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Discrete Mode Laser diodes with ultra narrow linewidth
emission

Ex-facet, free-running ultra-low linewidth (~100 kHz), single
mode laser emission is demonstrated using low cost,
regrowth-free ridge waveguide Discrete Mode Fabry Pérot
laser diode chips.

Introduction: Attainment of the minimum achievable laser
diode linewidth with the least associated level of device
complexity and lowest component cost are critical for
realising many single wavelength laser applications in optical
communications, sensors and clocks. The free-running line-
width reported for ordinary DFB and DBR laser devices has
been so high (~10MHz.) as to prevent their use in many
applications while attaining monolithic single mode laser
diode emission line-widths well below 1MHz has to date been
the subject of ‘hero’ demonstrations with highly complex
devices emitting at extremely high powers [1].

It is well known that the Schalow-Townes (S-T) expression as
modified by Henry for semiconductor lasers describes
emission linewidth behaviour for diode lasers in the high
power, above threshold limit [2].  While the laser emission
line-width proportionality to inverse power is understood,
other dependencies influence the minimum magnitude of the
line-width other than the power emitted above threshold
which merely drives a trend. Four main factors are
recognized: (i) the laser a-factor via the laser emission gain
peak detuning, (ii) the unsaturated gain, (iii) the spontaneous
emission coupling into the laser mode and finally (iv) the
cavity length (L., ) and mirror reflectivities, Ri,R, (via the
cold cavity line-width, Av,,y or cavity finesse).

In [2] Okai et al exploited these dependencies to tailor a
specific device structure to achieve the narrowest DFB
emission full width at half maximum (FWHM) linewidth, Av,
reported to date from a free running laser diode of 3.8 kHz.
This was achieved using: (i) an ultra-long laser diode
(Leay = 1200 pm) to reduce Avgiy and compensate for the
reduction in the cavity finesse arising from the low (<<1%)
DFB facet reflectivity required for stable DFB operation, (ii) a
long (360 um) continuous phase shift region to reduce spatial
hole-burning induced broadening and, finally, (iii) a negative
laser emission line to gain peak detuning to reduce a.
Unfortunately this approach, when applied to a DFB, while
successfully reducing the emission line-width results in a very
complex structure and does not lead to a very practical device
configuration.

Device Operation: Discrete Mode laser diodes (DMLDs) [3]
are simple, regrowth-free ridge waveguide Fabry-Pérot (FP)
lasers. Single wavelength operation in DMLDs is achieved by
introducing index perturbations in the form of etched features
positioned at a small number of sites distributed along the
ridge waveguide laser cavity. The features manipulate the FP
cavity mirror loss spectrum by enhancing one FP mode and
suppressing the others (Fig. 1, upper curve). The resulting

optical power spectrum shows high side-mode suppression
ratio (SMSR) between the selected ‘discrete mode’ and all

30 20
Q ]
20- \ 110
104 WO?%Q%%OO@O 1o -
| o° 1 E
04 e} E o
m 1 o
-104 ]
= ] 2
5 -20- >40dB 4 L
s &
S -30- - =
o J hoj
-40 1 £
—— 1 <
D L A
60 AP

1 T T T T T
1530 1535 1540 1545 1550 1555 1560 1565

wavelength, nm
other FP modes (Fig. 1, lower curve). DMLDs exhibit stable

Fig. 1. Upper curve: Calculated gain difference Vs wavelength for a
DMLD. Lower curve: measured emission spectrum of a DMLD at a
bias current of 40 mA showing a high side mode suppression ratio.

single mode operation over the temperature (T) range of
-40°C < T < 85°C, modulation rates up to 10Gbs” and
resilient operation under strong optical feedback

It is important to stress here that the mechanism whereby
single mode emission achieved is different from that of a DFB
laser. In a DMLD the facets play a more significant role in
achieving lasing action by providing optical feedback thereby
determining the device lasing threshold and differential
quantum efficiency whereas the fundamental role of the
perturbation features is to determine the single mode emission
spectrum and, as we shall see here, narrow the laser emission.

linewidth.

Results & Discussion: Fig. 2 illustrates overlapped DFB,
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Fig. 2. Measured delayed self-heterodyne spectra where the offset
modulation frequency (880 MHz) has been subtracted. Three spectra
are shown (i) a DFB LD, (ii) a DMLD and (iii) an ECL
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DMLD and external cavity laser (ECL) laser line-width
spectra measured using a delayed self-heterodyne (DS-H)
line-width measuring set-up [4,5]. The fibre delay length in
one arm of the set-up is 12 km (corresponding to a linewidth
measurement resolution of ~ 10kHz). Light propagating in the
short arm of the set-up modulated using an LiNbO; phase
modulator to frequency shift the detected heterodyne beat
signal to 880 MHz to enhance measurement accuracy.
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Fig. 3. Comparison DFB and DMLD sources using the measured
variation of emission linewidth Vs inverse power, 1/P. Inset: A
typical self-heterodyne spectrum with a Lorentzian fit taken at a bias
current of 40mA.

