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Abstract—This paper describes the analysis, fabrication, and  In experiments, the initial properties of an optically pumped
characterization Of chirped grating tunable distrik_)uted-feedback_ laser emission were reported ten years ago [1]. The lasing
(CGT DFB) semiconductor lasers. Both theoretical and experi- demonstration of the chirped grating DFB laser formed by a

mental results show that the wavelength tunability of DFB lasers bent ide struct h Iso b ted Hv 181 A
can be enhanced by introducing pitch-chirped grating structure. €Nt waveguide structure has also been reported recently [8].

The tuning mechanism is also theoretically demonstrated. The DFB laser with corrugation-pitch-modulated (CPM) structure
proposed CGT DFB laser will be useful in optical systems using has been shown, both theoretically and experimentally, with
wavelength division multiplexed (WDM) networks and other superior spectral linewidth properties [9]. For wavelength
applications, due to its broader continuous tunability and very ,naple optical devices, the chirped grating has been proposed
easy fabrication. . - N
as a tunable filter in theory [10] and has also been applied in
. Index Terms—Chirped grating, continuous tuning, DFB laser, g super structure grating (SSG) [11] sampled DBR laser.
linear chirp, tunable laser. DFB lasers cannot achieve as good tuning as DBR devices,
but DFB types do not give a large linewidth or rather FM noise
|. INTRODUCTION and probably also give high speed. Additionally, the DFB type

DISTRIBUTED-FEEDBACK (DFB) semiconductor ha§ the mer_lt of simple faprlcatlon. We have proposed to use
chirped grating for extending the wavelength tuning range of

laser with chirped grating (symmetric pitch chirp) haf)FB lasers and have reported some results about the lasing

been theoretically proposed for decreasing threshold gain . d tuni ) £ chiroed . |
and improving single-mode selectivity by one of the autho foperties an _tumng properties of chirped grating DFB lasers
%2]—[14]. In this paper, to demonstrate the enhanced wave-
ength tunability of the chirped grating tunable (CGT) DFB

?éser, the theoretical analyses of wavelength tuning properties
are first described. The fabrication and characterization of CGT
?)SIFB lasers with different chirps are then reported.

before [1]. Nowadays, the chirped grating structures a
also noted for their theoretically predicted superior abov
threshold characteristics compared with thid-phase-shifted
grating structure. A linearly chirped grating (but symmetricall
distributed in the cavity) DFB laser has been theoretical
investigated by Zhou and Lee for mode selection and spatial
hole burning suppression properties [2] or for narrow linewidth
property in phase-shifted structure [3]. The same authors ) ] ] o
also analyzed the chirped grating (linear chirp in the whole The tunable lasers Wlth passive tuning region like tunable
cavity) M4-shifted DFB laser for uniform longitudinal field DBR lasers, tunable twin-guide (TTG) lasers, and other types
distribution [4]. Panet al., also analyzed the linewidth including phase-tunable DFB lasers, have relatively simple

reduction of the)\/4-shifted DFB laser with chirped gratingstU"ing mechanisms and have been fully theoretically ana-
and demonstrated a linewidth reduced effect introduced BHged [151-[17]. Some papers also theoretically discussed
symmetrically chirped grating and a linewidth increased effeliié properties of multielectrode DFB lasers [18]-[22]. In
caused by asymmetrically chirped grating [5]. In additiofnis Paper, with the aide of CLADISS (Compound LAser
the theoretical analyses of the chirped grating filter [6] arldlode Simulation Software) [23], the tuning mechanism and

distributed Bragg reflection (DBR) structure [7] have alsH® tuning properties of CGT DFB laser are discussed and
been reported. numerically demonstrated. The simulated wavelength tuning

of a conventional uniform grating DFB laser for comparison
agrees well with the reported experimental result for the first
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TABLE |
PARAMETERS USED IN CALCULATIONS

Parameters Symbles Values
OUTPUT
Laser stripe width w 1.5 pm
Grating Pitch: A= AOXI+ D%) Active layer thickness d 0.12 pm
Chirp Parameter: D:A—(-I‘Ti-(_o—/)\@ Laser cavity length L 400 pum, ...
Bragg order m 1,..
Az)
APPROXIMATE Grating period A, 0.2413 um
Field amplitude reflectivity at rear facet Pr 0.565
ACTUAL Field amplitude reflectivity at front facet or 0
I - Phase of reflectivity at rear facet O 0, ...
0 L < ,
. ) ) Ph f reflectivity at front facet 0,..
Fig. 1. Schematic drawing of the two-electrode CGT DFB laser for numer- ase of retlectivity at front face %
ical calculations. Coupling coefficient - Backward to Krg 50 cm-!
Forward propagating wave
of the multielectrode DFB laser. This causes an additional Coupling coefficient - Forward to Kpr 50 cm-l
e . . Backward propagating wave
wavelength shift introduced by the chirped grating, except for
the index variation that can be induced by both carrier density Unperturbated effective refractive index n, 325

change and photon density change in DFB lasers.

