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Measurement of buried foreign material by Raman 

Spectrophotometer NRS-4100 

Introduction  

Currently, the infrared microscope is used extensively as one of the identification approaches for micro 

foreign materials. Since in microscopic infrared spectroscopy, there is a huge database, which works very 

well on the identification of foreign materials, while the infrared 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 a method to analyze molecular structure by  molecular vibration as 

well as infrared spectroscopy, but there are following advantages in Raman spectrophotometer. 
  

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

(2). The Raman spectrophotometer allows quick and easy measurement of  the  

       sample with non-destructive manner without sample pretreatment 

(3) For inorganic samples, it is easy to indentify because of the easy  

       measurement in low wavenumber range. 

 

Fig. 1 NRS-4100 

Fig. 2  

Measurement assist function 

Features  

The NRS-4100 as shown in Fig. 1 is a Raman Spectrophotometer, incorporating 

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

in a space as small as 60 cm square, which can be installed on the ordinary 

laboratory bench other than anti-vibration bed, with no extra space because the door 

of sample compartment moves up and down for open/close. In addition, the NRS-

4100 meets the laser safety standards of Class 1. Maximum three lasers such as 

457nm and 785nm as well as 532nm can be mounted, and the spatial resolution is as 

small as only 1 ɛm in XY and 1.5 ɛm in Z direction, enabling the high spatial 

resolution and fluorescence minimization, which are important for the foreign 

material measurement.  

The ñMeasurement assist functionò aids the user in setting up the NRS-4100 for 

sample measurement; a simple sequence guide takes you through setup and 

optimization of measurement parameters with helpful advice and tips, such as a 

warning if you have the laser intensity set too high. The new ñSample Searchò 

function is used with the automated XYZ stage. A new algorithm developed by 

JASCO (patent pending) analyzes the microscopic image and automatically selects 

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 execute 

spectral measurements of the automatically identified sample positions. Spectra 

Manager II includes a wealth of user-selectable options for data analysis, as well as 

the 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. 

The potential of measuring foreign materials by using Raman spectrophotometer  

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

NRS-4100 with compact design and ease of use to be used together with FTIR.  

In this application note, the features of  NRS-4100 and identification of foreign  

materials buried in the polymer  

film are illustrated. 
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Fig. 3  Observation image Fig. 4  Spectrum for each layer 

In the obtained spectrum of the foreign material, the C-H peak at around 300 cm-1 is not shown, and so 

it is quite different from the spectrum of transparent film and adhesion layer. In order to analyze the result 

in further details, the spectrum of foreign material was tried to be identified by using database as shown in 

Fig. 5, and it was found to be talc (hydrated magnesium silicate). In addition, it is known that the 

transparent film is made of cellulose and the adhesion layer is made of terpene resin. 

Fig. 5  Search result of the database 

System configuration 

- NRS-4100 Raman Spectrometer w/  532 nm laser (100 mW) 

- Automatic imaging system 

 

Foreign material measurement/Analysis 

The foreign material buried in the multi layer substrate (Glass/Adhesion layer/Transparent film)  shown 

in Fig. 3 was measured. It is difficult  to measure such foreign material by using infrared microscope, 

because it is difficult  to cut the foreign material in section due to the presence of glass and the adhesion 

layer may be picked up together. On the other hand, Raman spectrophotometer with the confocal optical 

system can obtain the spectrum of laser focused point selectively. As a result, it is possible to measure the 

inside of the sample in non-contact and non-destructive manner without lousy sample pretreatment. In this 

report, the position where the target foreign material is located was measured in the depth direction (Z 

axis direction) and also each layerôs information was obtained. The major spectrum obtained from each 

layer is shown in Fig. 4. 

Measurement parameters 

Ex wavelength: 532 nm Grating: 900 gr/mm          Exposure time: 5 sec. (Accumulation: 2 times) 



Evaluation of cosmetics by Raman micro-spectroscopy 

Fig. 1 NRS-4100 

Experimental 
Two kinds of eye shadow products (manufactured by Company A and Company B) were coated onto a metal 

plate. And these samples were measured with JASCO NRS-4100 Raman micro-spectrometer (Fig. 1) to get mapping 

images of it. These data were analyzed and identified by using a search database. 

