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(57) Dans un modulateur d'intensit¢ optique a ¢lectro-
absorption, un se¢parateur de semiconducteur, une
couche d'absorption optique de semiconducteur, une
deuxiecme couche de revétement de semiconducteur et
une couche d'encapsulation de semiconducteur sont
formeés sur un substrat de semiconducteur. En outre, une
premicre ¢lectrode est formée sur la couche
d'encapsulation de semiconducteur, et une deuxieme
¢lectrode est formee sur une deuxiecme surface du
substrat de semiconducteur. La couche d'absorption
optique de semiconducteur comprend un premier
¢lement d'absorption optique de semiconducteur ayant
une premiere longueur d'onde de discontinuite
d'absorption et un deuxicme ¢leément d'absorption
optique de semiconducteur ayant une deuxieme longueur
d'onde de discontinuit¢ d'absorption différente de la
premiere.
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(57) In an electroabsorption optical intensity modulator,
a semiconductor buffer, a first semiconductor cladding
layer, a semiconductor optical absorption layer, a second
semiconductor cladding layer and a semiconductor cap
layer are formed on a semiconductor substrate. Also, a
first electrode 1s formed on the second semiconductor
cap layer, and a second electrode 1s formed on a second
surface  of the semiconductor substrate. The
semiconductor optical absorption layer includes a first
semiconductor optical absorption layer element having a
first absorption edge wavelength and a second
semiconductor optical absorption layer element having a
second absorption edge wavelength different from the
first absorption edge wavelength.
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ABSTRACT OF THE DISCLOSURE

In an electroabsorption optical intensity modulator,
a semiconductor buffer, a first semiconductor cladding
layer, a semiconductor oplical absorption layer, a second
semiconductor cladding layer and a semiconductor cap
layer are formed on a semiconductor substrate. Also, a
first electrode 1s formed on the second semiconductor cap
layer, and a second electrode is formed on a second
surface of the semiconductor substrate. The semiconductor
optical absorption layer includes a first semiconductor
optical absorption layer element having a first
absorption edge wavelength and a second semiconductor
optical absorption layer element having a second
absorption edge wavelength different from the first

absorption edge wavelength.
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ELECTROABSORPTION OPTICAL INTENSITY MODULATOR
- HAVING A PLURALITY OF ABSORPTION EDGE WAVELENGTHS

BACKGROUND OF THE INVENTION
Field of the Invention
The present invenlion relates to an
electroabsorption optical intensity modulator.
O Description of the Related Art
In a high speed optical communication system for
long distance, semiconductor laser diodes have been
broadly used to adopt a direct modulation method. Tn this
system, however, a wavelength chirping phenomenon is

10 generated during modulation, so that the waveform of =a
Lransmitted light signal on an optical fiber is
deteriorated. This chirping phenomenon becomes critical
as the transmission rate becomes larger and the
Lransmission distance becomes longer. Particularly, in a

[0 communication system using 1.3 gm zero dispersion fibers,
even when a light source of a 1.55y4m band having a low
loss of fiber transmission is used to increase the
transmission distance, this distance is limited by the
dispersion limit due to the chirping phenomenon.

20 In order to reduce the chirping phenomenon, an
external modulation system where an external optical
modulator is used has been developed. As the external
optical modulator, there are a dielectric modulator using
LiNbO3 or the like and a semiconductor modulator using InP,

20 GaAs or the like. The semiconductor modulator has an
advantage in that the semiconductor modulator can be
integrated with other optical elements such as a
semiconductor laser diode and an optical amplifier and
other electronic circuits such as a field effect

30 transistor (FET) circuit, and also, the semiconductor
modulator can be small in size and low in power supply
voltage.

The semiconductor modulator is further divided

into an electroabsorption optical intensity modulator and
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a Mach-Zendor type modulator. In the electroabsorption
optical intensity modulator, the Franz-Keldysh effect for
a bulk semiconductor or the quantum confined stark effect
for multiple quantum wells (MQWs) is used. That is, the
absorption edge is shifted toward the longer wavelength
direction by applying an electric field to the modulator,
so that the absorption coefficient is changed, thus
modulating a light intensity. On the other hand, in the
Mach-Zendor type modulator, the Pockets effect
(electrooptic effect) for a bulk semiconductor or the
quantum confined stark effect for MQWs is used. That is,
the infracltive index is changed by applying an electric
field to the modulator.

