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By using molecular beam epitaxy and post-growth annealing techniques, we have successfuHy 
made GaAs interdigitated photoconductive detectors on D-shaped silica fibers. The detectors 
exhibit low leakage current and internal photoconductive gains of up to 15 are measured. To 
our knowledge this is the first realization of active HI -V optoelectronic devices on fibers and 
opens up the possibility of realizing optoelectronic integration and circuits directly on fibers. 

Since optical signal transmission provides high speed 
and crosstalk-free propagation with very high noise immuni­
ty, the use of optical techniques to interconnect electronic 
integrated circuits and systems for applications in computa­
tion and signal processing is receiving increasing attention. 
Optical systems have many interesting advantages over their 
electronic counterparts. The inherent parallelism and nearly 
limitless bandwidth are attractive for the development of 
high-speed integrated circuits. In situations where multiple 
taps from a transmission Hne are required, optical ap­
proaches do not have the capacitive loading effect of elec­
tronics. The tremendous progress in fiber optics, optoelec­
tronics, and optoelectronic integrated circuits (OEle's) 
suggests that optical fibers may emerge as the most versatile 
interconnect element. To date, however, optical fibers have 
mostly been used as passive links for the transmission of 
optical signals. For many applications, and in particular in 
DEIC's, it would be of tremendous advantage to design ac­
tive elements or optoelectronic devices on the transmitting 
signals. On-board detection, signal processing, and trans­
mission of part ofthe signals, if possible, weuld be extremely 
useful functions for the future developments in optical com­
munication and computing. 

the fields normally confined within the guiding core region, 
the removal of a small amount of material from the surface of 
the D will cause the fields to leak to the surface. To prepare 
the fiber for MBE growth, a short length (4-6 cm) of it is 
stripped and cleaved at both ends and is etched in buffered 
HF ( 10% ) solution to remove part ofthe cladding material. 
The etching time must be carefully controlled so that only a 

One alternate technique is to route the fibers through 
active optoelectronic chips, which was recently demonstrat­
ed by us. I However, it does not provide the flexibility ob­
tained by putting the devices on fibers. There have been re­
cent demonstrations of directly sputtered 2nO 
piezoe1ectronic transducers and switchable fiber-optic taps 
on single-mode fibers?·3 We have recently investigated4 the 
deposition of III -V optoelectronic device structures on SiO, 
films on Si substrates by molecular beam epitaxy (MBE). 
The successful operation of detectors made on SiOx has mo­
tivated us to deposit device structures directly on silica fi­
bers. In this letter we report the molecular beam epitaxial 
deposition, fabrication, and performance characteristics of 
interdigitated photoconductive detectors on these fibers. 

The optical fibers employed in our experiments were D­
shaped monomode silica fibers from Andrew Corporation. 
This fiber is of special interest because it has a 80 pm flat 
surface and the 2.0 p.m X 1.0 pm elliptical core is approxi­
mately 10 fim underneath the flat surface. Therefore, with 

(a) 20kV X20,OOO 1/-lm 
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FIG.!. SEM photomicrographsofGaAs on silica fibers: Ca) as grown; (b) 
lamp annealed at 900 "C for 10 s in argon. 
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few microns of the cladding layer remain on the flat surface. 
For MBE growth of GaAs on it, the fiber is mounted on a Si 
wafer with the fiat surface of the D facing up and parallel to 
the surface. This was done with a small amount of high­
purity In applied at both ends to hold the fiber against the 
supporting wafer. 

The mounted fiber was introduced in the growth 
chamber of a Riber 2300 MBE system and growth of GaAs 
on the fiber was initiated at a very slow rate of 0.1 pm/h at an 
elevated temperature of 680°C to ensure large grain size po­
lycrystal nucleation:' After approximately 0.5 pm depo­
sition, the growth rate was gradually increased to 0.5 .umlh 
and another 0.5 11m GaAs was deposited. FinaHy 1.5 .urn 
GaAs was grown at 1 ,um/h at the normal temperature of 
620"C. A total thickness of 2.5 11m GaAs was deposited on 
the flat surface of the fiber. After removal ofthe sample from 
the MBE system, the fiber was removed from the Si wafer by 
heating on a hot plate to melt the In. 

