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Dependence of Transmission Curves on Input Optical
Power 1n an Electroabsorption Modulator

Jongin Shim, Member, IEEE, Bin Liu, and John E. Bowers, Fellow, IEEE

Abstract—We present a novel method to extract the optical
absorption coefficient of a semiconductor electroabsorption
modulator (EAM) with antireflection coated facets. Only the
transmission and photocurrent data are needed with this method.
The method allows to obtain the total optical coupling loss, internal
quantum efficiency, and optical absorption coefficients when input
optical power is low. We also developed a method to analyze
optical absorption coefficient with the saturation effect. By using
those methods, we investigated the dependence of the transfer
curves on the input optical power in a multiple-quantum-well
EAM. The optical loss saturation effect and the increase of device
temperature are the dominant mechanisms for the dependence of
transfer curves on the input optical power in the low bias region
and the high bias region, respectively.

Index Terms—Electroabsorption modulator, optical loss, photo-
current, saturation, temperature.

1. INTRODUCTION

EMICONDUCTOR electroabsorption modulators (EAMs)
S are widely considered for the use in analog and digital
optical communication links. In digital links, high extinction
ratio, low driving voltage, and low chirp are major concerns [1],
[2]. In analog links, high spurious free dynamic range (SFDR),
high link gain (G), and low noise figure (NF) are desirable [3].
These link performances are mainly determined by the modu-
lator transfer characteristics. The modulator transfer function
is defined by the optical transmission versus the applied bias
voltage. EAMs have excellent properties such as their small
size, large bandwidth, low driving voltage, high extinction
ratio, and potential for monolithic integration with other semi-
conductor components [1]-[3]. However, an EAM shows a
complicated nonlinear transfer function and it has a strong
dependence on input optical power [4]. These make it difficult
to obtain high gain and low noise figure in an optical link. Thus,
it is essential to physically understand transfer function of an
EAM for the realization of a high-performance optical link.
The previous reports show that most modulators based on the
quantum confined Stark effect (QCSE) suffer a large insertion
loss ranging from 6 to 12 dB even at zero bias voltage [4]. The
insertion loss consists of coupling loss to optical fibers, wave-
guide scattering and radiation losses, and the residual interband
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absorption loss. Those various losses play different roles on the
nonlinear behavior of transfer curve in an EAM. For the pur-
poses of material characterization and device optimization, it is
valuable to separate those different optical losses and to clarify
the reasons of the input optical power dependency of transfer
curves.

A number of methods have been reported for the determi-
nation of the optical gain/loss in a waveguide device. Most of
them are based on the Fabry—Perot (FP) resonance spectra and
their Fourier analysis [5]-[7]. In order to apply these methods,
an EAM should have finite facet reflections as well as low prop-
agation loss such that the peaks and valleys of individual FP res-
onance can be discriminated. In usual case, the facets of an EAM
are coated with antireflection (AR) films for high light cou-
pling. Even with cleaved facets, the residual loss a., (Vp = 0),
namely an interband absorption loss at zero bias is not negligible
since QCSE is only effective near the exciton resonance energy.
Therefore, the resonances of an EAM are hardly observed at
operation wavelength so that the conventional methods are not
adequate to estimate the absorption coefficient of an EAM. A
direct optical loss measurement method based on photocurrent
and transmission was proposed by Wood [8]. In this approach, a
waveguide scattering loss and radiation loss «; is assumed and
then the residual loss a., (Vg = 0) is deduced. However, the
value of a.,(Vp = 0) is very sensitive to the guessed value of
;. Chin improved Wood’s method with the assumption of «; is
negligibly small compared to the interband absorption aey (Vi)
at high bias level Vg [9]. Therefore, the previous reports have a
difficulty to distinguish the waveguide optical loss «; from the
total unsaturated optical loss aot, (Va)(=0a; + Tac,) where
I" is the optical confinement factor in multiple quantum wells
(MQWs), which in turn makes it difficult to know the waveguide
coupling loss directly. a0t (V) indicates the total propaga-
tion optical loss of an EAM when optical input power is very
small and it has little dependence on both the optical intensity
and the longitudinal position z inside an EAM.