The electroabsorption optical intensity
modulator can remarkably reduce the waveform chirping
phenomenon, as compared with the direct modulation system
by the semiconductor laser diode; however, the waveform
chirping amount cannot be zero. On the other hand, in the
Mach-Zendor type modulator, the waveform chirping amount
can be zero in principle; however, the Mach-Zendor type
modulator is complex in structure and driving method due
to the interference type structure where a non-linear
waveguide structure is adopted.

A prior art electroabsorption optical intensity
modulator includes a semiconductor buffer, a first
semiconductor cladding layer, a semiconductor optical

absorption layer, a second semiconductor cladding layer
and a semiconductor cap layer are formed on a
semiconductor substrate. Also, a first electrode is

formed on the second semiconductor cap layer, and a

second electrode is formed on a second surface of the
semiconductor substrate. In the prior art

electroabsorption optical intensity modulator, however, a
positive chirping is usually generated. In addition, if
the dewavelength between an incident light and the
absorption edge wavelength of the semiconductor optical

absorption layer is reduced, a negative chirping operation
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can be carried out. In this case, however, the absorption
coefficient i1s increased, so that a sufficient output
cannot be obtained at a signal ON state. This will be
explained later in detail.

Recently, 1n the electroabsorption optical
intensity modulator a prebias applying method is adopted
to reduce the waveform chirping phenomenon, thus
overcoming the limit of transmission distance caused by
the dispersion. In a 10 Gb/s transmission, after a
definite bias voltage is applied to the modulator, an
electrical signal is superposed thereon, to enhance the
duration of fiber dispersion, thus overcoming the limit of
dispersion of transmission distance (see: K. Yamada et al.
, "Low-chirp, Low-polarization Dependent Characteristics
of Electroabsorption Optical Intensity Modulator with an
InGaAsP Bulk"™ IEICE, Technical Vol. 1, p. 349, (C-349,
1993). Also, in a 10 Gb/s transmission, a definite bias
voltage of 1.1V is applied to the modulator integrated
with a distributed feedback (DFB) laser diode, to enhance
the duration of fiber dispersion, thus obtaining a
Lransmission distance of 100 km (see: K. Morita et al.,

“10 Gb/s Transmission over 100 km of Standard Fiber with
a Blue Chirp Modulator Integrated DFB laser™, IEILE,
Technical Vol. 1, p. 301, C-301, 1995). However, when a
bias voltage is applied to the modulator, an outgoing
light power at a signal ON state is reduced, and thus,
the signal ON/OFF ratio is deteriorated. In addition, a
circuit for generating such a bias voltage is required,

thus making the optical system complex.

SUMMARY OF THE INVENTION
It 1s an object of the present invention to
realize a negative chirp modulation operation in an
electroabsorption oplical intensity modulator without
applying a bias voltage thereto and without increasing the
absorption loss.

According to the present invention, in an
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electroabsorption oplical intensilty modulator, a
semiconductor buffer, a first semiconductor cladding
layer, a semiconductor optical absorption layer, a second
semiconductor cladding layer and a semiconductor cap layer
are formed on a semiconductor substrate. Also, a first
electrode is formed on the second semiconductor cap layer,
and a second electrode is formed on a second surface of
the semiconductor substrate. The semiconductor optical
absorption layer includes a first semiconductor optical
absorption layer element having a first absorption edge
wavelength and a second semiconductor optical absorption
layer element having a second absorption edge wavelength
different from the first absorption edge wavelength.

Thus, when an electric field applied to the
modulator, i.e., to the semiconductor optical absorption
layer is increased, a refractive index of the
semlconductor optical absorption layer for an incident
light is decreased, and also an absorption coefficient of
the semiconductor optical absorption layer for the
incident light increased.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be more clearly
understood from the description as set forth below, in
com@arison with the prior art, with reference to the
accompanying drawings, wherein:

Fig. 1 is a graph showing absorption coefficient and
applied voltage characteristics of the prior art MQwW
optical absorption layer;

Fig. 2 is a graph showing refractive index change and
applied voltage characteristics of the prior art MOW
optical absorption layer; '

Fig. 3 1s a perspective view illustrating an
embodiment of the electroabsorption optical intensity
modulator according to the present invention:

Fig. 4 is a graph showing absorption coefficient and
applied voltage characteristics of the MQW optical
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absorption layer of Fig. 3;

Fig. 5 1s a graph showing refractive index change and
applied voltage characteristics of the MQW optical
absorption layer of Fig. 3; ‘

Fig. 6 1s a diagram illustrating an optical
communication module to which the modulator of Fig. 3 is
applied; and

Fig. 7 is a diagram illustrating an optical
communication system to which the optical communication

module of Fig. 6 is applied.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before the description of the preferred
embodiment, the characteristics of the above-mentioned
prior art electroabsorption optical intensity modulator
will be explained with reference to Figs. 1 and 2.

