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Vertical Cavity Surface-Emitting Laser Array for
1.3 um Range Parallel Optical Fiber Transmissions

Toshihiko BABA!, Member, Yukiaki YOGO'!, Katsumasa SUZUKI'!,
Tomonobu KONDO', Nonmembers, Fumio KOYAMA 't

SUMMARY Long-wavelength 1.3 um GalnAsP/InP vertical
cavity surface-emitting lasers (VCSELs) have been demonstrated
in an array configuration. With the strong current confinement
by a buried heterostructure and the efficient optical feedback by a
dielectric cavity, five VCSEL elements in a 2x 4 array operated at
room temperature with 5 mW total power output and wavelength
error within £5%. The stacked planar optics including the VC-
SEL array is a promising optical transmitter in ultra large scale
parallel optical communication systems.
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Recently, the research on short-wavelength 0.63—0.98 um
range vertical cavity surface-emitting lasers (VCSELSs)
grown on GaAs substrates, aiming at applications to
optical interconnects, has become active[1]-[4]. On
the other hand, the performance of long-wavelength
1.3-1.55um VCSELs has been improved in the last
few years, and their features acceptable for new optical
communication network systems have been attracting
much attention. We previously reported the first room-
temperature continuous-wave (cw) lasing operation of a
1.3um VCSEL fabricated on InP substrate[5]. We also
observed some lasing characteristics expected from VC-
SELs, i.e. appearance of a single spectrum and a small
temperature dependence of lasing wavelength, as well
as a circular spot profile and a small divergence of the
output beam[6]. In this paper, we demonstrate these
devices in an array configuration at room temperature.

Figure 1 shows the schematic of a 2x4 VCSEL
array fabricated on an n-InP substrate. The VCSEL
elements were arranged two-dimensionally with 500 ym
pitch, which is four times the outer diameter of stan-
dard single-mode fiber. The p-GalnAsP bulk active
region of each element was nearly circular and 0.7 um
thick, 12 um in diameter and 1.37 um in band-gap wave-
length. The fabrication process is very similar to that
described previously[7]. Liquid-phase epitaxy (LPE)
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was used for the growth process. The circular active re-
gion formed by chemical etching was buried by n- and p-
InP current blocking layers by a maskless planar buried
heterostructure (PBH) regrowth technique [7]. The sub-
strate just above the active regions was etched through
300-pm-diameter windows of AuGe alloy. A pair of
dielectric multilayer mirrors was evaporated on both
surfaces of epitaxial layers to form a laser cavity. We
employed eight and a half pairs of magnesia and amor-
phous silicon (MgO/Si) quarter-wavelength multilayers
for the p-side surface, and six pairs of SiOg/Si for the
n-side surface. In the previous paper[8], we have shown
that the thermally conductive MgO/Si mirror is effec-
tive for heatsinking under cw condition when the device
is bonded p-side down on a metal submount. Since the
light penetration depth into the multilayer mirrors is
negligibly short, the cavity length is almost determined
by the total thickness of epitaxial layers. It was nearly
4.5pum in this experiment. The p-side mirror was cov-
ered with Au/Ni/Au metal as a common electrode. The
current was introduced from the metal electrode to the
ring contacts 7] of VCSELs and injected into the active
regions.

Figure 2 shows the light output and voltage ver-
sus current characteristics measured at room tempera-
ture under pulsed condition. The light power increased
rapidly above the current of 450 mA. From the observa-
tion of the near field pattern (NFP), it was confirmed
that neighboring three elements started lasing oscilla-
tion with this current. Then the following two ele-
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Fig. 1  Schematic of fabricated VCSEL array.
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Fig. 2 Measured light output and voltage versus current char-
acteristics with positions and wavelengths of lasing elements.

ments reached threshold condition at nearly 800 mA
and 1450mA, respectively. The light power increased
monotonically with current, and saturated above 3300
mA. The NFP and its profiles at 2500 mA were observed
by a bisicon camera, as shown in Fig. 3. Other three el-
ements could not lase although they exhibited the spon-
taneous emission of a relatively broad NFP. The total
light power showed a maximum value of SmW. This
value is the highest among the long wavelength VC-
SELs so far reported operating at room temperature.
However, the differential quantum efficiency n; was es-
timated to be 0.03%. Owing to the extremely high re-
flectivity of multilayer mirrors, 14 of a single device was
typically as low as 0.18 %[6]. Even comparing with this
value, the value of ny in this experiment is lower by a
factor 6. This seems to be caused by a noticeable leak-
age current not only around the active regions but also
through pinholes of the current blocking layers, which
are relatively wide compared with those of a single de-
vice.

The position of the lasing elements is indicated by
open circles in the inset of Fig.2. Also, the lasing wave-
lengths of the corresponding elements are shown. In
VCSELs, the lasing wavelength is almost only depen-
dent on the cavity length, i.e., the total thickness of epi-
taxial layers. The interval of longitudinal modes esti-
mated from the thickness of epitaxial layers is 50 nm.
No longitudinal mode hops were observed upon vary-
ing the current. The wavelengths ranged from 1.374 um
to 1.414 um. The wavelength variation of nearly + 5%
seems to be caused by the inhomogeneous thickness of
epitaxial layers of the same order within 1500x 500 zm?
area.

Under the cw condition, lasing operation could not
be achieved in the VCSEL array. This is due to the rel-
atively high injection level over 1 A, which causes large
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Fig. 3  Observed near-field pattern above threshold and corre-
sponding field profiles.

heat generation inside the device, and also to the degra-
dation of electrical characteristics. Figure 4 shows the
simulated temperature increase AT inside the device un-
der cw condition. Here, we did not take into account
the excess leakage current caused by the imperfection of
the fabrication process, and assumed the ideal single de-
vice as the calculation model. We used a finite-element
method with the cylindrical coordinate system. Since
the series resistance of our device is typically less than
10 2, we neglected the Joule heat by the resistance. We
assumed the heat uniformly generated inside the active
region to be 20mW, which corresponds to the product
of the band-gap energy 0.9¢eV and the threshold current
of the previously obtained cw device, i.e., 22mA. The
highest AT is calculated to be 18 K at the center of
the active region. The area inside which AT is greater
than 1 K is 22 um in radius. Therefore, the cw lasing
threshold will not be affected by other operating ele-
ments, although the pitch between elements is reduced
to 45 pm. However, in an actual device, the pitch must
be much larger than this value since a large amount of
heat is generated even above threshold in devices show-
ing low differential quantum efficiency.

In summary, we obtained the room temperature las-
ing oscillation of five elements in 2x4 VCSEL array
with + 5% variation of the lasing wavelength. Further
flat epitaxy and uniform process will reduce the varia-
tions of the wavelength. In addition, the cw operation
will be achieved by reducing further the pulsed thresh-
old current in each element. It was indicated from the
numerical calculation that the array pitch between ele-
ments can be reduced to 45 um. However, the improve-
ment of the differential quantum efficiency will also be
required to avoid the thermal interaction above thresh-
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Fig. 4  Calculated temperature increase inside a single device
with cw current of 22 mA.

old. In any case, the VCSEL array will be a promis-
ing transmitter in ultralarge scale optical parallel com-
munication systems by integrating with stacked planar
optics [9] including planar microlens array [10], put-in
microconnectors [ 11], fiber guides[12], and fiber array.
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