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Lateral coupled cavity semiconductor laser
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We report the fabrication and operation of a lareral coupled cavity semiconductor laser that
consists of two phase-locked parallel lasers of different lengths and with separate electrical
contacts. Mode selectivity that results from the interaction between the two supermodes is
investigated experimentally. Frequency selectivity and tunability are obtained by controlling the
current to each laser separately. Highly stable single mode operation is also demonstrated.

Coupled cavity lasers have been used for frequency se-
lection in a variety of multiresonator designs, including la-
sers coupled to external {passive) cavities,'” lasers with inter-
nal partial reflections,® longitudinally coupled lasers,** and
lasers coupled laterally to a passive cavity.® The possibility of
mode control and frequency selectivity of laterally coupled
cavities was demonstrated by Suematsu et al.®; however, in
their vertically layered device, the optical properties of both
cavities were controlied by the current from a single contact.
It has been shown (in the C* laser,* for example) that mode
control and frequency selectivity benefit from separate elec-
trical control of the different cavities in the coupled system.
Using the techniques we developed for etched mirrors, we
have fabricated a laterally coupled cavity (LC?) laser consist-
ing of two side-by-side lasers of different lengths with sepa-
rate electrical contacts. The lasers are close enough together
that their fields couple to one another. A description of their
properties and an analysis follows.

Double heterostructure GaAs/GaAlAs wafers were
grown by liquid phase epitaxy and laser stripes 4 um wide
and with 9-um center separation were delineated by proton
implantation {Fig. 1(a)]. The etching of the mirror in one of
the stripes was accomplished by wet chemical etching using
techniques previously described.'®

Separate electrical contacts were provided by two Cr/
Au pads evaporated on the p side. The fabrication process
was completed by AuGe/Au evaporation on the n side and
cleaving. The length of the two channel section, L, and of the
additional single channel section, D, were determined by
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cleaving, in the range of 200-400 xm and 2080 pm, respec-
tively.

Using a standard round trip analysis,” the self-reproduc-
ing modes of the resonator are linear combinations of the
supermodes of the coupled waveguide system. The lasing
frequencies are given by solutions to the following equation:

{rier expl — 2io\ L) — 1]{ryq exp(— 2i0oL) — 1] =K,

where

r;m=%{1+a)+%(1—a)exp(—2i33D),

Pyen =~’2'—(1 ~a) +’2—2(1 + ajexp{ — 2i8,D),
K, =1{r,exp( — 2iB,D) — r, 12

X{1 "az)CXP[ —i{B+BILT,
B, — B,

a==2_"L

0; — 0,

1

f,,,0,, are the waveguide propagation constants and the
supermode propagation constants, respectively, (; is the
propagation constant in the single channel section, r, , are
the mirror reflectivities. {A schematic of the coordinate sys-
tem, and the values r; and f3; assumed in Eq. (1) is shown in
Fig. 1{b).]

An analysis of the resonant frequencies as a function of
the supermode gain predicted by Eq. {1) has been per-
formed,® and frequency selectivity and tunability were pre-
dicted. The frequency selectivity can be understood by the
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FIG. 1. Schematic picture of the LC? lasers.

following considerations. Let us assume first K, —0. Then,
setting each bracket of Eq. (1) equal to zero leads to the usual
threshold condition for each supermode. [Namely, the gain
g: = Im{o,) should be equal to the loss (1/L )In(r, . ), and the
phase Re(o; L ) should be 2N, with N an integer.] But it is
clear from the definition of 7, that they are modulated by
the factor exp( — £.D ). This introduces the condition for
maximum reflectivity Re( 8,0 ) = 2Mw. Thus, the loss of
each supermode is modulated with a period which is differ-
ent from that of the Fabry-Perot resonances, resulting in
enhancement of lasing action only at the common frequen-
cies. We consider next the finite value of K. Its effect is to
couple the two supermodes in such a way that the lowest
threshold is obtained when K| is a positive number (the su-
permodes reinforce each other). Since the phase of K| is
changed by exp( — 2i3,D )and exp{ — i( B, + B,)L ], the cou-
pling is also frequency dependent. Thus, the effect of an ad-
ditional length D in one of the waveguides is to provide (a)
frequency-dependent effective reflectivity for each super-
mode and (b) a frequency-dependent coupling between the
supermodes. FThese are the main physical mechanisms that
result in mode suppression. In what follows, we describe an
experimental demonstration of these properties.

In Fig. 2(a), the longitudinal mode spectra of the two
component lasers when operated separately are plotted. The
device lengths are L = 350 um and D = 30 um. A slight
difference in the mode spacing {corresponding to the differ-
ence in length) can be noticed. When the shorter laser is
operated above threshold, an injection current of / ~0.51
in the longer waveguide is sufficient to shift the spectrum
toward longer wavelengths and to introduce a strong mode
suppression. This is shown in Fig. 2{b}. Furthermore, a slight
increase in the current of the longer waveguide causes a
mode hop of A4 ~27A /B,D.° The effect of gain/loss modu-
lation is better visualized in devices with larger values of D.
This is shown in Fig. 3, in which the calculated modulating
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FIG. 2. (a) Longitudinal mode spectrum of each laser, when operated sepa-
rately. (b) Spectrum of the LC* laser, when I, > I, and 1,~0.51,, for two
different values of /,. Note the shift toward longer wavelengths in compari-
son to the spectra in (a).

term (dotted line) has been superimposed over the observed
spectrum. The effect of varying the current in one of the
channels is shown in Fig. 4. Here, the relative phase between
the two supermodes is changed, resulting in tuning of the
combined resonances, and mode hopping.

Finally, we present in Fig. 5 an example of nearly single
mode operation while the output power changed by a factor
of ~2.5. We should mention that in this experiment the indi-
vidual lasers were deliberately designed as gain-guided
structures, possessing a multimode spectrum. Yet, the spec-
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FIG. 3. (a) Longitudinal mode spectrum for each laser, when operated sepa-
rately (L = 450 um, D = 60 um). (b} Spectrum of the LC? laser with the loss
modulation function (dotted line).
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FIG. 4. Spectrum of the LC? laser (as in Fig. 3), showing tuning of the spec-
trum by varying the current /..

tra shown in Fig. 5 demonstrate that operating points can be
found at which the LC? laser emission is in a single mode,
with very high stability against changes in injection current
(modulation) or temperature.

In conclusion, we have demonstrated that the LC? lasers
have an inherent frequency selection capability that results
from the modulation of the losses in different longitudinal
modes. The loss modulation is a result of the complex reflec-
tivity and of the coupling of the cavity supermodes which
results from a nonuniform, frequency-dependent reflectiv-
ity. Frequency tuning or highly stable single mode operation
can also be achieved by properly choosing the operating
point.

In this experiment only one mirror was etched and the
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FIG. 5. Single mode operation of the LC” laser with continuous tuning by
changing the current in one of the stripes.

other three mirrors were formed by cleaving, but the recent
development of new etching techniques that result in smooth
and vertical laser mirrors'® can lead to a fully etched device,
compatible with optoelectronic integration.
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