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Electro-optic Properties of Semiconductor Nano-crystals And 

Electro-optic Polymers And Their Applications

Fajian Zhang

(ABSTRACT)

In recent years, electro-optic polymers have been used to make various optical 

devices in the telecommunication field due to several advantages, such as large and fast 

electro-optic (EO) response. Semiconductor nano-crystals promise even higher response 

speed due to the unique quantum confinement mechanism, and they also show very high 

EO response because of surface and quantum size effects. 

Many investigative efforts have been made in the area of semiconductor nano-

clusters. These efforts mainly focus on synthesizing high quality particles, and their 

physical and chemistry properties (luminescence spectra, nonlinear optical, and other 

effects), but their electro-optic properties and potential uses in devices have not been 

fully investigated, so there is still much work to do in this aspect. For application of 

electro-optic polymers in electro-optic devices, the challenges are to develop more stable 

electro-optic polymers with higher electro-optic coefficients. 

The electrostatic self-assembly (ESA) technique has many advantages over traditional 

polymer electro-optic film synthesis processes, such as spin coating. For ESA-generated 

EO films, no poling field is needed, high orientation of the EO polymer can be obtained

which does not degrade with time, so the films can be very stable, and this processing is 



easily compatible with semiconductor VLSI technology. This is a very attractive 

technique.

The goal of this research is to develop new electro-optic materials by means of ESA 

techniques and to use them to form improved performance next generation electro-optic 

devices, with emphasis on two kinds of electro-optic materials: nano-sized II-VI 

semiconductors (CdS, CdSe), and electro-optic active polymers (chromophores), and 

their potential use in electro-optic devices 

In this research work, II-VI semiconductor nano-clusters have been synthesized, 

with particle diameters ranging from 4 nm to several tens of nanometers. There is a 

difference in peak positions of absorption and photo luminescence spectra, related to 

defects in nano-crystals. Larger CdS particles have larger differences than small CdSe 

particles. Particle sizes measured by absorption spectrum and by HRTEM methods are 

very close. Based on quantum mechanical theory, peak spectral shifts as a function of 

particle size can be predicted, but the theoretical results are typically far from the 

experimental results, because many complicating factors should be considered. Films 

fabricated by ESA have much stronger absorption than spin coated films, and exhibit a 

slight blue shift in peak position wavelength. Photo luminescence spectra also show a 

blue shift for ESA films with respect to spun films.          

Polymeric electro-optic films were also fabricated by the ESA technique. Effects 

due to applying an external electrical field during the ESA process on film growth and 

properties have also been investigated. Peak position, optical density and wavelength at 

maximum absorption, all increase with the number of bilayers, and films made under 

external fields have lower absorption and peak wavelength than those of films fabricated 



without an external field. These results are related to the order parameter, and indicate 

that molecule alignment can be improved by the application of an external field during 

the process of ESA film growth. 

CdSe nano-clusters have a much higher electro-optic coefficient than their bulk 

crystal counterparts. In comparison with polymers, they have totally different origins in 

their electro-optic effects. For both nano-cluster-and chromophorebased ESA films,

electro-optic coefficients are higher than those of spin-coated films, and no poling voltage 

is needed. The reasons have been fully discussed. This result means that the ESA 

technique is effective to align and hold the dipoles in films and to intensify the electro-

optic effect. 

CdSe quantum dots need 17. 5 ms to complete their physical orientation due to a 

rotation of the permanent dipole moment. Therefore, at lower frequencies (<100Hz), 

electro-optic modulation mainly stems from the orientation of the permanent dipole 

moment. At frequencies higher than 100 Hz, the electro-optic modulation mainly arises 

from the induced dipole moment orientation and pure electron movement.

The ratio of the electro-optic coefficients r333/r113  > 3. This means that ESA films 

cannot be treated as an ideal isotropic system with the C∞v symmetry, and interactions 

should be considered. Quadratic Kerr electro-optic coefficients have a similar frequency 

dependence to that of the linear electro-optic coefficients r333 and r113. This indicates that 

the orientational distribution of the CdSe quantum dots particularly contributes to the 

quadratic electro-optic modulation.  

From the FT-IR measurement of the films, proton irradiation can break the N=N 

double bonding in π-conjugated bridges, leading to damage of the conjugating structure, 



so causing a decrease of the EO coefficient. But the thermal and temporal stability of 

ESA films are much better than those of spin coated films; this is a significant feature of 

ESA technique.  

The effect of an external field and film thickness on the optical and electro-optic 

properties of ESA films has been investigated. Electro-optic coefficient decreases with 

thickness. Electrical field influences the electronic states of the chromophores. 

Based on the properties of electro-optic films, the applications of polymer and 

nano-cluster electro-optic films are discussed. A nano-cluster CdSe electro-optic film has 

a higher refractive index than the PS-119 polymer film, and these values they are much 

lower than that of semiconductor wafers, but slightly higher than optical silica glasses. 

Accordingly optical silica glasses are the ideal substrates for those films. By analysis, the 

cutoff thickness was determined, which defines the minimum film thickness required for 

light propagation. For channel waveguides, the aspect ratio w/t, w, and t are determined 

versus the refractive index of the electro-optic films. Modulator beam length and 

modulation index were discussed, for high speed operation. Modulator beam length 

should be carefully chosen to obtain high modulation index; similarly important is the 

refractive index match between core, substrate, and cladding layers. For high speed 

operation, traveling wave electrode designs were considered, based on effective refractive 

index and impedance matching. The effective dielectric constant and characteristic 

impedance as a function of electrode configuration (sizes) were diagramed, and this 

served as a basic design suggestion for traveling wave electrodes.  


