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Abgract : A novel 1 551 mlaser diode with spot-size converter is designed and fabricated using conventional photoli-

thography and chemical wet etching process. For the laser diode,a ridge double-core structure is employed. For the

spot-size converter ,a buried ridge double-core structure isincorporated. The laterally tapered active core is designed

and optically combined with the thin and wide passve core to control the sze of mode. The laser diode threshold cur-

rent is measured to be 40mA together with high dop eficiency of 0. 35W/ A. The beam divergence anglesin the hori-

zontal and vertica directions are as small as 14 89° x 18 18’ ,respectively ,resulting in low-coupling losses with a

cleaved optical fiber (3dB loss).
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1 Introduction

In recent year, an optical device integrated
with a spot-size converter (SSC) has been paid
much attention for its direct coupling to an optical
fiber with low-loss,large alignment tolerances ,and
simple packaging schemes without using a micro-
lensor tapered fiber™ ® . Inparticular ,alaser diode
(LD) integrated with an SSC (LD-SSC) is much
more attractive for low-cost packaging due to its
large spot sze which is well matched to that of a
sngle mode fiber (SMF) ",

To achieve low-loss, alignment-tolerant cou-
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pling ,the small elliptical beam from the laser has
to be mode-matched to the larger circular beam in
the fiber. So far ,there are three main classes of
SSC that have been developed to expand the laser
optical mode. The first one is the vertical SSC in
which the waveguide thickness is decreased along
the output direction' . In the second one ,the active
regionis laterally tapered ,which is formed by de-
creasing the waveguide width™® . The third one is
the so-called double-core taper in which the active
waveguide is laterally tapered and combined with
an underlying passve waveguide'™”' . So far ,most of
them were based on buried structure™’ with or

without selective area growth™ . Moreover , many
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of these structures use very narrow waveguides
(below 0. % m) , which require special lithogra
phy™ and may be senstive to the width of the ta
per tip!™
plex growth steps ,excessve process ng steps,strict
process tolerance, and poor device performance.
Our research group has demonstrated the first and
third classes of SSC!****' . In the first case,the LD
active and SSC waveguide were butt-joint fabricar
ted with four steps L MOV PE growth in which
the interface between LD and SSC was too difficult
to deal with for the post-regrowth. In the third
case ,the waveguide is vertically tapered and conmr-
bined with an underlying passve waveguide in

. In addition ,most of them involve conr

which the device had to be fabricated with three
steps L MOV PE growth. Furthermore,its beam
divergence angles are not so small (20° x30° in the
horizontal and vertical directions respectively) to
get high coupling eficiency. In this letter, a
1 5% m novel LD-SSC is fabricated by smple
process in which the active waveguide is laterally
tapered and combined with an underlying passve
waveguide. The taper shape and the passve
waveguide can be optimized independently which
allows to easly controlling the beam divergence at
the output facet™ . For the laser diode,a ridge
double-core structure is employed. For the spot-
size converter ,a buried ridge double-core structure
(BRS) is incorporated. The combination of ridge
and BRS structure can take advantage of both easy
processng of ridge structure and the excellent
mode characteristic of BRS. Furthermore ,the novel
LD-SSC fabricated only uses two steps LP
MOV PE growth. The laser threshold current is
measured to be 40mA together with high dop effi-
ciency of 0. 35W/ A. The beam divergence anglesin
the horizontal and vertical directions are as small as
14 89° x 18 18° ,respectively ,resulting in low-cou-
pling losses with a cleaved optical fiber (3dB
loss) .

2 Device structure

The schematic diagram of the LD-SSC is

shown in Fig. 1. The deviceis constructed with the
double-waveguide structure:one is the deep ridge
shape laser section and another is SSC section
which isin a buried-taper shape active stripe. The
LD and the SSC are both 20Q m-long. The total
length of the device is only 40Q m. The active
waveguide isformed in two parts:a straight active
region (laser section) in which the width of the ac-
tive waveguide is 3 m,and the SSC section is line-
ally tapered from 3 to @ m. Snce the width of the
whole passve waveguide under the two sectionsis
& m and its thickness is sufficiently thin (50nm) ,
% in the laser section the most optical power is
confined init. However ,in the SSC section ,the op-
tical power is gradually tranderred to the passve
waveguide along with the active region becoming
narrow. Eventually ,at the output facet of SSC,the
optical modeis determined only by the thin passve
waveguide. So when the beam propagates from the
LD section to the SSC section,the mode size is
gradually expanded and eventually matched that of
a cleaved SMF.