In this paper, we improve the previous methods to extract op-
tical losses of an EAM with AR-coated facets for a small op-
tical input power. It leads to find unsaturated values of the op-
tical coupling loss between light source and EAM, photocurrent
conversion efficiency 7;, waveguide scattering loss a;, and in-
terband absorption coefficient o, separately. For a high input
optical power, we introduce a phenomenological absorption co-
efficient with saturation effects which is able to know the lon-
gitudinal dependence of absorption coefficient in an EAM. Fi-
nally, the dependence of optical transmission curves on optical
input powers is clarified theoretically and experimentally.
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II. OPTICAL ABSORPTION COEFFICIENTS

The physical mechanism of an EAM is that an applied electric
field shifts the absorption peak toward lower photon energies
based on either the Franz—Keldysh (FK) or QCSE. The mod-
ulation involves the creation of electron-hole pairs inside the
quantum wells. These created carriers in turn may or may not
change the electric field and the absorption coefficient in the
quantum wells [10].

When the total number of photogenerated carriers is small
enough and an electric field is sufficient to sweep out photo-
generated carriers, the optical absorption coefficient may be in-
dependent of an input optical intensity and have the same value
along the propagation direction in an EAM. This unsaturated op-
tical absorption coefficient results from several optical absorp-
tion processes such as waveguide scattering loss o, free carrier
absorption ay,, intervalence band absorption arypa, and inter-
band absorption between the conduction band and the valence
band a.y. as. and ag. come from the waveguide roughness
and the plasma effect of the carriers, respectively. arypa oc-
curs dominantly between the heavy-hole band and the spin-split
band in InGaAsP material systems [11]. Optical losses due to
Qise, g, and arypa can reduce the photon number, but make no
contributions to generate electron-hole pairs. We represent op-
tical losses that do not generate the photocurrent as the intrinsic
optical loss coefficient of «;. Since an EAM is usually operated
under the reverse bias, it is expected that as. and arypa are not
significant compared to «.. In this case, «; can be considered
as a constant regardless of applied bias voltages.

The interband optical loss coefficient a., stands for optical
losses generating electron-hole pairs. Thus, the carriers gener-
ated only by ., process can contribute the photocurrent gener-
ation. When the negligible number of created carriers exists in
the well, . is affected by the externally applied bias voltage
as well as the internally generated carriers itself. Excitonic sat-
uration, bandgap shrinkage, and the electric field screening are
the known reasons for the saturated optical absorption coef-
ficient [12]-[15]. Excitonic saturation represents a bleaching
of the exciton absorption peak due to many-body effects, such
as scattering and screening. Bandgap shrinkage is caused by
many-body effects as well as by temperature increase. The pho-
togenerated carriers screen the externally applied electric field,
which in turn induces a change of the absorption through the
QCSE. Charge buildup inside the quantum wells due to differ-
ential escape rates of electrons and holes can lead to an inhomo-
geneous electric field in the intrinsic region.

In this paper, we will first describe a new method to extract
the unsaturated optical absorption coefficient and then extend it
to the saturated situation.

A. Unsaturated Optical Absorption Coefficient

First, we consider the case that o; and «., are uniform inside
an EAM. This assumption is resonable when optical intensity is
low enough that the carrier band filling has a negligible effect
on absorption processes. We can formulate the following equa-
tions for the optical transmission and the photocurrent using the
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absorption coefficients discussed above [16], [17]. The propa-
gation of an optical power and the photocurrent in an electroab-
sorption modulator can be described by the following equations:

dP
deh

—(a; + Taey)P(2) dz (1
—(q/h)nilac P(z)dz 2)

where dP and dI,;, are the changes of optical power and gener-
ated photocurrent between z ~ z+dz along z-direction, respec-
tively. ¢, hv, and T" are the electron charge, an incident photon
energy, and the optical confinement factor in MQWs. P(z) is the
optical power at the position z. n; (Vg), the photocurrent conver-
sion efficiency, is defined as the number of electron-hole pairs
contributing to photocurrent per the number of electron-hole
pairs generated by photons, which is the same as Wood’s defini-
tion of the internal quantum efficiency [8]. Since a part of pho-
togenerated carriers will be trapped at the hetero-interface and
recombined before escaping the hetero-barriers, 7;(Vp) will be
low at low bias voltage Vp [18]. But when the voltage applied
to the device is sufficient to sweep out all the carriers, 7;(Vp)
will be constant as approximately unity. The boundary condi-
tions for (1) and (2) are

