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The spontaneous emission fact@ is an important parameter for the characterization of
semiconductor light emitting devices. In the analysis of superluminescent diodes, especially in the
calculation of the optical intensity using rate equations, most authors have used the estimated value
of B taken from laser diodes, despite the conceptual difference involved in each device. In this
article, the spontaneous emission faggdior superluminescent diodes is discussed in detail, and a
new method in calculating the average value3ab introduced. Based on this method, the values

of B for gain-guided and index-guided structures are obtained.1989 American Institute of
Physics[S0021-89789)05007-0

I. INTRODUCTION factor 8 for the superluminescent diodes are discussed and

Superluminescent diode¢SLDs) are preferred light the use of an average spontaneous emission fgctersug-
sources for fiber gyroscopésyavelength division multiplex- 9ested. The values ¢ for the gain-guided and index-guided
ers (WDM), acoustic-optic correction systerhgnd surface SLDs are estimated and compared with ghef LD of simi-
imaging technology.Since the structure of a SLD is similar lar structures. The calculated results show thatghef SLD
to a laser diodgLD), the local rate equatiofor traveling IS considerably largefin the order of 10% and 103 for
wave rate equatignfor analyzing the wave dynamics in a both gain-guided and index-guided structures, respeclively
laser diode is often adopted in the analysis and design dhan that of lasers of similar structures.

SLDs. However, SLD is based on amplified spontaneous

emission(ASE) and its emission spectrum is much broader|;. ESTIMATION OF SPONTANEOUS EMISSION

than that of LD. For LD the spontaneous emission fa@®  FACTOR B

defined as the ratio between the rate of the spontaneous emiE
sion coupled into the laser modes divided by the total spon-
taneous emission rate. Such a definition cannot be applied to The output of a SLD is amplified spontaneous emission.

SLD, because SLD has no oscillation modes. To our knowlAll spontaneous emission coupled to the waveguide contrib-
edge, most authors still use the valueffelated to LD for  utes to the light output. Therefore, the spontaneous emission
analyzing the SLD.In this article, the spontaneous emission factor 8 can be defined as

" Definition of spontaneous emission factor for SLD

Rate of spontaneous emission contributed to the output
B Total spontaneous emission rate

Assuming that the rate of spontaneous emission contribg, denotes the fraction of radiation captured by the wave-
uted to the output at wavelengkhis Rg(\), the spontaneous guide. If the spontaneous emission is isotropic, the fagtor

emission factor ak can be written as can be simply estimated by the relation
Rsg\) Q
N)=——, 1 =—
BN="% @ B=7—. 3
whereRg; is total spontaneous emission rate. where(} is the solid angle of output emission.
Since the output of a SLD has a broad spectrum, the
value of g is B. Estimation of g for gain-guided SLDs
_ _ Light confinement in vertical direction exists in gain
B= J BN)AN= ;. 2 guide SLD. Assuming that, is the refractive index of active
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FIG. 1. Light propagation in the gain-guided structure of the superlumines-
cent diodes. FIG. 3. Cross-section structure diagram of the index-guided superlumines-

cent diodes.

layer,n, is the index of cladding layer#, denotes the angle _ _ o _ _
included between the emitted light and the propagation diThis relation shows thag is different at different point along
rection (see Fig. 1L When the light satisfies the total reflec- injection current stripe for gain-guided structure. The aver-

tion condition, the anglé®, can be written as age value ofg may be written as
e p= Nt JL_'f 0o dZ+ g 8
0c=arccosn—1. (4) B=—1 . arcgm el g 8

The spontaneous emission whose direction is less éham  The second term in the formula is a constant relating to the

the vertical direction may contribute {8 structure and far field distribution, and it describes the fact
Due to the fact that there is no lateral confinement, mosthat the horizontal emitting angle is larger near the output

of the spontaneous emission will be absorbed after it hadacet, but the main contribution to the output is the sponta-

escaped the current injection region. Only the spontaneouseous emission whose angle is withip2 which corre-

emission whose direction lies in a certain solid angle alongsponds to the full width at half maximutf®WHM) of the far

the stripe may contribute to superluminescent output. Théield.

coordinate system used in the calculation is shown in Fig. 2. Supposing that the distance from the light emitting point

If SLD is a single-pass amplifying device, then (denoted byy;) to the output facet is;, we have
4 w2+ 6 W
ﬂ:f_w,dsofﬁ/zfecs'”ade 5 =g 9
27 defIsingds 9

The spontaneous emission factor in this range can be re-

whereg is the horizontal emitting anglgarallel to junction garded as constant:

plane, and @ is the vertical emitting angle.

