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In the era of rapid progress in the Wavelength Division Multiplexing (WDM) tech- 
nologies the cost-effective supercompact multiple-wavelength lasers that can be used as 
light sources in all-optical integrated circuits are in great demand. At present, two- or 
three-dimensional photonic crystals as well as one-dimensional (1 -D) band-gap structures 
are generally recognized as a natural foundation of the hture WDM photonics. This is due 
to their unique properties, such as spectral selectivity, high concentration of light intensity 
within small time-spatial volumes, and substantial lowering the speed of light, resulting in 
the alteration of the spontaneous emission rate of embedded atoms or clusters and gain en- 
hancement [ 1-31. Based on photonic band-gap (PBG) engineering, low threshold mi- 
crotasers can be created. 
In the paper, optical properties of one-dimensional heterostructures having optical forbid- 
den gap are described and photonic structures with n-i-p-i superlattices as active media are 
designed for laser applications. As a possible candidate 
for active medium, n-i-p-i superlattices seem to be the best ones [4, 51. They are feasible 
for integrating in optical circuits and, moreover, one can fabricate a crystal in a desirable 
manner to provide appropriate dispersion and emission properties in a wide spectral range. 

We would like to offer realistic de- 
GaAs (n-i-p-i) Gao,51 ln0,49P sign of the new band-gap micro- Light 

cavities and apply them for creation -+ of low-threshold supercompact la- 

Our generic model of the laser crys- 
tal is depicted in Fig. 1, The active 
layers are made from n-i-p-i super- 
lattices. They are controllable and 
their optical properties are modified 
due to electric or optical excitation 
[4]. The superlattice period is order 
of magnitude smaller than the pe- 

riod of the band-gap structure, therefore an approximation of effective refractive index 
may be applied for the description of the optical properties of active medium. The refi-ac- 
tive index of n-i-p-i layers depends on the light wavelength and difference in the quasi- 
Fermi levels AF [6].  

For constructing a composite band-gap material, we suggest heterostructures in the 
GaAs-GaJnl .xP system, which are lattice-matched to the GaAs substrate. Superlattice lay- 
ers are made as the GaAs n-i-p-i crystals with &doped n- and players of the 2.8 nm thick- 
ness and with i-layers of the 6.8 or 11.3 nm thickness. Depending on the impurity concen- 
trations and layer thickness, the effective band-gap of the doping superlattice changes from 
0.04 to 0.53 eV under excitation. Accordingly, the refractive index and gain spectra are 
varied in a wide range. We have emanated from an opportunity of the growth of the band- 
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Fig. 1 .  One-dimensional PBG structure with the 
GaAs n-i-p-i active layers. 
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0.03 gap structures in the GaAs-Ga,Inl,P 
system considering the lattice con- 
stants and crystal matching. There- 
fore, thickness of the GaAs n-i-pi 
layers is adjusted to the lattice con- 
stant of 0.565 nm, and the Ga,Inl-xP 
layers make up is considered to have 
the mole fracture ac = 0.51. Thus, the 
wide-band material is Gao.slIno.49P 
the forbidden gi3p of which is 
1.89 eV. 
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l .5  ev - We choose thle n-i-p-i superlat- 
-0.02 I I tice with n- andp-doped layers of the I I I 1 I 

900 1050 1200 ,:so 7:oo thickness d,, = dp=: 2.83 nm, i-layers 
of the thickness di= 11.31 nm and Fig. 2. Spectrum of the imaginary part of the n-i-p-i 
the concentrations of donors and ac- layer refractive index vs. the excitation level AF. 
ceptors of N d =  = 5.3~10" ~ m - ~ .  
The total thickness of the superlattice 

is 113 nm and covers four periods. The impurity surface concentration is equal to 
1 . 5 ~ 1 0 ' ~  cm'2 and the effective band-gap of the superlattice falls up to Eg= 0.04 eV. As 
seen from Fig. 2, at the proper level of excitation (AF > 1.4 eV) the imaginary part of the 
n-i-p-i layers refractive index becomes negative resulting in light amplification within cer- 
tain spectral range (0.9 pm). 

In order to attain high efficiency of lasing we have to tune ow PBG material within 
amplification band of active medium. $0 we choose the following parameters of the ge- 
neric stack. Layer A is the n-i-p-i superlattice and layer B is the wide-gap semicon- 
ductor component Ga0sJno.49P. Since the size of active layers is fixed in our PBG struc- 
ture, Ga0slIno.49P layers are given of 16 nm thickness, that shifts the PBG to the 0.9 pm re- 
gion. Difference between the refractive indices of A and B layers, 2 ( n ~  - 
nB)/(n~ + nB) =: 0.06, is not very large, SO the total number of layers in the band-gap struc- 

tures proposed is about 100. 
The model is considered where a pump excites uniformly the whole structure, and AF 

remains constant within all active layers. Active n-i-p-i superlattice layers can be pumped 
optically or electrically: Design of the whole photonic structure is similar to a configwa- 
tion used for vertical-cavity surface-emitting lasers [7]. Because of high doping regions of 
n-i-p-i layers, suitable selective contacts [8] have enough low ohmic resistance and provide 
efficient injection of nonequilibrium current carriers into controlling layers of a photonic 
crystal heterostructure. For simplicity, it is also assumed that the PBGr heterostructure is 
grown on the infinite GaAs substrate. In other words, no additional reflection occurs at end 
faces of the PBG crystal. Various schemes are possible, for example, antireflection coat- 
ings or Brewster-angle polishing to make the last condition true. 

On the basis of PBG layouts discussed above we propose 1-D microresonator which is 
attractive for simultaneous lasing at two wavelengths. The resonator presented is a system 
of two mixed microcavities. Then, lasing is realized simultaneously at two separate mixed- 
cavity (MC) modes (wavelengths hl and h2). The extra feature of this laser system is the 
possibility to guide the generated radiation in different output directions depending on op- 
erating wavelength. The solution is possible owing to additional selective Bragg mirrors 
blocking the light output at the resonator end faces. The blocking Bragg mirrors can be 
also constructed in the GaAs-GaxInl,P system. We offer the following design, i. e., 

Wavelength. nm 

(Gc)~~[(AB)~~(D(AB)~~D)(AB)~~](GC)~~, where "G" is the GaAs layer of the 0.209 pm 
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Fig. 3 .  Lasing PBG MC-structure with active n-i-pi layers (AF = 1.42 eV). (a) Transmission and re- 
flection spectra for two lasing modes and (b) distribution of the light amplitude inside the resonator 
for two different modes. 

thickness, "D" is a "defect" layer, "c" is the 0.188 pin GaosJno.4gP layer, and "c" is tbe 
Gao.51 Ino.49P cell of the 0.1.93 pm length. Fig. 3 depicts transmission and reflection spectra 
as well as 1ightTpatterns for different MC-modes calculated for the case of pump being 
close to the lasing threshold. It is clearly seen that lasing occurs simultaneously at opposite 
directions, backward at hl and forward at h2 wavelength. 

Thus, computer simulation demonstrates that asymmetric photonic crystal heterostruc- 
tures with defect layers provides lasing at two different wavelengths and in opposite output 
directions. The light field distribution and radiation transport in the photonic structures are 
strongly affected by the n-i-p-i layers periodicity, dispersion characteristics of the compo- 
nents, and conditions at the interfaces. Described photonic crystal heterostructures can be 
attractive for a wide variety of applications, In particular, they can be used as single-mode 
laser sources or amplifiers at the near-infrared spectral region. 
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