P(Z = 0+) = PinCinput(l - Rf) (3)
Pout = P(Z = L_)(l - Rf)Coutput (4)

where L and I are is the modulator length and the facet power
reflectivity, respectively. z = 0% and z = L~ represent the
end positions inside the modulator at the input and the output
ports, respectively. P, and P, are the optical powers at the
input port and the output port, respectively. Cinput and Coutput
are the optical coupling efficiencies at the input and the output
ports, respectively.
The analytical solutions of (1) and (2) are given by

T(V) = Pout/Pun = Kpe~®Fe Tt ac)l (s

F(Oécv,o + A()écv)
a; + T(aey,o + Adey)
X {1 _ e—a,Le—T(aC\,yn—l—Aaw)L} (6)

Iph(VB) = KhPin

where T' and I,,[mA] represent the transmission and the
photocurrent generated in an EAM, respectively. .y, , denotes
aey (VB = 0) which corresponds to the residual optical loss due
to the interband absorption and Ay (Vp) = aey(Ve) — ey (0)
is the optical loss change at a bias voltage Vp. The constants
K, and K} represent as

KP = CinputCoutput(l - Rf)2 (7)
Kh = (q/hl/)nicinput(l - Rf) (8)

By combining (5) with (6), the photocurrent I, can be rewritten
as follows:

Ton(VB) ¢ ©)
1— e—aq'Le_racv,OLTn(VB) a—In T(VB)
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where
T(V;
T.(Vg) = T(,((f)) (10)
a = In(Kp) = In{Cinput Coutput (1 — By)*} (1)

b= KnPyn=1(Ve)(q/h)Cinput (1 — Rf) Py (12)
Cc = (OziL)(K}LPin). (13)

Equation (9) is the key equation to find an unsaturated optical
absorption loss. In the following analysis, n; is assumed as a
constant when an applied bias voltage is greater than Vi,
where the intrinsic absorption region is completely depleted.
The minimum applied bias voltage Vi, can be deduced from
the previous reports [8], [9]. Here, we choose Vi, as the
voltage where the normalized optical transmission 7, reaches
less than about — 6 dB.

Next, we will explain the analysis procedure of our proposed
method. At first, the analysis is done for Vg > Vi,i,,. We assume
a; and ey . The left term f; (Vi) in (9) is calculated by using
measured data of I, (V) and T, (V). Next, f;(Vg) is plotted
as a function of In (V) in order to fit the expression shown in
the right term of (9). The constants a, b, and c are extracted from
the data set of (f;,InT’). Then, K,,, Kj, and «; are calculated
from the extracted values of a, b, and c. We know from (5) and
(6) that

FAO&(‘,V(Vmin) = _(1/L) hl(Tn(Vmin)) (14)
_ l K, Iph/KhPin
lagv,o = 7 1n<T(Vmin)> 1 =T (Viin)/K,
— FAacv(Vmin)- (15)

Equations (14) and (15) provide the new value of I'atey . We
compare that the obtained values of a; and I'aey ,, to initially as-
sumed ones. If the errors are negligibly small, then we stop the
iteration procedure. Otherwise, we repeat the calculation pro-
cedure with the new values of «; and 'y, as initial values.
After the iteration in the range of Vg > Viun, the constant
values of CinputCoutput, Cinput?is i, and I'aey , are known.
The measured data of I,,(Vg) and T'(Vg) are used in order to
find Taeey (Vi) and Cinput (1 — Ry)n; (Vi) for all applied bias
voltages.

Even though our method gives correct values of Cinput(l —
Rf)n; for Vg > Vi, it doesn’t allow to know the values of
Cinput and 1;(Vp) separately. But 7;(Vg) can be assumed as
nearly one for Vg > Vi, since the applied electric field is
sufficient to sweep out all photogenerated carriers. Iy is also
neglected for an EAM with AR film-coated facets. In these sit-
uations, Cinput and n;(V') are found separately from the ex-
tracted value of b and (6). The photocurrent conversion effi-
ciency 7;(Vp) is expressed as

hv tot,u
A V = — -
(V) q <Facv

Iph(VB)
CLDfm(l - Rf)Pin (1 — e_atot_uL)
(16)

where dey = Qcv,o + Adey and oot = @3 + Doy,
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B. Saturated Optical Absorption Coefficient

