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(2) Final Technical Report 

Technical Objective: In this project we concentrated on (1) the development the growth 

of high quality compressively strained InGaAsP/InGaAsP multiple quantum wells 

on InP substrates by organometallic vapor phase epitaxy (OMVPE) that are 

suitable for waveguide modulator and detector, (2) the optimization of the 

linearity performance of the external waveguide modulators based upon 

electroabsorption effects in semiconductor structures. 

Technical Approach: The studies involve the study and design of semiconductor 

material structures grown by OMVPE. Grown layers are characterized by the X- 

ray diffractometry, the photoluminescence spectroscopy, and optical transmission 

spectroscopy. Device modeling is carried out in conjunction with the material 

properties. Waveguide modulators are fabricated and tested in a RF fiber optic 

link configuration. 

Summary of Accomplishments in this program: 

We have the following accomplishments in this program: 

1. We have demonstrated high power, high RF efficiency (-17.8 dB) analog 

semiconductor waveguide modulator based upon Franz-Keldysh Effect (FKE) 

modulation at 1.3 |im wavelength. This is achieved with up to 43 mW optical power 

incident to the modulator. The modulator has been operated with a multi-octave 

spurious free dynamic range (SFDR) of 106 dB-Hz m, and a single octave SFDR of 

124 dB-Hz4/5. These results have been found to be independent of frequency, up to 4 

GHz. The highest frequency of operation of the modulator is beyond 30 GHz, while 

the packaged devices are tested up to 13.6 GHz. (Pub. #4-#7, #12) 

2. We have studied and designed the waveguide modulator based upon a combination of 

FKE and Quantum confined Stark Effect (QCSE) for enhancing the link linear 

dynamic range. Preliminary model show that a multi-octave SFDR of 120 dB-Hz2'3 is 

possible for an optimized structure combining both effects.(Pub. #9,#10) 

3. We have also demonstrated a dual function analog receive/transmit operation for the 

semiconductor electroabsorption modulator. We have demonstrated, by adjusting the 

bias voltage to the waveguide device, it can operate as an effective high saturation 

photodetector as well as an effective modulator. The waveguide photodetector can be 

operated with more than 20 mA of photocurrents and generated low harmonic signals. 

(Pub. #11) 



4. We have also demonstrated the first high quality strained compensated multiple 

quantum well InGaP/InAsP materials at both 1.3 and 1.5 UJII wavelength. Up to one 

micrometer thick multiple quantum well region can be grown without degradation in 

the optical properties of the materials. These materials will be further studied for high 

power waveguide modulator designs. (Pub. #l-#3, #8) 
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