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Abdgtract : With the aim of achieving high coupling power of RWG SL Ds into SM Fs,the structure dependences of
the output power and the near field pattern are investigated. The thicknesses of the layers between the active re-
gion and the ridge waveguide are optimized by taking into account the injected carrier distribution and local mate-

rial gainin the SLD cross section.
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1 Introduction

Superluminescent diodes(SL.Ds) are ideal in-
coherent light sources for optical fiber gyroscopes
(OFQ ™ optical coherence tomography (OCT) |
wavelength-divison multiplexing ( WDM ) sys
tems® ,and low coherence optical time domain re-
flectors (OTDR) '™ . Coupling high power into sin-
gle mode fibers (SMFs) is dedsrable for these ap-
plications,in which the output power of the . D is
expected to be high and concentrated within the
circular fundamental mode. Recently, ridge
waveguide(RWG)'® 7 structures have been widely
used in realizing S.Ds because of their uniformity
and smplicity in fabrication. Thus,schemesfor ob-
taining high power and high quality light beams
from RWG 9. Ds are attractive. To achieve this,
proper optical confinement and effective carrier in-
jection ,which require avoiding transverse current
spreading ,are very important. We have noticed that
the upper waveguide of the SCH layers and the
layer upon it ,namely the remnant layer or setback
layer ,have a dgnificant effect. It has been reported
that a thick upper waveguide can achieve high opti-
cal confinement'  while a thin remnant layer can
diminish the transverse { lateral” in Ref.[8]) cur-
rent spreading'® . However , how these two layers
together influence carrier injection efficiency and
optical confinement has not been discussed yet. In
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this paper ,we investigate the efects of these two
layerson carrier injection efficiency and optical dis
tribution of RWG S.Ds. Accurate modal gain is
calculated taking into account the non-uniform car-
rier distribution in the active region. The optimal
thicknessis discussed by defining the effective cou-
pled power Pe.

2 Analysisand simulations

Figure 1 shows the smulation model of an
9. D with an RWG structure. On ntype InP sub-
strate with r= 1 x10"cm”® ,thereisa M m thick rr
type InP cladding layer with n= 7 x 10" cm”* fol-
lowed by a 0. 141 m thick down waveguide of separ
rate confinement heterostructure(SCH) layers and
four 5nm InGaAsP compressvely strained quan-
tunrwells surrounded by 10nm InGaAsP lattice
matched barriers. According to the common struc
ture of RWG 9D ,there are two layers between
the ridge waveguide and the active region:the up-
per waveguide of the SCH layers and the p-type
InP remnant layer. An etch-stop layer is placed on
the remnant layer to control the ridge height dur-
ing the ridge etching process. The doping concen-
tration of the remnant layer and the ridge is 7 %
10" cm™®. The SCH and MQW regions are undo-
ped. The width of the ridgeis chosen to be 21 min
order to obtain sngle mode operation.
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Fg.1 Cross section of the D used in the smular
tions Only the right haf is shown here. The thick-
nesses of the upper waveguide and the remnant layer
are to be optimized.

In RWG SL.Ds,the carriers are mostly concen-
trated beneath the ridge,and the material gain in
the active region,which is much wider than the
ridge waveguide ,is not uniform. We introduce local
material gain g(x,y) here for convenient discus
son. Together with the optical confinement ,which
also depends on the RWG structure, g(x,y) will
determine different modal gains,output power ,and
optical field distribution of the S.Ds. To investi-
gate the optimal RWG structure for high output
power and a high quality light beam ,we calculated
g(x,y) to obtain the modal gain accurately.

Anideal 9D is a traveling wave optical am-
plifier with zero input sgnal into the amplifying re-
gion® . Concerning only forward propagating
waves,SL.Ds can be modeled by the smplified star
tionary TWA equation

A58 4,0 -arst) +BYL0) (@
where Sisthephoton number ,gnisthe modal gain
at this wavelength Y ¢ is the sum of the spontane-
ous photons within the range of the fundamental
mode,all of which are functions of Wavelength)\ ,
andp is the factor of spontaneous emisson ,which
iscoupled into the fundamental mode. For an ideal
9. D with zero reflection at both ends,SQ\) isob-
tained asfollows:

B e®) expl(gu®) -O)L]-1
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The output power can be calculated as

_ ¢ hc
P_J')\SO\)OP\ (3)

For an active region with a uniform material
gain g,the moda gain gmis smplified asapro-duct
of the material gain g and the optical confinement
factor ' ,wherel is defined as the ratio of the opti-
cal field in the active region to the total optical
field. However ,in an RWG structure, due to the
non-uniform carrier distributions in the transverse
direction,the modal gain has to be calculated by
taking local material gain to be

g ) = f (x,yA) W(x,y)dxdy  (4)

Here,the Cartesan coordinate x represents the
transverse postion,y represents the lateral pos-
tion,g(x,y ) isthelocal gain spectrum ,whichis
determined by the carrier concentration, and
W (x,yA) isthe normalized local light power func-
tion ,which is given by

| E(x,y)|?

