengthsandthe

resultsfor both lasersdemonstrate strongfluorescencemission However,usingthe shorter(higherenergy)
457 nm laserexcitation,which hassignificantly higher Ramanscatteringintensity, provesto be an extremely
effectivemethodto minimizethe effectsof fluorescence

In additionto the nylon testfiber, we usedthe threelaserNRS-4100Ramanspectromete582nm, 457 nm
and 785 nm) to evaluatea rangeof sampleghat exhibit strongfluorescencesuchaspolyimide andbiological
materialsandfound that the 457 nm excitationwavelengthoffers spectrawith muchlower fluorescencehan
the'standardcombinationof 532nm and785nm laserexcitationwavelengths




by using the
e Search function

Introduction %
Recently foreign material a
Ramanapplicationdata260-AN-(
obtain the information on molec
featurego allow nondestructivea
in depthdirectionwith aboutlum
becauseof easymeasuremenin loy
foreign material by micro FT/IR are
JASCOdevelopeda specialmeasure

equently performed (ref.: JASCO
oscopys a methodwhich enablego
ectroscopylIn addition, it has several
yithout samplepreparationmeasurement
easy identificationof the inorganicmaterial
range However,someof the userswho analyzethe

is difficult to do by the Ramansystem Therefore,
e softwareof NRS-4100with intuitive userinterface
which makeit possibleto usewith easeo endly purpose For examplejt hasthefunctionssuchas
i Me a s u A B éusdtion which enableshe easymeasuremeny supportingat wizard form from
focus adjustmentto condition setting/measurementj R e tarle datap r o ¢ e 08 eExeogting the
automaticoperationsuchas peakdetection,or i U seed v ifunaian (patented)or performingin real
time basisthe operationprocedureor advice for spectra This time, utilizing the functions of newly-
developedsoftware for NRS410Q the measuremenbf scatteredforeign materialswas implemented
rapidlyandeasilyasreportedoelow.

Systemconfigurations
- NRS-4100Ramanspectrometew/ 532nm laser(100mw)
- Automaticimagingsystem

Sample search function

In measuremenprogramof NRS-410Q i S a mgp & a rfundtianis providedwhich determines
the measuremenposition automatically from size or contrastof observationimage when the
automaticstageis mounted Thescreerof i S a mgp d a rfundiamis shownin Fig. 1, in which the
searchwasimplementedso that only foreign materialsthatis largerthan given size were detected
The measuremerointsweredisplayedn observationmage,andthenasa view of searchresultthe
imagesof determinedsampleposition were displayed It is also possibleto selectonly the desired
positionfrom the resultview andto implementthe mappingmeasuremendf whole sampleregion
basedn searchedghape

1 Sample Search Tz ]
% B B3

.

Search result view

< < < <

o

&
Vabe: 40 40 40 [ o) Sie: 1500 [ Also messure outside 50 ‘ ok ‘
i} 0 e ‘ J
All - Standard: [Auto -] [0 ] [ Gancel ‘

Fig. 1 Imageof sample searcHunction




the scatteredoreign mate

eign materialsat 16 positionsdetected
from samplesearchresultwerere In the settingscreenof i Me a s ur e me
a s s fursction, the measuremer ssistecby displayingeachpoint wherethe
measuremertonditionneedso be aedr v ifunaian,whichis shownin Fig. 2.
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Three spectra and their mixture spectra were -
observedas obtainedspectraof foreign material The L Titaniumoxideandtristearin
typical spectra are shown in Fig. 3. From the A.M_J
characteristiof spectraat 16 points,it wasdetermined _
that 10 points of them are for titanium oxide (anatasejnt, |  Bariumsulfate l
: : : N SN W
type), 2 points of themarefor bariumsulfate,2 points -
of the.m are for tristearin a_nd2 points of t_hemgrefor - Titaniumoxide
the mixture of titanium oxide and tristearin It is also - rn
possibleto analyze such as more specific scattering - ]1 Tristearin
conditionby the mappingmeasuremertdf the mixture : ‘ At
3900 3000 2000 1000 100
RamanShift [cm?]
Summary Fig. 3 Spectraof foreign materials

