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Optical power equalization using Fabry-Perot
semiconductor optical amplifier
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A novel scheme of optical power equalization based on Fabry-Perot semiconductor optical amplifier (FP-
SOA) is proposed. Because of the gain characteristic of FP-SOA, real-time controlling mechanism according
to input optical power is aborted in the scheme. The simulations show that 10-dB pulse peak power
variation can be clamped in less than 1 dB. The influences of injecting current, pulse periods, and pulse
width are discussed.
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Optical packet switching (OPS) technology will conquer
the electronic bottleneck in the O/E/O switching nodes
and provide the smaller switching granularity than wave-
length switching[1−6]. But there still exist many prob-
lems handicapping the realization of OPS, for example,
reducing the optical packet power variation. In optical
packet switching networks, optical packets are routed in-
dividually according to generalized multiprotocol label
switching (GMPLS) and experience the different loss in
the diverse transmission paths. In the core switching
nodes, the packets will suffer optical signal processing
including the wavelength conversion, fiber delay lines
(FDLs), optical regeneration and so on. According to the
scheduling mechanism, some optical packets experience
the more components and others experience less. The
optical packet power will vary each other and the dra-
matic value of power variations between the consecutive
packets can reach higher than 10 dB[7]. Since wavelength
conversion, optical clock recovery and optical regenera-
tion can work well only when the optical power of input
signal falls in the certain range, the dramatic power vari-
ation will invalidate the optical signal processing func-
tion in the core switching nodes. Otherwise, the burst
receiving will put stringent requirement on the dynamic
range of the receiver and increase the bit error probabil-
ity in the edge nodes. Optical power equalizer eliminates
the power variation and clamps the power fluctuation in
a small range. Several approaches have been proposed
including the use of saturated semiconductor optical am-
plifier (SOA)[7] with opto-electronic[8,9] or all-optical[10]
control. According to the controlling mechanisms, they
can be divided into three types: 1) controlling the gain by
adjusting the bias current; 2) using the saturation effect
and controlling the optical power of continuous wave on
another wavelength to adjust the gain of signal wave;
3) using the wavelength conversion and controlling the
power of the pump light.

To obtain the controlling information, the input optical
power has to be estimated by taping a portion of incident
light before the lights come into the equalizer in these
schemes. The real-time control will increase the com-
plexity of the system and impose the processing delay.
The rise time and fall time of the electronic controlling

signal (about tens of microseconds[9]) will also limit the
equalizing speed.

We have proposed a kind of optical power equal-
izer based on SOA-based Mach-Zehnder interferometer
(SOA-MZI) structure without any dynamic control[11].
Here, we propose another scheme of optical power equal-
ization using Fabry-Perot (FP-SOA). As shown in Fig.
1, only one FP-SOA is enough to clamp different powers
of input optical packets to a certain value without any
feedback control.

The gain of FP-SOA can be expressed as[12]

G =
(1 − R1)(1 − R2)Gs

(1 −√
R1R2Gs)2 + 4

√
R1R2Gs sin2 φ

, (1)

where R1 and R2 are the facet reflectivities. The sin-
gle pass gain Gs and phase φ under the assumption of
uniform carrier distribution can be expressed as

Gs = exp {[Γa(N − Ntr) − α]L} , (2)

φ =
2π

λ
nL, (3)

where Γ is the optical confinement factor, a the linear
material gain coefficient, N the carrier density, Ntr the
carrier density at transparency, α the loss coefficient, L
the cavity length, λ the wavelength, and n the equivalent
refractive index. The equivalent refractive index n is rel-
ative to the carrier density N . In general, n is modeled
as a linear function of carrier density

n = n0 +
dn

dN
N, (4)

Fig. 1. FP-SOA optical power equalizer.
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where n0 is the equivalent refractive index at zero carrier
density, dn/dN is the differential of equivalent refractive
index with respect to carrier density.

From Eq. (1) to Eq. (4), it is easy to be found that the
gain of FP-SOA not only has the wavelength selectivity
but also fluctuates with the carrier density. Figure 2(a)
shows the relationship between the gain G and carrier
density N when R1 = R2 = 0.1, L = 0.5 mm, Γ = 0.1,
and λ = 1.55 μm. When N = 2.478×1024 m−3, the gain
reaches to 18.9 dB. When N = 2.53× 1024 or 2.42× 1024

m−3, the gain falls to −3 dB. For realizing optical power
equalization, FP-SOA is required to work in region I
as shown in Fig. 2(a). In region I, the gain decreases
with the depletion of carrier density. Especially, it is the
steep gain decreasing on FP-SOA that makes the gain
sensitive to the optical power. Since higher input optical
power will deplete more carriers and lead to lower level of
carrier density, the corresponding gain is lower. On the
contrary, lower input optical power will lead to higher
level of carrier density and achieve relatively higher gain.
For example, the input optical power, PA < PB < PC <
PD, will deplete the carrier, cause the carrier density
NA > NB > NC > ND, and achieve the corresponding
gain GA > GB > GC > GD (as shown in Fig. 2(a)). By
optimizing the FP-SOA parameters and adjusting the
the slope curve of G versus N to satisfy PA (dBm) +
GA (dB) ≈ PB (dBm) + GB (dB) ≈ PC (dBm) +
GC (dB) ≈ PD (dBm) + GD (dB), the variable-power
input optical signal will be clamped to almost the con-
stant output power. The relation curve of input optical
power Pin (dBm) and the gain G (dB) for the ideal optical
power equalizer where Pin (dBm)+G (dB) = constant, is
a straight line with the differential ratio of −1. This rule
can be one of the standards to evaluate the performance
of optical power equalizer. It can also be used to find
the equalization range of input optical power.

