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MOCYD Grown SA'CM DFB Laser Arrays with Wavelengths ldentical
to within 1A

Yuzo Hirayama, Hideto Furuyama, Motoyasu Morin&g&r Nobuo suzuki,
Kazuhiro Eguchi and Masaru Nakamura

Toshiba Research and Development Center
1 Komukai, Toshiba-cho, saiwai--ku, Kawasaki 210 Japan

A {-channel SA-CM DFB laser array with wavel-engths identical- to within 1A tras
been obtained. Excellent Bragg wavelength unifornity with an accuracy of 110A
has been achieved in a DFB wafer usi-ng self-aIigned. constrj-cted nesl (SA-CM)
strueture and netalorganic chemical vapour deposition (tttOCVO) technique.

1 .Introd.uction
I'nGaAsP/tnp DFB lasers are promising

light sources for eoherent transnission
systens. In heterodyne network systems such

as FDM (Frequency Division Multiplexing), a
large number of lasers with identical
wavelengths are indispensable for use as

transnitters and local osci-llators. However

wide wavelength distributions of n15Oi in a

wafer and t5i in a laser array have been
/,r \ /o\reported\ | / t\<t. On the other hand, good.

results on lasing wavelength uniformity has

been reported in some previous work(3) ,(t).
However, this data did not show stop-bands
clearly whieh must acconpany conventional
DFB lasers and the Bragg wavelength
distributi.on was not investigated.

The Bragg wavelength is mainly
d.etermined. by the thickness and width of the
active layer(2). It is very important to
control device dinensions to decrease
wavelength fluetuations. We d.emonstrate
excellent Bragg wavelength uniformity with
an aecuraey of tlOi in an MOCVD DFB wafer. A

4-channel SA-CM DFB laser array with

D-4-3

wavelengths identical_ to within 1A r^ras

obtained without intentional wavelength
tuning.

2.Experi-mental

A new self-aligning (Sn; pro""ru(5) and
MOCVD growth for 1.5pn SA-CM DFB laser
arrays were developed to control acti_ve
layer demensions. Figures 1 12 show the basic
structure of the SA-CM DFB laser and the top
view of the laser array, respectively. In
the early stage of the SA-CM process, the
active layer was directly and precisely
patterned in a stripe with dual_ channels by
a conventional photolithography process.
Fina11y, selective und.ercut etching of the
side quaternary region was performed using
SH etchant. The controllability of the
widths of the aeti_ve region was dramatically
improved. The aetive region width was 1,5pm.

A11 epitaxial growth was carri.ed out by
1ow pressure MOCVD. The layers were grown on
n-type (tOO) InP substrates using TMIn,
TMGa, PH3 and AsH3 in a verti-cal quartz
reactor. The growth temperature and pressure
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Fig. 1 Schematic structure of
SA-CM DFB laser

were 6ZCiC and 200Torr.r respectively. The

acti-ve layer thickness was 0.12pn with an

accuracy of !.27" over the 10rnn*1Omn area. A

first ord.er grating with 2/-0Oi pitch on the

waveguid.e layer was not d.eformed during
crystal growth.

The SA-CM lasers had conventional DFB

structure and a phase shift structure was

not adopted. Both facets were c1eaved.. In
al-l neasurements, pulsed current was applied

Top view of SA-CM DFB

l-aser array

to the lasers to eliminate wavelength
changes due to thermal- effects.

3.Results
Single mod.e lasers were selected pri-or

to lasing wavelength measurernents as

follows, First, 9/+ laser diodes in bars with
various cavity lengths were randonly
selected fron the 1 0mn*1 Omm wafer. From

these lasers, extrenrely high threshold
lasers obtained. from the wafer edge were

rejected. Moreover nultj-node lasers at 3

tines threshold current were omitted. Figure

3 shows the cavity length depend.ence of StM

(single longitudinal- mode) probability. The

data agrees well with the calculated line.
The lasers with around 25opn length had

relatively high SLM probability. Shorter and

longer cavity lengths gave Fabry-Perot modes

and more than 2 DFB modes, respectively.
After all, 35 single mode lasers were

obtained.
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Fig. 3 Cavity length dependence

of SLM probability

The average pulsed threshol-d current of
the single mode lasers uas 1 9.8mA with a

standard deviation of /+.OmA. In Fig.4,
threshold currents of the succesive 8 lasers
in the same bar are shown. Very uniform
threshol-d. currents were obtained.
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Fig. lr Threshold. currents of the

lasers in the same bar

The Bragg wavelength of as-cleaved SA-

CM DI]B lasers were precisely controlled in
the M0CVD wafer. As shown in Fig.J(a), the
distribution of normalized lasing
wavelengths 6L (deviation fron assuned. Bragg

wavelength) showed. two cl-early defined peaks

on either side of the stop-band of which the
center corresponds to the Bragg wavelength.

The 6L for the +1st mod.e was in the range of
O to 6. The main reason of this snall
distributi-on is partly Bragg wavelength
variation and partly facet phase change. The

results agree well with a calculation
consi-dering faeet-phase probability as shown

in Fig.5(b). the calculation was made using
coupled wave theory for the DFB lasers with
facet mirrors. The facet phase was changed.

in 16*16 cases. Single mod.e conditions used

here were to have 0.03cn-1 gain difference
between nain and sub mod.es and to have field
ratio (pn) nore than 0.5. The FR was defined
as the ratio of mininum electric field to
maxinum electri-c fiel-d along the laser
cavity axis. The eoupllng coefficient (k)

was estimated to be 35en-1 . Accord.ing to the

calculation, the 6L for each mode lies
between 2 and 5. Fluctuation of Bragg
wavelength was esti-nated to be t10A fron the
conparison of experinental data and
caluculated results. This deviation
corresponds to a variation of t3oi thiekness
and a0.2pm width of the active region. As a
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result, the /r-channel laser array with
wavelengths identical to within 1A was

obtained without i-ntentional tuning for the
first time(FiS.6). Al_l /+ l_asers oscillated
at 1.5120i(+1st mod.e), Such excellent
honogeneity was achieved by (1 )precisely
controlled MOCVD layer thi_ckness and by
(2)exactly controlled. stri-pe width of SA-CM

structure. Lasing wavelength eontrol-1abi1ity
will be further increased by quarter wave
phase shift and wavelength tuning. Using
these techniques, it wil-l be possible to

5 t.sil 5 t.5t35
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Lasing spectra of SA-CM

DFB laser array

nake the lasing wavelengths of alnost all-
lasers fron one MOCVD wafer coincident.

4. Concl-usion

In conclusion, lasing wavelengths of
M0CVD grown SA-CM DFB lasers were
investigated, The wavelength distribution
showed two peaks correspond to +1st mode and

-1st mod.e, respectively. Fron the conparison

with the calcul-ated wavelength distribution,
the Bragg wavelength fluctuation was

estimated. Bragg wavelengths identical- to
within *.1 OA in a waf er and within 1A in an

SA-CM DFB laser array were achieved by laser
dimension control usi-ng self-aligned process

and MOCVD growth.
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