W(x,y) =
fE(x,y)|2dxdy

(5)

Here,E(x,y) isthelocal optical field magnitude.

2D distributions of current spreading and car-
rier concentration within the cross section of the
S D can be calculated by implementing Poisson’ s
and the current continuity equations. Usng the
carrier concentration distribution, the 2D optical
distribution can be calculated using the wave equa
tion™ . Then,using Egs. (1 5) ,the moda gain of
the S Ds and the output power can be obtained
taking into account the nor-uniform carrier distri-
butions. Variation of the RWG structure will
change carrier and optical distributions, namely
change g(x,yA) and W(x,y) inthe equations. As
aresult ,gn and P are changed. Therefore ,we can
investigate how the RW G structure affects the out-
put power and light beam quality with this meth-
od.

3 Resultsand discussion

The total thickness of the layers between the
ridge waveguide and the active region h includes
the upper waveguide of the SCH layers hy and the
p-type InP remnant layer h. ,which not only afects
the optical confinement but also critically afects
the injected carrier distributions. Figure 2 (c)
shows the smulated results of the carrier distribu-
tion in the transverse direction for two structures
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with different h usng commercial software;Figures
2(a) and (b) arethe calculation resultsof the opti-
cal field for these two structures consdering the
carrier distributions.
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Fig.2 (a) Optical field of the fundamental mode of
structure 1(hy = 0. 03¢ m, h, =0 0% m) ; (b) Optical
field of the fundamental mode of structure 2 ( hy =
0 1% m, h, =0 4@ m) ; (c) Carrier distributionsin the
active regions of structures 1 and 2

It can be seen that for structure 2,a larger h
broadens the transverse channel for current sprea-
ding and decreases the current flowing through the
area where the fundamental mode is concentrated.
It decreases the carrier concentration in this area
and reduces the material gain for the fundamental
mode. Together with the weaker optical confine
ment due to the larger h,the optical field spreads
more than that in structure 1. According to Eq.
(4) ,the modal gain will be reduced in this case.

The modal gain gm was calculated for struc-
tures with different h. Figure 3 showsthe results at
the gain peak wavelength. Here,the ratio hy h
was fixed at 5 3. It can be seen that the modal

gain decreases as h increases when h>3 fim. In
the region of h<3 % m,the tendency is the oppo-
Ste because a smaller h will weaken the lateral op-
tical confinement. The same effect in the transverse
direction will also reduce the modal gain. There-
fore ,thereis an optimal hfor obtaining the largest

Om.
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Fig.3 Comparison of hversus calculated modal gain

A high modal gain gn can result in a high out-
put power. However ,not all the output power can
be launched into the SMF because of the shape of
the near field ,and therefore the far field pattern,
determines the coupling efficiency. The more circu-
lar the optical field is,the more eadly it can be
launched into SMFs*™. Here we defined effective
coupled power , P. ,as the power in the circle where
the power drops to 10 % of the peak value, as
shown in the inset of Fig.4.A higher P. means a
more circular optical field or a higher output pow-
er , which therefore means more power can be
launched into SM Fs. Using the calculated results of
gm shown in Fig. 3 ,we calculated P. as a function
of h,wheretheratio hy h waschosentobe2 5,
1 1,and5 3.It showsthat P. changes with dif-
ferent h with the same tendency as that of gnm.
When hincreases, Peincreases at first and then de-
creases. The optimum h,which isinsenstive to the
ratio hy h ,isaround 0. 3 0 4 min these cases.
It should be noticed that the effectsof hy and h are
quite different. Figure 4 shows that for the same
thickness of h,alarge hv and a small h- are better
for a high P.,namely for high coupling power to
SMFs due to a better optical confinement effect of
the upper waveguide. Thisimplies that the compo-
stion of these two layers also affects the coupling
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power ,which will be investigated in the future.
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Fig.4 Hfective coupled power P. as afunction of
hfor different hy h Theinset shows the defini-
tion of effective coupled power.

4 Conclusion

We have analyzed the structure dependences of
the output power and the near field pattern in
S Dsconsdering theinjected carrier distributions.
The modal gain was calculated based on the local
material gain and optical field distribution. It is
found that the thicknesses of the layers between
the active region and the ridge waveguide are criti-
cal for effectively coupling power into SMFs be-
cause they smultaneoudy affect the injected carrier
distribution and the optical confinement. The s mu-
lation results show that the optimal thickness is
0.3 0 4 m,and a structure with a thick upper
waveguide and a thin remnant layer is preferable.
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