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High-speed, high-efficiency photodetectors play 
an important role in optical communication and 
measurement systems. [ 11. Both Schottky photodiode 
[2], and p-i-n photodiode [3] offer a high-speed 
performance to fulfill the needs of such high-speed 
systems. However, the efficiency of these detectors 
have been typically limited to less than lo%, mostly 
due to the thin absorption region needed for short 
transit times. One can increase the absorption region 
thickness to achieve higher efficiencies. But this also 
means longer transit times that will degrade the high- 
speed performance of the devices. Resonant cavity 
enhanced (RCE) photodetectors potentially offer the 
possibility of overcoming this limitation of the 
bandwidth-efficiency product of conventional 
photodetectors [4-51. The RCE detectors are based on 
the enhancement of the optical field within a Fabry- 
Perot resonant cavity. The increased field allows the 
usage of thin absorbing layers, which minimizes the 
transit time of the photo-carriers without hampering 
the quantum efficiency. High-speed RCE 
photodetector research has mainly concentrated on 
using p-i-n type photodiodes, where near 100% 
quantum efficiencies along with a 3-dI3 bandwidth of 
17 GHz have been reported [6]. Recently, we have 
fabricated RCE type Schottky photodiodes with 50% 
quantum efficiency, and a 50 GHz frequency 
performance[7-81. In this paper, we report our work 
on design, fabrication, and testing of widely tunable 
high-speed RCE p-i-n photodiodes for operation 
around 820 nm. 

The details of the epitaxial structure we have used 
in this work is given in the Table 1. The bottom Bragg 
mirrors are made of quarter-wave stacks 
(A10.20Ga,,8&/AlAs) designed for high reflectivity at 
820 nm center wavelength. The structure was grown 
by solid-source MBE on semi-insulating GaAs 
substrates. The carrier trapping was avoided by the 
graded interfaces of absorbing layer. 

The samples were fabricated by a microwave- 
compatible fabrication process. First, ohmic contacts 
to the N+ layers were formed by a recess etch that was 
followed by a self-aligned Au-Ge-Ni liftoff. The p+ 
ohmic contact was achieved by an Au/Ti lift-off. The 
samples were then rapid thermal annealed. 

Doping Thickness 
(cm-') (nm) 
d 2x1Ol8 20 

A10 2Gao aAs 

No 2G% a h  

GaAs 

AI0 zG% g h  

Ab zG% 

AO zG% 8 h  

~. 

p+ 2x10'8 200 
undoped 38 
undoped 470 
mdoped 38 
n+ 2x 1 o ' ~  390 
undoped 180 
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Figure 1 : (a) Experimental and (b) theoretical 
photoresponse of the p-i-n RCE photodiode. 

Figure l(a) shows the spectral quantum 
efficiencies of devices with different recess etch. 
Device 1 corresponds to as-grown wafer, while 
devices 2, 3, and 4 have been recess etched 21, 44, 
and 79 nm respectively. Figure l(b) shows the transfer 
matrix method based theoretical simulations of the 
same devices. The no-etch peak quantum efficiency 
(86%) increases to 92% after the top absorbing GaAs 
cap layer is removed. The peak quantum efficiency 
remains almost constant afterwards until the resonance 
wavelength reaches to the lower edge of the Bragg 
mirror (790 nm). At this point, the second resonance 
appears around the upper edge of the Bragg mirror. 
As seen in Fig. 1, the resonance wavelength can be 
tuned from 850 nm to 795 nm with peak efficiencies 
above 85%. The full-width at half maximum (FWHM) 
of the devices is around 15 nm. The data shown in 
Fig. l(a) is obtained at zero bias. The measured 
quantum efficiencies do not change at higher reverse 
biases, as the undoped active region is already 
depleted at zero bias. 

High speed measurements were made with 1 ps 
FWHM optical pulses obtained ftom a Ti-Sapphire 
laser operating at 820 nm. 
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Figure 2 shows the temporal response of a small 
area photodiode measured by a 50 GHz sampling 
scope. The measured photodiode output has a 12 ps 
FWHM. The Fourier transform of the data has a 3-dB 
bandwidth of 40 GHz. If the scope response is 
deconvolved, the device has a 3-dB bandwidth of 50 
GHz. This result is in good agreement with our 
calculations, which predict a 3-dB bandwidth of 5 1 
GHz. 
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