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Polarization Dependent a-Factor in InGaAs/InGaAsP MQW Material 

M. Soerensen, N. Storkfelt, K.S. Jepsen, B. Mikkelsen and K.E. Stubkjaer 
Center for Broadband Telecommunications, Electromagnetics Institute 

Technical University of Denmark, Building 348, DK-2800 Lyngby, Denmark 

Introduction: Multiple Quantum Well (MQW) 
structures are of high interest for many types of op- 
tical devices because of the improved performance. 
Material parameters such as the linewidth enhance- 
ment factor (a-factor) [l] and the related differen- 
tial gain ( d g / d N )  and differential refractive index 
( d n / d N )  are essential in the design of lasers and op- 
tical amplifiers, because they govern important prop- 
erties as linewidth, frequency response and resonance 
frequency. So far, most of the characterization has 
been carried out for the TEpolarization, but the po- 
larization dependence of these parameters is impor- 
tant to the optimization of the MQW structures. 
Here we present measurements of the polarization 
dependence of d n / d N ,  dg /dN and the a-factor in 
a MQW amplifier. Theoretical results are also pre- 
sented and reasonable agreement with measured data 
is obtained. 

Measurements: The experiments are performed on 
a four-well MQW DC-PBH [2] amplifier with gain 
peak wavelengths of 1532 and 1500 nm for the TE- 
and TM-polarization, respectively. The InGaAs well 
layers and the InGaAsP barrier layers are 80 and 
130 A thick, respectively, as shown in the band di- 
agram in Fig. 1. The guide layers are each 1000 A 
thick and of the same composition as the barriers. 
The active stripe is 2.Opm wide and 800prn long. 
The facets are AR-coated giving residual reflectivi- 
ties of approximately io-3. 
Measurements of d n / d N ,  dg /dN and the a - fac- 
tor are performed with a dynamic selfheterodyne 
method [3],[4], and the calculations are performed 
using a detailed model [5]. The TE-and T M -  
polarizations are considered at the respective gain 
peaks. 

Discussion: Fig. 2 shows measured and calculated 
d n / d N  vs. injection current for the two polariza- 
tions. At low injection currents d n / d N  is signifi- 
cantly smaller for the TM-polarization, which can 
be explained as follows: Free carriers normally con- 
tribute to d n / d N ,  because of collision and relaxation 
processes (free carrier plasma effect). However, in a 
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quantum well the carriers are not free to  move in 
the direction perpendicular to the well, and there- 
fore will not contribute to  d n / d N  for TM-polaiized 
light. For high injection currents, the differente in 
d n / d N  between the two polarizations becomes neg- 
ligible. This is not in accordance with the theoreti- 
cal predicted difference, which is mainly due to  the 
plasma effect, and nearly independent of the injec- 
tion level (carrier density). However, carrier over- 
flow [4],[6] is not included in the calculations. This 
could explain our experimental data, since carriers 
leaking into the barrier states will contribute tc i  the 
plasma effect even for the TM-polarization, thus re- 
ducing the dn/dN difference at higher injection cur- 
rents. Figure 3 shows the measured and calculated 
values for d g / d N  vs. the injection current for the 
TE- and TM-polarizations. The measured dg /dN is 
smaller for the TM-polarization at low injection, but 
are identical for the two polarizations at  high injec- 
tion levels. Contrary to this, the theoretical results 
show higher values of dg /dN for the TM polariza- 
tion. The theoretical predictions are considei ably 
larger than the measured values. A better asgee- 
ment might be achieved by including carrier over- 
flow in the model. This would tend to  saturate the 
predicted gain at high injection currents, since the 
carriers in the barrier states do not contribute to the 
gain. The measured and theoretically predicte'j re- 
sults for the a-factor vs. injection current are shown 
in Fig. 4. I t  is worth noting, that  in spite CY- the 
smaller measured values of dg /dN at low injection 
for the TM-polarization there is no difference in the 
a-factors due to the absence of the plasma effect for 
the T M  polarization. Fig. 5 shows the measured 
a-factor vs. single pass gain for the two polariza- 
tions. As the a-factor for agiven gain is larger for the 
TM-polarization an improvement of the linewidth for 
a MQW laser oscillating in TM-mode is not irnme- 
diately expected. However, the application of ten- 
sile strained layer MQW, which increases the TM 
gain above the T E  gain, might change this, since 
the plasma effect would still be absent for the TM- 
polarization. Low a-factors in tensile strained h4QW 
material has in fact been reported in in [8]. 
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Conclusion: The polarization dependence of the a- 
factor has been investigated for unstrained MQW 
material. Experimentally the a-factor has been 
found to be smaller for T E  compared to TM- 
polarization a t  a given gain. However, it has been 
pointed out that the contribution from the free car- 
rier plasma effect to  the refractive index is negligible 
for TM-polarized light at  low injection levels. This 
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Figure 2: Differential refractive index d n / d N  vs. in- 
jection current. The lines are calculated. 
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Figure 4: a-factor vs. injection current. The lines 
are calculated. 

leads to a significant reduction in d n / d N  compared 
to the TEpolarization and is important in relation 
to strained MQW lasers. These can be made to os- 
cillate in the TM-mode with potential reduction of 
the a-factor. 
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Figure 1: Energy band diagram of the MQW ampli- 
fier . 

a 
? 
2 
L 

4- 

2- 0 8  

' 8 a a . ;  

07 . . , . . , . . , , . 
30 60 90 1 io 
Bias C'urrent (d) 

Figure 3: Differential gain d g / d N  vs. injection cur- 
rent. The lines are calculated. 
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Figure 5: a-factor vs. single-pass gain. 
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