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Fig. 3. Experimental 2p/m curves for different bias current.

terms of the bias current and the temperature are measured
with a Power Meter, while the wavelength is measured us-
ing a High Resolution Complex Optical Spectrum Analyzer
(HRCOSA).

The lasing threshold is 1.399mA and the slope efficiency
is 0.137mW/mA, both at 25◦C. The emitted wavelength in
terms of the bias current and the temperature is shown in Fig.
2. The variation of the wavelength with the temperature is -
0.122nm/◦C and with the bias current is 0.527nm/mA. In Fig. 2,
the constant emitting power lines have been plotted in terms of
the temperature and the bias current. The emitted wavelength
can be tuned maintaining a constant optical power, in such a
way that, for example, a wavelength variation of 5nm can be
obtained with a constant emitting optical power of -1.5dBm.
Therefore, the emitted wavelength and optical power of the
VCSEL can be tuned adjusting both the temperature and the
bias current.

The VCSEL dynamic parameter measured is the frequency
chirp, defined as the dynamic shift of the operating optical fre-
quency of the laser with the variation of the emitting optical
power and, for modulation frequencies higher than the thermal
response of the device. It can be described as [8]:
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where Δν (t) is the optical frequency shift, φ (t) is the in-
stantaneous optical phase and P (t) is the instantaneous optical
power. The transient chirp (α) is associated with the variation of
the emitting optical power and the adiabatic chirp (κ) is related
with the instantaneous emitting optical power. This parame-
ters have been characterized using the FM/AM method [9, 10]
which is based on the measurement of the residual phase to
amplitude modulation when modulating a VCSEL with a sine
signal of frequency ( f ) and a low intensity modulation depth
(m). The optical intensity output is:

I (t) = I0(1 + m cos(2π f t)) with m � 1 (2)

The optical carrier (with power I0) and the two first order side-
bands (I+1 and I−1) ) found in the spectrum are measured em-
ploying the HRCOSA while the (m) is measured using a Digital
Communication Analyzer (DCA) Oscilloscope, as can be seen
in Fig.1. The average optical power of the first order sidebands
( Ī±1) allows to obtain the ratio between residual phase modula-
tion and amplitude modulation (2p/m) [8, 9]:

Ī±1 = I0
(m

4
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]

with m � 1, p � 1 (3)
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Fig. 4. Experimental setup of the proposed transmitter with
heterodyne coherent reception.

This ratio (2p/m) is related with α and κ [8]:
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where fc is the chirp frequency, which is the frequency when
both chirp effects are equal [11].

In Fig. 3, the ratio 2p/m versus the modulation frequency for
different bias current (Ibias) is shown. The 2p/m ratio decreases
with the modulation frequency and it converges to the α value
when the second factor under the square root of Eq.(4) tends to
zero, i.e. at high modulation frequencies. The fc and the α are
obtained adjusting the experimental values to Eq. (4). The fc
increases lineally with the bias current and it is used to obtain
the κ factor through the relation shown in Eq. (4). The α and
the κ parameters are independent with the bias current. The
α parameter is found to be 2.24 ± 0.1 and the κ parameter is
7.6 ± 0.8GHz/mW.

The measured dynamic (frequency chirp) parameters are
used to simulate the chirp and phase behavior and to develop a
DPSK transmitter based on a directly phase modulated VCSEL.

The experimental setup used to obtain a Non-Return-to-
Zero (NRZ) DPSK transmitter based on a directly phase mod-
ulated VCSEL with an heterodyne receiver is shown in Fig. 4.
Data have been encoded differentially in order to use a cost-
effective receiver, but the transmitter can use non-differential
encoding. The VCSEL is a commercially available device from
RaycanTM with thermal stabilization, exhibiting a relatively
wide linewidth, higher than 10MHz, and an electrical band-
width of 4GHz. The VCSEL is biased to a current of 8mA and
emits -1dBm optical power at 25◦C. The thermal wavelength
tuning of this VCSEL, previously described, allows a flexible
wavelength allocation.

The pulse shaper for the VCSEL direct phase modulation
consists of a sharp transition at the start of the symbol and
an exponential decay after the symbol, which can be modeled
with first order high-pass function with a cut-off frequency of
636.32MHz and is shown in Fig. 5(a), where we have used a
bit rate of 1.25Gb/s for a better description of the chirp and
phase behavior. The optical power signal (Fig. 5(a)) is distorted
because of the Arbitrary Waveform Generator (AWG) electrical
response and the VCSEL dynamic behavior.

This optical power signal has been acquired and used as the
input for simulating the chirp of the VCSEL applying the pa-
rameters obtained previously. Fig. 5.(b) shows the frequency
shift caused by the two terms of the Eq. (1). The first term (tran-
sient chirp) is related with the variation of the optical power
and the α parameter and shows strong peaks and a small decay
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