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The high vertical index contrast and the small thickness of IMOS allow the realization
of very small devices. Since photonic integrated circuits consist of both passive and
active components, a successful active-passive integration is an essential step towards
complete PICs. In this paper we will present our results on the analysis of submicron
active-passive integration for IMOS platform. A trap model based on rate equations is
built up to evaluate degradation of InGaAsP QWs due to the clean room processing,
especially from the dry etching. The results show that the model fits quite well with
the experimental data and that defect densities increase strongly for smaller active
regions.

1 Introduction

The complexity of photonic
integrated circuits (PICs) has been
raised significantly these last few
years, following Moore’s law in
Photonics'. To satisfy the need for
even further complexity, devices and
waveguides have to be made smaller BCB
and less power consuming. InP-based
Membranes on Silicon (IMOS)
technology, with its high vertical
refractive index contrast and small
thickness, allow the realization of very
small devices. The advantages of this
platform are multiple. First of all, high  Figure.1. a schematic view of the IMOS platform
vertical refractive index contrast and
low power consumption because of the ultra small thickness. Secondly, both passive
and active functions can be realised in the InP-based material system. Last but not
least, this platform is compatible with Silicon On Insulator and CMOS platforms
which make it possible to use the mature and advanced CMOS Fab technology.

A wide range of passive components such as waveguides, MMI** and
polarization converters* have already been fabricated with good performances. Since
PICs consist of both passive and active components, a successful active/passive (A/P)
integration in membranes is an essential step towards complete PICs. Therefore
submicron A/P integration with selective area re-growth technique have been
developed and shows promising results®. In this paper we show the further analysis
based on the the micro PL measurement of submicron A/P integration.
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2 Submicron Active/passive integration

Fig.2 and Fig.3 shows the key results of the submicron active passive
integration test for the IMOS platform. Fig.2 shows a top view SEM picture of an
achieved structure (hexagon) with a submicron size. Fig.3 is the SEM picture obtained
from Focused lon Beam (FIB) etching. The line in Fig.2 indicates the position where
the cross section picture of Fig.3 is made. As one can see in Fig.3, the good quality of
the interface and the flatness of the surface can be seen from this picture.
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Fig.2: A submicron active structure (Octagon)

Moreover, in order to check the optical properties of the remained submicron
active region, micro PL measurements have been performed. Fig.4 shows the
photoluminescence of such a submicron structure under CW pumping by a red laser
diode at 660 nm. This spectrum corresponds to the quantum wells emission with a
peak centred at 1500nm. Furthermore, in order to get a precise relation between PL
output and pumping power, more measurements and analysis are done. Fig.5 shows
the result of a further micro PL measurement for an active structure with increasing
pumping power. One can see that the output power goes up when the pumping power
is increasing. However, the relation is not linear. In order to understand the
mechanism behind this nonlinearity, a trap model is used. Analysis of the PL results
based on this model is given in the following section.

PL Integrated intensity vs pumping power
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Fig. 4: PL spectrum of the submicron structure Fig.5:PL integrated intensity vs pumping power

3 Trap model analysis

Fig.6 shows a simplified energy band diagram of this model. N and N; are the
carrier density of the conduction band and the trap level, N, represents the number of
the energy traps, 7., 71 and 7, are the recombination time constants of each of the three
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processes considered: a) radiative recombination (z;); b) transition from conduction
band to trap (z1); c) transition from trap to valence band (z). It is known that during
the clean room process, defects will be introduced, especially from the dry etching.
And these defects will possibly cause energy traps in the QWs. Because of these
energy traps, when the pumping power is small, the excited carriers are partially
filling these energy traps, which results in non-radiative recombination as shown in
Fig.6. At higher pumping power, these trap energy levels become filled, the additional
excited carriers then contribute to the radiative recombination.
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Figure 6. A simplified energy band diagram of the trap model.

Rate equations that are used to solve this model are:

dNe _ _ Ne _ Ne(No—Np)
de Cllm T, NoTy (1)
ﬁ — N¢ (NO_Nt) _ & (2)
dt N0T1 Ty
N
Furthermore: I,,,,; = ¢, T—C (3)
T

In the rate equations, c,I;,, represents the number of carriers in the conduction band of

the QWs as a result of photon absorption. absorbed effectively, % represents the

N¢ (No—Ny)

carriers that involved in radiative recombination, represents the carriers that

0T1

undergoes a transition into the energy traps. % represents the number if carriers that
2
transit back to the valence band but with a non-radiative recombination.

For the stationary condition, % =0, d:tc =0 4)

By solving the above equation, a quadratic equation in Nc is obtained,

2N+ (B2 4+ No = ealinTs ) Ne = CalinNoTy = 0 (5)

T2

Written as the standard quadratic equation

AN*+BN,+C=0 (6)
( A=
Then we have {B = (No :—1 + Ny — CllinTZ) (7)
2

k C = _Clli‘nTlNO
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Since the output PL power is proportional to N as shown in eq.3, the solution
of eq.7 can be used to fit the measurement data. The fitting with the experimental data
is very good as shown in Fig.6. Moreover, a relation between normalized defects
density and the area of the QWSs can also be derived from this model. As shown in
Fig.7, the defects density is increasing with the decreasing of active region area,
which means smaller active structures have higher defects densities. This is
reasonable since the total number of defects increases linearly with the circumference
of the structure, while the area of the active region is increasing quadratically with the
circumference of active structure. Therefore the defects density is inversely
proportional to the circumference of the active area as shown in Fig.7. Here it should
be mentioned that normalized defects density (No_norm= No/c; 72) is used, where c; is
a constant. However, it should be mentioned here that for simplification purposes, the
trap model assumes one type of trap, while in reality different types can occur. This
implies that the information from the fitting refers to an average of effective trap.
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Fig.6: Trap model fitting with experiment data. Fig.7:Defects density vs Circumference/area.

4 Conclusion

In this paper the submicron A/P integration on an InGaAsP material system is
analyzed with a trap model based on rate equations, in order to study the relation of
the input and output light and to understand the physical mechanism involved in it.
The calculations from this model fit well with the experimental data. It is found that
the defects density is higher for smaller active structures and increase linearly with
circumference/area. The high defect density in very small active regions can be
detrimental for the operation of lasers and SOAs.
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