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1.5-ym DFB Lasers with New Current-Induced
Gain Gratings

Christophe Kazmierski, Didier Robein, Dean Mathoorasing, Abdallah Ougazzaden, and Marcel Filoche

Abstract—We introduce a new concept for gratings, based on a
spatial carrier modulation, induced by current for optoelectronic
devices. The concept is experimentally tested on gain coupled
lasers, showing predicted features as high-power, low-linewidth,
and length-independent coupling length product.

FTER THE first demonstration of gain-coupled devices

in 1988 [1] and after a lot of theoretical works (i.e.,
[2]-[4])) predicting their improved performance, surprisingly
few realizations have been reported. The reason is probably
the practical solutions for gain-grating fabrication are still
limited and inflexible. There is also a special interest in the
complex coupling for the control of the linewidth enhancement
factor {4]. However, in that case, one should be able to adjust
the amplitude and two-phase states (in-phase and anti-phase)
of index and gain gratings. Two methods are used for such
grating fabrication—one replaces the index modulation layer
by an absorption grating [5], and another one uses active layer
etching [6]. In both methods the gain/absorption modulation is
strongly correlated with the embedded index grating, leading
to fixed or limited combinations of the real and imaginary
couplings. Moreover, usually the active layer etching is not
desired, as it may decrease device reliability.

In this paper, we introduce a new kind of grating that is
formed by selective current injection into the active layer
following the spatial periodicity of a diffraction grating. The
periodic injection creates a carrier concentration wave ripple,
giving rise directly to the gain modulation in lasers or index
modulation in passive waveguides. Such diffraction grating has
an interesting virtual feature, meaning that this grating appears
only under external stimulation by a current flow.

The principle of operation is explained in Fig. 1, which
represents a 2-D simulation of the current flow using our
optoelectronic device simulator DENEB [7]. The device is a
bulk-laser layer stack along the light propagation direction.
The current is blocked by an n-type material grating, which
is added on top of the active layer and embedded by a
cladding p-type material. Both n- and p-type materials may
have any optical index allowed by the material family as, for
example, identical ones in this case. Therefore, the value of
the index-coupling constant and its phase state can be designed
independently of the gain-coupling constant. As a result, it is
seen in Fig. 1, that the current injection through such floating
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Fig. 1. 2-D simulation of current flow in GalnAsP bulk laser, showing virtual
current-induced spatial carrier modulation.

junction grating is spatially modulated. Irregularities in the
spatial distribution of current on the simulated curve of Fig. 1
originate from the boundary conditions in the finite elements
calculations. The calculated carrier concentration ripple in the
middle of the active layer reaches 1.5 x 107 cm™3, in the
case of a laser having a cavity length of 300 pm and a
threshold carrier concentration of 2 x 108 cm~3. The value of
the concentration ripple in actual devices will depend on the
threshold carrier concentration and the grating geometry as
well. In the case of the above example, the simplified relation
of Kogelnik and Shank (x = Tgrating An/ Ao+ 5T grating A9 /2,
where the index An and gain Ag modulation amplitudes
are estimated from the established differential index and
differential gain constants for bulk 1.5-pm lasers) yields a
gain coupling constant estimation between 10 cm! and 20
cm~!. The related index coupling constant, induced by the
phase-amplitude coupling, is estimated here to stay in the
same range below 20 cm~!. This index coupling may be
suppressed further by using quantum wells in the active
material.

If applied to passive waveguides, this concept allows the
introduction of virtual index gratings, which can be turned on
and off or current-tuned to a desired coupling constant without
supplementary losses.

In the case of lasers, an interesting feature related to
threshold carrier concentration can be predicted. Namely, as
shown by David et al. [4], the threshold gain of a gain
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Fig. 2. Power-current variation of a 0.95/0.01 coated laser showing up to 110 mW monofrequency power. CW monofrequency spectra up to 300 mA

are shown in the insert.

A

optical power [MW]
~11omw—==

- 90

-

- 60

300 mA
200
100

-10.9d3a

-50.0d8x

- 30

10.048/0

\MW'JVW
\ ]

1.553%n

-98.0dk

1.5437a 1.0030/D 1.5487xa

current [A]
0|.8

0.6
[

-

Fig. 3. Sharp SMSR rise as function of current/threshold current ratio. The
spectrum shows SMSR > 52 dB at 30 mW for AR/AR coated 400-um laser.

coupled laser is proportional to 1/(L2k,) (where L is the
laser length and x, is gain coupling constant) and, in our

gratings, k, is proportional to the carrier concentration. This
leads, in low-loss lasers, to the relation for the threshold
carrier concentration 7, ~ 1/L. That means that the x,L
product should remain independent of laser length. The same
behavior is expected for the induced index coupling if it
originates from carrier modulation only. This is important for
low-linewidth and/or high-power lasers with the optimized
coupling constant.