Fig. 1 1s a graph showing absorption coefficient
and applied voltage characteristics of the prior art MOW
optical absorption layer, and Fig. 2 is a graph showing
refractive index change and applied voltage
characteristics of the prior art MQW optical absorption
layer. In Figs. 1 and 2, an electric field E within the

prior art MQW optical absorption layer is changed from
OkV/cm to 90kV/cm.

As shown in Fig. 1, when E=90kV/cm, if a
wavelength difference (detuning) A 1,, between the
wavelength of the incident light signal and the
absorption edge wavelength 2, of the MQW optical
absorption layer 41 is 70 nm, a signal OFF state can be
obtained. In this case, refractive index change An is
changed as shown in Fig. 2.

The chirping amount at a signal ON/OFF
transition state is proportional to An/ A o where A g

1s a change of the absorption coefficient. Therefore,
usually, as shown in Figs. 1 and 2, since An>0 and A
« >0, a positive chirping is usually generated. In
addition, if the detuning A Ao,p 18 reduced, a negative
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chirping operation can be carried out. In this case,
however, the absorption coefficient is increased, so that
a sufficient output cannot be obtained at a signal ON
state.

In Fig. 3, which 1llustrates an embodiment of
the electroabsorption optical intensity modulator
according to the present invention, reference numeral 1
designates an N-type (100) face InP substrate on which an
about 0.8 thick InP buffer layer 2 having an electron
concentration of about 1 x1017cm-3, an about 700 A thick
N-type InP cladding layer 3 having an electron
concentration of about 1 x1017cm-3, an MQW optical
absorption layer 4 and an about 1600 A thick P-type InP
cladding layer 5 having a hole concentration of about 5 X
1017cm- 3 are sequentially formed. Also, a mesa strip
formed by the P-type InP cladding layer 5, the MOW
optical absorption layer 4 and the N-type InP cladding
layer 3 is covered by an about 1.6 ygm thick P-type InP

embedding layer 6 having a hole concentration of about 5
X 1017¢cm- 3,
The MOW optical absorption layer 4 is formed by an

MQW optical absorption layer 41 consisting of 8 periods of
InGaAsP/InGaAsP having a carrier concentration of about 5
X 1015¢cm- 3 and an absorption edge wavelength 4,1 of 1.48
pm, and an MQW optical absorption layer 41 consisting of
2 periods of InGaAsP/InGaAsP having a carriler
concentration of about 5% 1015cm-3 and an absorption edge
wavelength 1,2 of 1.51 gz m.

Also, an about 0.25 ygm thick P-type InGaAs cap
layer 7 having a hole concentration of about 1x101%cm- 3
is formed on tLhe P-type InP embedding layer 6.

Further, a P-side Cr/Au Pad electrode 8 and an
N-side Cr/Au electrode 9 are formed on front and back
surfaces, respectively. In addition, a polyimide layer 10
1s embedded under the P-side electrode 8, and a non-

reflection coating layer (not shown) 1s formed on a

cleavage surface of the modulator.
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In the electroabsorption optical intensity
modulator of Fig. 3, the absorption edge wavelength 1 41
(=1.48 4y m) of the MQW oplical absorption layer 41 1is
shorter than the absorption edge wavelength 1 ,2(=1.51 4
m) of the MQW optical absorption layer 42. In a non-blas
voltage state where no voltage is applied between the P-
side pad electrode 8 and the N-side electrode 9, when a
light signal having a wavelength of 1.55 4 m 1s incident
to the modulator, this light signal is hardly absorped by
the modulator, so that this light signal goes out
therefrom. That is, an opltical signal ON state 1s
established. On the other hand, in a bias state where a
voltage of 2V is applied between the P-side pad elctrode 8
and the N-side electrode 9, when a light signal having a
wavelength of 1.55 ym 1s incident to the modulator, this
light signal i1s absorbed by the modulator, an optical
signal OFF state is established.

Fig. 4 1s a graph showling absorption coefficient
and applied voltage characteristics of the MOQW optical
absorption layer 4 of Fig. 3, and Fig. 5 is a graph
showing refractive index change and applied voltage
characteristics of the MQW optical absorption layer 4 of
Fig. 3. In Figs. 4 and 5, note that, if the voltage
applied between P-side pad electrode 8 and the N-side
electrode 9 is changed from OV to 2V, an electric field E
within the MQW optical absorption layer 4 is changed from
OkV/cm to 90kV/cm.