A simple case of a two-section DFB laser with the rear facet
as cleaved (CL) and the front facet as antireflection (AR) is Power confinement factor in active layer r 0.5
considered here. Its linearly chirped grating is approximated cyrrent injection efficiency

Internal waveguide losses coefficient Qs 50 cm-1

0.8
by a stepped chirped grating, as shown in Fig. 1, in the !
calculations. The coupled mode equations are used togethef-amier lifetime T 5x109 s
with the carrier density rate equation of each longitudinal giectron charge e 1.6x10-19
mode [23], by taking into account the nonuniformity of o

Bimolecular recombination rate B 100

carrier density distribution along the cavity axiscaused by
nonuniform current injection and other effects like spatial hole Auger recombination coefficient c 20x10°
burning. Most parameters used in the calculations are listed in
Table I. The parameters are not optimized, and the influences

of grating phase and confinement factor are not involved in this 1566 T T TTTTT T T T T T T
paper. In a linear system, the choice of confinement factor is - ]
not critical to the analysis of wavelength tuning. A large value 1564 [ ® D=0 (Uniform Grating) 1
of confinement factor has been used to allow in an approximate e A 1
o : . 2 1562 | ... .
way for the effect of carriers in the adjacent waveguiding layer. = I it |
The simulated wavelength tuning characteristics for 1.55- & 156 F voe : T J

. R . @ - > 2y .

pm band lasers are shown in Fig. 2. The output power is S - Dot 6'10_3 1
kept as a constant of 1 mW when the injection current ratio £ 1558 | PPt (s:e[)pédxcnirp)‘
is changed. The heat effect is not considered here, because 2z i /'“ ]
a good heat sink is used in the experiment. A calculated E L poaexdes C
tuning range of 2.7 nm (the dotted curve in the figure) for 1554 | (Ste};pe’d Chirp) * ]
the conventional uniform grating DFB laser agrees well with | . |

the experimental value reported [24]. The plotted curve with 1552 bt
filled squares shows the case of a CGT DFB laser with the o 02 04 06 08 1

. : L i . . Injection C Ratio I, /(Ty+1]
linearly chirped grating, in which the grating pitch becomes njection Current Ratio Iy /ly+1y)

gradually small from the rear side to the front side, and ttrg. 2. Simulated tuning characteristics of the two-electrode DFB lasers with
chirp parameter or chirp rate (as defined in the Fig. 1) &ferent gratings at 1-mW output.

D = —1.66 x 1073. The chirped grating effect in this case

is to tune the wavelength in a blue-shift direction as the sar(otted with triangles in the figure), the wavelength tuning

to that of the index effect when the injection current ratieffect of the chirped grating is opposite to that of the index

of Ir/(Ir + Ig) is increased. Therefore, the tuning range isffect, and the resulting tuning range is narrower than that of
broader than that of the uniform grating case. For the revettde uniform grating DFB laser. It is understood that the chirp

case of a linearly chirped grating with = +1.66 x 10~ rate D should be chosen appropriately, in order to assure a
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ogitudinal Position in the Cavity (Lm) Fig. 4. Calculated refractive index distributions in two-electrode uniform

(a) grating DFB laser.
0.005 T T T T T T T As cleaved facet —
0.004 1 mW Output from AR Facet 7] 6
5
o~ 4
g 2
Z 0.003 L 7 !
g P e—
=
.:EE" 0.002 Etched facet
] T - {100, [011]
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0 5. p-AlGaAs barrier 10. p-GaAs cap
0 50 100 150 200 250 300 350 400 6. p-AlGaAs waveguide 11. Au/Zn electrode
Logitudinal Position in Cavity (um) Fig. 5. Structure of the fabricated two-electrode CGT DFB laser.
(b) o1
A4 PrTTTTTYTTYT T T T T T T T T T Y
Fig. 3. Calculated photon density profiles at different bias conditions in the - ! ! ' ! ' 1
two-electrode DFB lasers. (a) With uniform grating. (b) With linearly chirped [ ]
grating. 0.12p 1
large tuning range. Negati@ is apparently preferable in this o.1F Unif Iniection C . ]
particular example. Tt mitorm fnjection turrent 3
For demonstration of the tuning mechanisms, the computed, 008k =1 1
photon density profiles at different bias conditions are illus- § ]
trated in Fig. 3(a) for the case of a uniform grating DFB laser 006k Temperature 20°C h
and in Fig. 3(b) for the linearly chirped grating case. Itis & ]
known that the photon localization is controllable through the € /. L ]
ratio of injection current into different sections. This may ~ [ 3
cause a wavelength shift, in addition to the conventional o.02kb J
index effect mentioned above, if the grating pitch is gradually [ ]
changed along the cavity, while, in the uniform grating DFB ) FFhrer W EEPEMI B Mrararer iy
lasers, the effective local Bragg frequency is only changed 850 860 870 880 890 900 910

by the refractive index effect caused by the current tuning
and spatial hole burning. This results in wavelength tunin

by index change. Some calculated results of the refracti@g@' 6.
index distributions, under different bias conditions, along the
two-electrode uniform grating DFB laser cavity are shown in
Fig. 4. The output power is also kept as a constant of 1 mW. ItA simple two-electrode AlGaAs-GaAs CGT DFB laser with

is known that the total refractive index decreases as the abog@ebulk active layer, as shown in Fig. 5, has been fabricated
mentioned injection current ratio increases. This will tune tHer verifying the enhanced tuning effect introduced by the
lasing wavelength of the DFB laser in a blue-shift directionchirped grating structure, as discussed above. The spherical

Wavelength (nm)

Typical spectrum of a CGT DFB laser.