Up until now, our experimental work consisted in testing the
grating concept. We chose a laser with a pure gain modulation
without any index step layer. This seems to be difficult to
realize with loss or patterned active layer gratings because of
the built-in, very strong index grating. Also, the active layer
consists of 1.5-pzm bulk quaternary material where the carrier
ripple effect is expected to be weaker than in MQW material
due to an ambipolar lateral carrier diffusivity reduction with
the well thickness [8].

To minimize the index difference, the gratings are fabricated
using the same material (InP) alternating the same value of 1.5
x 10'® cm~2 for n- and p-type dopings. Less than 1 cm™!
build-in index coupling constant is expected in such structure.
The layer stack is a standard 1.5-um buried ridge structure
(BRS) [9] laser holding a three-layer buried grating structure
20 nm p-InP/40 nm n-InP/20 nm p-InP close to the active
layer. This structure is buried in a second p-type epitaxy step
after grating and then, stripe wet etchings.

In spite of the absence of any physical index gratings,
the obtained as-cleaved lasers exhibited nice single frequency
behavior (i.e., side-mode suppression ratio SMSR typically in
the range 35-50 dB) in the whole range of tested lengths
between 180 pm up to 1000 pm from the same wafer.
This clearly confirms the expected presence of virtual carrier
gratings.

Then, the lasers with cavity length above 350 pm were
generally antireflection coated to check for a possible onset of
the bimode lasing behavior, characteristic of the index coupled
devices. Lasers, having cavity shorter than 350 ym and coated
on the both facets, did not often lase because of too high
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Fig. 4. Linewidth-inverse power variation showing neither rebroadening nor
floor or offset up to 30 mW output per facet for AR/AR 800-um laser.
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Fig. 5. Comparison between the near-threshold spectra for 350- and 700-¢m
devices, confirming the length independent coupling.

mirror losses, likely due to a relatively low coupling constant.
We tested side mode suppression ratio SMSR on 0.001/0.001
AR/AR coated devices. Excellent mode rejections above 45 dB
were generally found in the range of coated device lengths. In
Fig. 2, we show a typical current-SMSR variation for a 400-
pum AR/AR coated device with SMSR reaching over 52 dB at
30 mW output. The lack of the bimode behavior for AR/AR
devices and a very sharp SMSR rise observed at threshold are
characteristic of the gain coupling.

High-power operation is obtained with one high reflectivity
facet. In Fig. 3, we show a 940-um laser with 0.95/0.001
coatings, reaching over 60 mW (CW) at 300 mA DC, and
then 110 mW (pulse) single frequency power.

Fig. 4 represents the linewidth versus inverse power curve
of a 800-pm AR/AR coated device. Neither linewidth
rebroadening nor floor or offset are observed up to 30-

mW optical output per facet. Those features are consistent
with the spontaneous emission factor decrease predicted for
gain coupled lasers. The minimum linewidth is 2.6 MHz,
which remains a good value for a 1.5-um bulk active
layer.

Finally, we attempted to check the kL product as a function
of length. In Fig. 5, we show two near-threshold spectra of
350- and 700-pym AR/AR coated lasers. The spectra are nearly
identical in shape in spite of a mode-spacing change, due to the
device length. A small stop-band is noticed and it is likely, due
here, to the current induced index modulation. Its two-times
smaller value for two-times longer lasers is consistent with
the invariant kL product.

In conclusion, we introduced a new kind of diffraction
gratings based on periodic carrier injection which leads to
virtual spatial modulation of carrier density for index and/or
gain coupling in optoelectronic devices. The concept is applied
to the fabrication of gain coupled 1.55-pum lasers, showing
such features as a high-single-frequency power, low-linewidth,
and length-independent, coupling-length product. Using such
gratings, the control of the index coupling and the gain
coupling phase state should be obtained without active layer
patterning. Moreover, the virtual feature of the grating may
lead to new devices with on/off switching of the diffraction
coupling.
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