As shown in Figs. 4 and 5, when E=90kV/cm, a
detuning A 1 1 between the wavelength of the incident
light signal and the absorption edge wavelength 1,1 of
the MOQW optical absorption layer 41 1s

A A1 = 40nm.

Also, a refractive index change Anj; 1s

An; = -0.013

On the other hand, when E=90kV/cm, a detuning A
1 2 between the wavelength of the incident light signal
and the absorption edge wavelength A ,2 of the MOW



CA 02215811 1997-09-18

_8__

optical absorption layer 42 1s
A A2 = 70nm.
Also, a refractive index change Anz 1s
An, = 0.0025
J In addition, a confinement coefficient [ 1 for
the incident light signal by the MOW optical absorption

layer 41 1s
r+ = 0.02

On the other hand, a confinement coefficient
10 [ 2 for Lhe incident light signal by the MQW optical

absorption layer 427 is
2 = 0.1
Therefore, a phase change A ¢ of the incident
light signal caused by the change of the voltage applied
9 to the p-side pad electrode 8 and the N-side electrode 9
from an OFF state Lo an ON state is
A¢ =201 Any + T 2An2)/ A
= 2xgL/ 2 - (0.02 . (-0.013) + 0.1 .- 0.0025))
= 2L/ 2 - (-0.0001) <O
20 where I. 1s a length of the modulator, and

A 1s a wavelength of the incident light signal.

Since A ¢ <0, a g parameter showing a
chirplng 1s
2o w = 2T« AT/ A ¢ <0
where T 1s an intensity of the incident light
signal, and
AT 1s a change of the intensity I.

Also, 1n a no bias state, 1.e., 1n a signal ON
30 state, the shorter the detuning A A1, the larger the
absorption coefficient. However, since the confinement
coefficient ['1 for the incident light signal by the MQW
optical absorption layer 41 1s very small (=0.02), the
MOW optical absorption layer 41 hardly contributes to the

3 absorption loss in the signal ON state.

Thus, in the modulator of Fig. 3, a negative

chirp modulation operation can be realized without
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applying a DC bias voltage Lo the P-side pad electrode &
and the N-side electrode 9 in advance and without
incfeasing the absorption loss.

Note that the polyimide layer 10 below the P-
side pad electrode 8 is helpful in reducing the
capacitance thereof. This makes the modulator of Fig. 3
operate at a high speed of an order of 10 Gb/s.

Also, an InGaAs/InP MOW optical absorption layer,
a GaAs/AlGaAs MQW oplical absorption layer or the like can
be used instead of the InGaAsP/InGaAsP MQW optical
absorption layer 4 of Fig. 3. In addition, the modulator
of Fig. 3 can be applied to an InP bulk waveguide type
electroabsorption optical intensity modulator.

In Fig. 6, which illustrates an optical
communication module to which the modulator of Fig 3 1s
applied, reference numeral 11 designates the modulator of
Fig. 3 which is mounted in a sub mount 12. Also,

aspherical lenses 13a and 13b are mounted 1n the sub

mount 12 on the front and back sides of the modulator 11.
Further, optical fibers 14a and 14b are mounted 1in the sub
mount 12. The optical fiber 14a, the aspherical lens 13a,
the modulator 11, the aspherical lens 13b and the optical
fiber 14b are on one optical axis. By the optical
communication module of Fig. 6, a high speed and low
chirp signal can be easily produced at a low insertion
loss.

In Fig. 7, which illustrates an optical
communication system to which the optical communication
module of Fig. 6 is applied, reference numeral 15
designates the optical communication module of Fig. ©
provided in a transmitter 20. The transmitter 20 also
includes a light source 21 for generating a light signal
and a driving circuit for driving the optical
communication module 15 as well as the light source 22Z.

On the other hand, a light signal generated from the
optical communication module 15 is transmitted via an

optical fiber 23 to a light receiving unit 25 of a
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receiver 24. By the optical communication system of Fig.

