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High-speed and high-power InGaAsP/InP selective proton-bombarded buried crescent (SPB-BC) lasers with optical field
attenuation regions were reported. The defect of proton bombardment can not affect the lifetime of the SPB-BC laser because
the optical field attenuation region obstructs the growth and propagation of defects. A CW light output over 115 mW was
achieved at room temperature using a h@®long cavity SPB-BC laser. The 3dB bandwidth was 8.5 GHz, and the lifetime
was about & x 10°h. The capacitance of four kinds of current blocking structures was first measured in our experiment,
and the results shown that the capacitance of proton-bombamalpd structure was not only less than thatmfipn current
blocking structure, but also less than that of semi-insulating Fe—InP structure.
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the proton bombarded region

1. Introduction ‘ —— ‘ Metal
n*-InGaAsP
There is considerable interest in developing high-speed 30um 2.0um 30um CralnP
and high-power InGaAsP/InP semiconductor lasers for use \ :pz—:ng
. . . . . . . . ns-In
in microwave fiber optic links, video analog applications, - ppinP
and digital lightwave communication systems. Conventional the opticalfield  InGaAsP(active region)
H . . . attenuation region p -InP (Sub.)
buried crescent lasers are attractive as light sources for opti- Metal

cal fiber communication systems because of their high output
power, low threshold current and good reliabifityHowever,
their small-signal modulation bandwidth is rather limited due
to excess parasitic capacitance from the current blocking
reverse-biaseg-n junction. In order to improve the mod-
ulation bandwidth, various structures, therefore, have been
developed, such as polyimide-based semi-insulating planar
buried heterostructurés® InGaAsP buried crescent injec-
tion lasers with semi-insulating current blocking lay&r3,
V-grooved inner-stripe lasers with semi-insulating currerftig. 1. Schematic and SEM views of cross section ofdr8InGaAsP/InP
confinement structure op-InP substraté), and so on. SPB-BC laser, (a) Schematic cross section SPB-BC laser, (b) SEM of
In this paper, we proposed a novel high-speed and high—SPB-BC laser.
power laser structure, in which the resistance of the confine-
ment layers was increased and the parasitic capacitance of tmea p-InP substrate by metalorganic chemical vapor depo-
laser was reduced by using the selective proton bombardmeition (MOCVD) described previousf). Arrowhead-shaped
technique, and the capacitance of four kinds of current blockhannels with a width of 2.@m were etched along the [011]
ing structures was measured. Comparing with those strudirection on the MOCVD grown wafer. The etched arrow-
tures reported previousfr?) it not only has a more conve- heads have to extend just below thelnP layer. A double
nient and economic procedure, but also exhibits better pdreterostructure consisting of @-InP lower cladding layer
formances. In addition, unlike the proton-bombarded stripéZn-doped, Ix 10* cm~3), an undoped InGaAsP active layer
geometry laser, the defect of proton bombardment can nGt = 1.3um), ann,-InP upper cladding layer (Sn-doped,
affect the lifetime of the selective proton-bombarded burietix 10'8 cm—3), and am*-InGaAsP (Te-doped, 310 cm—3
crescent (SPB-BC) laser because there is af@vidth un- A = 1.1um) contact layer were successively grown on the
bombarded region as an optical field attenuation region to ogrooved wafer by LPE. The crescent-shaped active region
structing the growth and propagation of defects at each sides located above the junction between thiklocking and
of active region. With this structure, a CW light output overp-blocking layers to minimize the leakage current and the
115mW was obtained, and the 3dB bandwidth of 8.5 GHparasitic capacitance. After the metallization process, a deep

was presented. proton bombardment (3;8m) using the multi-energy and
) o dose was carried out on both sides of the active channel us-
2. Device Structure and Fabrication Process ing a special tiny frame with the tungsten filament as mask

Figure 1 shows schematic and scanning electron micreeported previousl§) The diameter of tungsten filament is
graph (SEM) views of cross section of u& InGaAsP/InP  8.0um. Finally, the wafer was cleaved into individual lasers
SPB-BC laser. The laser was fabricated by hybrid epitaxiand mounted on copper heatsinks with the junction-down
growth technique. Apnp blocking structure was first grown configuration using In-Sn solders without small bonding pads.
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though the measured laser has a »@0-long cavity and full
area electrodes (500 300.m?). The modulation bandwidth