Model Description P/N Remarks 

Main Unit NRS-4100 NRS-4100-532 Raman Spectrometer 6882-J021A 532 nm laser 

Option RXY-4100 Auto Stage Imaging System 6882-J178A 

Measurement conditions 
Excitation wavelength: 532 nm   Grating:    900 gr/mm    Laser power:                 3.2 mW  

Objective lens:                  100x        Sampling area:      35 x 35 mm   Measurement points:   35 x 35 with 1 mm interval 

System configuration 

Results and discussion 

 Fig. 2 shows observation image of each eye shadow and Fig. 3 shows the spectra 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 database 

search). Fig. 4 presents the color mapping images of each eye shadow. The visual differences in the particle size or 

the color of the two kinds of eye shadow cannot be found in the visual observation image (Fig. 2).  

The difference between the two kinds of eye shadows can be easily recognized by the spectra difference shown in 

Fig. 3. The eye shadow made by company A contains a surfactant, rutile TiO2 and pigment. Another sample contains 

anatase TiO2 in addition to a surfactant, rutile TiO2 and the pigment.  

Fig. 4 shows the 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. Raman micro-spectroscopy 

is effective for measurement of composite materials like cosmetics that contain organic and inorganic material 

dispersed in discrete micron-sized locations within the chemical formulation.  

Introduction  

Raman spectroscopy can be used to analyze the molecular or crystalline 

structure based on various molecular vibrations. The technique has been 

applied to analyses of various kinds of organic and inorganic materials such as 

polymers, chemicals, biological materials, semiconductor or various 

nanomaterials including graphene and carbon nanotubes.  

Due to miniaturization, performance improvement and cost reduction of 

lasers and other optical devices, the price point of Raman spectrometers has 

been steadily declining. As a result, Raman spectroscopy is now being used for 

materials analysis in many fields such as quality control for pharmaceuticals 

and in the food industry. In comparison with infrared spectroscopy, there are 

several advantages in Raman as non-contact, non-destructive , easy sample 

preparation  and small measuring spot down to approx. 1 micron.  

An additional (and important) advantage, is that measurement in the low 

wavenumber range can be easily achieved to obtain precise information on 

inorganic samples. Cosmetic preparations consist of organic and inorganic 

materials. This application note shows the method for identification and 

discrimination of the components in eye shadow samples using Raman micro-

spectroscopy NRS-4100. 
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Fig. 2  The microscopic visual observation image of each eye shadow 
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Fig. 4 The color mapping image of each eye shadow application 



Minimizing fluorescence using a 457nm laser excitation wavelength 

Introduction  <Benefits of Raman Spectroscopy> 

Raman spectroscopy is a popular method for analyzing molecular structure 

and is considered a complementary technique to infrared spectroscopy.  

Recently, Raman has been attracting the attention of FT-IR users because it 

offers several important advantages over FT-IR. Raman spectroscopy is a non-

contact and non-destructive technique and measurements can be made with 

little to no sample preparation. Samples can be measured with a spatial 

resolution as small as 1µm and depth profiling can also be easily performed on 

transparent samples. However, in some cases, good quality analysis by Raman 

spectroscopy can be adversely affected by interference from fluorescence. 

The JASCO NRS series of Raman spectrometers have several fluorescence 

compensation features, which fluorescence elimination algorithm is patented. 

This application shows the evaluation of NRS-4100 (Figure 1) mounting 

457 nm laser for the measurement of samples that exhibit fluorescence, to 

determine if  this can be a better alternative to red and NIR lasers such as 785 

or 1064 nm excitation. 

Fig. 1  Raman Spectrometer 

Methods for  minimizing fluorescence  

Both Raman scattering and fluorescence are phenomena where the wavelengths of light emitted from a 

sample are different from the wavelength of the input excitation light. If  the wavelengths of Raman scattering 

and fluorescence overlap, it is impossible to obtain good Raman spectra. The NRS series Raman instruments 

have three different functions for reducing or eliminating these fluorescence effects.  

