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Abstract—We demonstrate a new concept for InGaAsP-InP

1.55um Fabry—Pérot lasers integrated with spot size converters WAH w=3-0.5 pm
using type-A antiresonant reflecting optical waveguides. The ey 15047 \‘ ¢
fabrication of such devices allows to avoid the growth of thick ~ ** " N\ 016 um InGads
layers of quaternary material with low Ga and As fraction, which ® —. Inp 1.5 ym
are difficult to achieve and grow. Reduced far-field divergence WOAT TS N / -
angles (10 x 27°) and improved coupling to cleaved standard 0 \ ’
single-mode fi_bers (2.6-_dB cc_)upling Ioss_) are aghie_ved. Th(_a pro- W=9pm 2 um
posed device is compatible with conventional epitaxial techniques WP n
and lithographic methods. 5 um ! d,
+
Index Terms—Optical couplers, optical waveguides, semi- ) COUPLING ARROW WAVEGUIDE
conductor device modeling, semiconductor device packaging,
semiconductor lasers. (nt) TnGaAsP Jg= 1.5 um 7, d,
(urt) InP 7, d,
. INTRODUCTION (nt) InGaAs® Ag=13um n, ,
(o) Substrate InP 4‘

HE MAJOR part of the cost of an optical module comes
from the packaging. This fact is one of the largest bar- @
riers to future mass production needs in optical communica-
tion systems. Highly efficient chip-to-fiber coupling with large
alignment tolerances is very important for low-loss integrated
optics. The problem arises from the large mismatch between
the large circular mode in the fiber and the small asymmetric
mode in a llI-V semiconductor waveguide component, leading
to high coupling losses. Over the past years, much research
has focused on the integration of mode size converters with
waveguide components in order to improve the coupling ef-
ficiency [1], [2]. Most of these approaches involve complex
growth and/or processing steps, requiring extensive process
development [3]. Nevertheless, there is a group of devices
requiring only a single standard planar epitaxial growth step m
and conventional processing techniques that has attracted con- ()
siderable attention [4]-[6]. These devices incorporate a Iargie
fiber-adapted rib waveguide that operates close to cutoff.
InP technology, this involves the growth of quaternary mate-
rials exhibiting a slightly higher refractive index than the InRf low Ga- and As-fraction guaternary materials, which are
substrate. These low refractive indexes are achieved by megitcult to achieve and grow. One solution is the use of di-
luted structures. The new taper concept presented in this work
_ _ _ ' e work is based on the use of type-A ARROW waveguides [7] and
e e s e TG % Barms an alternative soluion to this problem. The design, fab-
by Gobierno de Navarra from a grant. rication, and performance of the new device are discussed.
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Fig. 2. The fundamental TE mode for (@ = 3 um, (b)w = 0.9 gm, and (Cw = 0.5 pm.

is placed on top of a large passive ridge that is optimized for
coupling to an optical fiber. The vertical optical confinement
in this passive guide is realized by a type-A ARROW struc-
ture. The quasiguided ARROW-modes exhibit very attractive
features for a fiber coupling function: large mode sizes, low
losses for the fundamental mode, high discrimination of the 100 pum 250 pm 20 pm

higher order modes, and ease of fabrication owing to its high | <=

tolerances and to the fact that the thick core consists of “?%. 3. The optimum taper shape is approximated by a piecewise linear device
Moreover, the wavelength and polarization dependence of suwohsisting of three linear sections.

waveguides is negligible. The optimum thickness of the three

ARRO\.N cladding layersdy, ds, d4_)_is given. by the following undoped confining layers having the same composition of the
approximate antiresonance conditions [8]: barriers. The metallization covers the spot size converters over

\ 5 \ o\ —1/2 their entire length. This can have a negative impact on the
1

doy = 1—(—

2 4ng 4 < <ﬂ2,4> + <2n2,4dce> )

0.8 um

mM

3 pum 0.5 um

threshold current and efficiency, but on the other hand it avoids
the risk of high absorption losses in the passive section of the

-(2M +1) taper.
dee As the active waveguide is tapered by reducing the ridge
d3 9 @eN+1) (M,N=0,1,2,...) (1) widthfrom3to 0.5:m, the mode couples adiabatically from the

