
substrate, we have fabricated a two-stage ATOF incorpo
rating an integral polarizer between mode-converter stages 
(see figure inset). The two-stage filter has a wavelength 
dependence equal to the product of two individual stages. 
This results not only in significant narrowing, but also in 
profound sidelobe suppression, because the small single-
stage light leakage is reduced to its squared value (see fig
ure). We have demonstrated sidelobe reduction by 10 dB, 
to a - 2 0 dB leakage outside of the 8 Å passband (about λ 
= 1523 nm) of our two-stage ATOF. 5 In addition, the 
two-stage series ATOF does not impose a frequency shift 
upon the filtered wavelength, unlike a simple one-stage 
device. 
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Guided-wave magneto-optic 
Bragg cells and applications 

C.S. Tsai, University of California, Irvine 

A lthough magneto-optics in waveguide structures1 

was among the areas actively pursued during the ear
ly phase of guided-wave optics research, research activity 
in this area was greatly reduced between the mid-70s and 
early 1980s. However, a revival of interest in this area has 
taken place recently. 

One subject of this renewed interest concerns magneto-
optic (MO) interactions between guided-optical waves 
(GOW) and magnetostatic waves (MSW) in Yttrium Iron 
Garnet-Gadolinium Gallium Garnet (YIG-GGG) wave
guides. M S W s are slow-propagating electromagnetic 
waves that result from propagation of electron spin pre
cession around a D C magnetic field in a thin film of ferro
magnetic material such as Y IG on a suitable substrate such 
as G G G . MSWs have their energy confined in a small 
depth beneath the ferromagnetic film, and can be readily 
and efficiently generated by applying a microwave signal 
to a short-circuited metallic strip brought into close prox
imity. The center frequency of the M S W can be tuned, 
typically from 1.0 to as high as 20 G H z , simply by varying 
the D C magnetic field. Guided-wave M O interactions re-

Magnetostatic wave-based, guided-wave magneto-optic 
Bragg cell (A) and photograph of frequency-scanned de
flected light spots (B). 

sult from the moving optical grating induced by the M S W 
through the Faraday and Cotton-Mouton effects, similar 
to guided-wave acousto-optic (AO) interactions2 in which 
the surface acoustic wave (SAW) induces a moving optical 
grating through the photoelastic effect. The periodicity of 
the resulting optical grating is determined by the dispersive 
relation between the velocity and the frequency of the 
M S W as a function of the D C magnetic field. In a noncol
linear coplanar geometry as shown, a portion of an inci
dent light is Bragg diffracted and mode-converted as a re
sult. 

We have recently obtained desirable performance char
acteristics with the resulting guided-wave M O Bragg cells. 
For example, a - 3 dB bandwidth of 1.03 GHz with a 
tunable carrier frequency centered at 6.0 G H z was ob
tained recently at the optical wavelength of 1.317 μm with 
M O Bragg cells using pure YIG waveguides.3 We have 
also realized Bragg cells using Bismuth-doped YIG wave
guides for the first time.4 Performance characteristics that 
have been obtained include a frequency tuning range of 
3.7 to 12.0 GHz , a diffraction efficiency of 12%, and a 
linear dynamic range greater than 40 dB. 

These results represent significant improvements over 
those obtained previously with the pure YIG Bragg cells. 
We have used such M O Bragg cells to perform light beam 
deflection and RF spectral analysis, and have obtained 
large numbers of deflected light spots and frequency chan
nels. 4 , 5 