1. The fluorescence correction algorithm (JASCO patent) on Spectra Manager II  software. for minimizing 

fluorescence effect. 

2.  The high spatial resolution in the confocal optical system for the case that fluorescence is emitted from the 

surrounding exogenous conditions. 

3.  When the sample itself emits fluorescence, the most effective method 

is to change the wavelength of the excitation laser. The wavelengths 

of Raman scattering do not change even if  the excitation wavelength 

is changed, while the fluorescence wavelengths are dependent on the 

excitation wavelength. Therefore, it is possible to minimize or even 

eliminate the overlap of the Raman scattering and fluorescence by 

changing the excitation wavelength. As Raman spectra are displayed 

as a shift value from the excitation wavelength, Raman peaks always 

appear at the same position independent of the excitation wavelength 

and so Raman spectra with substantially minimized fluorescence can 

be obtained. An additional benefit of using the 457 nm laser is that 

the intensity of Raman scattering is inversely proportional to the 

fourth power of excitation wavelength, therefore by using a shorter 

wavelength laser as the excitation source, Raman scattering intensity 

can be substantially increased while minimizing fluorescence. Fig. 2  457 nm laser spot 

(a blue-purple-color) 

The 457 nm laser as shown in Figure 2 has a shorter wavelength than the 532 nm laser and offers two 

important advantages; the same CCD detector can be used as with the 532 nm laser and the Raman scattering 

intensity can be up to 1.8 times higher when using a laser of equal power output. 



System configuration 

 - NRS-4100 Raman spectrometer /532 nm laser (100 mW) /785 nm laser (100 mW) / 457 nm laser 

 - Laser switching mechanism 

 - 900 and 400 gr/mm grating 

 

Measurement and Analysis 

A fiber sample was measured using the laser excitation wavelengths of 457 nm, 532 nm and 785 nm; 

measurement parameters are outlined in table 1. The spectra in Figure 3 demonstrate that using excitation 

wavelengths at both 532 nm and 785 nm result in strong fluorescence which completely obscures any peaks of 

the Raman spectrum. However, by using an excitation wavelength at 457 nm, the fluorescence interference 

exhibited by the other excitation lasers is quite reduced. The spectrum obtained using the 457 nm laser and the 

fluorescence correction software resulted in data which could be compared to a database library spectrum and 

the measured sample was correctly identified as a nylon-6 fiber (Figure 4).  

Wavelength [nm] Grating [Line/mm]  Measurement time[sec] Number of scans 

457 900 30 2 

532 900 5 12 

785 400 30 2 

Table 1: Excitation Wavelength Measurement Parameters 
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Fig. 3  Overlaid spectra for three laser excitation 

wavelengths 

Fiber sample 

Fig. 4  Database Search Result 

Summary 

A nylon sample fiber was measured using the óstandardô 532 and 785 nm excitation wavelengths and the 

results for both lasers demonstrate a strong fluorescence emission. However, using the shorter (higher energy) 

457 nm laser excitation, which has significantly higher Raman scattering intensity, proves to be an extremely 

effective method to minimize the effects of fluorescence. 

In addition to the nylon test fiber, we used the three-laser NRS-4100 Raman spectrometer (582 nm, 457 nm 

and 785 nm) to evaluate a range of samples that exhibit strong fluorescence, such as polyimide and biological 

materials and found that the 457 nm excitation wavelength offers spectra with much lower fluorescence than 

the 'standard' combination of 532 nm and 785 nm laser excitation wavelengths.  



Measurement of scattered foreign materials by using the 

Measurement Assist function and the Sample Search function 

Introduction  

Recently, foreign material analysis by Raman Spectroscopy is frequently performed (ref.: JASCO 

Raman application data 260-AN-0010). This is because Raman spectroscopy is a method which enables to 

obtain the information on molecular structure as well as IR spectroscopy. In addition, it has several 

features to allow non-destructive and non-contact measurement without sample preparation, measurement 

in depth direction with about 1µm of spatial resolution, and easy  identification of the inorganic material 

because of easy measurement in low wavenumber range. However, some of the users who analyze the 

foreign material by micro FT/IR are saying that it is difficult  to do by the Raman system. Therefore, 

