
Spectroscopic Analysis of Photonic Crystals 

 

Self-assembly of colloidal spheres is a simple and inexpensive technique to fabricate 3D photonic 

crystals. It is based on a bottom-up method rather than a labor intense top-down method as in lithographic 

methods. Specifically, the photonic crystals that you will be analyzing today were synthesized by a 

method called assisted-evaporation-based self assembly. In this technique, the substrate is held vertically 

in an ethanol dispersion of silica spheres, and once the ethanol starts to evaporates, a well-ordered 

colloidal crystal film is formed where the meniscus intersects the substrate surface. The thickness of the 

photonic crystals can be controlled by varying the concentration of the silica in ethanol. It is worth noting 

that the sphere diameter dictates the position of the forbidden gap, and the number of layers in the 

photonic crystals varies the intensity of this gap.  

 

In this experiment, you will 

investigate three different 

photonic crystals, all of 

which are synthesized using 

silica spheres. The spectrum 

you obtain for each sample 

should look like the one on 

the right, which labels the 

forbidden and allowed 

wavelength bands.  

 

By obtaining an optical spectrum of each of the samples, you should determine the diameter of 

the silica spheres. Using the following equation, where peak is the center-position of peak obtained from 

the Origin-fit, you can determine the diameter (d) of the spheres;  

 

         √     √         

 

Note the effective index of refraction (neff) is calculated by taking the weighted average of the photonic 

crystal which is filled 76% with silica spheres (n=1.5) and 24% with air (n=1). Once the spectra are 

obtained using the Ocean Optics spectrometer, import the data in to Origin and perform a non-linear 

curve fit to determine the peak position of the reflectivity.  

 



Ocean Optics Visible Light Spectrometer (OOI) 

 

The OOI is a fiber optic spectrometer with computer data acquisition.  Inside the USB device is a 

board that contains a diffraction grating.  Light is brought to the grating via the fiber-optic cable 

where it is dispersed into its constituent wavelengths.  The resulting spectrum is then detected by 

a position sensitive electronic light detector.  Since the light striking a particular location on the 

detector is all of the same wavelength, a graph of intensity as a function of position on the 

detector can be related to a graph of intensity versus wavelength, which is displayed in a window 

of the computer program that operates the spectrometer. 

 

To operate the spectrometer, start the Ocean Optics Spectrometer software and remove the blue 

cap from the fiber (DO NOT lose the cap; put it back on the fiber any time you are not 

recording a spectrum).   

 

OOI Controls 

 

Integration Time 

 

The Integration Time is the length of a detection cycle, the time the spectrometer accumulates 

counts before resetting and counting again.  Hence, it works like a gain control:  Long integration 

times means accumulating large numbers of counts in the spectral peaks.  However, be aware 

that the maximum number of counts that the OOI can accumulate is 4095.  Hence, if the 

integration time is too long, a peak will “flatten out” at the 4095 value.  

 

Average 

 

Many light sources have inconstant intensities, resulting in jittery spectra.  In order to “smooth 

out” the jitters, OOI software provides the Average control that allows averaging over a user-

specified number of integration time cycles before displaying the spectrum on the computer 

screen.  

 

 

Snapshot 

 

In order to “freeze” a spectrum so that it can be analyzed, printed out, etc., click the button that 

resembles a camera.  It is a toggle: clicking it again unfreezes the graph and detection resumes. 

 

Cursor and Graph Details 

 

OOI provides a cursor which can be moves across a spectral graph.  When the cursor is 

activated, three numbers appear at the bottom of the graph which give the following information 

at the cursor position: wavelength, the pixel number (location of the line on the electronic light 

detector inside the spectrometer) and the counts (number related to the intensity of the light on 

the detector) for that point in the spectrum. 

 

  



Follow these steps in order to obtain a spectrum. 
 

CALIBRATION 

 

1. Turn the external light source on 

2. Access the OOI software 

3. You should observe a spectrum of the light source 

4. Change the integration time so that the intensity is not saturated 

5. Change the average to around 20 

6. Click on the ‘bulb’ icon in order to record a spectrum of the light source 

7. After that is done, block the light from reaching the detector by putting a piece of wood 

8. Click on the ‘darkened bulb’ icon, in order to obtain a spectrum of the background 

 

 

OBTAINING A SPECTRUM 

 

1. Click on the icon ‘A’, which is to obtain an absorbance spectrum. Since we are 

performing a transmission measurement, in this case the absorption is essentially the 

reflection of the sample.  

2. Place the sample inside the slot on the black holder 

3. You should see a spectrum on the screen 

4. Adjust the vertical scale by clicking the up/down icon 

5. Move the sample inside the slot slightly in order to optimize the spectrum. This is 

because not all of the points of the sample are clean, and you are trying to locate a clean 

spot on your sample 

6. Once you are satisfied with your spectrum, increase the average to around 40 

7. Click on the ‘camera’ icon to freeze the image which also registers the data at that point 

8. Go to FILE/SAVE/PROCESSED command and save the data. You can open this file in 

Excel and clean it up before you import the two columns of data (lambda and intensity) in 

to Origin for further analysis 

  

 

  


