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Electro-optic measurement of standing waves in a GaAs coplanar waveguide
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We have successfully measured, for the first time, standing waves in a GaAs coplanar
waveguide at frequencies of 8.2107 and 12.310 GHz by using harmonic-mixing electro-optic
probing. The technique is nondestructive and has great potential in expanding the measuring
frequency band to millimeter wave. This letter describes the principle of the technique, the

experimental setup, and the measurement results,

In recent vears, many exciting applications of the linear
electro-optic effect as a measurement technique have been
explored. The electro-optic sampling technigue has been ap-
plied to detect the transients of ultrafast electronic and op-
toelectronic devices. !> More recently, cw electro-optic prob-
ing (CWEOP) has been used to measure the potential
profile, ficld, and charge distribution in GaAs material and
devices.>”

In GaAs microwave integrated circuits, a standing-
wave electric field will be established in a waveguide if the
impedance of the load is mismatched to the characteristic
impedance of the waveguide. Therefore, in principle, the
electro-optic probing technique can be applied to detect the
distribution of standing-wave fields in GaAs microwave
waveguides.

Based on this idea, we have successfully measured, for
the first time, the distribution of a standing-wave field
formed in a GaAs waveguide using a new technique, har-
monic-mixing electro-optic probing. The principle of the
technigue, the experimental setup, and results are presented
in this letter.

Conventional slotted line techniques become impracti-
cal at high microwave frequencics in waveguides. No tech-
nique exists for monclithic microwave transmission lines.
Here we employ the harmonic-mixing eleciro-optic probing
to overcome these difficulties. Briefly, when a laser pulse
train from a mode-locked YAG laser, modulated by an elec-
tric field, illuminaies a photodetector, the photocurrent pro-
duced by the photodetector is proportional to the product of
the light intensity and the modulating voltage. The modula-
tor {GaAs coplanar waveguide sample in our case)-photo-
detector combination can be viewed as a mixer. In the fre-
quency domain, any signal at frequency £, propagating in
the waveguide wiil mix with all harmonics of the fundamen-
tal repetition frequency f, of the mode-locked laser puise.
Sidebands will appear at frequency nf, 4 f,,. The mixing
current is given by®
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g 18 the average photocurrent, ¥, is the amplitude
of the modulating voltage, ¥V is the half-wave voltage of the
GaAs modulator, n is the order of harmonic component, and
7 15 the pulse width of the mode-locked laser. Insofar as the
mode-iocked laser as a local oscillator is concerned, the only
requirement is to select a proper frequency £, of rf signal,
then we can easily measure the mixing electro-optic signal at
an intermediate frequency f;, which is given by

Vo by ™V IV IR, (2)

where ¥V, is the electro-optic peak voltage developed across a
load resistor R, , and is proportional to the modulating voi-
tage V,,.

The experimental setup is shown in Fig. 1. A laser pulse
train of about 10 ps duration at a repetition rate of fj; = 82
MHz is generated by the compressed output of a cw mode-
locked Nd:YAG laser (4 = 1.06 um}. The quarter-wave
plate introduces a phase shift of #/2 between the **fast” and
“slow” components of light, so that the electro-optic modu-
lator {i.e., the GaAs waveguide sample) operates in the lin-
ear region. The laser beam passes through the GaAs sampie
and is focused to a diameter of about 8 um on the central
electrode of the coplanar waveguide. The widths of the cen-
tral electrode, side electrodes, and the spacing between them
are 135, 590 and 65 pm, respectively. The rf output with
frequency £, of an oscillator is fed to the GaAs coplanar
waveguide {(CPW) via a connector {type SMAY}, and the
other terminal of the waveguide is open, 50 a standing-wave
fleld is established along the waveguide. The laser beam
modulated by the standing-wave field is reflected from the
electrode, then passes through an analyzer to convert the
phase change into amplitude change. A low-speed germani-
um photodetector is used to detect the mixing signal at the
intermediate frequency f;. A preamplifier is inserted
between the photodetector and a spectrum analyzer to opti-
mize the § /N ratio. A TV camera is used to monitor the
measuring position exactly. By scanning the laser beam from
the open-circuit terminal to the other terminal along the lon-
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FIG. 1. Schematic diagram of the experimen-
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gitudinal {011) direction (z axis in Fig. 1) of the CPW elec-
trode, we can detect the standing-wave pattern.

Figure 2 shows the harmonic-mixing electro-optic sig-
nal displayed on the spectrum analyzer by mixing the rf sig-
nal (f,, = 8.2107 GHz) with the 100th harmonic compo-
nent {(# = 100) of the fundamental repetition rate (f, = 82
MHz) of the mode-locked pulse. The intermediate frequen-
cv /; of the mixer signal is equal to 10.7 MHz. The corre-
sponding standing-wave patfern measured is given in Fig. 3.
The zero of the abscissa corresponds to the point where the
measurement began, but it should be pointed out that the
real zero point corresponding to the edge of the open termi-
nal of CPW locates at about 45 mil ( =~ 1.14 mm) to the left of
the zero of the abscissa. From the pattern we can see that the
distance A, between valleys is about 270 mil (= 6.9 mm)
which is equal to the half-wavelength of the rf signal. Substi-
tuting these data into the following well-known formula for
evaluating the effective index 1, of GaAs CPW,

B, =c/24 frns (3)

where ¢ is the speed of light in air, we get n, = 2.65, whichis
in good agreement with the value used in the design of micro-

FIG. 2. Harmonic-mixing electro-optic signal (f
MHz, » = 100, and f, = 10.7 MHz).

= 8.2107 GHz, £, = 82

nt
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wave GaAs integrated circuits. Similar measurement at the
tf frequency of 12.310 GHz (by mixing with the 150th har-
monic component of the fundamental repetition rate f, = 82
MHz of mode-locked pulse) yields 4., = 180 mil (=4.6
mm ). This is in excellent agreement with the value of 4, as
evaluated using n, = 2.65. From the measured standing-
wave pattern, we can evaluate the voltage standing-wave ra-
tio (VSWR) g and the reflection coefficient I' of the GaAs
CPW, the result is as follows: £, = 8.2107 GHz, p = 5.97,
F=0717, = 12310 GHz, p =794, T = 0.78. The rea-
son for p# oo can be ativibuted to fringing field capacitance
at the end of the transmission line and electrode losses.

In sununary, we have successfully measured the stand-
ing-wave pattern in g2 GaAs copianar waveguide at frequen-
cies of 8.2107 and 12.310 GHz by using harmonic-mixing
electro-optic probing. The experimental results are in agree-
ment with the theory and the reproducibility of the measure-
ment is exceilent. The technigue is refiable and noninvasive.
Since the input bandwidth of this technique easily exceeds
100 GHz for picosecond mode-locked pulses, we believe in
the near future the technique can be developed te become a
standard in making noncontact on-chip measorement of
standing waves in GaAs millimeter wave integrated circuits.

The authors are grateful to Professor R. Falcone and Y.
H. Huang for loan of the pulse compressor and the sutocor-
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FIG. 3. Standing-wave pattern in GaAs CPW with an open terminsal (£,
= 8.2107 GHg, f; = 82 MHz, n == 100, and f; == 10.7 MHz).
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