
It was shown that the lift-off technique does not de
grade the bandwidth and the quantum efficiency of In
GaAs/InP p-i-n photodiodes.5 The lifted-off devices, with a 
2 μm absorption layer thickness and a (24 x 24) μm 2 

mesa area, showed a bandwidth of 13.5 G H z and an in
ternal quantum efficiency of 90% at 1.3 μm wavelength. 
These results are similar to those obtained on devices of 
the same dimensions that were not lifted-off. 

The transfer of semiconductor devices without degrada
tion in their performance leads to the exciting possibility 
of integrating high performance photodetectors with opti
cal waveguides in materials other than semiconductors. 
We fabricated GaAs M S M photodetectors on both glass 
and L iNbO 3 waveguides (see figure), and detected a pho
tocurrent in response to light in the waveguide, demon
strating the optical coupling between the two. 6 - 7 The cou
pling, which was not optimized by waveguide and detec
tor design, gave rise to an absorption coefficient of 40 cm-1 

for a guided mode in a proton-exchanged LiNbO 3 wave
guide; similar results were obtained on ion-exchanged 
glass waveguides. The ability to obtain good optical cou
pling between a transferred semiconductor device and an 
underlying waveguide lays the foundation for a new gen
eration of integrated devices. Potential applications of this 
new technique have only begun to be explored. 
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Acousto-optic photonic switch 
D.O. Harris and A. VanderLugt, 
North Carolina State University 

In recent years, there has been interest in developing 
photonic switches. 1 - 2 A promising class of space-divi

sion architectures is based on dynamic beam steering, 
where input light is deflected to one of several output 

A 4 X 4 acoustic-optic photonic switch. 

ports. Such an architecture uses the three-dimensional pro
cessing capability of optics, allowing nonblocking N x N 
switches to be constructed with only N deflectors. In addi
tion to the low hardware complexity, low losses are possi
ble even for large switches because light must encounter 
only one deflector, regardless of the number of output 
ports. Optical crosstalk is due to diffractive spreading of 
output beams in this type of switch and, typically, only 
nearest neighbor contributions are significant; therefore, 
crosstalk can also be limited to low levels when N is large. 

We have proposed and demonstrated the performance 
of a deflecting photonic switch based on acousto-optic 
technology.3 The switch has good loss and crosstalk char
acteristics and is capable of rapid reconfiguration. In this 
architecture (see figure), light from a vertical array of in
put fibers is collimated, with each of the collimated beams 
interacting with a single channel in a multichannel 
acousto-optic (AO) cell. An acoustic wave, created by the 
application of an RF signal to the A O channel, induces a 
horizontal linear shift in the spatial phase of the light 
beam. This phase shifted beam then passes through a Fou
rier transform lens, which creates a horizontally offset im
age of the input fiber in the output plane. The amount of 
horizontal offset in the image of the input fiber is equal to 
the slope of the linear phase shift, which, in turn, is pro
portional to the frequency of the applied RF signal. Since 
the output ports are arranged in a horizontal line, any out
put port can be accessed through proper selection of the 
RF frequency. 

In this new approach, a dedicated digital frequency syn
thesizer is used to drive each of the A O channels. Since the 
switch is nonblocking and only one hardware element is 
required per input port, the device implements a normal 
crossbar with an unprecedented hardware complexity of 
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N. Also, since an imaging system is used to couple light 
from input fiber to output, efficient power transfer can be 
facilitated through proper selection of the transverse mag
nification. The transform lens will automatically focus the 
light vertically and can be used to direct power onto the 
output axis. 

This configuration is convenient, since only one lens is 
required in the output optics of the entire N x N switch. 
For applications where output fibers have insufficient nu
merical aperture to collect the light, we can use a conven
tional photodetector regeneration technique or use a sepa
rate transform lens for each input port and an Nx1 fiber
optic power combiner. 

