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millimeterwave power. The fabricated devices
ABSTRACT on the basis of AlGaAs/GaAs showed a
A novel travelling-wave (TW) photo- bandwidth of ca. 5 GHz. Moreover, Lin et al. [4]
detector for operation at 1.3/1.55um isused a velocity-matched distributed photo-
fabricated using InP MMIC technology. The detector on the basis of an array of small MSM-
results of an optoelectronic simulation arediodes connected to each other via electrical and
discussed, where photoconductivity effects anaptical waveguides. The operation wavelength
phase-matching due to slow-wave effects aref this device was 860 nm and the bandwidth of
included. Theoretical and experimental results othe fabricated device was about 50 GHz. Jasmin
power conversion efficiencies are finally et al. [5] presented also a distributed pin-
presented. photodetector but with nonuniform absorption.
INTRODUCTION T_his dev_ice showed reduced satu_ration effects at
high optical input powers and a linear response
Recently, rapid progress has been made iop to a photocurrent of 8 mA. The fabricated
the development of high-speed photodetectorgphotodetector was not phase-matched, and
which are key elements for future milli- measurements at a wavelength of 1.55pum
meterwave photonic communication systemsrevealed a bandwidth of 20 GHz.
Especially travelling-wave (TW) photodetectors On the other hand, optoelectronic
are regarded to play an important role for theechniques for the generation of high power
detection of electrical signals at high frequenciesnillimeterwaves were first proposed by Soohoo
not limited by usual RC time constants. et al. in 1981 [6]. In this approach, a heterodyne
Giboney et al. [1,2] described a signal generates a millimeterwave in a
1 umx 7 um travelling-wave photodetector for distributed Schottky-photodiode. Such a device
an optical wavelength of 830 nm using theis therefore a key element in analogue optical
AGaAs/GaAs material system. The fabricatedinks where millimeterwave signals are optically
photodetector with a bandwidth of 190 GHztransmitted using fibres. It should, however, be
exhibited an efficiency of up to 0.45 A/W by mentioned that in contrast to the usual
using a phase matched structure. Effects arisingpplication of a photodetector such a component
from high optical input powers have also beershould exhibit a high power conversion
discussed. Hietala et al. [3] also discussed &fficiency, preferably with gain.
phase-matched travelling-wave photodetector As can be seen, up to now most of the
for the detection of millimeterwave signals. published results address the high-speed
They presented a distributed pin-photodetectobehavior of the travelling-wave photodetector
for an operation at an optical wavelength ofand the quantum efficiency, but less work has
1 um and studied the limitations of the generateéteen dedicated to the power conversion
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efficiency and the electrical output power at  ohmic contacts to the n-doped quarternary layer.
millimeterwave frequencies and opticd wave-  The electrical transmission line is further
lengths of 1.3 um or 1.55 pm. connected to a taper for hybrid integration using
In this paper we present a novel travelling-flipchip- or wire bonding [8].
wave photodetector which has especially been The structure of the travelling-wave
designed for a high power conversion efficiencyphotodetector has been designed concerning
at millimeterwave frequencies and opticaloptical and electrical wave propagation effects
wavelengths of 1.3 um and 1.55 um. The devicand the optoelectronic interaction in the region
is fabricated using an optoelectronic CAD toolof the overlapping field. In the present case, the
developed for microwave optical interactionoptical simulation of the travelling-wave photo-
devices and wusing standard InP MMICdetector is done using a beam propagation
technology. method to determine the optical intensity
distribution. This allows the calculation of the
DESIGN OF THE TW-PHOTODETECTOR o o
distributed photocurrent as a wave function in
The structure of the fabricated travelling- space and time. The optoelectronic interaction
wave photodetector is depicted in Fig. 1. Theand the electrical propagation are finally
device is MBE-grown on semi-insulating InP- determined from the distributed equivalent
substrate. First, the optical waveguide consistingircuit model depicted in Fig. 2. Here WS the
of InGaAlAs is grown, followed by the optical impedance of the metallic layers, L' the
absorbing InGaAs layer. The epitaxy isinductance of the transmission line, and R' the
completed with an InAlAs cladding and an longitudinal resistance of the semiconductor. C'
InAlAS/AlAs  Schottky barrier enhancement and G' are the capacitance and the conductance
layer. Electrical waveguiding is achieved byof the depletion layer, respectively. The
using a coplanar transmission line where thealistributed current sourceyl'parallel to C' and
center conductor forms a Schottky contact to th&' describes the impressed photocurrent in the
semiconductor leading to slow-wave effects [7].absorbing layer. The conductanceg Gésults
Additionally, the Schottky contact provides afrom the conductivity of the bulk material.
depletion layer, which is used to separate th&inally, the capacitance C'describes the
photogenerated electron-hole-pairs in the
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Fig. 1: Schematic view of the travelling-wave photo- z
detector. P,y and Py are the input optical and the Fig. 2: Equivalent circuit model for the travelling-
output electrical power, respectively. The taper wave photodetector. All elements are per unit length,
facilitates hybrid coupling withMMICs cf. [7]
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electrical field of the coplanar waveguide in air.
The different equivalent circuit elements have
been measured up to frequencies of 60 GHz
using network analysis. The results are shown in
Tab. 1. From the equivaent circuit and the
parameters of the experimenta line, the group
velocity is determined and matched to the
velocity of the optical envelope to ensure a
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maximum conversion efficiency. This is i
achieved in the present case by using the slow-
wave effects of the coplanar transmission line 0 1 3 c . 9