Fig. 2. Gain G versus carrier density N (a) and wavelength
λ (b).

The gain variation with the carrier density can also
be explained from the gain spectra of FP-SOA as shown
in Fig. 2(b). When N = 2.478 × 1024 m−3, the gain
peak appears at the wavelength of 1.55 μm. Since the
refractive index in the active region increases with the
carrier depletion, the gain spectrum of FP-SOA will shift
toward longer wavelength. When N = 2.46 × 1024 m−3,
the gain at the wavelength of 1.55 μm is reduced to 3.5
dB. From the multi-peak gain spectrum of FP-SOA in
Fig. 2(b), the function of optical power equalization can
be realized at the periodical wavelength for a certain
carrier density, i.e., a certain injecting current.

For researching the dynamic characteristic of pulse
amplification in FP-SOA and verifying the feasibility of
optical power equalization using FP-SOA, a numerical
model is established according to Refs. [13] and [14]. In
the simulation, R1 = R2 = 0.1, L = 0.5 mm, λ = 1.55
μm, Γ = 0.1, and other parameters are adopted as shown
in Ref. [13].

Figure 3 shows the input and output pulse waveforms
and the variation of carrier density when the injecting
current I = 61.8 mA. The injecting current I = 61.8 mA
guarantees FP-SOA working in region I. For simplicity,
four-pulse train is adopted to represent a packet and the
pulses have Gaussian waveforms. The peak power of the
packets varies from −17.5 to −7.5 dBm, the pulse period
is 0.708 ns and the full width at half maximum (FWHM)
is 147.4 ps. After the packets pass through FP-SOA,
the peak power is clamped between −7.8 and −6.2 dBm.
The corresponding variation of carrier density also indi-
cates that the carrier density shifts to lower values with
the peak power increasing.

Figure 4(a) shows the relationship between output
pulse peak power Pout and input pulse peak power Pin in
different kinds of injecting currents. 10-dB variation of
Pin can be clamped into less than 1 dB. With the increase
of injecting current, the working point shifts to higher
carrier density and the higher gain is achieved in region
I. Because of the different working points in the different
injecting currents, the differential ratios of corresponding
relationship curves of Pout and Pin will be distinguished
but not dramatic. When I = 62.0 mA, Pin less than
−18 dBm induces the working point to shift to the right
side of region I and locate in the falling slope of the G
versus N curve. So the sharp increasing of Pout appears
under this condition. Figure 4(b) shows the relationship

Fig. 3. Input and output waveforms and the corresponding
variation of carrier density.
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Fig. 4. Influence of injecting current.

between the peak gain G and Pin. There appears a gain
peak corresponding to the gain peak in the G versus N
relationship as I = 62.0 mA. It also explains that Pin less
than −18 dBm shifts the working point to the right side
of the G versus N gain peak, where G increases with the
carrier depletion. Figure 4(b) also shows that the optical
power clamping range shifts toward higher power when
the injecting current is increasing.

Because of relatively slow carrier recovery in SOA, the
data rate is confined. The pulse periods will influence the
carrier density that recovers from the leading pulse. Since
the gain depends on the carrier density, the pulse periods

Fig. 5. Influence of pulse period (I = 61.8 mA, pulse width
W = 147.4 ps).

Fig. 6. Influence of pulse width (I = 61.8 mA, pulse period
T = 0.708 ns).

will affect the performance of optical power equalization.
Figure 5(a) shows the relationship between Pout and Pin

and Fig. 5(b) shows the relationship between G and Pin

in various pulse periods. By decreasing the pulse period,
the gain decreases due to not completely carrier recov-
ery. But the output power variation is also reduced at
the same time. The optical power clamping range shifts
toward lower power when the pulse period becomes small.
It needs to point out that too small pulse period will de-
grade the extinction ratio of the pulses after FP-SOA. So
there exists an optimum pulse period.

Figure 6(a) shows the relationship between Pout and
Pin and Fig. 6(b) shows the relationship between G and
Pin in various pulse widths. Wider pulses achieve lower
gain but have flat Pout for a large range of Pin, as shown
in Fig. 6(a). Figure 6(b) indicates that the optical power
clamping range shifts toward lower power with the in-
crease of pulse width. It can be explained that wide
pulses require less peak power than narrow pulse for de-
pleting the same number of the carrier.

In conclusion, due to the steep gain characteristic of
FP-SOA, optical power equalization can be realized by
setting the working points in region I. This scheme has
not any requirement of feedback control. The simulation
verifies the feasibility of the scheme. Increasing injecting
current or pulse period or decreasing pulse width shifts
the optical power clamping range toward higher power.
Relatively small pulse period and large pulse width pro-
vide flat output power.
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