JASCO developed a special measurement tool on the software of NRS-4100 with intuitive user interface 

which make it possible to use with ease for user friendly purpose. For example, it has the functions such as 

ñMeasurement Assistò function which enables the easy measurement by supporting at wizard form from 

focus adjustment to condition setting/measurement, ñReal time data processingò for executing the 

automatic operation such as peak detection, or ñUser adviceò function (patented) for performing in real 

time basis the operation procedure or advice for spectra. This time, utilizing the functions of newly-

developed software for NRS-4100, the measurement of scattered foreign materials was implemented 

rapidly and easily as reported below. 

Search result view 

 

Fig. 1  Image of sample search function 

Sample search function 

In measurement program of NRS-4100, ñSample searchò function is provided which determines 

the measurement position automatically from size or contrast of observation image when the 

automatic stage is mounted. The screen of ñSample searchò function is shown in Fig. 1, in which the 

search was implemented so that only foreign materials that is larger than given size were detected. 

The measurement points were displayed in observation image, and then as a view of search result the 

images of determined sample position were displayed. It is also possible to select only the desired 

position from the result view and to implement the mapping measurement of whole sample region 

based on searched shape.  

 

System configurations 

- NRS-4100 Raman spectrometer w/ 532 nm laser (100 mW) 

- Automatic imaging system 

 



Application of the ñMeasurement assistò function 

The concept of ñMeasurement assistò function that JASCO developed is to enable anyone to 

implement Raman measurement easily, by guiding at wizard form the several measurement conditions that 

are essential to Raman measurement. The screen is configured enabling to operate intuitively using slide 

bar or tabular form. 

This time, the sample search result performed in Fig. 1 was regarded as a measurement point, and then 

the scattered foreign materials on substrate were measured. The foreign materials at 16 positions detected 

from sample search result were regarded as measurement points. In the setting screen of ñMeasurement 

assistò function, the measurement condition setting can be assisted by displaying each point where the 

measurement condition needs to be set following the ñUser adviceò function, which is shown in Fig. 2. 

ñMeasurement assistò function ñUser adviceò function 

Fig. 2  Measurement screen when using ñMeasurement assistò function 

 (with displaying the ñUser adviceò function) 

3900 100 1000 2000 3000 

Int. 

Raman Shift [cm-1] 

Titanium oxide and tristearin 

 

Tristearin 

Titanium oxide 

Barium sulfate 

Three spectra and their mixture spectra were 

observed as obtained spectra of foreign material. The 

typical spectra are shown in Fig. 3. From the 

characteristic of spectra at 16 points, it was determined 

that 10 points of them are for titanium oxide (anatase 

type), 2 points of them are for barium sulfate, 2 points 

of them are for tristearin, and 2 points of them are for 

the mixture of titanium oxide and tristearin. It is also 

possible to analyze such as more specific scattering 

condition by the mapping measurement of the mixture. 

Fig. 3  Spectra of foreign materials Summary 

Thus, by using the ñMeasurement assistò function or ñSample searchò function of NRS-4100, it is 

possible to perform smoothly a sequence of measurement starting from determination of sample position 

to measurement condition setting and measurement. 



Evaluation of crystallization in micro part on plastic  

                                                       (polyethylene terephthalate) bottle 

It is reported that the full  width at half maximum (FWHM) and crystallization (density) of the carbonyl group.

C=O 1730cm-1 of polyethylene terephthalate (PET) have the good correlation. 1).  

 In comparison to other analytical methods, the measurement procedure in Raman spectrometry is simple, 

easy and, it is effective for the measurement of micro part. In this application, the distribution of 

crystallization on cross-section of plastic (PET) bottle was measured.  

<Sample preparation> 

The A and B part shown in the photo of plastic bottle were cut and then, the cross-section of each part was 

prepared by a slicer (Model HW-1 Variable angle slicer, JASCO Engineering Co., Ltd.), since the mapping 

measurement in micro area requires the smooth sample surface.   

The multi-point measurement was carried out in 50 microns step from outside to inside of cross-section. 

