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Optimization of ridge height for the fabrication of high performance
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The dependence of the ridge height on the performance of the ridge wavéB\it®) lasers has

been systematically studied. It was found that the optimum ridge height corresponds to an etching
depth where all thep-doped layers above the active region were removed. InGaAsN
triple-quantum-well RWG lasers with optimized ridge height were fabricated with pulsed anodic
oxidation. The lowest threshold current density;,) of 711 A/cn? was obtained from a 10

X 1300 um? InGaAsN RWG laser. The corresponding transparency current def@gityof the
fabricated InGaAsN RWG lasers was 438 Afcrequivalent to 146 A/chmper well). © 2004
American Institute of Physic$DOI: 10.1063/1.1824180

Recently, the growth of InGaAsN quantum wéQW) phy process, wet chemical etching at RT was carried out with
active region on GaAs substrate has been studied extensivelyzP0O,/H,0,/H,0O (1:1:5) as the etchant to form the ridge.
to realize light emitters at 1.@m regime for telecommuni- InGaAs/GaAs samples with identical siggx 7 mn¥) from
cation applicationéf8 High performance broad area the same 2 in. wafer were etched with various time, resulting
InGaAsN QW lasers have been fabricated from waferdn the different etch depths of 0.39, 0.80, 1.23, 1.55, and
grown by using both molecular beam epita®yBE)' > and  1.77 um (below the active region The etching depth was
metalorganic chemical vapor depositiGtnOCVD). $liet measured with an Alpha-step stylus profiler. With photoresist
al.? have reported that the lowest threshold current densitgtill on top of the ridge, oxide film with a thickness of
(Jy) of the MBE grown InGaAsN QW lasers is 546 A/&ém 200+5 nm was formed by means of PA®" Laser output
at wavelength of 1317 nm. For the MOCVD-grown power versus injection currefP—I) characteristics of the
InGaAsN lasers, Tanset al® have reported that the lowest InGaAs/GaAs lasers with different ridge height were mea-
Ji, is in the range of 210—270 A/émOn the other hand, sured at RT under cw operation. After optimizing the ridge
nearly all the reports on thi, of InGaAsN QW ridge wave- height using InGaAs/GaAs laser structure, we fabricated
guide(RWG) lasers have shown much higher value than thatnGaAsN RWG lasers based on the obtained information.

of the broad area lasets’ Optimization of the ridge height Figure 1 shows typicalP—I characteristics of three
is of crucial importance in achieving the lowest possihle 1100um long InGaAs/GaAs 980 nm lasers with ridge
of an RWG laser*° heights(h) of 0.39, 1.23, and 1.7Zm, respectively, under

Pulsed anodic oxidatiofPAO) has been proposed to cw operation at RT. The correspondidg (74) were found to
produce high quality native oxide on compound semiconducbe 136(57.8%), 94 (88.5%, and 116 A/cm (77.5%, re-
tors for laser diode fabricatioh*We have recently shown
a significant reduction ofly, in AlGalnP/GalnP lasers by
using PAO in the laser fabricatidf.

In this letter, we report the fabrication of high perfor-

TABLE I. Strain-compensated InGaAsN/TQW laser structure.

. : -
mance strain-compensated InGaAsN triple quantum well>" Thicknesgnm Doping (cm™)
(TQW) RWG lasers in the 1.2m regime by using PAO GaAs 200 C, 1.x10°
method with an optimized ridge height. Since the growth ofAloo{GaAs 100 C, 5.&x 107
InGaAs/GaAs laser structure is much more mature, and furdlosGaAs 900 C, 5.0 10
thermore, its structure is similar to InGaAsN laser structure®lo-o5aAs 200 Undoped
except their active regions. Thus, we first optimized the ridge®aAs 35 Undoped
height on InGaAs/GaAs 980 nm, lasers in termslgfand ~ G3A%sP 12 Undoped
external quantum efficiency,). Then, the TQW InGaAsN  Mo3sC@ssSoeNoors 64/7/8 Quantum well region

RWG lasers were fabricated with PAO based on the result

obtained from the fabricated InGaAs/GaAs lasers. %aAS/GaA&”P 3 period

| i . | GaAg g P 12 Undoped
INGaAsN/TQW laser §tructures are listed in _Tab e lgaas 35 Undoped
grown by MOCVD. Following the standard photolithogra- Alys Gahs 200 Undoped
Al Gay sAS 900 Si, 6.0< 1017
dAuthor to whom correspondence should be addressed; present addre€dp.osGaAs 100 Si, 5. 10"
S1-B2C-20, Clean Room, School of Electrical and Electronic Engineering GaAs 200 Si, 1.&x 10'8
Nanyang Technological University, Singapore, 639798, Singapore; elecc100) GaAs substrate a.u. Si, >QL0'8
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FIG. 1. Light output powel(P) vs injection current(l) characteristics of
InGaAs/GaAs lasers with different ridge heigtit) of 0.39, 1.23, and
1.77 um, respectively. The cavity lengttt) for all the lasers is 110@m,
with contact ridge width(w) of 50 um.

spectively. The laser with of 1.23 um has shown both the
lowestJy, and the highesty. It is clearly seen that the value

of h plays an important role in the device performance. From

the relationship between the reciprocal gf and the cavity
length L for 50 um stripe width InGaAs/GaAs lasers, an
internal optical lossa; of 3.54 cmi! and average internal
quantum efficiencys; of 95.94% were obtained for the
InGaAs/GaAs laser structure used in this work.