When an optical input power is strong enough, both space
charge buildup and exciton saturation effects are not negligible.
In this case, the absorption coefficient will have a strong lon-
gitudinal distribution. In order to include the longitudinal de-
pendence of optical absorption coefficient, we assume a phe-
nomenological absorption saturation dependence of the form at
a first approximation [19]

Utot,u (VB )

= , here 0 L.
T PV, )/ Pa(Va)’ where 0 < z <

at0t<VB7 Z)

a7

atot7,u(VB) represents the total absorption coefficient at a low
power and it is a constant within the modulator. In this analysis,
we use an unsaturated value shown in part A. The optical power
P(Vp, z) is the local power inside the sample. The local power
P(Vg, z) is described by

_ atot,u(VB)

P =
d 1+ P/P,

Pdz (18)

and its solution is given by
In P(Vs,2)\ _  P(Vs,z) - P(0F)
pPo+) | P,
P(Vp, z) in (19) satisfies with the following boundary condi-
tions of

_atot,u(VB>Z- (19)

P(VB,Z = 0+) = PinCinput(l — Rf)
P(VB7’Z = Li) = Pout(VB)/Coutput(l - Rf)

(20)
2y

The saturation power Ps(Vp) is easily found by inserting the
boundary conditions into (19).

1-T/K,
atot,uL + ln(T/KP)

PS(VB) = CvinputPin (23)
where T' and K, are defined in (5) and (7), respectively.
Analysis procedure for high optical input power is as follows:
‘We obtain the total optical absorption coefficient ot , Ky, and
Cinput from the method explained in Section II-A. The satura-
tion optical power Ps(Vp) in (23) is found by using the mea-
sured transmission data T'(Vg). The power profile P(Vp, z) in-
side device is known from the (19) and the total absorption co-

efficient ayot(Vp, 2) is calculated from (17).

III. EXPERIMENT AND DISCUSSIONS

We apply the method described in the previous section to
find the changes of optical losses in our MQW EAM [20].
The MQW structure consists of ten tensile-strain wells ( In-
GaAsP, — 0.35 %, 12 nm) and 11 compressive-strain barriers
( InGaAsP, + 0.57%, 7 nm). The active region is sandwiched
between p-InP and n-InP cladding layers. The total thickness
of the intrinsic layer is about 300 nm. A 300-um-long and
2-pm-wide ridge-waveguide device is fabricated. The optical
confinement factor I' is 0.2. The facets are coated by AR films.
The device is mounted as the epi-side-up configuration on the
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Fig. 1. Experimental data of the transmission 7, normalized transmission 7,
and photogenerated current I, at P;,, = 250 W as a function of bias voltage.

40
3
2
- T (V) < -6dB
£ 30f
=
=
=
3]
S
g .
N N f’ in eq. (9)
—— f.ineq.(9)
20

0 9 8 I 6 5 -4 -3
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Fig. 2. Experimental data of photogenerated currents as a function of In(T).
The circle points are the redrawn experimental data I,;, from Fig. 1. The dashed
and the straight lines correspond to the left and the right terms in (9) after
converging process.

Cu sheet about 200 pm thick by using solder bump. A tunable
laser is used as the input optical source. The laser wavelength
is 1.553 pm with TM polarization. Two lensed fibers are used
at input and output ports of an EAM for light coupling.

We apply the method shown in Section II-A, in order to
identify an intrinsic loss «;, the residual interband absorp-
tion acyvo(=ac (Ve = 0)), and optical coupling efficiencies
Cinput (Coutput) between the fibers and EAM. The optical
input power is set as small as 250 W in order to minimize
the saturation effect of an optical loss coefficient as well as the
temperature increase due to the photocurrent. Fig. 1 shows the
optical transmission 7', the normalized transmission 7,, and
the photocurrent I, as a function of bias voltage V. Fig. 2
shows the three different photocurrents with respect to In(T").
The dotted points are the redrawn experimental data I}, shown
in Fig. 1. The straight and dashed lines correspond to the left
and right terms in (9) after converging process. The least square
method is used to obtain a, b, and ¢ constants from the fitting.
In the converging process, we assume that 7; is nearly one
for Vg > 1 V which correspond to 7;, < — 6 dB. It is clear
that the left and right terms in (9) can be fitted very well for

1625

500

400 ¢

300 ¢

200 -

100 -

Absorption Coefficient a[cm"]
Photcurrent Conversion Eficiency m,

0 .y
1 2

Applied Voltage V,, [V]

=

Fig. 3. Changes of optical losses and internal quantum efficiency 7; versus
bias voltage Vi for the input light with A = 1553 nm and P,,, = 250 pW.
a;, Loy, and ey ., represent the absorption coefficient changes due to the
intrinsic absorption, interband absorption, and the sum of both, respectively.

