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Abstract—A novel widely tunable laser diode that only requires
two tuning currents is proposed. The laser structure is based on
the tunable twin-guide laser with a 4-shifted sampled or super-
structure grating. Numerical simulation results are given for the
tuning characteristics.
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I. INTRODUCTION

T HE ADVANTAGES of tunable laser diodes, and in partic-
ular widely tunable laser diodes with a tuning range of sev-

eral tens of nanometers, are known for many years. When used
as spare lasers or backup lasers, they can be used to replace any
fixed wavelength laser, and thus can bring significant savings in
inventory costs. However, of even more importance is that they
can be used for the introduction of new network concepts with
added flexibility and functionality [1]. Recently, there is also
some interest in the use of tunable lasers for packet switching
purposes [2]. In all these applications they can either function
as a transmitter or as a tunable pump in the equally important
wavelength converters.

Widely tunable laser diodes have been investigated for
many years [3]–[6]. Nevertheless, the existing concepts still
seem to suffer from a number of important disadvantages.
For example, a high output power only seems possible if
all (passive) tuning sections are located on one side of the
(active) gain section, which on the other side should have
a cleaved or partly antireflection- (AR) coated facet. Of all
edge-emitting widely tunable laser concepts, only the grating
coupled sampled reflector (GCSR) laser is in this case. On the
other hand, practice has shown that stabilization is easier when
two tunable filters giving a series of narrow equally spaced
peaks (such as sampled or superstructure gratings) are used.
Operation points with high sidemode rejection then correspond
with sharp optima in output power or active section voltage
which lend themselves for feedback control [7]. This is the case
for the super structure grating (SSG) or sampled grating (SG)
distributed Bragg reflector (DBR) lasers, which are however
less favorable from the point of view of achievable maximum
power. In addition, almost all currently existing types of
edge-emitting widely tunable lasers require at least three tuning
currents (typically including one phase current to adjust the
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cavity mode location), and therefore, their characterization is
time consuming. Some years ago, a new type of widely tunable
laser, the so-called tunable distributed amplification DFB
LD (TDA-DFB-LD) [6], with only two tuning currents has
been proposed. However, the specific structure of this device
(with short gain and tuning sections being alternated) requires
complex growth and processing techniques.

In this letter, we present another new widely tunable laser
diode which combines the advantages of the GCSR and the
(S)SG-DBR lasers. It also only requires two tuning currents,
and hence its characterization is less time-consuming. In addi-
tion, the structure we propose has a less complex structure than
the one introduced in [6]. The new laser structure is based on
the tunable twin-guide (TTG) laser structure which has been
introduced many years ago [8]. In Section II, we describe the
structure and explain the operation principle of the widely tun-
able TTG laser. In Section III, we present simulation results ob-
tained using a converted DFB-laser model, and we give some
tuning characteristics. Conclusions will be drawn in Section IV.

II. BASIC STRUCTURE

The schematic structure of the proposed widely tunable laser
diode is shown in Fig. 1. The lateral/transverse cross section of
the TTG-structure forms a single-mode waveguide in which car-
rier densities can be built-up in two different layers. The carrier
density in the active layer causes a change in both the modal gain
and the effective index of the waveguide, whereas the carrier
density in the tuning layer only changes the effective waveguide
index. Both carrier densities, and thus also modal gain and ef-
fective index, can be independently varied using the active cur-
rent and the tuning current . A laser with a TTG-structure
containing a diffraction grating, therefore acts as a DFB laser of
which the Bragg wavelength can be tuned electronically.

Unlike in the ordinary TTG laser, the tuning layer in a widely
tunable TTG laser is divided into two equally long parts with
two different electrodes for separate current injection. The
diffraction grating is replaced by two sampled or superstructure
gratings, one in each tuning section, which are equal in grating
period and amplitude, but different in sampling period. A phase
shift of ( ) is present in the grating at the boundary between
both sections. The current density in the active waveguide is
uniform. We also assume that the two laser facets are perfectly
AR-coated.

