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EXTREMELY BROADBAND InGaAsP/InP SUPERLUMINESCENT DIODES

For superluminescent diodes fabricated on the substrate with five 6 nm and two 15 nm InGaAsP
quantum wells, a very broad emission spectrum is obtained. The spectral width is nearly 400 nm, covering the
range from 1250 nm to 1650 nm.
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1. Introduction. Broadband characteristics are attractive for optical fiber communication.
Recent technology has made optical fiber exhibits very broad bandwidths, almost covering the range
from 1.2 um to 1.6 um with a loss of less than 1 dB/km. Superluminescent diodes (SLDs) are good
candidates of light sources for optical fiber communication because they are of compact size, can be
directly integrated with electronic components. However, to cover the entire usable bandwidth of an
optical fiber, many conventional SLDs having different spectral range are required because each
conventional SLD usually has a bandwidth of less than 50 nm. Therefore, if the bandwidth of SLDs
could be broadened, they will be even more attractive.

Multiple quantum well (MQW) is a convenient way that has been widely used to broaden the
bandwidth of SLDs [1]. However the design is not straightforward because the carrier distribution
within the MQW is not uniform [2]. By considering the uniform carrier distribution within MQWs,
we demonstrate that the spectral bandwidth of SLDs can be significantly broadened by using properly
designed nonidentical MQWs grown on InP substrate.

2. Experiment. To achieve the broadband characteristics, a sequence of nonidentical MQWs is
designed. The layer structure is shown in Fig. 1. The five 60 A IngGag33A8072Pg25 quantum wells,
designed for a transition energy corresponding to 1.3 um, are grown near the p-cladding layer, while
the two 150 4 Ing53Gag47As quantum wells, designed for a transition energy corresponding to 1.3 um,
are grown near the n-cladding layer. InggsGag14As03Po 7 barriers of 150 4 width are used to separate
the QWs. The separate confinement heterostructure (SCH) layer is 300 4 thick for better uniformity
of carrier distribution.
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Fig. 1. Quantum-well structure of designed nonidentical MQWs Barrier: 15 nm, Ingg¢Gag14As03P7, SCH

region: 30 nm, In0,86Ga0,14Aso_3P0,7

The designed nonidentical MQW structure was grown on InP substrate. Typical processing
techniques were used to fabricate bent-waveguide SLDs [3]. With the bent-stripe structure, the
reflection of light from the cleaved facet is reduced, thus minimizing the influence of Fabry-Perot
resonance [3]. We used two kinds of devices, one of which is 300 um, as shown in Fig. 2 and the other

is 500 um, as shown in

—
—

Fig. 3. No facet coatings were applied to the devices.
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Fig. 2. This is the waveguide structure
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Fig. 3. This is the waveguide structure

The emission spectra of the 500 um fabrication devices at different current levels are measured
and they are shown in Fig. 4 and the emission spectra of the 300 wum fabrication devices at different
current levels are measured which are shown in Fig. 5.
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Fig. 4. Emission spectra of SLDs at different injection currents, 500 um, bending side facet
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Fig. 5. Emission spectra of SLDs at different injection currents, 300 um, bending side facet

In Fig. 5 for the spectrum of the 300 um device at low injection current the wavelength of the
emitted light is close to 1.5 um, which corresponds to the transition between n = 1 conduction band
and n = 1 valence band of 150 4 Ings3Gags/As quantum wells. These wells are designed for light
emitted at 1.6 um wavelength. Some part of light is emitted at the wavelength close to 1.3 um, which
corresponds to the transition between n = 1 conduction band and n = 1 valence band of five 60 4
Ing 67Gag33AS80.72P 028 quantum wells. These quantum wells are of 1.3 um range. These spectra describe
that at low injection current the carriers gathering in the five 60 A Tng 67Gag33A8072P .28 quantum wells
are able to provide the gain. Note that 150 A Tng 53Gag 47As QWs are near the n-cladding layer. Thus
more carriers accumulate near the n-cladding layer.

When the injection current increases to 200 mA, carriers in five 60 4 Ing¢;Gag33As0.72Po23 QWs
have the same contributions as the double 150 A4 Ings3Gag47As QWs. However, when the injection
current increases to 300 mA, carriers in five 60 4 IngGag33A50.72Po2s QWs provide more gain than
the double 150 4 Ings3Gag47;As QWs. If we increase the current above 500 mA, carriers in five 60 4
Ing.¢7Ga 33A80.72P0.2s QWS cannot provide the gain any more. Therefore, the two kinds of MQWs have
almost equal gain at a particular injection level. The spectral width is near 400 nm, covering the 1250
... 1650 nm range.

When designing a broadband SLD using a nonidentical MQW structure, factors such as QW transition
energy, number and sequence of the different QWs, the thickness of the SCH layer, the selection of the
dominant carrier, the ability of the QW to trap the 2D carrier, the uniformity of the 2D carrier within the QWs,
etc. must be taken into account. Using a properly designed nonidentical MQW structure, the fabrication of even
more broadband SLDs should be possible.
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3. Conclusion. We have demonstrated extremely broadband SLDs using properly designed two
150 4 Ings3Gags7As QWs and five 60 4 Ing¢:Ga ¢33A807Po2s QWs. A spectral width covering the
range from 1.25 um to 1.65 um has been achieved. The spectral width could be as broad as 400 nm.

It is a pleasure for us to express gratitude to Professor V.V. Buniatyan for useful discussions
and NATO - for Reintegration Grant FEL.RIG 980772.
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Q.T. cUU4dNL8UL
00U U280, LUSL InGaAsP/InP UNkMELI8NRUPLBEUSELSUSPL FhNYLED

Unuyippnudhtbugkinnughtt nhonubpp, npnip ywwwpwunyl) i hhtq 6 4 U tpynt 15 & juyunipyudp
InGaAsP pjwtwnuwght thnubkp niukgnn hwppwlh dpu, nibbkt fSwnuquypdut swn juyt uybklunp: Ugkiunpuht
Jwyunipniup Juqunud k Unwn 400 &, npt pingpynid | 1250 &i~hg 1650 &/ wnhpnyypen:

Unwigpughli pupkp. dulbpinipuyht wlinhy wwpp, htnbpntyhunwpuught wdbkgnud,  pupuy
punuup, twltpunipuyhlt winhy nwwupph dbuhnpudwt wgkgnid:

I.1I1. MIMABOHAH
SKCTPEMAJIBHO-IIMMPOKUE InGaAsP/InP CYIIEPJIIOMUHECHEHTHBIE JWO/IbI
Jlig cynepIIOMUHECIIEHTHBIX JUOZOB, U3TOTOBIEHHBIX Ha IOJJIOXKKE C ILATHIO 6-HAaHOMETPOBBIMU M ABYMA 15-
HaHOMeTpoBsIMU InGaAsP KBaHTOBBIMK fAMaMH, IOJTy4eH WIMUPOKUI SMHUCCHOHHBIN crekTp. CleKTpanpHas IIMpHHA
cocrasisier ~ 400 mam; xoTopas mokpsiBaer o6iacts ot 1250 anm no 1650 Har

KrrogeBsre ¢r0Ba: TOBEPXHOCTHO-aKTHUBHBIH 5JEeMEHT, TeT€POSIIUTAKCHUAIBHBIM POCT, TOHKasg IUIEHKA,
IIOBEPXHOCTHO-aKTHBHBII ITPeoGpasyIoNIiii SIeMeHT POCTa.
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