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Abstract

Towards fabricating stress-tuned lasers on GaAs substrates, four major topics have been addressed. First,

fabrication of piezoelectric thin films on GaAs has been accomplished. A maximum remnant polarization

of 20 ~C/cm2 and a coercive field of 60 kV/cm were achieved. Improvement in the quality of the Si3N4

passivation layer (from a pinhole density of 1700 mm-2 down to 60 mm-2) and optimization of the electri-

cal properties of the PZT via rapid thermal annealing were primary issues. Second, theoretical calculations

to determine the amount of stress which a PZT thin film could induce in a particular substrate geometry

were made. Experimental photoluminescence data from simple structures indicated that insufficient stress

was being coupled into the substrate to induce a significant shift in the luminescence wavelength. Several

structures which enhanced the maximum obtainable stress were designed and analyzed. Third, to fabricate

the structures, the anisotropic etching properties of GaAs using an acidic peroxide etchant were experi-

mentally analyzed and characterized. The determination of etch rates and beam shapes was accomplished.

The effect of etchant agitation was also explored and utilized. Finally, a theoretical background and simple

model for determining the potential tuning capability of a piezoelectrically tuned GaAs Fabry Perot mode

laser was developed. The model indicates that considerable tuning range may be achievable in the stress-

enhanced structures.



Acknowledgments

Personal thanks is given to my advisors Prof. T. E. Schlesinger and Prof. M. L. Reed for their advice, inter-

esting and stimulating conversations, guidance, and the opportunity to work on this fabulous project. I am

also indebted to Takeshi Abe for the many hours of assistance, suggestions, and tutelage regarding PZT

theory and fabrication which I received. Gratitude for the use of the cleanroom by Chris Bowman and Rob

Harris and the X-ray facilities by Jason Wolfe is due. I would also like to thank many graduate students

who provided technical assistance, suggestions, and help, especially Bruce Brunett and Richard Burton.

Finally, I would like to thank Elaine and Lynn for the tremendous help, guidance, and kindness which they

have given.

This research was supported in part by the Department of Defense, Westinghouse Electric Corporation,

and Carnegie Mellon University.



Contents

1 INTRODUCTION

2 pIEZOELECTRIC MECHANICAL AND ELECTRICAL BEHAVIOR

4

1

2

2.1 Piezoelectric Behavior ...................... 2

2.2 Converse Piezoelectric Effect .................... 3

za Polycrystalline Ceramic Thin Film Piezoelectrics ............ 4
2.4 Deposition Techniques ...................... 4

ANALYSIS OF PIEZOELECTRICALLY INDUCED STRESS IN GaAs 4

a.1 Simple Planar Structure Analysis ........ " .......... 4
3.2 Enhanced-Stress Structures ..................... 8

ETCHING PROPERTIES OF GaAs 9

4.1 Basic Etching Mechanism and Anisotropy ............... 9
4.2 Determination of Etching Planes and Angles .............. 10
4.a Lack of Mirror Symmetry ..................... 11
4.4 Experimental Etch Rates ...................... 12
4.~ (100) Surface Etching of [011] Beams with {233} Side Walls ....... 12
4.6 (100) Surface Etching of [0"fl ] Beams with { 111 } Ga Side Wails ...... 15

FABRICATION AND TESTING OF PZT FILMS ON GaAs STRUCTURES 17

5.1 Sputter Deposition of PZT ..................... 17

~.1.1 PZT Sputtering Conditions ................... 17

5.1.2 Silicon Process ........................ 17

~.l.a GaAs Process ........................ 18

s.2 Annealing Procedure ....................... 20
s.~ X-ray Diffraction Data ....................... 21
s.4 Top Electrode Deposition ..................... 21
5.5 Electrical Characteristics ...................... 23

~.~.1 Dielectric Constant ...................... 23

~.5.2 Remnant Polarization Test Circuit ....... ......... 23

s.~.a Measured Polarization Values .................. 25

s.5.4 Piezoelectric Constant ..................... 25

STRESS INDUCED OPTICAL RESPONSE 26

SUMMARY AND FUTURE WORK 27

REFERENCES 28