Figure 1 (a) shows the scanning electron microscope 
(SEM) photomicrograph of the as-grown GaAs on the fi­
ber. The deposited GaAs is polycrystalline and unsuitable 
for making devices. To improve the material quality of the 
GaAs, the sample was annealed. This was achieved by 
mounting the fiber in a groove in a GaAs wafer and covering 
it with another GaAs wafer to provide an As overpressure. 
The sample was annealed at 900°C for lOs in a halogen lamp 
annealing station. Figure 1 (b) shows the SEM picture of 
annealed GaAs on the fiber. It is observed that although the 
material remains polycrystalline, the grain size is substan­
tiaHy expanded after the rapid thermal annealing. 

To fabricate interdigitated GaAs photoconductive de­
tectors on the fiber, the latter was positioned in a V -groove 
made on a Si wafer by preferential etching, ensuring that the 
fiat surface of the D-fiber was almost in the same level as the 
supporting wafer. This is important for the subsequent 
planar technology to make devices. The arrangement is 
shown schematically in Fig. 2. After positioning the fiber in 
the groove, a little photoresist was applied to the ends of the 

GaAs 

FIG. 2. Schematic ofD-fiber with GaAs deposited on it placed in a groove 
in a Si wafer f()r lithography. 
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FIG. 3. Polycrystalline GaAs interdigitated photoconductive detector 
made 011 silica fiber by MBE and photolithography. The intcrelectrode 
spacing is 15 /1m. 

fiber and baked to secure the fiber in the groove. Photoresist 
was then spun on the whole wafer and standard lithography 
was used to pattern the detector configuration. After elec­
tron beam evaporation of Gel Au/Nii Au contacts, lift-off 
technology was employed to form the interdigitated elec­
trodes of the photoconductive detectors, as shown in Fig. 3. 
The interelectrode spacing is 15 ;..tm. The dc characteristics 
of the detectors were next measured. Without illumination, 
the leakage current in the devices was around 30 f1A at a bias 
of20 V. The device photocurrent was measured by focusing 
monochromatic light onto the device surface. It was found 
that the photocurrent increased with increasing bias. From 
the measured photocurrents, and those of a calibrated Si 
photodetector, the dc photoconductive gain of the detector 
was obtained. Figure 4 depicts the variation of this gain with 
bias at a wavelength 0[0.63 11m. It is seen that the external 
photoconductive gain is about 15 at 20 V bias in the present 
structure, which is quite acceptable for most applications. 
To ensure that the observed photocurrent behavior did not 
result from the fiber itself, an identical electrode pattern was 
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FIG. 4. Dependence of measured optical gain 011 bias voltage in GaAs pho­
toconductors on silica fiber. 
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fabricated directly on the fibers and tested. No photocon­
ductivity was observed. This confirms the role of the GaAs 
devices on the fiber. Some comments should be made regard­
ing the observed variation of the photoconductive gain with 
applied bias. The variati.on is almost identical to the vari­
ation of the dark current with bias in this device. It is be­
lieved that this complex behavior results from the transport 
across grain boundaries in the polycrystalline materials.:; At 
low voltages, carriers may be trapped at the grain boundar­
ies, resulting in a lowering of the gain. The gain increases as 
these carriers are released from the traps. 

It should be remembered that the main role of such de­
tectors will be to detect optical signals transmitted through 
the fiber. The devices fabricated in the course of this work 
could not be tested in this mode since light leaking out 
through the cladding could not generate any photocurrent in 
the devices with the contacts on the top surface. Ideally, the 
detector should be placed on the core material in a locally 
etched recess. Also, the thickness aftne layer should be thin 
enough (1.0-1.5 lIm) so that the photogeneratcd carriers 
can be caHccted by the contacts on the top surface. We are 
now in the process of fabricating thinner mesa-etched de­
vices with a modified contact configuration. The other im­
portant consideration is that the refractive index ofGaAs or 
other semiconductors used should be higher than the core 
material of the fiber at the wavelength of operation. With 
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GaAs or other III -V materials, this will not pose a problem. 
It is important to realize that although we have not shown 
here the detection of light guided by the fiber, we demon­
strate for the first time that by using MBE and post-growth 
annealing technique, it is possible to fabricate reliable and 
useful detectors directly on these fibers. This was possible 
from the knowledge gained from cur initial experiments of 
MBE deposition on SiOx films on Si substrates. 

In conclusion, we have demonstrated that GaAs photo­
detectors deposited by molecular beam epitaxy on D-shaped 
silica optical fibers have good performance characteristics. 
It is possible to integrate such devices with electronic com­
ponents made alongside on the supporting GaAs or Si wa­
fers, and this work is in progress in our laboratory. 

The authors wish to thank Andrew Corporation for sup­
plying the D-shaped fiber samples. This work is being sup­
ported by the Army Research Office under contract DAAL-
03-86-K-OlOS. 
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