Figure 2a) plots InJy,) against the inverse of cavity
length(l/L) of the InGaAs/GaAs lasers with different values
of h. It is observed that the laser with & 1.23 um showed
the lowestJ,, for all the cavity lengths. This is consistent
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with the finding given in Fig. 1. The transparency currentF!G. 2. (8 Logarithm of threshold current density(ly,), vs inverse cavity

density(J,,) of the lasers can be deduced from Fi¢p)2ising
the following equatiorjr:4
@
+—+

e»lr)
gy

Ui
where ¢; is the internal optical lossy; is the internal quan-
tum efficiency,I is the optical confinement factor, ag is

L
In Jth:In< —Eﬂt—l, (1)

length (1/L) for InGaAs/GaAs lasers of different ridge heigh of 0.39,
1.23, and 1.77um, respectively, with contact ridge widti) of 50 um. For
each height, the laser cavity length) ranged from 500 to 130@m. (b)
Transparency current density,) of InGaAs/GaAs lasers with different
ridge height(h) of 0.39, 0.80, 1.23, 1.55, and 1.74m, respectively.

with too high ridgedi.e., h>1.23 um), the sidewall area of
the ridge will be large and resulting in a heavy carrier loss

the material gain. The optimum cavity length is defined asdue to interface recombination. In addition, when the active

Lopt=(1/2I'gg)IN(1/R4Ry). Ry(=0.32 and R,(=0.32 are the

region is exposed to air, the light will be confined laterally in

optical power reflection coefficients at the two cleaved facthe region defined by the high ridge, light scattering at the

ets.

Figure 2b) shows the estimated value &f as a function
of h. It is shown that the lowesk, (61.2 A/cn?) is obtained
from the laser withh of 1.23 um, which corresponds to an
etching depth where all the-doped layers above the active
region were removed.e., p-type contact layeip-type upper
cladding layey. This value ofl, (i.e., 61.2 A/cm) is not too
far from the theoretically calculated), (i.e., 43 A/cn?) for
InGaAs/GaAs lasers emitting at 980 fhLasers with the
other values oh such ash=0.39 um (etching off theP*-
GaAs contact laygrh=0.80 um (etching stopped in the up-
per cladding layer h=1.55um (right above the quantum
well), h=1.77um (extended below the active region
showed noticeably higher magnitudeyf This is because if

lasers with shallower ridges, the injected carriers spread out

side wall of the active region might also cause losses to the
laser field, contributing to the increase &f Our studies of
InGaAs 980 nm lasers have indicated that the optimal ridge
height can be obtained if thedoped layers above the active
are completely removed.e., including the top contact layer
and p-doped cladding layer

Using the similar approach for the design of the ridge
height of the InGaAs/GaAs 980 nm lasers, InGaAsN RWG
lasers with ridge height of~1.2 um were also fabricated
with PAO. Figure 3 shows thd>—I| characteristics of a
4 umx 1260 um TQW InGaAsN RWG lasefwithout facet
coating and intentional heatsinknder RT and cw operation.
The inset shows the emission spectrum at 1.28085with
an inject current of 150 mA.
Figure 4a) shows the relationship between the recipro-

laterally and the effective carrier density in the active regionscal of 7y and the cavity lengti. from a batch of unbonded

was lower, thus a highek, was required. However, if lasers

as-cleaved InGaAsN lasers with a contact ridge width of
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FIG. 3. Light output powefP) vs injection currenfl) characteristics for a TQW, InGaAsN ®) |

4 umx 1260 um InGaAsN laser diode with 1.28m ridge height(h); the L _
inset shows the emission spectra of the same laser with the injection current w=10 um, h=1.23 um
of 150 mA. 751y, = 438A/cm®

rRT, CW

10 um. The internal quantum efficiency and internal op- ~To0F 1
-

tical loss coefficiente; were determined to be 92% and = | ) T
12.5 cm?, respectively. Figure@) shows a plot of IfJy,) vs = 65 _/‘_',../'/— ]
1/L from the same batch InGaAsN lasers presented in Fig. r ]

4@). Using Eq. (1), a J, of 438 A/cn? was obtained

th

(equivalent to 146 A/crper well. The lowestly, in this 6.0 i
work was obtained from a 1Am InGaAsN laser with a -

cavity length of 130Qum, which was 711 A/crh Riechert 5.5 R T T T T

et al? reported pulsed operation of InGaAsN RWG laser 0 5 10 15 20 25
emitting at 1.29um with a Jy, of 1.71 kA/cn?; Borchertet Inverse Cavity Length 1/L (cm™)

al? reported cw, RT operation of InGaAsN RWG laser in theFIG 4@ ermal . ficien€g./ng function of

; . ; 5 . 4. (@ Inverse external quantum efficiend$/7q) as a function o
1.29 um with a Jy, Qf 1.5 kA/ent; recently, Flspheet al. InGaAsN TQW RWG laser cavity lengtti), with contact ridge widthw)
reported cw operation of |nGaA_SN RWG laserinthe 18 o 10 um, ridge heighth) of 1.23 um. The internal quantum efficiendy;)
with a Jy, of 875 A/cn?. These indicated that our INGaAsN and internal optical los$a;) were determined to be 92% and 12.5¢m
RWG lasers emitting at 1.29—1.30m regime have the low- respectively(b) Logarithm of threshold current density(Jly,), as a function
est value of] N when compared with the literatures. The high of InGaAsN TQW RWG laser inverse cavity lendth/L). The transparency

t . . threshold current densityd,,) was determined to be 438 A/értequivalent
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