7, an optical transmission of 100km or more can be carried
out without relaying, since the deterioration of a signal

by the dispersion of the optical fiber 23 is remarkably

reduced by the negative chirping.
As explained hereinabove, according to the

present invention, a negative chirp modulation operation
can be realized without applying a DC bias voltage to the

electrodes in advance and without increasing the

absorption loss.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLATMED ARE DEFINED AS FOLLOWS:

1. An electroabsorption optical intensity modulator
comprising:
a semiconductor substrate;

a semiconductor buffer laver formed on a first

surface of said semiconductor substrate;

a first semiconductor cladding layver formed on

sald semiconductor buffer laver,

a semiconductor optical absorption layer formed

on said
first sgemiconductor cladding laver, said semiconductor

optical absorption layer including a first semiconductor

optical absorption Ilayer element comprising a multiple

quantum well structure and having a first absorption edge

wavelength and a second semiconductoxr optical absorption

lLlayer element comprising a multiple quantum well structure

and having a second absorption edge wavelength different

from said first absorption edge wavelength;

a second semiconductor cladding layer formed on

sald semiconductor optical absorption laver;

a semiconductor cap laver formed on said second

semiconductor cladding layer;
a first electrode formed on said semiconductor
cap layer; and

a second electrode formed on a second surface of

sald semiconductor substrate.

2. The modulator as set forth in claim 1, wherein

sald first semiconductor optical absorption layer element

1s superposed on said second semiconductor optical
absorption laver.

3. An electroabsorption optical intensity modulator
comprising:

an N-type InP substrate;
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an N-type InP buffer layer formed on a firsg

{

surface of gsaid N-type InP substrate;
an N-type InP cladding layer formed on said N-
type InP buffer laver,

a multiple quantum well optical absorption lavyer
formed on said N-type InP cladding layer, said multiple
quantum well optical absorption layer including a first
multiple quantum well optical absorption layer element
consisting of first periods of InGaAsP/InGaAsP having a
first absorption edge wavelength and a second multiple

quantum well optical absorption layer element consisting of

second periods of InGaAsP/InGaAsP having a second
absorption edge wavelength different from said first

absorption edge wavelength;

a P-type InP cladding layer formed on said
multiple quantum well optical absorption laver;

a P-type InGaAs cap layer formed on said P-type
InP cladding laver;

a first electrode formed on said P-type InGAs cap

laver; and

)

a second electrode formed on a second surface o

sald N-type InP substrate.

4 . The modulator as set forth in claim 3, wherein

said first multiple quantum well optical absorption layer

element is superposed on said second multiple quantum well

optical absorption laver.

5. An optical communication module comprising:
a semiconductor electroabsorption optical
intensity modulator;
a first light condensing means for condensing an
incident 1light to said semiconductor absorption optical
intensity modulator; and

a second light condensing means for condensing an

outgoing light from said semiconductor electroabsorption

optical intensity modulator to an optical fiber;
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sald electroabsorption optical lntensity

modulator comprising:
a semiconductor substrate;

a semiconductor buffer laver formed on a first

surface of said semiconductor substrate;

a first semiconductor cladding laver formed on
sald semiconductor buffer laver,

a semiconductor optical absorption layver formed

orn said first semiconductor cladding layer, salid
semiconductor optical absorption layer including a first
semliconductor optical absorption layer element comprising
a multiple quantum well structure and having a first

absorption edge wavelength and a second semiconductor

optical absorption layer element comprising a multiple

quantum well structure and having a second absorption edge

wavelength different from said first absorption edge

wavelength;

a second semiconductor cladding layver formed on

salid semiconductor optical absorption laver;

a semiconductor cap layer formed on said second

semiconductor cap laver;

a first electrode formed on said semiconductor cap

aver; and
a second electrode formed on a second surface of

said semiconductor substrate.

6. An optical communication system comprising a
transmitter, a receiver and an optical means connected
between said transmitter and said receiver,

sald transmitter comprising:

a semiconductor electroabsorption optical

intensity modulator; a first 1light condensing means for

condensing an 1incident light to said semiconductor

absorption optical intensity modulator; and a second light

condensing means for condensing an outgoing light from said

semiconductor electroabsorption optical intensity modulator

to said optical means;
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salid electroabsorption optical intensgity

modulator comprising:

a semiconductor substrate;

a semiconductor buffer layer formed on a first

surface of sailid semiconductor substrate;

a flrst semiconductor cladding laver formed on

sald semiconductor buffer laver,

a semiconductor optical absorxption layer formed

on. salid first semiconductor cladding laver, sald

semiconductor optical absorption layer including a first

semiconductor optical absorption layer element comprising

a multiple quantum well structure and having a first

absorption edge wavelength and a second semiconductor

optical absorption layer element comprising a multiple

quantum well structure and having a second absorption edge

wavelength different from said first absorption edge

wavelength;

a second semiconductor cladding layer formed on

saild semiconductor optical absorption laver;

a semiconductor cap layer formed on said second

semiconductor cladding lavyer;

a first electrode formed on said semiconductor

cap laver; and

a second electrode formed on a second surface of

gald semiconductor substrate.
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