p-InGaAs
p-InP cladding
Laser active
InP spacer
Passive core
InP buffer

InP substrate

Fg.1 Schematic of LD-SSC

Compared with double-core SSC reported pre-
vioudy ,our structure does not rely on multilayer
waveguides”’*® s that growth is easer and con-
ventional chemical wet etching can be performed
straightforwardly by using the guiding layer as a
stop etch one.

The LD-SSC is fabricated by only two steps
L PMOV PE. The n-InP buffer ,passve guiding lay-
er (50nm) =1 12% m) ,0. 2 m InP spacer ,the ac-
tive layer which is optimized to the laser perform-
ance are grown successvely in the first LP
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MOV PE. The active layer contai ned e ght compres
sively strained (0 6 %) InGaAsP quantum wells,
SCH layers (70nm A =1 12% m) on both sides of
the MQW-layer.

The chemical wet etching method is used to
make the active and passve waveguide mesa. It is
found that a sharp taper tip with 0. 31 m or less at
SSC section tip is easily achieved by normal photo-
lithography combined with an undercut etching.
S ,thereis no need for a submicron pattering usng
expens ve and time-consuming e beam lithography.

After mesa etching,p-InP and contact layers
are grown successively in the second L MOV PE.
Hereafter the SSC segment is masked by SO ,and
the laser segmentsis etched to form a ridge shape.

Finally the samples are thinned to 104 m and
p-side (TiPtAu) and n-side (AuGeNi) ohmic con-
tacts are deposted.

3 Results

The lasng wavelength of LD-SSC is around at
1 5% m,and the chips have extremely small leak-
age current at - 4V. The device reproduci bility and
stability are excellent.

Figure 2 shows mode profiles calculated by
beam propagation method. The mode size expanded
from2 521 m (lateral) x L 08! m (vertical) at the
laser section to 5. 3U m (lateral) x4 M m (verti-
cal) at the SSCfacet. In thiswork ,thefull width of
the spot-size is defined as the distance from one
sde to the other of the waveguide ,where theinten-
sty is 1/ e of its maximum value (or the power in-
tensity is1/€”) .

The CW light-current characteristics were
measured at both sdes of the devices and a typical
result is shown in Fig. 3. The threshold current is
40mA . An obvious asymmetric feature of the sope
efficiency at both sides is observed for all the de
vices. The dope eficiency from the SSC facet is as
large as 0. 35W/ A while that from laser back facet
is around O 24W/ A. It is demonstrated that the
transmittance at SSCfacet islarger than that at the

laser back facet.
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Figure 4 shows the far field pattern observed
from SSCfacet and laser back facet. The divergence
angles from SSC facet are as small as 14 8 x
18 18 in the horizontal and vertical directions,re-
spectively. On the other hand ,those from the laser
facet are 28° and 34 8°. When coupled to a cleaved
SMF ,coupling loss and - 1dB align tolerance for
LD with SSC are about 3dB , +3 U mx £2 64I'm
for horizontal and vertical directions,respectively.
However ,those from the laser facet are about 9dB ,
+2 @mx 1 pm*,
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Fig.4 Far-field pattern from the laser facet (a) and
SSC facet (b)

4 Conclusion

A novel 1 5% m LD monolithically integrated
with SSCis desgned and fabricated. The threshold
current is measured to be 40mA together with high
sop efficiency of 0. 35W/ A. The beam divergence
anglesin the horizontal and vertical directions are
as small as 14 8 x 18 18°,in the horizontal and
vertical directions respectively. Smple fabrication
procedure and excellent performance of the device
proves that it would be reasonable as a low cost
and mass-production light source for optical access
network.