Two types of beam deflection experiments were carried 
out. Scan angles of 6- and 5.3- degrees were obtained by 
tuning the frequency around 10.0 G H z at a fixed magnetic 
field of 3660 Oe and by varying the magnetic field around 
3660 Oe at a fixed frequency of 10.0 G H z , respectively. It 
is important to note that while the first experiment is anal
ogous to A O beam deflection, the second experiment does 
not have any counterpart in acousto-optics. RF spectral 
analysis experiments were also performed using the M O 
Bragg cells at the center frequencies of 6.0, 10.0, and 12.0 
GHz. For example, a frequency resolution of 30 M H z was 
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measured with the experiment carried out at 12 GHz . 
In comparison to their A O counterparts, the unique ad

vantages associated with the M O Bragg cells are: 1) A 
much larger range of tunable carrier frequencies may be 
obtained by varying the D C magnetic field. Such high and 
tunable carrier frequencies with the M O devices allow di
rect processing at the carrier frequency of wideband RF 
signals and eliminate the need for indirect processing via 
frequency down-conversion as is required with the A O de
vices. 2) A large M O bandwidth may be realized by means 
of a simplier transducer. 3) Much higher and electronical
ly tunable modulation/switching and scanning speeds are 
achievable because the velocity of propagation for MSWs 
can be higher than that of SAWs by one- to two-orders of 
magnitude. The guided-wave M O Bragg cells are also be
ing integrated in a Y I G - G G G waveguide substrate 0.2 x 
1.5 X 2.0 cm 3 in size with an ion-milled waveguide lens 
pair 6 to form integrated M O modules similar to those 
based on guided-wave acousto-optics.7 
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Advances in waveguide 
photodetectors 

W.K. Chan, H. Schumacher, J.B.D. Soole, 
and A. Yi-Yan, Bellcore 

Many signal processing functions needed for future 
broadband optical communcations and switching 

networks will be most effectively realized in waveguide-
based systems where optoelectronic integrated circuits 
serve as intelligent control points capable of recognizing 
and processing the optical signal as required. Fast photo-
detectors that can detect light in a waveguide are key to 
the success of these systems. The year saw significant de
velopments in the integration of photodetectors with both 
semiconductor and non-semiconductor waveguides. 

Advances were made in both monolithically integrated 
p-i-n and metal-semiconductor-metal (MSM) waveguide 

detectors. High speed InGaAs p-i-n waveguide taps, oper
ating up to about 7 G H z with a — 1 V bias, were integrat
ed with InP waveguides.1 These detectors were designed to 
absorb only a fraction of the guided light power, allowing 
most of the signal to pass into the output waveguide, and 
are thus suited for signal monitoring. The device geometry 
included a p-n junction across the waveguide that would 
allow the simple integration of switches to route the opti
cal signal. 

Following the introduction of high performance long 
wavelength M S M photodetectors using Schottky barrier 
height enhancement layers,2 fast, monolithically integrat
ed InGaAs M S M waveguide detectors were fabricated.3 

The detectors were formed on double heterostructure 
waveguides and we have implemented both taps using 
short detectors and terminal devices using longer ones. 
Unlike most p-i-n devices, the frequency response of the 
M S M is transit time limited and is thus almost indepen
dent of detector length, with both the tap and terminal 
configurations demonstrating an impulse response of 49 
psec (FWHM) at 10 V bias. 

Although semiconductors are the only choice for high 
speed photodetectors, properties of other materials, such 
as LiNbO 3 , are more favorable for waveguides and elec
tro-optic devices. High performance optoelectronics will 
combine the most favorable properties of various material 
systems and would therefore involve the integration and 
interaction of devices formed from different materials. 
One method of achieving this—the epitaxial lift-off tech
nique 4— was recently introduced: an epitaxially grown 
semiconductor structure is removed from the original sub
strate and is re-attached to another substrate through van 
der Waals forces. 

Schematic of the lifted-off GaAs MSM photodetector on 
LiNbO3. A GaAs epitaxial layer is grown on a GaAs 
substrate with an intervening sacrificial AlAs release lay
er. The epitaxial layer is separated from its original sub
strate by selective etch of the release layer (left) and is 
transferred to a LiNbO3 substrate containing channel 
waveguides (right). Using standard processing steps, 
MSM photodetectors are then fabricated over the wave
guides from the transferred GaAs layer. 
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