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Main parameters of InGaAs/InAlAs multiple quantum well amplitude modulators, such as contrast ratio, inser-
tion loss and chirp parameter, were calculated in order to find a quantum well structure which optimizes them.
The parameters were estimated from the theoretical absorption curves, which were calculated for different val-
ues of applied reverse bias and were compared with experimental data. A study of the device parameters as a
function of the Ga content and operation voltage was performed. The study showed that optimum values for
the modulator parameters cannot be obtained simultaneously. The influence of the residual doping level and the
applied pre-bias are emphasized.

1 Introduction 2 Calculations

The modulator parameteiGR, I;, and oy, are estimatec
Much attention has been driven to the InGaAs/InAlAs mul- from the calculated absorption curves for different app
tiple guantum well (MQW) system due to its suitable prop- reverse voltages. The electronic structure is calculated
erties for the development of amplitude modulators to be consistently through a 4 X 4 Luttinger-Kohn Hamiltonié
used in telecommunication [1-4]. This system can produce The QWs are considered uncoupled. The optical m:
structures that operate at 1,66 and it can be grownon InP  elements are polarization dependent and from this fac
substrates for optoelectronic integration. Another character-absorption curves could be calculated for both TE and
istic is the lower valence band offset compared to that of polarizations. The strain was introduced through a de
the InGaAs/InP system, which is desirable to avoid satura-mation potential. Excitonic interaction was taken into
tion effects due to a long hole escape time from the quantumcount. The contributions for the broadening factor were
wells (QWSs). Nevertheless, if the InGaAs/InAlAs system is mogeneous broadening, temperature dependent broad
expected to be used in the next multigigabit long haul fiber charge density dependent broadening and fluctuations i
transmission systems, the MQW structure containing theseQWs thickness and electric field. To calculate the elec
materials should be further optimized. static potential of the whol@in diode structure, Poissc
, . . and continuity equations were solved selfconsistently.
Strained InGaAs layers are necessary in order to Obta'”change in the refractive indexAf) was obtained from th

a large Stark shift while keeping a satisfactory overlap be- yheqretical absorption variation with applied reverse &
tween electron and hole wavefunctions. With such strained using the Kramers-Kmig relation.

structures, it is possible to maximize the change in the ab-

sorption coefficient Aa). But the optimization of this pa-

rameter alone may not be enough. In parallel one should ; ;

achieve degeneracy of the heavy and light hole energies,3 Expe”mental details

minimized residual absorption and refractive index indepen- For the comparison with theoretical data, samples v

dent of applied voltage. To try to optimize all these param- grown by MOVPE at 100 mbar and at 635 on InP sub-

eters, as a function of the structural ones, a theoretical pre'strates The active region consists of an intrinsic 20 pe
diction is desirable. . 9 p

MQW structure with tensile strained InGaAs QWSs with ¢

In this communication device parameters such as con-ferent thicknesseg ¢y ) and Ga content in the QW allo
trast ratio CR) and chirp parameten(, ) were calculated as  z. The InAlAs barriers are 68 thick and they are tensil
a function of the Ga content:{ and operation voltageXV) strained between 0.05 and 0.1%. The MQW structure i
in order to find a quantum well structure which optimizes serted between and p layers, forming gpin diode. The
them. A comparison with the available experimental data samples were processed as photodiodes and were chal
was performed. ized by photocurrent (PC) at different reverse bias volta

*On leave from the loffe Physico Technical Institute, Saint Petersburg, Russia.
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The propagation of the light was along the growth axis. Ab- Once A« is known, the change in the refractive index

sorption measurements were performed only at zero reverse\n is obtained and the chirp parameter is calculated. In or

bias. Both PC and absorption measurements were carriedier to obtain;, the relation [5]:

out at 300 K. The absorption spectra was used to quantify

the PC curves in units of cmi. af = drAn 1)
tow and z were experimentally determined by X-ray YAV

diffractometry after a simulation of the X-ray spectrum and was used. The:;, values, calculated through the theoretical

they are respectively equal to 7605and 0.475 for sample  absorption curves, which are represented by solid lines i