For comparison the plot shows the linewidth of a commercial
DFBLD with Av=12.75 MHz; an ECL laser with Av =500
kHz; and a DMLD with Av =100 kHz. The inset of Fig. 3
shows the measured DMLD DS-H spectrum with a Lorentzian
function curve-fit which yields a linewidth of 100 kHz. In Fig.
3 we plot the Lorentzian linewidth contribution versus the
inverse optical power for the DMLD and the DFBLD. The
DFB LD clearly shows the expected linewidth variation with
power expected from the S-T relation. The DMLD initially at
low powers has a linewidth of 1 MHz which saturates at a
linewidth around 100 kHz at emission powers > 0.5 mW.

These DMLD linewidths are the narrowest reported from any
simple monolithic short cavity laser diode.

Stable single wavelength operation and yield in DFB lasers
requires a asymmetric or low reflectivity coatings of the laser
facets to decouple the degenerate forward and backward
running modes of the grating. This configuration can lead to
large longitudinal non-uniformity in the photon density and
induce either modal instability or linewidth rebroadening by
the mechanism of spatial hole-burning. Consequently these
design requirements limit the attainable laser linewidth and
preclude DFB laser use in many applications. Overcoming
these design and performance limitations (e.g. using long
cavity lasers or long phase shift regions) results in impractical
device configurations - either in terms of their usability or

manufacturability. In either case DFB devices by their
intrinsic design require ultrahigh power operation to achieve a
power limited, linewidth saturated regime.

In contrast to the DFB, the DMLD does not have such
constraints and reaches the linewidth saturated regime at sub-
mW emission levels. The question then arises as to the origins
of the ultra narrow DMLD linewidths.  For standard
commercial DMLDs such as those used here with L,,=350um
and high facet reflectivities (VR;VR, = 0.5), the cold cavity
linewidth is Avgiy = 28 GHz. While no explicit gain peak
detuning of the laser emission wavelength was designed for
the DM to reduce the o parameter (Av « 1 + o), the DM
multiple quantum well active region was fabricated in the
InGaAlAs material system where due to its higher differential
gain, o is about 2-3 compared to 5 for an InGaAsP-based
DFB.

Conclusion:  In this letter we have presented the first
measured experimental results on the spectral line-width of a
DMLD. A minimum emission linewidth of 100 kHz was
measured for the DMLD, which is a factor of 100 less than the
commercial DFB for equivalent optical powers.

We finally note that further improvements in the linewidths in
DMLDs can be achieved by increasing the cavity length and
by decreasing o via optimising wavelength detuning from the
gain peak. Future work will focus on exploiting these
strategies to realise DM lasers with spectral line widths below
100 kHz and on the extension of this ultra-narrow linewidth
performance into the monolithic tuneable DMLD regime [6].
Note that none of the devices measured here were designed
specifically for narrow linewidth operation.

References

[1] M. Okai, M. Suzuki and T. Taniwatari. ’Strained multiquantum-well
corrugation-pitch-modulated distributed feedback laser with ultranarrow
(3.6kHz) spectral linewidth” Electron. Lett., vol 29, no 19, pp 1696-
1697. 1993

[2] C. Henry, "Theory of the linewidth of semiconductor lasers," /EEE J.
Quantum Electron, vol. 18, pp. 259-264, 1982.

[3] J.Patchell, D. Jones, B. Kelly, J. O’Gorman, “Specifying the wavelength
and temperature tuning range of a Fabry-Perot laser containing refractive
index perturbations,” in Proc. SPIE. vol. 5825, pp. 1-13, 2005 (and
references therein).

[4] T. Okoshi, K. Kikuchi, and A. Nakajama, “Novel method for high
resolution measurement of laser output measurements”, Electon. Lett.,
vol. 16, pp630-631, 1980.

[S] M. O. van Deventer, P. Spano, and S. K. Nielsen, "Comparison of DFB
laser linewidth measurement techniques results from COST 215 round
robin," Electron Lett, vol. 26, pp. 2018-2020, 1990.

[6] R. Phelan, W. H Guo, Q. Y Lu, D. Byrne, B. Roycroft, P. Lambkin, B.
Corbett, F. Smyth, L.P Barry, J Patchell, B Kelly, J O'Gorman and J. F.
Donegan, “A Novel Two-Section Tunable Discrete Mode Fabry-Pérot
Laser Exhibiting Nanosecond Wavelength Switching” (to be published
IEEE J. Quantum Electronics)

Page 2 of 2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


