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Favorable characteristics of Favorable characteristics of 
EAMs for optical fiber EAMs for optical fiber 
communicationscommunications

MQWMQW

1. High extinction ratios
2. Small α parameters

The high intensity of optical The high intensity of optical 
signal is favorable for reducing signal is favorable for reducing 
bit error ratios.bit error ratios.

Motivation of this workMotivation of this work

Does high intensity of incident Does high intensity of incident 
lightlight affect the performance of an affect the performance of an 
EAM ?EAM ?

Incident 
light

-22 -20 -18 -16

0.01

1

Received Power (dBm)

Bi
t 

Er
ro

r 
R
at

io

0 km
75 km

10-6

10-8

10-10

10-12

10-4



33

OutlineOutline

IntroductionIntroduction
Modeling of electroabsorption Modeling of electroabsorption 
modulatorsmodulators
Structures of modulatorsStructures of modulators
Simulation results and remarksSimulation results and remarks
SummarySummary
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•• Equations of motion of fields Equations of motion of fields 

x

y

z

VB

L

•• Definition of performanceDefinition of performance

δ t=L / vg

Model of electroabsorption modulator (1)Model of electroabsorption modulator (1)
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Model of electroabsorption modulator (2)Model of electroabsorption modulator (2)
-- Generation and transport of carriers -

Transitions between 
free 2D states

Y. Nomura, et al., Phys. Rev. A,  65, 043807 (2002). 
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(1) InGaAsP quantum well( thickness (nm), λg (µm) )

T. K. Woodward, et al., J. 
Appl. Phys., 7878, 1411 (’95).

Y. Miyazaki, et al., IEEE J. 
Quantum Electron. 39, 813 (‘03).

Asymmetric QW Square-shaped QW

(6, 1.62)

(4, 1.375)

(6, 1.175)

(8, 1.62)

(6, 1.175)

p n p n
(3) Incident light 

- 1.55 µm = 0.8 eV
- 0 ~ 60 mW

(2) Cavity length

- Well number = 15
- A dopant distribution

in the absorption area

Structures of quantum wells and Structures of quantum wells and 
simulation conditions simulation conditions 

- L = 94 µm

Investigated types of quantum wellInvestigated types of quantum well simulationsimulation conditionsconditions
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Power dependencies of insertion lossPower dependencies of insertion loss
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- Insertion loss increases with 
increasing incident power at 
every applied voltage.

- For the squared well, 
insertion loss curves evidence 
saturations at  40 mW and 
higher.

- Insertion loss for asymmetric 
QW at 0 V is smaller than that 
of the squared well.
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Power dependencies of Power dependencies of αα parameterparameter
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- The α parameter tends to decline 
as applied voltage increased. 

- The α parameter tends to decrease 
with increase of incident light power.

- The α parameters for the 
asymmetric QW lie between -1.5 
and 1.5 at 40 mW and higher.
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Local high electric Local high electric fieldsfields in the in the 
quantum well areaquantum well area
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- Local high electric fields 
enhance optical absorption.

- Local high electric fields 
cause a reduction of the α
parameter.

log NDlog NA

Asymmetric QW

- Local high electric fields are 
due to an inhomogeneous 
doping profile.

- Saturations of insertion loss 
are due to vanishing of 2D 
states at high electric fields.
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SummarySummary

The incident light influences the The incident light influences the 
performance of an electroabsorption performance of an electroabsorption 
modulator.modulator.
The structural origin of the influences is The structural origin of the influences is 
an inhomogeneous doping profile in the an inhomogeneous doping profile in the 
absorption area.absorption area.
The asymmetric quantum well structure The asymmetric quantum well structure 
benefits the modulator performance.benefits the modulator performance.
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