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The GaAs-(AlGa)As double-heterostructure (Utt) coupled-waveguide optical
moduLator/ switch with Schottky contact has been analyzed, which is expected to be
fabricated nore easily than the DII device with pn junction without degrading the
modulation characteristics. Actual devices have been fabricated on .n t{gn grorrn
wafer. The extinction ratio of 12dB has been obtained at the switching volta;e of
16V at 1.06Urn wavelength, and a cutoff frequency of l.5GIIz has been measured.
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gl. Introduction
The coupled-waveguide optical nrodulator/

switch, which is an electrically switched optical
directional coupler, is one of the most important

componeots in guided-wave and integrated optics.
This type of device was first realized under a

GaAs multilayered planar waveguide configura-
tiooIl]. Several device structures under the
channel waveguide configuration for GaAs-based or
InP-based semiconductors have been devised so

tarl2-L71. Recently we proposed a GaAs-based

double-heterostructure (Ott) device with Schottky

contact,tl4l. In this paper lre report the modula-

tion characteristics of the fabricated device.

92. A DH device with Schottky contact
Among various semiconductor coupled-waveguide

optical modulators under the channel waveguide
configuration, a Dll device with pn junction is
expected Lo have the lowest modulating voltage and

modulating power per bandwidth P/Af because of the

most efficient overlap of the modulating electric
field with the optical field[4'14]. However, this
device has fo1 lowing difficulties;

l) It is necessary to control the height of the

strip waveguide very accurately.
2) It the ohnic contact resist,ance between the
top metallic electrode and the p+-(RlGa)As

layer is high, degradation of high-frequency
response is carrsedI l5' 18].

Fig. l Schematic drawing of a DII
modulator with Schottky contact.

To improve. this situation, we propbsed a DH

device with Schottky contact as shown in
rig.lltal. This device can be fabricated more

easily because the top layer is an n -(nlCahs
rather than the p*-{11C.)A". The deplerion region
spreads also into the buffer layer, so the switch-
ing voltage is slightly higher than rhat of a DH

device with pn junction. Ilowever, the high-
frequency response is expected to be superior to
that of a Dll device with pn junction because of
the thick depletion region and the negligible
contact resistance.

This device was analyzed by applying the
equivalent refractive-index method[19r20], and the
dependence of its characteristics on device
parameters was studied. An example of the results
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Fig.2 Calculated coupling length vs.

width of the rib waveguide with
guide spacing as parameter.

Table I Design example of a DH device
with Schottky contact.

is shown in Fig.2.
Table I.

A design example is shown in

93. FabricaLion

Following three layers were gro\"n by MBE tech-

nique on an ,r*-G"A" subs trate (n=2.5* 1018 "*-3 );

"r, 
,r*-(AlGa)As substraEe layer (n=2x1018 

"t'3, 
2pn

thick), 3r n-GaAs guide layer (n=l*1016 cm-3,

1.5wr thick) and an n-(n lGa)As buf fer layer
(n=1xI016 

"*-3, 
0.5pm thick). For the growth of

two Al*Ga1-*As layers, the superlattice structure
was adopted to obtain an accurate control of a low

A1 content,x. The well (GaRs) width and the

barrier (A10.46G.0.54As) widttr were 558 and 20E,

respectively, which then gave the mean Al content

x of 0.12. Photoluminescence of the wafer aE 77K

showed a peak ().=0.74Um) corresponding Lo the

spectrum of A10.t3cag.g7As.