 

<Measurement conditions> 

Excitation wavelength: 532 nm  

Objective; ³100, beam diameter; 1 micron 

A 

B 

    PET Bottle 

Fig. 1 Sampling part and its cross-section  

Outside 

Outside 

Inside 

Inside 



Results 

The FWHM of carbonyl group in each sampling part is shown in Fig. 2. Since the FWHM and crystallization 

shows the negative correlation, the crystallization becomes higher when the FWHM becomes narrower. The 

results indicate that the distribution of crystallization in A and B part is different. In the evaluation of 

physical properties of plastic (PET) bottle, the crystallization is an important factor. Therefore, the micro 

Raman spectrometry is an effective analysis method especiallyfor the measurement of micro part.  

 Fig. 2. FWHM of carbonyl group and Raman spectra of PET  

Raman Spectrum of PET 
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Spatial Resolution and DSF in Micro Raman Spectrometer 

Raman micro-spectroscopy has been widely used due to the ability to provide rapid and non-destructive 

measurements of micron sized samples.  Also, Raman spectroscopy can provide similar information as 

compared to FT-IR micro-spectroscopy offering enhanced capabilities for the analytical laboratory.  A 

primary advantage of Raman micro-spectroscopy is better spatial resolution as compared to FT-IR micro-

spectroscopy. Comparatively, the minimum spatial resolution for FT-IR measurements is about 10 µm, while 

Raman can easily achieve a spatial resolution of 1 µm.  

In this note, the spatial resolution of micro Raman spectroscopy, its general definition, and evaluation 

methods will  be described as well as an explanation of the Dual Spatial Filtration (DSF) system that is a 

standard feature of the JASCO NRS-5000/7000 series micro-Raman spectrometers. 

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

Definition of Spatial Resolution 

A laser, of a specific wavelength, is used as the excitation source for Raman micro-spectroscopy.  As the 

laser beam spot size on the sample is reduced, the spatial resolution on the XY plane becomes higher.  When 

light having a constant intensity distribution is introduced into an objective lens, the diffraction pattern shown 

as Figure 1 appears.  The bright center area is called the óAiry-diskô and, its size ñdò can be determined by the 

wavelength ñlò and the numerical aperture ñN.A.ò (equation 1).  The ñdò term refers to the diffraction limit  

that determines the spatial resolution of an optical microscope. 

d = 1.22l / N.A. (equation 1)  

(l: wavelength, N.A.: numerical aperture of objective lens) 
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On an XY plane, the definition of spatial resolution is based on the distance between two points close to 

each other, the óRayleigh criterionô.  In the standard configuration of the JASCO NRS-5000/7000 (532 nm 

laser, the 100X objective lens with a N.A. = 0.90), the laser spot size at the diffraction limit  is calculated as 

ñdò = 720 nm and the spatial resolution according to the Rayleigh criterion is then equal to 360 nm.  

As equation 1 suggests, if  the laser wavelength is getting shorter (lower wavelength), the spatial resolution 

then becomes higher.  Also, if  an objective lens such as an oil-immersed lens having a larger N.A. is used, 

one can expect a comparative increase in the spatial resolution.  

However, the definition based on FWHM (full  width at half maximum) of the intensity of the interference 

ring has also been recognized.  Therefore, in the comparison of spatial resolution for the Raman micro-

spectrometers prepared by different manufacturers, the definition of óspatial resolutionô which has been 

applied should be confirmed.  For the NRS-5000/7000 series, each of the values calculated from the two 

different definitions is shown in Table 1. 

(b) Rayleigh criterion 

d = 0.61l/N.A 

d 

(a) The distance between two points is smaller than ñdò.  

» The two points are not separated. 

(c) The distance between two points is larger than ñdò.  

» The two points are separated. 

