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Abstract

ABSTRACT

All-optical switch is one of the core components for building future All-optical
Network (AON), into which the research delved should have tremendous
significances. In this dissertation, a novel high-speed all-fiber Acousto-optic (AO)
switch has been studied and designed based on AO effect. The newly developed AO
switch is characterized as high switching speed, low insertion loss (IL), low power
consumption and easy for integrations etc.

The whole research efforts can be summarized as the following:

1) To design new configurations of all-fiber AO switch. Firstly, the AO effect and
its theory have been described in the dissertation. Secondly, the current research status
and their strong/weak points of all types of the AO switches available have been
summarized and analyzed. As a result, the all-fiber AO switch has been chosen as the
main research directions. After that, the root causes analyzing for the low switching
speed and coupling efficiency, high insertion loss existed in current all-fiber AO
switch have been carried out, based on which the new transducer, mode selective
coupler and AOTF have been re-designed. Finally, by using these three newly
designed main components, three new configurations of the all-fiber AO switch have
been brought forward, among which the all-fiber AO switch built on MZI would be
specifically studied.

2) To design, analyze and test the RF signal generator. The RF signal generator is
an important part for all-fiber AO switch. Currently, the PLL and DDS frequency
synthesis are two most well-developed techniques fitting for developing the RF signal
generator. Firstly, the frequency synthesis circuit based on PLL has been designed and
simulated by using software ADIsimPLL. As shown in the simulation result, the
frequency locking time required are too long (about 30us) to meet the preplanned
requirements. Then, chip STEL-1175+80 and AD9713 have been used to build the
DDS frequency synthesis circuit. The whole circuit was controlled by the MCU
89C51. Finally, the electric circuit board has been made together with the experiment
launched. The final result reading from the oscilloscope showing the frequency was
618.7 kHz which was very close to the expected value 625 kHz. Comparing with the
PLL, the frequency synthesis developed based on DDS has shorter frequency
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generation time and higher frequency resolution which make it becomes the most
ideal technique for fabrication the all-fiber AO switch’s signal generator.

3) To design and test new transducer. Transducer is the core parts of the AO switch.
In the dissertation, the new transducer developed by coating the ZnO in the fiber was
adopted. The mathematic mode building and equivalent circuit transferring was
obtained to analyze the transducer theoretically. As a result, the paramount
parameter S;,, the piezoelectric layer reflection coefficient was deduced. Then,
software MATLAB was used to simulate the relation between the parameters
variations such as the depth of the inner/outer electrode, the coating angle and S,
were achieved, based on which an optimized group parameters was obtained for
samples fabrication. The samples were manufactured in the MEMS center by the
Magnetron Sputtering technique and then tested by the RF network parameters
analyzer Agilent-E8362B, which shows the resonance frequency occurring near 227.8
MHz and 600 MHz.

Finally, the whole research areas and future research plans have been summarized

and brought forward.

Key Words: Acousto-optic switch; Transducer; Magnetron Sputtering Technology
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