A, 103 A and 0.49 for sample B and 99 and 0.5 for sam-  Fig. 2, well reproduce the experimental data represented b

ple C. Measurements were carried out in a double crystalsymbols. A -2V pre-bias and a detuning of 30 meV were

diffractometer, using thg,, radiation of a Cu tube. used for both experimental and theoretical data.
. . 2
4 Results and Discussion
A
The theoreticalAa as a function of applied electric field 1 o
was obtained from the calculated absorption curves for dif- A
ferent values of the applied reverse bias by subtracting its -
values for different reverse voltages from that for the low- & 0+
est non zero reverse voltage (pre-bias). Since the PC spec- A A
tra qualitatively reveal the absorption characteristics of the m B o
sample [2], one could obtain experimental values Aar. 14 o c
To achieve that, the PC spectra were calibrated by perform- calculated
ing absorption measurements at zero bias, as described else-
where [2]. Calculated absorption curves reproduce very well 2 . T T T T T
20 40 60 80 100 120

the PC measured ones, as is shown in Fig. 1 for sample B. Electric Field (kV/
This fact leads to an excellent agreement betw&artaken ectric Field (kv/cm)
from the calculated absorption curves and those taken fromFigure 2. oy, as a function of the externally applied electric field.

the calibrated PC measurements. Solid lines and symbols akg;, calculated from the theoretical ab-
sorption curves and from the calibrated PC measurements, respe
tively.
- Experimental PC curve . . )
—— Theoretical absorption curve The chirp parameter, for a QW alloy composition in the
range from 0.494 to 0.502 and from 0.509 to 0.51, remain:
S | SAMPLEB between 0 and —1 for applied reverse voltages between -
8 and -5 V. These results are shown in Fig. 3.
>
3
c
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Figure 1. Measured PC curve (dotted line) of sample B. The theo- 5 0 ) Z
retical absorption curve is represented by the solid line.
i pti urve is rep y id li A/\‘
. . . \./ \ / *
The good theoretical reproduction of the experimental 72
data offers a reliable way to predict structures with opti- 4
mized performance. Therefore a study of the variation of the
modulation parameters such@R, I, anday, as a function 047 o4as o049 050 0_.'51 0'52 053
of z, was performed. The Ga content was varied from 0.475 X

to 0.53. The thickness of the QWs were such so as to keeprigure 3. Chirp parameter as a function of the Ga content for dif-
the fundamental transition at 1.48n for operation at 1.55  ferent applied reverse bias.

pm. We have found that a minimum valueAV, for a given

CR, is obtained for a Ga content of 0.512. For the same Ga  With the presented results it is possible to understand th
content one finds that the absorption energy for TE and TM modulator parameters as a function of the Ga content. BL
polarization is essentially the same. In other words, it is one should emphasize that these parameters can also sh
possible to find an optimized structure for both minimized a dependence on the residual doping level (RDL) and the
operation voltage and polarization independence. applied pre-bias. As expected, one observes that\thie
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which gives 10 dB of contrast ratio\V1oqp), increases 5 Conclusion

from 4.8 V to 5.6 V resulting from an increase of the RDL

from 1 to 3x10% cm—3. The value of 4.8 V can be recov- Amplitude modulator parameters such as contrast r
ered if instead of a pre-bias equal to —1V, a pre-bias of —2V chirp parameter and polarization sensitivity were consid
is applied. Another result is that for low pre-bias; de- theoretically. A good agreement between theoretical anc
pends very strongly on the RDL as shown in Fig. 4. This perimental values for the different parameters was obtai
effect arises because since charge from background impuri- The study of device parameters as a function of
ties may affect the excitonic peak of the absorption curve, it MQW structure has shown that although minimum ope
may also affectr;. Such effect takes place for low pre-bias tion voltage and polarization independence can be sim
because the MQW is not completely depleted. Suitable val-neously obtained, the correspondent is not optimized.
ues ofay, for all applied voltages can be achieved only if the The influence of both RDL and applied pre-bias in the
value of the pre-bias is such that depletes the entire MQWVvice parameter was addressed.

region.
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