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Abstract

We report two microwave applications of a
laser-diode-based photoconductive harmonic mixer:
(l)Time synchronization and relative phase of two
microwave oscillators at 10 GHz to the optical

pulse train at 500 MHz; (2)Measurement of the
waveform of an optoelectronically phase-locked
12.01 GHz microwave signal as well as the waveform
and spectrum of picosecond electrical pulses
generated by a step recovery diode via a
low-frequency replica.

Introduction

With the recent advances in high speed

optoelectronics, the application of lightwave

technology to microwave and millimeter wave system
has attracted much attention. A number of

applications has been demonstrated, e.g., optically
controlled microwave devices and circuits [11,

waveform and spectrum measurements by electro-optic
and photoconductive sampling [2-4]. In addition,

the distribution of microwave signals thro~gh high
speed fiber–optic links is also quite important

[5]. In many of these applications, time
synchronization between the optical probe pulses

and the microwave signal or of a number of
microwave oscillators to the same reference

frequency is necessary. Optical phase locking of

microwave signals using the electro-optic (EO)

harmonic mixing technique [6] and display of the
phase-locked signal by photoconductive sampling via
a low–frequency replica [71 have recently been

reported. Recently, we have demonstrated

optoelectronic phase-locking of microwave signals

up to 18 GHz [81 and electro-optic sampling of the
optoelectronically phase-locked microwave signal up

to 10 GHz by a laser-diode-based GaAs: Cr

photoconductive harmonic mixer. In this work, we

report the extension of this technique to the

synchronization of microwave oscillators for

distributed architectures and display of the

microwave waveform and spectrum measurement via a
low-frequency replica.

Experimental Methods

Our experimental setup for the synchronization of

two microwave oscillators is shown in figure 1. A

gain-switched laser diode driven by the master
oscillator was used to generate 30ps optical pulses
at 500 MHz. A beam splitter was used to divide the

optical beam and an optical delay line was inserted
in one of the splitted beams for adjustment of the
relative phase between these two optical paths, A

pair of GaAs:Cr photoconductive switches were
biased by the target oscillators and used to
intermix the harmonic components of the optically
generated electrical pulses With the microwave
signals to be phase-locked. The output of the
photoconductive switch at the intermediate
frequency (IF) was amplified, fed to a phase
detector, through a loop filter, and used as the

error signal to control the free-running target
oscillators which operate as voltage-controlled
oscillators (VCO). The phase locked frequency ,fm,

of the microwave oscillator was given by f =Nf
m

f fr,where N is an integer, f. is the repetitio;

frequency of the optical pulse train, f is the 10
r

MHz reference signal fed to the phase detector.
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Experimental arrangement for optoelectronic
synchronization of two microwave oscillators.
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In the second experiment, the optoelectronically

phase-locked VCO at f~r was used to bias another

Ga.% Cr photoconductive harmonic mixer which

functioned as a sampler. The sampled output at the

intermediate frequency (IF) consists of sum and
difference of multiples of fRF and f~o, fIF(M,N) =

Mf#Nf~o, where M, N are integers. The waveform

or spectrum of the baseband of fIF(M,N) reproduces

that of the microwave signal but with a time

enlargement factor fRr/Af. The number of sampling

points, L=f~o/Af. The baseband signal was lowpass

filtered, amplified and displayed on a conventional
real-time oscilloscope or a spectrum analyzer.

Optoelectronic synchronization of microwave signals

Figure 2 shows the waveforms of the two

optoelectronically phase-locked signals at 10.01
GHz from the two microwave oscillators. Figure 3

shows the same phase-locked microwave signals which

were tuned out of phase by the optical delay line.

Microwave signals with an arbitrary offset in

frequency can be phase-locked to the repetition
frequency of the optical pulse train by adjusting

one of the reference frequencies for the

oscillators. As an example, for an offset in

frequency of 10 kHz, i.e., fr= 10 MHz and 10.01 MHz

for the two oscillators, two spectrally pure lines
at 10.0000247 GHz and 10.0000347 GHz were observed.
This is shown in Figure 4. It can be seen that the
phase noise is quite low in our scheme.

Waveform and Spectrum Measurement
via a Low-frequency Replica

In the first experiment, we have measured an
optoelectronically phase-locked 12. OIGHZ microwave

signal. The waveform directly displayed on a

sampling oscilloscope (Tek7854) is shown in Fig.5

(upper trace). The down-converted 10MHz baseband
IF signal displayed with real-time plug–ins on the
same oscilloscope is shown in Fig.5 (lower trace).
The waveform of the lower trace reproduced that of

the upper trace but with 1201-fold enlargement in
time. The number of sampling points per period of
the measured waveform was 50. In the second

experiment, we demonstrated the capability of

replicating a fast electrical signal and its

harmonic spectrum. A 499MHZ sinusoid
electronically phase-locked to the activating laser
pulse train (at 498.9MHz) was amplified and used to

drive a step recovery diode (SRD) which generated x

100ps-wide electrical pulses. The output of the
SRD as measured directly by a sampling

oscilloscope is shown in Fig. 6 (upper trace). The
replicated waveform (with 4990-fold enlargement in
time) is also shown in Fig. 6 (lower trace). The
number of sampling points per period is 4989 in
this case. This is a factor of 624 improvement
over the previous work, which used a main frame
laser system [71. This is only possible because of
higher and readily adjustable repetition rate of

the gain–switched laser used in this work. The
replicated spectrum of the output of the SRD is
shown in Fig. 7.

Fig.2 Waveform of two 1O–GHZ phase-locked
oscillators tuned in phase.

Fig. 3 Waveform of two 1O-GHZ phase-locked
oscillators tuned out of phase.
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Fig. 4 Spectra of two 1O-GHZ phase-locked
oscillators with a frequency offset of 10 kHz
(resolution bandwidth 100 Hz, vertical scale
10 dB/div and horizontal scale 2 kHz/div).
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CONCLUSIONS

We have demonstrated two applications of a compact
laser-diode–based photoconductive harmonic

mixer. One of the unique features of our approach is
that the photoconductor functions not only as a

optical receiver but also as an electronic harmonic

mixer. In the first experiment, two 1O-GHZ

microwave oscillators have been phase-locked

together. The relative phase between the

phase-locked signals can be continuously tuned over

a whole cycle by an optical delay line.

Phase-locking of the two oscillators with a

frequency offset of 10 kHz was also demonstrated.
Extension of this technique to phase-locking of a
number of oscillators should be straightforward.
In another set of experiments, the waveform of
optoelectronically phase-locked 12.01 GHz microwave
signal as well as waveform and spectrum of

picosecond electrical pulses generated by a step
recovery diode measured by this technique are

presented. In comparison with previous

electro-optical sampling or photoconductive

sampling experiments using main-frame lasers, the

principal advantages of the present system are: (1)

compactness (2) a large number of sampling points
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Fig.6 The output waveform of a SRD at 499MHz

measured by a sampling oscilloscope (upper
trace, vertical scale: 100mV/div, horizontal
scale: 500ps/div) and the present technique

(lower trace, vertical scale: 2@JmV/div,
horizontal scale: >lUs/div).

(3) waveform and spectrum can be displayed on any ~ —.. ---- . .
“’-”” L“~VfL -mazisi

convenient time scale or frequency range.
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Fig.7 The spectrum of the output of a SRD at 499MHz

measured by the present technique.
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