To describe the tuning behavior of the laser diode, it has to
be noticed that sampled or superstructure gratings with a basic
grating period and a sampling period , exhibit a number
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Fig. 1. Schematic structure of a�=4-shifted (S)SG TTG laser. (a) Longitudinal/transverse cross section. (b) Lateral/transverse cross section.

of Bragg wavelengths (corresponding with a number
of reflection peaks) located at

with the effective index of the waveguide. For the struc-
ture of Fig. 1, with different sampling periods and in
the left-hand side (LHS) and the right-hand side (RHS) section,
one thus obtains a number of reflection peaks, but with different
peak separation for both sections. However, if a peak of the LHS
section overlaps with a peak from the same orderfrom the
RHS section, the structure will, for that particular order, be-
have as a -shifted laser due to the -shift in the grating. If
the active section is pumped above threshold in that case, there
will be a stable single-mode emission at the Bragg wavelength
of order . Since the reflection peaks of other orders () will
not overlap very well, there will only be significant feedback
(and lasing) for the order. This last statement is, of course,
only true if the coupling coefficients are not too large and the
reflection peaks are not too broad. Otherwise, a good overlap
could exist for multiple orders at the same time.

The principal advantage of the TTG structure is its opera-
tion as a -shifted DFB laser, which automatically ensures
that the lasing cavity mode coincides with the appropriate filter
peaks from both sampled gratings and which makes a phase
section redundant. In addition, the Bragg wavelength of this

-shifted DFB-laser can be varied by changing the effective
index of the waveguides using the tuning currents.
Obviously, continuous tuning of the orderemission can be
obtained by changing and , at the same time such
that the overlap of the reflection peaks of orderremains, and
such that the Bragg wavelength changes continuously.
A larger shift in wavelength and a transition to another contin-
uous-tuning curve can be obtained by changing and
such that another pair of reflection peaks (from another order)
overlap.

III. SIMULATION RESULTS

For the simulations we considered a sampled grating laser
with two equally long sections of length 720-m perfect
AR-coatings on the facets and aphase shift in the middle.

TABLE I
DEVICE PARAMETERS USED IN THE NUMERICAL

SIMULATION OF THE SG-TTG LASER

The gratings in both sections have a coupling coefficient of
50 cm and a grating duty cycle (or sampling fill factor) of
0.1. The grating period is 236.9 nm and the sampling period
is taken as 72 m for the LHS grating and 80 m for the
RHS grating. The other main parameters are given in Table I.
The simulations have been performed using the longitudinal
computer model CLADISS [9], which was slightly adapted for
the simulation of SG-TTG lasers.

The wavelength as a function of the two tuning currents is
shown in Fig. 2, while the corresponding values of the mode dis-
crimination (in terms of the difference in normalized threshold
gain between main and sidemode) are displayed in Fig. 3. On
all the plateaus visible in Fig. 2, tuning curves can be drawn
along, which a high value (of 0.1 or more) and hence
a stable single mode behavior is found. The main sidemode is
always a distant cavity mode located on the (nonperfect) overlap
of two other reflection peaks (and not an adjacent cavity mode).
The sidemode suppression, therefore, could be enhanced even
more by either using smaller coupling coefficients or taking the
sampling periods in both sections even more different.

The threshold gain as a function of the two tuning currents for
the laser is given in Fig. 4. One can see that the points of max-
imum threshold gain difference, and hence of maximum side-
mode rejection correspond with points of minimum threshold
gain. In fact, from Fig. 4, one can easily see that the tuning
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Fig. 2. Three-dimensional view of the wavelength (in�m) as a function of the
two tuning currents.

Fig. 3. Normalized threshold gain difference (�(�g L)) between main and
sidemode as a function of the two tuning currents.

curves along, which a stable single-mode behavior is obtained,
can be derived by varying the tuning currents along those di-
rections for which a minimum gradient in threshold gain exists.
The lines of minimum gradient are approximated in Fig. 4 by
dashed lines. Considering that the minimum threshold gain cor-
responds with a minimum voltage over the active section, this
implies that the characterization can be done very fast and that
existing feedback control methods [7] can be used to stabilize
the laser.

We also performed some simulations with a carrier density
dependent loss in the tuning section. For a confinement factor
0.2 for both the active layer and the tuning layer and for a
carrier density dependence of the loss in the tuning layer of
eight 10 cm , we found that the threshold gain increased
from 24 to 33 cm and the threshold current increased from
75 to 92.3 mA. The external efficiency decreased from 0.1 to
0.073 mW/mA (over the tuning range shown in Fig. 2).

Fig. 4. Threshold gain (in�m ) as a function of the two tuning currents. The
dashed lines indicate lines along which a minimum gradient in threshold gain
is obtained.

IV. CONCLUSION

We have proposed a new widely tunable laser diode which
only requires two tuning currents. The new structure, in
addition, has the advantage of incorporating highly selective
filtering, and thus is easy to stabilize. The behavior as a

-shifted DFB laser, moreover, implies that the device
should be capable of high power operation, while the presence
of AR-coated facets will allow the integration with an amplifier
or a modulator.
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