Figure 2:  Spatial resolution defined by the Rayleigh criterion 

Table 1: Spatial resolution on an XY plane 

Equation  532 nm, N.A 0.90 

configuration  

355 nm, N.A 1.4 

configuration  

Rayleigh criterion  0.61l/N.A  360 nm 154 nm 

FWHM  0.51l/N.A  301 nm 129 nm 



Evaluation of Spatial Resolution in Confocal Optics 

Theoretically, one can calculate the spatial resolution for confocal optics as shown in Table 1, however, 

the actual value for optical microscopes may become larger due to lens aberrations, the intensity distribution 

of the incident laser light to the objective lens, etc.  The actual spatial resolution can be evaluated by 

measuring the distance for the Raman intensity profile when it changes from 10 % to 90% by the 

measurement of a sample having a sharp edge as illustrated in Figure 3. 

This evaluation method was applied to the NRS-5000/7000 series instruments with the standard 

configuration of a 532 nm laser and an objective lens of N.A. = 0.9, resulting in a very close value of 370 nm 

compared to the theoretical value of 360 nm, as calculated according to Table 1. 
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Figure 3: Measured spatial resolution in NRS-5000/7000 

(532 nm laser , objective lens 100x) 

(upper ï illustration for measurement of silicon sharp edge; lower ï 

Raman intensity profile of silicon peak) 

Resolution in Depth in Confocal Optics 

In a confocal optical system, a pin hole aperture is located at a reciprocal focal point of the optical system.  

Therefore, light rays coming from points other than the focus of the objective lens are eliminated. 

The depth resolution (Z resolution) ñdzò can be determined by the excitation wavelength ñlò, the 

refractive index ñnò of the substrate and the numerical aperture ñN.A.ò of the objective lens (equation 2).  



Dual Spatial Filtration(DSF) 

The standard Dual Spatial Filtration (DSF) optical system in the NRS-5000/7000 instruments has a dual 

aperture system for confocal optics.  Therefore, the DSF system can eliminate any stray light that was not 

removed using the first aperture.  The DSF method can improve the Z resolution and at the same time, one 

can expect an improvement of the spatial resolution for the XY plane. 

dz =  
22

*88.0

NAnn --

ɠ
  (equation 2)  

Inserting the values of ñlò532nm, ñnò =1 (atmosphere) and N.A.=0.90, a calculated ñdzò of 830 nm is 

obtained.  

The actual depth resolution can again be estimated by measuring the FWHM of the Raman intensity 

profile for a silicon crystal when it is scanned in the Z direction. 

In a standard confocal optical system, available with most of the commercially available micro Raman 

spectrometers, a 1.5 to 2.0 µm of FWHM is expected.  In the NRS-5000/7000, a FWHM of 1 µm can be 

expected that is much closer to the theoretical value as shown in Figure 4.  This number can be achieved by 

the use of an improved confocal aperture optimized for Raman spectroscopy. 

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) 

Figure 5: (a) standard confocal optics with pinhole aperture; (b) JASCO DSF confocal optics 

a) 

b) 



The stamdard single aperture system (óaô of Figure 5) and the JASCO DSF optics (óbô of  Figure 5) were 

applied to the measurement of oxidized titanium (TiO2) particles on a silicon substrate.  The Raman imaging 

of the peak intensity profile for both results are shown in Figure 7.  As seen in the figure, the spatial 

resolution in the XY plane was improved by use of the DSF optics (right image in Figure 7) and, the image 

intensity profile was closer to the microscope image of the sample (Figure 6). 

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 ordinary confocal system (óaô of Figure 5), right; the JASCO DSF system (óbô of Figure 5)  

Also, the single aperture confocal system and the DSF system were applied to the non-destructive Z scan 

of a polyvinyl-alcohol (PVA) layer of a polarizer film to observe the change of the Raman peak intensity of 

an iodide compound (25 µm thickness) that is sandwiched in the PVA layers. (Figure 8) 

Theoretically, the intensity of the iodide compound peak will  rapidly increase when reaching the iodide 

compound layer then, rapidly decrease when again reaching the PVA layer as shown in the blue dashed line 

in the Raman intensity profile displayed as Figure 8.  

The results demonstrate that the profile by the DSF optics (solid red line in Figure 8) is closer to the 

theoretical profile than the standard confocal system (solid green line in Figure 8).  These results clearly 

indicate that the DSF optical system can greatly improve the Z resolution of the confocal optical system.  