T, < — 6 dB. However, the left and the right terms show a
small discrepancy for 1;, > — 6 dB which implies that 7); can
not be regarded as unity in a small bias region. The data of
I, and the left term in (9) show almost the same values even
in the range of 7,, > — 6 dB. This implies that a measured
EAM has a large residual loss satisfying with the condition of
e~ (ait+Taey o)L < 1.

Fig. 3 shows the calculated results of the unsaturated modal
optical loss. The dependence of ot (=0 + Laey) on Vp
is mainly determined by the interband absorption coefficient
Il'aey. There exists a large optical 10SS oot even at Vg = 0
V, which consists of a;; = 17 cm~! and Tacy,, = 160 cm~ L.
Thus, in order to reduce the residual loss at Vg = 0V, the re-
duction of ', is more important than that of «; in this case.
Fig. 3 also shows the change of 7;(Vg). n; slightly increases
with Vg for 0 < Vp < 0.6 V and remains a nearly one for
VB > 0.6 V. Thus, we believe that a measured device is com-
pletely depleted for Vg > 0.6 V. The total optical coupling loss
Cinput Coutput 0f 12 dB when Ry = 0 and K, of 0.06 are esti-
mated from the fitted parameter a in (11).

In contrast to the case of a low optical input power, the mea-
sured transmission data for a high input optical power involves
the composite effects such as the exciton saturation, the charge
buildup, and the device temperature variation. As an optical
input power increases, both the exciton saturation effect and the
photocurrent increase. A large photocurrent heats up the device
by the Joule heating, which in turn changes absorption coeffi-
cient inside an EAM. We try to estimate the saturation of optical
absorption coefficient for different optical input powers. In this
analysis, the nonsaturated absorption coefficient a0t ., (Va) in
(17) is assumed as the extracted values at P;, = 250 W, which
is shown in Fig. 3. It is preferred to use an optical input power
as low as possible.

Figs. 4 and 5 show the optical output power P, transmitted
through the EAM and the photocurrent I, under the different
optical power of input light and reverse bias voltages, respec-
tively. Fig. 6 show the longitudinal power distributions normal-
ized at the powers at the input port, P(Vp, 2)/P(Vp,07), at
different bias voltages of 0 and 2 V for the optical input powers
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Fig. 4. Experimental data of optical output powers through an

electroabsorption modulator as a function of bias voltage for the different input
optical powers.
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Fig. 5. Experimental data of photogenerated currents as a function of bias
voltage for the different input optical powers.
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Fig. 6. Longitudinal power distribution normalized by the power at the input
port. The modulator length is 300 pzm.

of 0.5 and 11.0 mW. At Vg = 0V, the optical absorption coef-
ficient is not so large that the power almost linearly decreases
as the light propagates. As an optical input power increases
from 0.5 to 11 mW, the optical power absorption rate becomes
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Fig. 7. Longitudinal distribution of absorption coefficient inside sample for
different biases and input optical powers. The modulator length is 300 pm.

small. This means that the optical absorption coefficient for
P, = 11 mW is small compared to P;;, = 0.5 mW. The
saturation of absorption coefficient according to optical input
power has been reported [12]-[15], [18], [19]. Several complex
phenomena such as the band filling, charge buildup, and the
field screening are in charge of the optical loss saturation in a
low electric field. Those kinds of saturation effects bring to the
transfer curve dependency on input optical power at low bias
voltage like a Vg = 0V since the electric field inside the device
is not enough to sweep out the photogenerated carriers.

At Vg = 2V, the optical power decreases more drastically
compared to the case of zero bias voltage, which is due to a large
optical absorption coefficient resulting from the QCSE. In our
sample, optical powers are almost absorbed after propagating
to about 250 pm regardless of optical input powers. However,
the dependence of power distribution on optical input power is
opposite to the zero bias case. This will be explained in the fol-
lowing temperature experiment. The longitudinal distribution
of optical absorption coefficient will be inversely proportional
to the longitudinal power profile as expected from (17). Fig. 7
shows the longitudinal distributions of optical absorption coef-
ficients for different bias voltages and optical input powers. The
absorption coefficient for P, = 11 mW is larger than that for
P,=05mWatVg =2V.

