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1. Introduction

Researches on high-speed photodiodes have been
focused on reduction of the transit time of photo-excited
carriers through photo-absorption layer. In Schottky-type or
pin-type photodetectors, for example, the drift time of hole
has to be minimized since the low mobility of hole is a
factor limiting the speed of the photodetectors [1]. On the
other hand, for uni-traveling carrier photodiodes the
electron diffusion time through the p-type photo-absorption
layer should be minimized. [2]. Since the diffusion limited
transit time is proportional to the square of the p-type
photo-absorption layer thickness, the thickness of the
p-type photo-absorption layer is limited to less than 0.2 pm
for the bandwidth larger than 100 GHz [2]. While the
uni-traveling carrier photodiodes have an advantage of a
large bandwidth, they have an important drawback of low
efficiency due to the very thin p-type photo-absorption
layer. In order to improve the efficiency, modified
uni-traveling carrier photodiode structures having an
undoped photo-absorption layer have been proposed and
theoretically analyzed [3].

In this work, effects of the undoped photo-absorption
layer in modified uni-traveling carrier photodiode
structures on efficiency and bandwidth are experimentally
investigated

2. Experiments

Figure 1 shows schematic cross sections of photodiode
epi-structures. The PD1 is a generic uni-traveling carrier
photodiode structure having a 380 nm-thick undoped InP
uni-traveling depletion layer. The PD2 and PD3 have 200 nm-
and 400 nm-thick undoped photo-absorption layer
(hole-electron drift) below the p-type photo-absorption layer,
respectively. The photodiode epi-structures have been
designed to have an identical total active layer thickness for
performance comparison. Photodiodes having the diameters of
64 um and 11 pm were fabricated for DC and high-frequency
measurements, respectively, using identical process steps
except for mesa etching.

3. Results and discussion

Responsivities of photodiodes as a function of the input
optical power under -1 V reverse bias are shown in Fig. 2. As
expected, the PD2 and 3 had a substantially larger efficiency
compared with that of the generic uni-traveling carrier
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photodiode structure (PD1).

Frequency response of the PDs was measured by using an
optical heterodyne method (100% modulation depth) with the
calibration of losses from cables, a bias tee, and attenuators.
Figure 3 shows the frequency response of the PDs having the
mesa-diameter of 11 um measured at the input optical power
of -6 dBm. The PD2 and PD3 had a larger bandwidth
compared with PD1, which agrees well with the theoretical
study reported in [3]. This is associated with the undoped
photo-absorption layer that generates photo-excited carriers
and they also contribute to the total photo-current. At the
same time, the drift time of carriers through the undoped
photo-absorption layer is shorter than that of electron
diffusion time in the p-type photo-absorption layer. Thus, a
frequency compensation effect can be occurred by the
serially connected undoped photo-absorption layer with
p-type photo-absorption layer. The rather small bandwidth of
the PDI1 is ascribed to the low electron mobility (~1,000
cm?’/Vs) in the p-type photo-absorption layer that was
extracted from the frequency response measurements of the
PD1 [4].

Figure 4 shows measured and calculated efficiency-
bandwidth product of the PDs as a function of the undoped
photo-absorption layer thickness. As can be seen in the Fig. 4,
the measured data agrees well with the calculated results at
low input optical power. The PD 2 and 3 had a substantially
larger efficiency-bandwidth product than that of the PD1 due
to the presence of the undoped photo-absorption layer.

4. Conclusions

Effects of the undoped photo-absorption layers in
modified uni-traveling carrier photodiode structures on
efficiency and bandwidth were investigated. The undoped
photo-absorption layers combined with a p-type
photo-absorption layer were effective in increasing the
efficiency-bandwidth product. The results indicate the
possibility of improving the efficiency-bandwidth product
of the uni-traveling carrier photodiode structures through
further optimizations of structure and quality of the
photodiode epitaxial layer.
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Figure 3. Frequency response of the PDs having the mesa-diameter of
Figure 1. Schematic cross sections of photodiode epi-structures (* - N: 11 wm measured at the input optical power of -6 dBm
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Figure 4. Measured and calculated efficiency-bandwidth product as a
Figure 2. Responsivities of photodiodes as a function of the input function of the undopded photo-absorption layer thickness at bias
optical power at -1 V bias voltage voltate -3 V
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