
that at resonance about 0.85; these indicate a contrast 
ratio of about 55. In principle, the contrast ratio can be 
significantly improved by using improved anti-reflection 
coating layers. Figure 1 (c) shows a photograph, taken 
directly from an oscilloscope, illustrating the response of 
the GWS to an applied modulated voltage of 5 V, at a fre
quency of 1 M H z . As evident, the modulat ion of the 
reflected light intensity follows closely the modulation of 
the applied voltage. The upper modulat ion frequency 
depends on the device area and the thickness of the intrin
sic (undoped) layers, i.e., on the capacitance of the GWS. 
For this specific structure, measuring 3 m m X 3 mm, the 
measured upper modu la t ion frequency was about 5 
M H z . We expect that similar G W S wi th smaller areas 
could be modulated at higher frequencies. 

To conclude, we have developed a compact, novel 
GWS that can modulate the reflected intensity at rela
tively high rates, by applying a varying electric field. In 
general, the materials and the geometrical and optical 
parameters can be so chosen, as to obtain a variety of 
desirable operating wavelength for different appl ica
tions. Possible applictions are spatial light modulators, 
tunable spectral filters, and dynamic mirrors. 

Figure 1. Resonant grating/waveguide structure configuration and 
experimental results, (a) GWS configuration; (b) spectral response; 
(c) temporal response. 
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S ince the discovery that the resonant tunneling diode 
(RTD) has sufficient negative differential resistance for 

practical devices1 most work has concentrated on entirely 
electronic devices for microwave applications and for sub-
millimeter wave generation where oscillation at frequencies 
up to 720 G H z have been achieved. Recently we reported2 

on an optoelectronic application of a resonant tunneling 
diode in which we used a simple direct integration scheme 
to achieve optoelectronic modulation from the electric field 
associated with the RTD, by embedding the RTD directly in 
an optical waveguide. For optoelectronic modulation the 
main advantages of integrating an R T D into an optical 
waveguide is that the RTD provides the device with high 
frequency electrical gain. Since the device operates with 
high gain, it requires only a low power signal to drive the 
modulator and the optical confinement increases the inter
action volume of the guided optical mode with the RTD 
which greatly improves the modulation depth. The applica
tions are in high-bit-rate optical communications and gen
erally as an optical/microwave interface device. 

How the device operates can be appreciated from Fig
ures 1 and 2. In Figure 1 we show a generic I-V curve of 
an optical waveguide incorporat ing an RTD. W i t h an 
incremental increase in voltage the device switches from 
state (b) on resonance with a quantum confined state in 
a quantum well to state (c) the off-resonance state. In the 
off-resonance state electrons accumulate on one side of 

Figure 1. The current voltage curve of a double barrier resonant tun
neling diode is shown and the related band diagrams; for example 
point (a) in the current voltage curve relates to the band-diagram (a). 
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the RTD creating a depletion layer on the other side. The 
depletion layer experiences a drop of about 0.3 V; the 
depletion layer is around 150 nm thick which means 
there is a large electric field of around 2.2 MV/m in the 
device in the off-resonance state. Figure 2 shows that this 
field gives rise to a band-edge shift of the semiconductor 
via the Franz-Keldysh effect and results in electroabsorp¬
tion modulation for wavelengths near the band edge. 

In a recent paper2 we have shown that it is possible to 
achieve around 7 dB of modulation in an optical wave
guide with an active RTD region of 100 µm and to switch a 
device, biased to point (b) in the I-V curve, with an applied 
signal voltage of only 0.2 V. Our results on switch speeds 
were limited by the time resolution of our equipment and 
showed a switching time of less than 500 psec. However, 
from theory and other results3 on switching times, we 
believe the switching speed could be as short as 7 psec. 

By using different material systems, the device concept 
can be extended to other wavelengths such as the optical 
communication wavelengths 1300 and 1500 nm. 
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Optoelectronics Technology Consortium 32-Channel 
Parallel Fiber Optic Transmitter/Receiver Array Testbed 
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dreds of meters), high-speed (200 Mbit/sec-1 Gbit/sec) 
data bus for large computing environments, clustered 
parallel computing systems, and datacom switching. In 
response to these requirements, a parallel optical fiber 
interconnect has been developed by the Optoelectronics 
Technology Consortium (OETC), an ARPA-funded 
industry alliance including IBM, AT&T, Honeywell, and 
Lockheed Martin. This year, IBM completed testing of a 
32-channel OETC fiber optic transmitter/receiver array 
in a product testbed, and announced future availability 
of a commercial product called "Jitney" based on the 
OETC prototype.1-5 

The OETC modules have been described in detail 
elsewhere.3-4 The datalink consists of a 32-channel ver
tical cavity surface emitting laser (VCSEL) array trans
mitter, operating at 850 nm, and corresponding 
32-channel metal-semiconductor-metal (MSM) photo-
diode receivers, interconnected by a fiber ribbon cable. 
Using multi-mode 62.5/125 µm fiber, link distances 
range from about 100 m at 1 Gbit/sec to over 250 m at 
200 Mbit/sec. The OETC modules have been evaluated 
on an ESCON testbed (Fig. 1, next page) using an IBM 
System/390 CMOS-based Parallel Transaction Server 
Model 9672. ESCON was chosen as an initial testbed 
because it represents a well-established and readily 
available platform for fiber optic component evaluation. 
Although the OETC link is capable of running ESCON-
type data protocols, this is not the intended application; 
nevertheless, the OETC ESCON testbed provides useful 
data on the performance of a parallel optical link in a 
system environment. 

The ESCON card used for this testbed accepts four 
independent data streams from an intramachine bus, 
serializes each into a 200 Mbit/sec stream of encoded 
data, then inputs this serial data stream to the ESCON 
optical transceivers. The OETC ESCON testbed replaces 
the ESCON transceivers, and instead maps the four 
ESCON channels to four channels on the OETC mod
ules. In addition, two other channels on the OETC 
ESCON testbed are brought out on SMA connectors. 
Using coax cables from a second channel card to the 
SMA inputs on the test card, we were able to test six 
parallel channels at once. It was demonstrated that the 
OETC modules run error free in asynchronous mode up 
to 240 m at 200 Mbit/sec 

The OETC ESCON testbed represents the first time 
that a parallel optical link has been used in a mainframe 
server with clustered CMOS processors. As the number 
of nodes in a coupled system increases, the cost and effi
ciency of the interconnects begins to dominate the sys
tem design. The OETC modules passed all functional 
tests which are done routinely in an ESCON product 
environment, and met all application requirements. 
This represents significant progress over laboratory 
demonstrations of the technology, and is an important 
step toward its eventual commercialization. The testbed 
demonstrated many advantages of parallel optical inter
connects; for example, there is significant space savings 
on the card because the 32-channel OETC modules 
occupy the equivalent space of only two ESCON trans
ceivers. Cable congestion is greatly reduced by using a 
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Figure 2.The band-edge absorpt ion shift is shown for an optical 
waveguide incorporating an RTD when the RTD switches from point 
(a) in its current voltage curve to point (c). 

Wavelength (nm) 

In the data communications industry, there are emerg
ing requirements for a short distance (tens to hun-