. ) . upper guide to the underlying ARROW waveguide (see Fig. 2).
where \ is the vacuum wavelengthis, 7., n4 the refractive o design of the lateral tapering is based on the adiabaticity

mdex of the A.‘RRO_W !nP core, t_he first claddlng layer and_thgf the mode transformation, and has been evaluated by means
third, respectivelyy.. is the equivalent core thickness, which

involves the Goos—Hanchen shift at the top of the ARROW co(r)é a c_ommermal three-dimensional (3-D) elgenmod_e_expanswn
and is defined as algorithm based on a resonance method [9]. The critical change

A

of the modal shape and the whole radiation is produced in the
1.18- to 0.8zm range, where low taper angles will be needed to

dee = d1 + ¢ 2/l =12 @ obtain an adiabatic mode transformation. The taper shape was
approximated by a 379m-long piecewise linear device con-
where sisting of three linear sections as shown in Fig. 3, and exhibits
[T, for TEmodes 3) @ calculated transformation loss of 1 dB.
<= (no/neo)’,  for TM modes. 3)

In the above expressions,, denotes the refractive index of the lll. DEVICE RESULTS

active core, and, denotes the refractive index of the polyimide The devices were operated in continuous-wave (CW) mode.

that covers the device. We choose a quaternary compound with. 4 shows the light versus curreri«I) characteristics of

Ag = 1.3 pm for the two high- refractive index ARROW layers.four expanded mode devices and a control sample without any

The calculated values of the cladding layer thickness for TtRpers. Untapered 750m-long and 3um-wide reference lasers

polarization areds 4 = 0.32 pm andds = 2.6 pm. exhibit typical threshold currents;, of 30 mA and a external
The multiple quantum-well (MQW) contains five 1% com-efficiency of 0.13 W/A, while the expanded mode devices con-

pressively strained 8B-thick Iny 7sGay.22ASy.79P 21 Wells sisting of a 500xm-long gain section and a 370n-long taper,

for emission at 1.5%m, and four lattice-matched 158-thick show a threshold current around 50 mA with an external effi-

Ing.75Gay.25AS0.54Po 46 barriers, surrounded by 408-thick ciency of 0.15 W/A. The increase in the threshold current of the
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from the Fourier transform of the theoretical near fields are also
overlaid in Fig. 5, for comparison. A far-field divergence angle
[full-width at half-maximum (FWHM)] of 10x 27° was ob-
tained in lateral and vertical directions for the mode expanded
laser, while the untapered devices exhibited 38.40.1°, in
good agreement with theoretical calculations.

A coupling efficiency measurement was performed between
the expanded mode laser and a standard cleaved SMF with a
spot size of 1Q:m at 1.55:m. A maximum coupling efficiency
of 55% (2.6-dB loss) was obtained (this includes the Fresnel
losses occurring at the air-glass interface). The improvement in
the fiber coupling with respect to the untapered lasers reaches
5.8 dB. The measured 1-dB alignment tolerance range igm.4
in lateral direction and 4.5m in transverse direction.

Fig. 4. L-I characteristics of several mode expanded lasers compared to a
control laser without any taper.

IV. CONCLUSION

We have realized a new laser emitting at 1/58-wavelength
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Fig. 5. Far-field emission patterns of tapered and untapered lasers. (a) Laterdb]
direction. (b) Transverse direction.

expanded-mode lasers, as compared to the reference samplé®,
can be attributed to the radiated power in the beam transforma-
tion region, to the losses in the n-doped thick InP layer, and to
the nonuniform pumping of the tapered active rib as a function[?]
of its width. The decrease of the tapered facet reflectivity makes[S]
the external efficiency to increase slightly.

The far-field emission patterns for both the tapered laser and
the control samples were measured by using a rotating stage ar%]
a pinhole detector (see Fig. 5). The theoretical curves obtained

integrated with a spot size converter using a type-A ARROW

waveguide for enhanced fiber coupling. The confinement of the
expanded field in the large InP core of the ARROW waveguide
facilitates the fabrication because it allows to avoid the growth

of low Ga- and As-fraction quaternary materials. Efficient mode

transformation and considerable reduction of the horizontal and
vertical far field have been achieved.
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