Ill. EXPERIMENTAL RESULTS
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Fig. 7. Experimental tuning characteristics of the two-electrode GaAs DFB lasers with different gratings. (a) Linear chirp (d2pathe Uniform
(D = 0). (c) Reverse linear chirp (positiv®).

wave holographic exposure method [25] has been appligtegativeD), uniform (D = 0), and reverse linear chirp (pos-
for fabricating a second-order (with central pitch of arouniiive D) gratings have been characterized. The typical tuning
0.255 zm) linearly chirped grating in the waveguide layerf€sults are shown in Fig. 7. Besides the grating, they have
With this method, the chirp rate of the grating pitch can pidentical structures (including AR-CL facets) and fabrication

. I . . ditions. All measurements were conducted with pulsed
chosen easily. A proper photoresist is useful in the formation & o . .
y- AProperp Injection currents and with a good heat sink, so that thermal

high-contrast periodic corrugations [26]. Two-step liquid pha§ ning could be neglected. Also, the total current was kept

epitaxy (LPE) growth has been used for forming a doublggaly constant, i.e., the output power was kept around 1 mW
channel planar heterostructure (DCPBH). The front laser fagghen the tuning characteristics were plotted. The neglectable
was etched with reactive ion etching (RIE) to form“aahgled thermal tuning effect is proved by the very small tuning shown
mirror for reducing the reflectivity, instead of AR coatingn the uniform grating sample.
[27]. The rear facet was cleaved to form a cavity structure, The index tuning effect in GaAs lasers is small compared
as described in the calculating model. to InP lasers, since the free carrier plasma effect is small.

One typical spectrum of the fabricated CGT DFB lasefhis is also proved by the very narrow continuous tuning
under uniform current injection is shown in Fig. 6. Itange of the uniform grating device in Fig. 7(b). Therefore,
corresponds to the chirped grating structure with an obviotl® wavelength tuning in CGT DFB lasers could mainly
Bragg wavelength detuning from the gain peak. In thee due to the chirped grating effect. An appropriate linear
spherical wave holographic exposure method for linearShirping in Fig. 7(a) gives rise to an extra tuning that
chirped grating fabrication, the different position of the wafeamounts to approximately 2 nm at the 870-nm band. This
sample has a different pitch. Usually, the grating pitch &ay correspond to about 4 nm in longer wavelength lasers
the central position of the wafer is designed to match ti¥ 1.55um band and is very broad as quasi-continuous
laser gain peak in our experiments. wavelength tuning for bulk two-electrode DFB lasers.

For comparison of the tuning properties, three kinds of On the other hand, the reverse linear chirp in Fig. 7(c) brings
fabricated two-electrode GaAs DFB lasers with linear chirgbout a net wavelength shift toward the opposite direction,
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after canceling the shift due to the index change. This is

consistent with the theoretical results shown in Fig. 2.

[11]

Further work is needed to optimize the grating structure,
like the magnitude of the grating chirp or phase-shift, so &¥2]
not to introduce modal instability.

IV. CONCLUSION [13]

The wavelength tuning simulations of both CGT DFB
lasers and uniform grating tunable DFB lasers have begn]
demonstrated. It is known that the linearly chirped grating DFB
laser with nonsymmetric cavity structure can bring about (a5
broader wavelength tuning range with a proper choice of chirp
parameter. The extended wavelength tuning of our propo
CGT DFB laser has been explained by the calculations of
photon density distributions under different current injection
ratios. It is also the first time that a simulated result of th&’!
tunable DFB laser with conventional uniform grating has been
in very good agreement with the experimental tuning rangtl
reported. In experiments, AlGaAs—GaAs CGT DFB lasers
with different linear chirps have been fabricated. A tuningLo]
range of 2.2 nm in a two-electrode CGT DFB laser has been
observed by injection current tuning, which is equivalent tgq)
about a 4-nm tuning range in a 1.5 wavelength band.
This relatively large quasi-continuous tuning (with one vens
small mode hopping) is mainly considered as the effect of the
linearly chirped grating structure. The extended tunability of

the

CGT DFB laser has also been confirmed by compari(rgg]

it with the conventional uniform grating DFB laser fabricate
under the same conditions and reconfirmed by the CGT DEB

useful in future WDM systems and other applications. The

chirped grating structure may also be helpful in enhancing t
tunability of other tunable lasers like the DBR type, and so o

(1]
(2]
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