Ref erences

[1] LestraA ,EmeryJ Y.Monolithicintegration of spot-size con-
verters with 1L 314 m lasers and 1 554 m polarization insens-
tive semiconductor optica amplifiers. IEEE J S Topics
Quantum Hectron,1997 ,3:1429

[2] KorenU ,MillerB I,Young M G. Polarization insenstive sem-
iconductor optical amplifier with integrated electroabsorption
modulators. Electron Lett ,1996 ,32:111

[ 3] JohnsonJ E,KetelsenL J P,Grenko J A. Monolithically inte-

grated semiconductor optical amplifier and electroabsorption

[4]

[5]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

modulator with dual-waveguide spot-size converter input.
IEEEJ S&l Topics Quantum Hectron,2000,6:19

Choi W J,Bond A E,KimJ W. Low insertion loss and low
disperson penalty InGaAsP quantum-well high-speed el ectro-
absorption modulator for 40- Gb/ s very-short-reach, long
reach ,and long-haul applications.J Lightwave Technol ,2002 ,
20:2052

Mason B ,Ougazzaden A ,Lentz C W. 40- Gb/ s tandem electro-
absorption modulator. |IEEE Photonics Technol Lett , 2002,
14:27

Asaka K,Suzaki Y ,Kawaguchi Y.Losdess eectroabsorption
modulator monolithically integrated with a semiconductor op-
tical amplifier and a passve waveguide. | EEE Photonics Tech-
nol Lett,2003,15:679

Oohashi H ,Fukuda M ,Kondo Y ,et a. Reliability of 1300-nm
pot-gze converter integrated laser diodesfor low-cost optical
modules in access networks. J Lightwave Technol ,1998,16:
1302

Mitomi O, Yoshimoto N ,Magari K.Analyzing the polarization
dependence in optical spot-sze converter by usng a semivec
toria finiteelement beam propagation method. J Lightwave
Technol ,1999 ,17:1255

Doussere P, Garabedian P,Graver C.1 534 m polarization in-
dependent semiconductor optica amplifier with 25dB fiber to
fiber gain. |EEE Photonics Technol Lett ,1994 ,6:170

Fang R Y ,Bertone D ,Méliga M ,et a.Low-cost 1 554 m In-
GaAsP-InP spot size converted (SSC) laser with conventional
active layers. |EEE Photonics Technol Lett ,1997 ,9:1084
Doussere P, Garabedian P, Graver C, et a. Tapered active
stripe for L 34 m InGaAsP/ InP strained multi-quantum well
lasers with reduced beam divergence. Appl Phys Lett ,1994 ,
64:539

Itaya Y, Tohmori Y, Toba H. Spot-sze converter-integrated
laser diodes. IEEE J Sd Topics Quantum Electron,1997 ,3:
968

Kasaya K,Mitomi O,Naganuma M ,et a. A smple lateraly
tapered waveguide for low-loss coupling to sngle mode fi-
bers. |[EEE Photonics Technol Lett ,1993,5:345

Qiu Weibin ,Wang Wei ,Dong Jie. oot Sze converter integrat-
ed DFB laser diode usng sdective area growth of MOCVD.
Chinese Journal of Semiconductors,2002 ,23(5) :459

Liu Guoli ,Wang Wei ,Zhu Hongliang. Strongly gain-coupled
DFB laser monolithically integrated with self-alignment spot-
sze converter. Chinese Journal of Semiconductors, 2001, 22
(7) :832

Leaman | F, RiversLJ, Harlow MJ, eta. 158 m Inr
GaAsP/ InP tapered active layer multiquantum well laser with
improved coupling to cleaved snglemode fiber. Electron Lett ,
1994 ,30:857

Vusrikala V ,Saini S S,Bartolo R E et a. High butt-coupling

efficency to snglemodefibersusngal 53 m InGaAsP laser



3 Hou Lianping et al. : 1 5% m Laser Diode Monolithicaly Integrated with 447

integrated with a tapered ridge mode tranformer. |IEEE Pho- integrated laser grown by single-step MOV PE. Electron Lett ,
tonics Technol Lett ,1997 ,9:1472 1995 ,31:1241
[18] Sato H,Aoki M, Takahashi M ,et a. 1 31 m beam expander

1 5% m
( , 100083)
159 m
. 40mA , 0. 35W/ A,
14 89° 18 18, 3dB.
EEACC: 4320
. TN248 4 DA : 0253-4177(2005) 03-0443-05
* ( :90101023) ( :20000683-1)

,1969 , , InP  SOA ,EA SSC

,1937 , ) InP

,1957 , ) InP EML

2004-08-18 ,2004-09-16 6 2005