Unlike conventionalpnpn current blocking structure, the will be increased if a smaller bonding pad was used.
thyristor effect of proton-bombardggh pnstructure will van- High reliability, as well as high performance, is required
ish if the depth of proton bombardment is deep enough b#sr the fiber optic communication systems. It is well known
cause the proton bombardment increases the resistivity of Itift the proton-bombarded stripe-geometry lasers have a poor
material® The proton-bombardepnpnstructure has far su- reliability. The lifetime is about 18-10* h.1%1) The main
perior endurance against high voltage compared to convaeason is that the optical field will induce the growth and prop-
tional pnpn structure. Therefore, high performance of thegation of the proton-bombarded dark-line-defects (DLDs)
SPB-BC laser has been realized. Figure 2 shows the Cilring lasers operating. The experiment of optically induced
light-current characteristics for a SPB-BC laser. The maxdegradation in InGaAsP/InP DH laser material have been re-
mum output power is over 115mW at 300 mA for 5@ ported previously? The optical degradation was observed
cavity length with 5 and 95% reflectivity of the front and reamfter10 min at 1®8W/cn?, and the product of the excitation
facets, respectively. The linear output power is larger thantensity and exposure time is a constant, so the threshold of
90 mW, and the threshold current is about 25 mA. optical degradationHy) is ~1.6 x 10*W/m?. For SPB-BC

There are mainly four kinds of current blocking structuretasers, however, there is an unbombarded region at each side
for high-speed and high-power InGaAsP/InP semiconductof active region as an optical field attenuation region. The
lasers; i.e pnpnstructure, semi-insulating Fe—InP structureintensity of optical field becomes very weak when the opti-
polyimide structure, and proton-bombardpdpn structure. cal field reaches the edge of bombarded region, so it cannot
In our experiment, the capacitance of these kinds of curreinduce the growth and propagation of the proton-bombarded
blocking structures was first measured in the range of 50 MHiefects. If we assume that the growth and propagation of the
to 10 GHz using an HP8720D network analyzer and a cgbroton-bombarded defects is only induced by the optical field
ibrated microwave probe. The thickness of semi-insulatinof laser, the minimum width of optical field attenuation region
Fe—InP layer and polyimide insulating layer is the same a&sn be calculated by using the mode theory and the value of
the depth of proton bombardment, and the proton-bombard&g. The calculated result is shown in Fig. 5. There is an inset
depth is 3.&«tm. The measured area of these kinds of cugraph in Fig. 5, in which the distance is from 1.78 to 2.58.
rent blocking structures is 25 300um?. The measured When the intensity of optical field is attenuated to the same
results were shown in Fig. 3. The capacitance of protowalueE,, the distance from the center of active region is 1.82,
bombardedonpncurrent blocking structure is the smallest inl.94, 2.0, 2.05 and 2/m for the different output power of
these structures except polyimide structure. So the SPB-BC 10, 30, 50 and 70 mW, respectively. Besides the optical
lasers showed good high-frequency modulation characteris-
tics.

The modulation response was measured at room tempera-

3. Results and Discussions

ture using an HP network analyzer and a 20.0 GHz bandwidth
GalnAs p-i-p detector. The small-signal frequency response - Area: 300um*250um pnpn
of SPB-BC lasers at various bias currents is shown in Fig. 4. ' NV AS A
The 3dB modulation bandwidth of 8.5GHz is achieved at T 3.0
room temperature and a CW bias current of 100mA even < t\‘wv.._____‘_.,
o | Fe-InP
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Fig. 4. Small-signal modulation characteristics of a 08-long SPB-BC
Fig. 2. CW light-current characteristics of the SPB-BC lasers. laser.
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the active region the opti_cal fielq lheAproton bombarded i
T 5000 0;57‘\.5 1558 reg'oﬁ!ﬁ 95 50 4. Conclusions
3 18 1 High-speed and high-power 1.3n InGaAsP SPB-BC
€ 16  7ome 1 lasers have been developed. The current blocking structure
i— 14 5330 1 of the SPB-BC laser has a high resistivity and a low parasitic
% 13 ’ - 1 capacitance. A CW maximum power of 115 mW is obtained.
£ o8 Dol T A 3dB modulation bandwidth of 8.5 GHz for 5@an cavity
3 06 ey length is presented, and the lifetime of lasers at room tem-
:—é 0.4 1 perature is about.B x 10°h. The SPB-BC laser is an ideal
I g-g ] high-speed, high-power and long lifetime laser structure. The

0005101520 40 45 5.0 selective proton-bombarded technique is suited for not only
distance iry direction,um BC lasers but also all kinds of buried stripe-structure |
pe-structure laser.
Fig. 5. The distribution of optical field in y direction. Inset: distance shown
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