Thus, by usingthei Me a s u raes mdursdtiooor i S a mp ¢ & rfundtian of NRS410Q it is
possibleto performsmoothlya sequenc®f measuremengtartingfrom determinatiorof sampleposition
to measuremerdonditionsettingandmeasurement




It is reportecthatthefull I ation(density)of the carbonylgroup
C=0 173Cm! of polyethylene
In comparisonto other analytical
easy and, it is effective for the
crystallizationon crosssectionof pl

edurein Ramanspectrometnyis simple,
In this application, the distribution of

<Sample preparation>
The A and B part shown in the phot
prepared by a slicer (Model H\W Variak
measurement in micro area requires the
The multipoint measurement was carried oL

ottle were cut and then, theectiss of each part was
Slicer, JASCO Engineering Co., Ltd.), since the mapping
sample surface.

in 50 microns step from outside to inside efauiss.

<Measurement conditions>
Excitation wavelength: 532 nm
Objective;? 100, beam diameter; 1 micron
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an Spectrometer

rovide rapid and non-destructive
an provide similar information as
lesfor the analytical laboratory A
esolutionas comparedo FT-IR micro-
T-IR measurements about10 um, while

Spatial Resolution

Ramanmicro-spectroscopyiasbeenwi
measurementsf micron size
comparedto FT-IR micro-spe
primary advantageof Ramanmi
spectroscopyComparativelythe mi
Ramancaneasilyachievea spatialreso

In this note, the spatial resolutionof manspectroscopyits generaldefinition, and evaluation
methodswill be describedas well asan exp tionof the Dual Spatial Filtration (DSF) systemthat is a
standardeatureof the JASCONRS-50007000seriesnicro-Ramanspectrometers

Definition of Spatial Resolution

A laser,of a specificwavelengthjs usedasthe excitationsourcefor Ramanmicro-spectroscopy As the
laserbeamspotsizeon the sampleis reducedthe spatialresolutiononthe XY planebecomesigher When
light havinga constanintensitydistributionis introducednto anobjectivelens,the diffraction patternshown
asFigurel appears Thebrightcenterareais calledthe6 A i-dri ysakdfts sizefi doanbe determinedy the
wavelengthii | addthe numericalaperturei NA.0 (equationl). Thefi dtérmrefersto the diffraction limit
thatdetermineshe spatialresolutionof anopticalmicroscope

d

d=1.22/N.A. (equationl)
(I: wavelengthN.A.: numericalapertureof objectivelens)

Intensity(a.u.)

Figure 1: Airy -disk resulting from diffraction with a circular aperture.



0 pointsis smallerthanfi d 0

) Rayleighcriterion
d=0.61/N.A

e

(c) Thedistancebetweertwo pointsis largerthanfi d 0
» Thetwo pointsareseparated

|
|

Figure 2: Spatial resolution defined by the Rayleigh criterion

Onan XY plane,the definition of spatialresolutionis basedon the distancebetweentwo pointscloseto
eachother,the6 Ra y Ic & ii d feln thestanilardconfigurationof the JASCONRS50007000 (532 nm
laser,the 100X objectivelenswith a N.A. = 0.90), the laserspotsize at the diffraction limit is calculatedas
fi d=6720nm andthespatialresolutionaccordingo the Rayleighcriterionis thenequalto 360 nm.

As equationl suggestsif thelaserwavelengths gettingshorter(lower wavelength)the spatialresolution
thenbecomedhigher. Also, if an objectivelenssuchasan oil-immersedenshavinga largerN.A. is used,
onecanexpectacomparativencreasen the spatialresolution

However the definition basedon FWHM (full width at half maximum)of theintensityof theinterference
ring hasalso beenrecognized Therefore,in the comparisonof spatial resolutionfor the Ramanmicro-
spectrometerpreparedby different manufacturersthe definition of 6 s p a teisaoll which fasbéen
appliedshouldbe confirmed For the NRS50007000 series,eachof the valuescalculatedfrom the two
differentdefinitionsis shownin Tablel.

