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where is the phase modulation gfiency, is the modu-
lating electric voltage, is the length of modulator, is the
microwave attenuation, and is given by [13]
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where is the depletion region depth, is the carrier average
drift velocity across the depletion region,is the p-i-n diode
contact resistivity,and and are the velocities of the optical
wave and the microwave, respectively.

Since the MQW layers are engineered to have an absorption
band edge of 850 nm, optical absorption of signal beams with
wavelengths somewhat longer than 850 nm can also be Y 2. cPW propagation constants.
trolled through the QCSE [9] by applying large enough elec-
tric eld across the MQW layers, thus allowing photodetectors
with high absorption coetients in the same layer structure.
High-speed photodetector performance is achieved by carefully
choosing the photodetector length and termination resistance.

I1l. FABRICATION AND MEASUREMENT

The GaAsAlGaAs p-i-n layers are grown by molecular beam
epitaxy on a semi-insulating GaAs substrate using Be and Si as
p and n dopants. The semi-insulating GaAs substrate has the re-
sistivity and thickness of cm and 250 m, respec-
tively. The 2- m-wide ridge waveguides are deed by Cl reac-
tive ion etching. A AuNi—Ge-Au n-contact metal region with
total thickness of about 0.5m was formed by standard lift-off
techniques and then rapid-thermal annealed at €1for 30 s.
A benzocyclobutene (BCB) layer was spun on the device ahd- 3. MZ modulator output versus modulating voltage.
etched back to the top of the waveguide for planarization of the
etched surface such that the CPW lines could be applied on the
top. A Ti-Pt-Au evaporation and lift-off step forms metalliza-waveguide. The detector consists of a 40@-active region, and
tion of the 1.5-mm-long CPW and the p-type metal contact. Thiee photocurrent is a function of MQW reverse bias. Leaving
widths of the center stripe and air gap of the integrated CP8Y m spacing between the active region and ground metal con-
line were 4 and 6 m, respectively, to achieve a characteristitacts, equivalent to 100, provides a 50- photodetector re-
impedance of 50 . The CPW 50- termination is implemented sistance. The combination 0.218-fF/mm parasitic capacitance
by a 3- m spacing between the active region and ground metdbng the photodetector active region and the 5€rmina-
contacts. tion resistance suggests a full-width at half-maximum (FWHM)
By calculating the CPW propagation constant (Fig. 2) frompulsewidth of 5.5 ps for the 400m photodetector output.
scattering parameter measurements as a function of frequenclig. 4 shows the impulse responses of the photodetector
an electric eld settling time of 2.1 ps is estimated using (Ineasured by a pumprobe electrooptic sampling technique
2). Moreover, the expected operational bandwidth of the MZ4]. The 150-fs optical excitation pulses were obtained from
modulator with this phase modulator in one arm is more thanTi: sapphire mode-locked laser at 870 nm. The measured
50 GHz, where the microwave attenuation of the CPW is thiesponse time and the estimated photodetector 3-dB bandwidth
primary bandwidth-limiting mechanism. It should be mentioneat 6-V reverse-bias is 8-ps FWHM and 33 GHz, respectively.
that the scattering parameters were measured for frequencie3 bprefore, this photodetector is capable of detecting MZ modu-
to 50 GHz. lations up to 33 GHz. Under intense illumination, the quantum
Fig. 3 illustrates the measured results of the interferorteteef ciency of the photodetector degrades due to the eleatiit
normalized output intensity as a function of the modulatingcreening effect caused by the large number of photogenerated
input voltage at 870 nm and TE polarization. Low-frequenogarriers. The saturation point, deed as the 1-dB compression
noise is ltered using a lock-in amplier. An extremely low of the quantum efciency, is measured to be at an average
of 0.45 V and a fairly high dc extinction ratio of 10 dBoptical power of 330 mW.
are achieved at 2-V reverse-bias. Moreover, the optical losses$n order to investigate the small signal modulation bandwidth,
calculated from the MZ modulator dc characteristic shows dhe output of the MZ modulator in response to a 6-dBm sinu-
optical loss of 0.28 dBY mm at 2-V modulator voltage. soidal input was monitored by a 20-GHz spectrum analyzer.
The output intensity of the modulator was measured by a pheig. 5 shows the output response at 2.1-V reverse-bias voltage.
todetector monolithically integrated in the interferometer outpithe interferometer output did not drop more than 3 dB over 1-