We estimate the amount of saturation effect in absorption
coefficient as the factor of P(Vg,z = 01)/Ps(Vp) for dif-
ferent optical input powers. P(Vp,z)/Ps(Vg) accounts for
the saturation effect in optical absorption coefficient along
the propagation direction as shown in (17). Since optical
power at z = 0% is the maximum inside device, the satura-
tion effect will be greatest. Fig. 8 is the calculated result of
P(Vg,z = 07)/Ps(Vp) for different optical input powers.
It is clear that the saturation effect increases with the optical
input power at Vp < 1 V. However, an opposite trend appears
atVp > 1 V.

As previous discussions, the total optical loss a0t (V) de-
creases with P, for high bias voltages. This suggests that the
exciton absorption peak broadening for high input optical power
is large compared to the low input optical power. It is known that
the broadening of an exciton absorption spectrum results from
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Fig. 8. Saturation of optical absorption coefficient for different biases and
input optical powers. The modulator length is 300 pm.
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Fig. 9. Increase of modulator temperature due to the photogenerated current
for different biases and input optical powers.

the increase of operating temperature as well as many-body ef-
fect due to large number of carriers in the wells. Since we are
considering the situation in which an electric field in quantum
wells is very high, total numbers of carriers in quantum wells
are not so much different according to input optical powers.
Therefore, the many-body effect does not seem to be a dom-
inant exciton broadening mechanism in a high bias condition.
Recently, Bian et al. measured the temperature in an EAM at
different optical input powers and bias voltages [21]. Signifi-
cant increase of the device temperature was observed even at a
moderate input power of 6 mW as the bias voltage increased.
We suspect that the major effect of the decrease in optical loss
at a high bias region is due to temperature increase. The tem-
perature increase is due to the large photogenerated current Iy,
when an optical input power is high. In our EAM, I}, is about
1-3 mA for the measured condition of Vg = 2 V as shown
in Fig. 5. Fig. 9 shows the measured temperature for different
optical input powers. The temperature is measured around the
input facet position by using the thermoreflectance technique,
which is based on the temperature dependence of the surface re-
flection coefficient [21]. The significant temperature increase is
observed for high input optical power. We believe that tempera-
ture effect is a dominant mechanism to produce the dependence
of transfer curves on input optical power at Vg = 2 V.

DEPENDENCE OF TRANSMISSION CURVES ON INPUT OPTICAL POWER
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o— P, =0.25mW
3mw
7mwW

11 mw

Normalized Transmission T [dB]

Bias Voltage V, [V]

Fig. 10. Normalized transmission curve for different biases and input optical
powers. The direction of transmission curve change and its dominant changing
mechanisms are indicated at low and high bias regions separately.

Fig. 10 shows the transfer curves normalized at Vg = 0 V in
order to show clearly the dependence of transfer curves on Vg
and P,,. In Vg < 1V, the lower extinction ratio results from the
optical loss saturation effects such as exciton saturation, band
filling effect, and charge buildup. In Vp > 1V, the higher ex-
tinction ratio comes from the increase of device temperature by
the photogenerated current from the higher input optical power.
Thus, the reductions of both the band filling effect and device
temperature increase are essential to decrease the dependence
of transfer curves on the input optical power.

IV. CONCLUSION

We have presented a simple method to determine major phys-
ical parameters in an electroabsorption modulator such as the in-
traband optical loss coefficient, the interband optical loss coeffi-
cient, waveguide scattering loss, optical coupling efficiency, and
the photocurrent conversion efficiency. This method uses only
the measured transmission and photogenerated current data. It is
effective when an optical input power is enough low that absorp-
tion coefficient inside sample is uniform. We further extended
the analysis method of optical loss with optical input power de-
pendence along the position. It is clarified that the dependence
of transfer curves on input optical powers results from the op-
tical loss saturation effect in the low bias region and the device
temperature increase in the high bias region. The optical loss
saturation was analyzed theoretically and the increase of the
device temperature was verified experimentally. The proposed
novel and simple optical loss measurement methods will be very
useful for the design and optimization of an electroabsorption
modulator.
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