leading to a clear distributed interaction.

bias voltage (V)
L' 0.466 nH/mm| G' | 67 fS/mm _ ) _
Re{W'rm} |6.58Q/mm G}, | 874 Simm Fig. 3: Simulated response of the travelling-wave
- h . li i I
= ~079/mm Ct [0.16 pF/mm photoconductor vs. applied bias voltage
C' 1.39 pF/mm analyzer or a power meter with a characteristic

_ ] impedance of 5@ for measurements up to
Tab. 1: Measured values for the equivalent circuit in

Fia. 2 60 GHz. As a first result, the generated
'9 millimeterwave output power as a function of
THEORETICAL AND EXPERIMENTAL the bias voltage at 40 GHz is shown in Fig. 4. As

RESULTS

The equivalent circuit can now be used to
calculate the electrical output power. For the

can be seen the electrical output power saturates
at a reverse bias voltage of about 11 V. Further
the frequency response of a travelling-wave
photodetector is depicted in Fig. 5. It is obvious

device under study, a millimeterwave power of
up to -18.3 dBm is obtained for an optical input
power of 0 dBm per carrier at a frequency of

that the electrical signal shows only a slight

60 GHz and a wavelength of 1.55 um. We have € 10

further studied photoconductive effects in ourg 2 20

device which are represented by the photo-b?{

conductor G’ in the equivalent circuit of Fig. 2. @ g -30 7
Now G' is a function of space and time > o 40 /
corresponding to }, and an applied bias voltage § § /
Vg can be used to generate a millimeterwaves & -50

along the transmission line, where the output &

power depends quadratically on the bias voltage '600‘ ~ ‘2‘ ~ ‘4‘ ~ ‘6‘ ~ ‘8‘ ~ ‘10‘ ~ ‘12
[9]. Fig. 3 shows the result of a simulation, i.e.
millimeterwave output amplitude vs. bias

voltage. . . Fig. 4: Optically generated electrical millimeter-

The fabricated travelling-wave photo- ave nower, measured at 40 GHz The length of the
detectors have been measured in the frequengysive region of the travelling-wave photodetector is
domain using a heterodyne setup at 1.55 Umbout 350 pm. The optical input power of the
consisting of two 1.55 pm tunable erbium fiberheterodyne signal is 0 dBm per optical carrier.
lasers, an on-wafer probe and a spectrun®ptical wavelengthis 1.3 um.

bias voltage (V)
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Fig. 5: Measured frequency response of the 3]

travelling-wave photodetector, optical wavelength
1.3 pm.

decay with frequency, indicating that the
fabricated devices show no RC-time limitation.
Moreover, the measurements reveal that an (4l
efficiency of approximately 0.3 A/W can be
achieved at 60 GHz, where €electrica output
powers of more than -15dBm have been
measured up to now.

[5]

CONCLUSIONS

In this paper it has been shown both
theoretically and experimentally that TW
photodetectors can successfully be used to  [g]
convert optical into millimeterwave power with
high efficiency. A comparison with data from
the literature finally shows that TW
photodetectors seem to have advantages with
respect to waveguide photodetectors and [7]
vertically illuminated components.
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