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High-speed photodetectors operating at 1.3 
and 1.55 urn are important for long distance 
fiber optic based telecommunication applica
tions. Different materials such as InGaAs. InSb 
have been used ai these wavelengths. But, the 
functionality of these photodetectors based on 
such materials have been limited as they can 
not be defect-free grown on GaAs based sub
strates. We fabricated GaAs based photodetec
tors operating at 1.3 um that depend on inter
nal photoemission as the absorption 
mechanism. Detectors using internal photo
emission have usually very low quantum effi
ciency (QE).12 We increased the QE using 
resonant cavity enhancement (RCE) effect.1 

RCE effect also introduced wavelength selec
tivity which is very important for wavelength 
division multiplexing (WDM) based commu
nication systems. In this paper, we report our 
work on Schottky barrier internal photoemis
sion photodiodes. 

In Schottky barrier internal photoemission 
detectors, internal quantum efficiency, in the 
vicinity of the cutoff wavelength, is given by 
Fowler relation.' 

Here <pB is the Schottky barrier height. The 
external quantum efficiency can be found by 
multiplying the absorption in the Schottky 
layer and the internal quantum efficiency. The 
thickness of the Schottky layer should be kept 
small to get a higher internal quantum effi
ciency, on the other hand the absorption de
creases as the thickness gets smaller. We can 
get over this trade-off by placing the Schottky 
layer inside of a Fabry-Perot cavity. 

The top-illuminated Schottky photodiodes 
were fabricated by a microwave-compatible 
monolithic microfabrication process. Figure 1 
shows the schematics of the fabricated devices. 
Fabrication started with formation of ohmic 
contact to N* layer. Mesa isolation was fol
lowed by a Ti-Au interconnect metallization. A 
10 nm Au-Schottky layer, a 100 nm 
transparent-conductor indium tin oxide 
(ITO) layer, and silicon nitride were deposited. 

CWR2 Fig. 1. Diagram showing the cross sec
tion of a fabricated photodiode. 

CWR2 Fig. 2. (a) Absorption in the gold 
Schottky layer; (b) quantum efficiency measure
ment and simulation. 

Finally, a thick Ti-Au was deposited to form an 
air-bridge connection between the intercon
nect and the ITO layer. 

In Au-based RCF. photodiodes, the top 
metal layer serves as the top mirror of the 
Fabry-Perot cavity. Bottom mirror is com
posed of 15 pair AlAs/GaAs distributed Bragg 
reflector (DBR). In our structure, the thickness 
of the ITO and Si ,N., wen- chosen to act as .\n 
antirerlection coating. We have used transfer 
matrix method (TMM) to simulate the optical 
properties of the photodiodes. Figure 2(a) 
shows the absorption in the Schottky layer cal
culated by using TMM. Photospectr.il mea
surements were carried out by using a 
tungsten-halogen light source and a mono-
chromator. In Fig. 2(b), we present the room 
temperature QE measurement and simulation 
of our photodiodes at zero bias. 

Our simulations show that, we have 
achieved 9 fold enhancement in the QE, with 
respect to a similar photodetector without a 
cavity. We also investigated the effect of re
verse bias on QE. Figure 2 shows the QE of a 
photodiode under different reverse bias volt
ages. Applying reverse bias decreases the bar
rier height, which in turn results in a higher 
QE. Due to the relatively thin N~ layer, our 
devices are RC time constant limited with a 
predicted 3-dB bandwidth of 70 GHz. The 
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CWR2 Fig. 3. Quantum efficiency measure
ments under different reverse bias voltages. 

high speed performance of our photodiodes 
will be measured by using an OPO based 1.3 
micron picosecond light source. 
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