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Figure 6. Photoresist pattern of the gate electrode
and bonding pad.
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SECTION 4

DESIGN AND FABRICATION OF GaAs GUNN DIODES FOR
OPTICAL MODULATION

The most common, and the easiest, method of modulating an injection
laser is by varying the current that goes through the laser. However,
this type of modulation is limited as to highest achievable modulation
frequency because of the presence of the relaxation oscillation in the
laser. State-of-the-art semiconductor lasers can be modulated efficiently
up to only a few gigahertz with this method. A second drawback with
direct modulation is that the laser, even though it oscillates at a
single longitudinal mode under dc excitation, tends to break into
multi-longitudinal mode oscillation when its current is modulated.
Therefore, for ultrahigh frequency modulation, external modulators
might be necessary.

This section describes a scheme in which the interaction between
the traveling high electric field Gunn domain and the laser beam is
used to achieve loss modulation of the laser output at very high fre-

(-3} The modulation frequency is determined by the operacing

quencies.
frequency of the Gunn diode and is not limited by the frequency response
of the laser. Thus, this is a promising method for the efficient
high-frequency modulation of injection lasers and one that can possibly
also be used for the active mode locking of injection lasers.

When a dc voltage is applied across a Cunn diode, high electric-
field domains are formed in the device under certain conditions. These
domains propagate between the two electrodes of a Cunn diode at a
saturated velocity of VD " lO7 cm/sec. The traveling domains lead to

a regular spiking of the device current at a frequency given by
f-Vd/L. (1)

where L is the length of the Cunn diode.
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We propose to use the interaction between the Gunn domain and the
optical beam to pulse modulate a semiconductor laser or LED at very
high frequencies. Some of the important optical processes inside the
Gunn domain are discussed below. The carrier density within a CGunn
domain is higher than the background doping density.  For a background
doping concentration of lolblcmj. the peak carrier density is approxi-
mately 10 to 20 times that of the background. Thus the optical absorp-
tion due to free carriers is higher within the domain. A simple
calculation reveals that the increasce in absorption coetficient is on

1

the order of 10 ecm . A second etfect of the increased carrier density

&
L
§
i

within the domain is that the real part ot the dielectric constant

will change. This leads to an increase in the optical reflectivity from
the domain. However, since the change in the index of refraction An is
only about 10-4. the effect is negligible. We believe that the largest
effect will come from the high electric fields within the domain.

Since, by the well-known Franz-Keldysh effect, a large electric field

3 can shift the absorption edge of a semiconductor (such as CGads) to

lower energies, the absorption coefficient will increase for an optical
: beam with given wavelength near the bandgap of the material. To
estimate the change in absorption, we calculate the maximum electric

field inside the domain using the expression4

A
2eV n /2
B : = ..__"_2 " (
max L

where e is the electronic charge, Vc is the critical voltage, n, is the

ro

)

carrier density, and ¢ is the dielectric constant of GaAs. The critical

field Ec = (VQ/L) in GaAs is V3 x 103 V/cem.  For a 10-um-long device,

V 1is therefore v3 V. Assuming a background doping concentration

n = l016/0"13- Eq. 2 yields . 10° V/em. The Franz-Keldysh cflect

Q
is significant in the presence of such a strong clectric field. Using

available data for GaAs, we find that the change in absorption
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coefficient, Aa, can be as large as 500 em™!  near the bandgap

with a field of 105 V/em. This large change can thus be used to pulsc

modulate the output from a GaAs injection lascr (or LED).
The experimental arrangement to be used is shown in Figure 7.
A Gunn diode is placed perpendicular to the injection laser cavity such

that the laser output will go through the CGunn diode. The laser will be

i
$
H

driven continuously, and the Cunn diode will be biased above the
threshold for domain formation. The domains travel between the anode
and the cathode at a frequency determined by Eq.l. When the optical
beam encounters a domain, the strong absorption of this region reduces
the transmitted power, and when the domain disappears, the transmission
is high. 1f we assume that the absorption coefficient is 500 cm-l
within the domain and 10 cm-l outside the domain, then the extinction

ratio Io“/Ioff is given by

Ion . _exp (-10d)
Ioff exp (=500d)

= exp (490d) ,

where d is the transverse dimension of the Cunn diode (the interaction
length) expressed in centimeters. The list of extinction ratios versus
d's shown in Table 3 indicates that efficient pulse modulation can be
achieved with reasonable interaction distance. To cnhance the inter-
action between the optical beam and the CGunn domain, we propose to use
a waveguiding structure in the vertical direction, as shown in

Figure 8. The Gunn diode is composed ol two cpitaxial layers, GaAs

(v2 um) and Gao 6A10 QAS (v2 um) on a semi-insulating CaAs substrate.

The doping level for the active GaAs layer is mlolblcmj. The mask for
the active region was designed and procured during this quarter. To
achieve stable dc operation, we use a trapezoidally shaped active region
with optimized geometrical parameters.5 as shown in Figure 9(a). An

etched pattern in GaAs is shown in Figure 9(b). We have fabricated
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Figure 7. Experimental setup to be used for
studying Gunn diode modulators.,

Table 3. Extinction Ratio Versus Interaction Length of
a Gunn Modulator

.

~

EXTINCTION
INTERACTION BATIO lon / loFF
LENGTH
20 (m) e OR 4.31 d8
50 | 10.64 dB
70 ; 30.8 14.89 d8
100 . 1M3 21.28 4B
150 1666.0 3192 d8
200 18033.0 42.56 dB
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Cross section of a Gumn diode with
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SECTION 5

PLANS FOR THE NEXT QUARTER

In the next quarter, we will finish the autocorreiation measurement
setup so that the true pulse width of the output of the injection laser
can be determined. We will attempt to modulate the laser at higher
repetition frequencies and to improve the external cavity arrangment
by such means as using an etalon in the cavity and adding an antireflec-
tion coating to the laser facet to keep the experimental parameters
manageable. We will study the magnitude of the phase jitter in the
optical pulse and find ways of reducing it.

We will continue the fabrication of GaAs FETs and Gunn diodes.

RF characteristics of these devices will be measured so that appropriate
microwave circuits can be designed for amplifier and oscillator
operations. Optical-microwave interactions in these devices will then

be studied quantitatively.
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