We have verified the performance of a 1x4 switching 
element for an 8 μm core input fiber and 62.5 μm core 
output fibers. For an optical wavelength of 633 nm, inser
tion loss ranges from 2-6 dB and worst-case signal-to-
crosstalk ratios are about 30 dB; for reasons outlined 
above, the loss and crosstalk do not increase significantly 
when the number of ports is increased. Experimental 
switching times are about 1 μsec when 30.9 M H z of RF 
bandwidth is used; this 1 μsec reconfiguration time can be 
maintained for more output ports by increasing the RF 
bandwidth of the A O cell by about 10 M H z for each addi
tional port. 
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16-channel heterodyne broadcast 
network at 155 Mb/sec 
R.E. Wagner, R. Welter, W.B. Sessa, 

and M.W. Maeda, Bellcore 

There has been considerable interest this year in ex
ploring heterodyne reception techniques for use in fi

ber distribution networks, especially broadband-ISDN 
networks. These will likely be implemented using conven
tional fiber technology, but could later be upgraded using 
heterodyne receiver technology. Heterodyne systems pro
vide several key advantages: the ability to transmit many 
channels simultaneously, to tune the receiver to select a 
single channel, and to detect smaller signals. The current 
thinking is that B-ISDN networks will use a double-star 
topology, employ a SONET digital transmission standard, 

and also include broadcast video. 
Three years ago, preliminary experiments with a 10-

channel heterodyne system were conducted,1 using a vi
bration-isolated laboratory bench and manipulators for 
aligning each laser. A recent demonstration 2 - 3 performed 
in early 1989 concurrently with other similar demonstra
t ions 4 - 5 takes the technology one step further. It shows the 
practical feasibility of heterodyne broadcast networks us
ing commercially available components with rack-mount
ed equipment. 

We have demonstrated a heterodyne lightwave broad
cast network that transmits 16 digital video channels each 
modulated at the S O N E T rate of 155.52 Mb/sec. 2 The 16 
signals are transmitted individually to a 16x16 fiber star 
coupler, where they are combined and split into 16 output 
fibers. A heterodyne receiver at one of the output fibers 
can be tuned to select a desired video signal. 

Each of the transmitters incorporates a commercially 
available DFB laser package, with the laser devices select
ed to have linewidths of less than 30 M H z and wave
lengths that fall within a 1 nm band centered at 1540 nm. 
The laser package also includes an optical isolator with 30 
dB of isolation, plus a thermoelectric cooler element. The 
temperatures of the laser packages are adjusted to set the 
optical frequencies of the individual lasers for a 10 G H z 
channel spacing. To prevent the optical frequency of one 
laser from drifting into the assigned frequency band of an
other, the laser frequencies were locked relative to the 
1509.554 nm absorption line of ammonia gas. Frequency 
control was achieved using a personal computer to moni
tor a scanning Fabry-Perot interferometer and to set the 
temperature and drive current of each laser, stabilizing it 
to within 200 M H z of its assigned optical frequency. 

The lasers are modulated in a Frequency-Shifted-Keyed 
(FSK) format with a special Alternate Mark Inversion 
(AMI) code. This code was selected to avoid the degrada
tions in system performance that typically occur with DFB 
lasers due to a non-uniform F M response. 

The heterodyne receiver used a balanced polarization-
diversity configuration to prevent deep signal fades that 
would normally be caused by polarization changes at the 
receiver input. It was designed to accommodate an IF 
linewidth of 100 M H z , which required each laser to have 
a linewidth of less than 50 MHz—easily achieved with 
typical DFB lasers. The receiver was tuned by changing the 
temperature of the local oscillator laser to select the de
sired signal. 

With 6 dB of margin in the network and 10 dB for the 
fiber (40 km at 0.25 dB/Km), there is 12 dB remaining for 
a second star coupler with a 16-way power split, thus po
tentially serving 256 subscribers simultaneously. Still fur
ther splitting was demonstrated by putting an Er-doped 
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