After evaporating Au-Ge-Ni on the bottom

surface of the wafer, it was annealed in N2 atmos-

phere at 440oC in order to obtain an ohmic
contact. After evaporating A1 on the top surface
(0.2pm thick) and exposing OFPR-800 photoresist,
the rib waveguides were formed by etching Al in
H3Po4 and (atca)a,s in H3Po4-Hzoz-Hzo erchant. The

sample was cleaved and mounted on a partially Au-

me!aILized ceramic sLem. The bonding pad on the
sample and the Au elecErode of the ceramic stem

\^rere cennected by the Au bonding wire.
The breakdown voltage of a sample whose rib

waveguide width, spacing and height were 4pm, 4U*

and 0.5Um, respectively, was 19V. Micrographs of
Lhe sample are shown in Fig.3.
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Fig.3 l"licrographs of
(a) rop view and

Ehe sample.
(b) cross section.

94. Modulation characteristics
The switching characteristics of the above-

menEioned sample with a length of 4.4mm was

x(-y) 0. 1l 0, 13 0, 15
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measured at 1.06pn light rravelength using the end-

fire coupling technique. A CI{ single-mode Nd:YAG

laser beam was focused by an objective lens on the

cleaved input face of a rib waveguide to excite
the TE0-like mode. The output beams nere
magnified by an objective lens and detected by a

Si photodiode.

The measured variation in optical power output
from each waveguide is plotted in Fig.4 as a

function of applied dc reverse voltage. 11 and 12

are the output optical powers from the input-side
guide and the coupled-side guide, respectively.
The solid lines are the theoretical values
calculated from the actual device parameters. The

difference between the measured and calculated
values at voltages higher than 15V is thought Eo

be caused by the increased reverse current. The

extinction ratio of 12dB lras measured at l6V. The

total insertion loss was 24d8.
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ELg.4 Output poner vs. applied dc reverse
voltage.

The setup for measuring high-frequency
modulation characteristics is illustrated in
Fig.5. The stem on which the sample was mounted
nas fixed on a strip line. The optical power

output was detected by a Si-ApD.
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Fig.5 Setup for measuring high-frequency
modulation characteristics .

Measured moduLation degree for a sinusoidal
signal of lVp_p and a bias of lOV is plotred in
Fig.6 as a function of the rnodulating frequency.
The 3dB cutoff frequency Af is measured as L.5GHz,
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Fig.6 Measured modulation degree vs.
nodulating frequency,
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Fig.7 (a) top electrode pattern and
(b) equivalent circuit.
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The solid line indicates Ehe theoretical value

computed from an equivalent circuit with distrib-

uted constanEs along the optical waveguide and

other parasitic elements in and around the sample

as shown in Fig.7(b). This figure reflects the

shape of the top electrode as shown in Fig.7G)-

The measured and caLculated values are in fairly

good agreement.

We studied the calculated high-frequency char-

acLeristics, and it turned out Ehat the inducLance

of the bonding wire Lwire and the series resist-

ance of the waveguide etectrode per unit Length

rmetal had influences on the high-frequency char-

acteristics remarkably. If Lrir" is reduced to

haLf, the high-frequency response can be improved

f rom the curve A I to the curve B l-n Ftg . 8 .

Further, by thickening the A1 etectrode by three

times (0.6pm thick) to reduce rmetalr the curve C

is obtained. The curve D is the ideal case

without all Lhe parasitic elements excePt the

junction capacitance per unit length c3 and the

bonding pad capacitance Cjp.a. The frequency

response of several GIIz will be obtained if we

utilize an advanced technology being used for

electrodes and mountings of GaAs MESFETS etc.
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Fig.8 Calculated modulation degree
vs. modulating freguencY.

95. Conclusion

A GaAs-(nfGa)As double-heterostructure

coupled-waveguide optical- modulator/switch with

Schottky contact is analysed and it is shown that

Ehis device with the merit of easier fabrication

has good modulation characteirstics standing

comparison with a DII device wifh pn junction. The

device ltas fabricated on an MBE grown wafer. The

extinction ratio of 12dB nas obtained at the

switching voltage of 16V at 1.06pm \davelength and

a cutoff frequency of 1.5GHz lras measured. A

higher cutoff frequency would be obtained if the

inductance of the bonding wire and the resistance

of the A1 electrode lrere further reduced.
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