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ABSTRACT 

Progress on the guided-wave acoustooptic and 
electrooptic sequential switches for optical time
mUltiplexing and -demultiplexing is described in 
some detail. The performance figures obtained so 
far indicate their potential use for future ultra
high data rate fiber/integrated optics systems. 

I. INTRODUCTION 

Various kinds of high-speed switches are 
needed in the projected high data rate fiber/inte
grated optics communication systems (1). In this 
paper some preliminary' results on two guided-wave 
sequential switches which are being investigated 
at C~~J are pres2nted. The sequential switches in
clude an acoustooptic deflector which utilizes the 
Bragg-diffraction from stap-ding su~face acoustic 
waves and ap- electrooptic deflector which utilizes 
the Bragg-diffraction from th~ grating created by 
means of interdigital finger electrodes. Both 
types of switches employ an optical guiding layer 
on a Y-cut Li:lli0 substrate having a small n~mber

3
of TE moces. 

employ it for the projected ultrahigh data rate 
fiber and guided-wave optics systems. We have 
carried out some preliminary guided-wave ti~e
division multiplexing/demultiplexing experiments 
at 75 - to 150 - Mbits/s bit rates using two sur
face acoustic waves propagating in opposite direc
tions in an out-diffused optical guiding layer on a 
Y-cut LiNb03 plate (4) to study this guided-wave 
counterpart. The interdigital finger transducers 
were fabricated on the top of the optical guiding 
layer. Shown in Fig. la is the simulated composite 

. data train (75 - Mbits/s) from a mode-locked He-Ne 
laser. The demultiplexed data streams are shown in 
Figs. lb and Ie. The performance figures obtained 
are the cross talks of approximately -10 db and 
-20 db, respectively, for the Oth- and the lst 
order channels at 100 row electric driving power. 
The relatively large cross talk with the Oth-order 
is a result of the relatively la=ge fractional 
loading of th~ optical pulses, defined as the ratio 
of the optical pulse width and the period of t!1C 
electric driving signal (2). In an advanced design 
with improvement in.the transducer conversion ef
ficiency, optimization of the optical ~nd acousti 
cal paramete't's of the devic.e as well as the redt:c
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at C~ are presented. The sequer.tial switches in
clude an ~coustooptic deflector which utilizes the 
Bragg-diffraction from standing surface acoustic 
,.;raves and an electrooptic defIector which utilizes 
the Bragg-diffraction from the grating created by 
means of interdigital finger electrodes. Both 
types of switches enploy an optical guiding layer 
on a Y-cut LiNb0 substrate having a small number3of TE modes. 

II. ACOUSTOOPTIC SWITCHES 

The optical grating created by a standing 
acoustic wave oscillates at twice the acoustic 
frequeucy and. therefore, can be used to sequen
tially switch a high bit rate optical pulse train. 
Utilizing this principle an ultrafast acoustooptic 
multiplexer/demultiplexer using a PbMo04 standing 
ultrasonic Bragg-cell (SDBC) has been constructed 
and tested at l-to-4-Cbits/s (2). Based on the 
performance figure obtained and its extrapolation 
the PbMo04 SUBC was shown capable of processing up 
to l5-Cbits/s. Consequently, the acoustooptic 
multiplexing/demultiplexing scheme has been con
sidered one of the most attractive schemes for the 
realization of an ultra high bit rate time
multiplexed optical communication system (3). 

Since the driving power of a guided-wave or 
thin-film acoustooptic multiplexer/demultiplexer 
can be one to two orders of magnitude lower than 
that of its bulk-type counterpart (which is al
ready very small conpared with devices using 
traveling acoustic waves), it is advantageous to 

*This work was supported by the NSF 

" .',' 

mworder channels at 100 electric driving power. 
The relatively large cross talk with the Oth-order 
is a result of the relatively large fractional 
loading of the optical pulses, defined as the ratio 
of the optical pulse width and the period of the 
electric driving signal (2). In an advanced design 
with improvement in the transducer conversion ef
ficiency, optimization of the optical and acousti
cal parameters of the device as well as the reduc
tion of the fractional loading, an even better 
performance figure at multi-gigabit/s bit rates 
should be achievable. Thus, by employing a number 
of the acoustooptic sequential SWitches, arranged 
in a tree configuration, individual channels in a 
high data rate time-multiplexed communication sys
tem may be separated spatiall~. The tree nay also 
be employed in reverse for the time-multiplexing of 
individual channels. 

In addition, a guided-wave acoustooptic 
random-access switch which utilizes the Bragg
diffraction from travelling surface acoustic waves 
is being explored. Preliminary results indicate 
that desirable performance figure can be achieved 
with this type of switch by using a wideband tech
nique which was recently developed by us (5). 
This type of random-access switch is expected to be 
useful for multiport switching in future fiber/ 
guided-wave optics systems. 

III. THE ELECTROOPTIC SWITCH 

An electrooptic Bragg-diffraction grating can 
be created when a voltage is applied across an 
array of interdigital finger electrodes which are 
deposited on the top of an electrooptically-active 
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waveguiding layer. Thus, when the light beam is 
incident upon the electrooptic grating at a Bragg 
angle, SB' when eB = sin-l (h/2d) in which A is the 
wavelength of the guided-light and d is the perio
dicity of the interdigital finger electrodes, a 
portion or all of the incident light po~er may be 
deflected at a fixed angle 2eB from the incident 

" 
light direction (6). Clearly, if the applied 
voltage is time-varying (e.g. sinusoidal) the 
electrooptic Bragg-grating is capable of sequen
tially switching an optical pulse train. As in 
the acoustooptic sequential switch, the frequency 
of the driving signal can be either one-fourth or 

.' one-sixth of the com~osite bit rate. An electro
optic sequential switch based on the above 
principle has been fabricated and tested at a rel
atively low switching rate. An array of inter
digital finger electrodes was deposited on the top 
of a Y-cut out-diffused LiNb03 plate. Shown in 
Figs. 2a and 2b are the 75-Mbits/s simulated com
posite pulse trains from a mode-locked He-Ne laser 
and the 1st-order demultiplexed pulse train. The 
cross talk in the lst~order channel is seen to be 
very small. The cross talk in the Oth-order de
multiplexed pulse train could also be reduced to 
a very small value when an optimum synchronization 
between the optical pulse train and the driving 
voltage was implemented. The peak driving voltage 
required for the above performance figure was 
measured to be 8 volts. As in the acoustooptic 
sequential switch, a number of the electrooptic 
sequential switches may be arranged in a tree con
figuration for the optical time demultiplexing and 
-multiplexing in high data rate optical communica
tion systems. 

IV. CONCLUSION 

The experi~ental results obtained so far in
dicate that guided-wave acoustooptic and electro
optic ~equential switches with advanced design are, 
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Fig. 1 	 Guided-Wave Acoustooptic Demulti 
plexer/Multiplexer Usiug Standing 
Surface Acoustic Waves. 
(a) 	 A Simulated 75-}fuits/s 


Composite Pulse Train r: 


(b) 	 Demultiplexed Pulse Train 

(1st-order channel) 
 I 

(c) 	 Demultiplexed Pulse Train i! '.<:: ,j ~:::~ I. 
I 

(Och-order channel) 

(Time Scale: 10 us per division) 


fFig. 2 	 Guided-Wave Electrooptic Demulti  i 
plexer/Multiplexer Using Bragg

Grating. i 

(a) 	 A Simulated 75-Mbits/s 


Composite Pulse Train 

(b) 	 Demultiplexed Pulse Train 


at 37.5-Mbits/s (1st-order 

char.nel) 
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