In Eq. (5), ¢’ denotes the maximum horizontal emitting 1
angle within which spontaneous emission may contribute to  8'= ;sin Oc @5 - (10
superluminescent output. It can be written as

The estimation of the value @8 using Eqs.(8)—(10) is
(6) suitable for a single-pass propagation. In the case of bidirec-
tional propagation, the value ¢ is multiplied a factor of 2
of that used in Eq(8) or (10).

) w
Q= arctgm )

wherelL is the cavity length andV is the width of current
injection region. Thus

1 W . : .
=_gj I C. Calculation of factor B for index-guided SLD
B —sin 0 arctgz(L_Z). (7)

There are confinements in both vertical and parallel di-
rections of the junction plane for an index-guided SLD. In
general, the degrees of restriction in the two directions are
different. Supposing, is the refractive index of cladding
layers, n; denotes the refractive index of lateral confine-
ments(see Fig. 3, the total reflection condition can be ex-

pressed as
Ny
6., =arccos—, (11
ny
N3
0o =arccos =, 12

1
FIG. 2. Schematic diagram of the relationship between output light and the
full width at half maximum(FWHM). then
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FIG. 4. Relationships of the average valdewith cavity length for gain- 3.30 3.35 340 345 3.50 3.55

guided SLD.

Refractive index (73)

FIG. 5. Relationships of the average vaIEaNith refractive indexn; for

B= i f%” dgofﬂl% o singde index-guided SLD.
am )y /2= 6c,
1 n, N3
=—\1- n, areeog . (13)  n,=n;=3.35,3=3.56x10 2, and it is 7.2X10 2 in the

_ o _ case of bidirectional propagation. From E¢§3) and (14),
Following the same derivation as that in Sec. Il B, we getwe know thatg depends on the degree of lateral restriction.
the average spontaneous emission factor for a wide stripehis dependence is calculated and plotted in Fig. 5. It is

index-guided structure as follows: evident that the spontaneous emission fag@af an index-
— sind,, guided SLD is about one order of magnitude larger than that
=7 [ea(L=15)+@¢l¢]. (14 of a gain-guided SLD. But for an index-guided LR=1 in

Eq. (15), and the value oB is less than that of a gain-guided

structure. For a SLD, the wider the stripe, the less the value

lll. RESULTS ANALYSIS of B. This result is the opposite for a gain-guided structure.
Figure 4 shows the average spontaneous faﬁcmf With a decrease of the lateral confinement, the valug of

SLDs as a function of the cavity length for a gain-guidedréduces notably. When the refractive index—n;, the

structure calculated by Eqé8), (9), and (10). We assume Value of s reduced to 10%. Thus it becomes gain-guided

n,=3.55, n,=3.35, andg;=5°. The values ofg corre-  Structure.

sponding to a stripe laser is also plotted in the same figure

for comparison. The formula that we used in the calculation

of Bin a laser diode is as follows: IV. DISCUSSION
A4 . .
B=K-—5—a—, (15) The output light versus to the spectral wiglAWWVHM) A ¢
47N VAN above the lasing threshold in a LD can simply giveri by

where K=2, x=0.8§ um, n,=3.55, AA=0.03 um, d As=AnPs/P;  (P>2Py). (16)
=0.015um, respectively.

Figure 4 indicates that the spontaneous emission fgtor Here \y, is the homogeneous spontaneous emission line-
of SLDs are considerably larger than that of lasers with thewidth, P, is the output power transmitted through the facet,
same structures. The typical value gffor SLD is in the  andPgis on the order of the power output just below thresh-
order of 102-10 3. It increases with the widthWW of the  old. This relation indicates that a higher output poviRr
current injection stripe. For LD, the value ¢f decreases leads to a largeks. However,P4 depends on the reflectivi-
with the width, since the percentage of the spontaneouses of the facet. An increase & and\ due to a decrease
emission coupled into oscillation modes decreases. For SLf the facet reflectivity by antireflection coating or angling
there is no oscillation, and the total amplified spontaneoushe stripe were demonstrated both theoretically and
emission in a certain range may contributecdTherefore8  experimentally.® Furthermore) ; increases rapidly with the
increases with the width of the stripes. astigmatism factoK (Ref. 7) or the spontaneous emission

For an index-guided SLD, wheh is long enough, factor B.° Because a SLD has a largkg (or higherPy), it
namely,L>1;, the value ofg is approximately constant. If should have a largK or .
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