Table 1: Spatial resolution on an XY plane

Equation 532 nm, N.A° 0.90 355n$m,N.A 14
configuration configuration
Rayleigh criterion 0.611 /N.A 360 nm 154 nm

FWHM 0.511 /N.A 301 nm 129 nm




Theoret n cé as shown in Table 1, however,
the actual 2ns aberrations, the intensity distribu
of the inciden ] solution can be evaluated by
measuring the dist anges from 10 % to 90% by the
measurement of a sa Figure 3.

This evaluation met € 2ries instruments with the standard
configuration of a 532 nm A. = 0.9, resulting in a very close value of 370
compared to the theoretica ated according to Table 1.

Laserlight

90%

370nm
—_— ¢ ([ ———
I=532nm, N.A 0.9

Ramanintensity (a.u.)

E; 10%

-4 -3 2 -1 0 1 2 3 4
Position (um)

Figure 3: Measured spatial resolution in NRS5000/7000
(532 nm laser , objective lens 100x)
(upperi illustration for measurement of silicon sharp edge; loiwer
Raman intensity profile of silicon peak)

Resolution in Depth in Confocal Optics
In a confocaloptical systema pin holeaperturds locatedat a reciprocalfocal point of the optical system
Thereforelight rayscomingfrom pointsotherthanthe focusof the objectivelensareeliminated

The depth resolution (Z resolution) iidzd can be determinedby the excitation wavelengthfi | the
refractiveindexfi nad thesubstrateandthe numericalaperturgi M\.0 of the objectivelens(equatior?).



Inserting ( | calculatedi d of@B30nmis
obtained :

The actual dep ngthe FWHM of the Ramanintensity
profile for asiliconcrys

In a standardconfo he commerciallyavailablemicro Raman
spectrometersa 1.5 to

expectedhatis muchclosert shownin Figure4. This numbercanbe achievedby
theuseof animprovedconft

FWHM 1mm

Z position(mm)

Figure 4: Raman intensity profile of silicon in Z depth profiling
(532 nm laser, objective lens 100x, N.A=0.9)

Dual Spatial Filtration(DSF)

The standardDual SpatialFiltration (DSF) optical systemin the NRS-50007000instrumentshasa dual
aperturesystemfor confocaloptics Thereforethe DSF systemcan eliminateany straylight that was not
removedusingthe first aperture The DSF methodcanimprovethe Z resolutionandat the sametime, one
canexpectanimprovemenbf the spatialresolutionfor the XY plane

a) N
E—
U T

b) H
—EmAE G ——

=

Figure 5: (a) standardconfocal optics with pinhole aperture; (b) JASCO DSFconfocaloptics



ptics( 6 df drigure5) were
ubstrate The Ramanimaging
seenin the figure, the spatial
agein Figure7) and,theimage

of the peakintensity profile fo
resolutionin the XY planewasi
intensityprofile wascloserto the
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X forrf

Figure 6: Microscope image of a TiO2 particle on a silicon substrate.

Figure 7: Raman imaging of a TiO2 particle on a silicon substrate
(Intensity profile of the TiO2 peak height)
(left; by ordinaryconfocals y st em (6ad of Figure 5), right; t

Also, the singleapertureconfocalsystemandthe DSF systemwere appliedto the non-destructiveZ scan
of a polyvinyl-alcohol (PVA) layer of a polarizerfilm to observethe changeof the Ramanpeakintensity of
aniodidecompound25 um thickness}hatis sandwichedn the PVA layers (Figure8)

Theoretically,the intensity of the iodide compoundpeakwill rapidly increasewhenreachingthe iodide
compoundayerthen,rapidly decreasevhenagainreachingthe PVA layerasshownin the blue dashedine
in the Ramanintensityprofile displayedasFigure8.

The resultsdemonstrateahat the profile by the DSF optics (solid red line in Figure 8) is closerto the
theoreticalprofile than the standardconfocal system(solid greenline in Figure 8). Theseresultsclearly
indicatethatthe DSF opticalsystencangreatlyimprovethe Z resolutionof the confocalopticalsystem

he



