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Measurement of optical mode loss in visible emitting lasers

P. C. Mogensen,® P. M. Smowton, and P. Blood
Department of Physics and Astronomy, University of Wales Cardiff, Cardiff CF2 3YB,
Wales, United Kingdom

(Received 23 June 1997; accepted for publication 12 August)1997

We describe a technique for direct measurement of the passive optical mode loss of a semiconductor
laser or similar semiconductor waveguide structure, based upon measurement of the attenuation of
optically excited luminescence in the guided mode as a function of distance traveled along the
passive guide. A spectrometer is used to select luminescence in the low energy tail of the spectrum
which is subject to very little reabsorption. We have applied the method to a series of highly strained
GalnP quantum well laser structures and observe an increase in the mode loss from % d¥o

strain to 46 cm? for 1.7% strain. This correlates with the appearance of clustered regions in the
highly strained wells observed by transmission electron micros¢dpM). © 1997 American
Institute of Physicg.S0003-695(97)03140-9

The threshold current of a laser diode is determined primethod to red-emitting AlGalnP structures with quantum
marily by the total optical loss from the lasing mode. wells grown at a high lattice mismatch with respect to the
Through the threshold condition and the gain-current relatiorsubstrate. First, we describe the device structures and their
the loss fixes the intrinsic recombination current and the polaser performance then give an account of the measurement
sitions of the electron and hole quasi-Fermi levels, which inof modal loss and its application to these structures, not all of
turn control carrier leakage from the active region and othewhich function as lasers at room temperature.
carrier loss processes. The total optical loss comprises the The device structures were single quantum wells in iden-
loss of light from the ends of the laser into the outside worldtical separate confinement heterostructures. Three structures
and the loss of light from the guided mode as it propagateere grown with Gan; _,P wells of 100 A nominal width
along the waveguide due to scattering and free carrie@nd with compositions=0.38, 0.32, and 0.28 correspond-
absorption: The end loss of a Fabry—Perot laser can be caling to lattice mismatches of 1%, 1.4%, and 1.7% respectively
culated using the Fresnel equation for the facet reflectivityVith respect to the lattice matched waveguide core and clad-
and the modal loss is usually measured from the variation oing of (Al 4Gay go.sdNo.ad and(AlgGa 3o.5dN0 4, Te-
external differential efficiency above threshold as a functiorsPectively. The structures were grown by MOCVDrotype
of cavity length? Because of the need to use lasers of differ-[100] GaAs substrates misoriented 10° off axis towards the
ent length, this measurement is time consuming and subjett11- The nominal compositions quoted above were con-
to errors from random variations in properties of individual firmed by measurement of the optical absorption edges of the
chips. It is therefore usual to assume typical values of mod€omponents of the structure by photovoltage spectroscopy.

loss for a particular type of laser and material system, based When processed into 56m oxide isolated stripe lasers
on a limited number of measurements. This approach is saf"d operated in a pulsed mczde ata freoquenc_y of 1kHz and a
isfactory when the structural integrity of the waveguide canPulSe width of 300 ns, the 1% and 1.4% strain devices lased

be guaranteed and the dominant loss mechanism is the intrift F00M temperature while the 1.7% strain device only lased
sic effect of optical scattering by free carriers. However,UP to 250 K. At 200 K, the threshold currents increased with

there are situations where there may be significant contrib"C'€asing strain, with threshold currents for 7at long

tions to the loss by scattering by structural defects and Whe|‘?Sers of 350 anq 875 mA, f‘”.”‘? 1.0% and 1'7.% strain
measurement of the optical loss is an important aspect in th amples, re;pepnvely. Transmission electrp N microscopy
characterization of a device. In some cases a high modal lo EM) examination showed that at 1.7% strain the quantum

may prevent the structure from operating as a laser. Hige{vell and adjacent waveguide core had significant structural

. . imperfections, and we wished to determine their effect on the
modal loss may arise in structures with components under : .

: ; o modal optical loss and hence the threshold behavior. Full
high strain, e.g., GaN-based structures for blue-emitting deg i ¢ 1o siructural investigations will be published in
vices. While the differential efficiency method can be used to 9 P

S . . rse. Here wi ri h hni vel
measure modal loss, this is subject to a number of practlcaﬂue course. Here we describe the technique developed to

e . Tneasure optical mode loss. It is of general applicability and
and fundamen.tal difficulti€sand does presuppose the EXIS could be particularly relevant to the study of nitride-based
tence of working lasers. It cannot be used to determin

heth hiah obtical mode | is th tor the fail faser structures.
whether a high optical mode loss Is the reason for the failure o ethoq is based upon measurement of the attenua-

of a particular Ia;er structure.. In this paper, we despribe %on of optically—excited luminescence in the guided mode
method of measuring the passive mode loss in a.sem|c0n.d_ugf the structure as a function of distance traveled along the
tor waveguide without the need to have a working laser; inssjve guide. A spectrometer is used to select luminescence
fact, no device processing is required. We have applied thig, ihe 1ow energy tail of the spectrum, which is subject to
very little reabsorption by the well. This matter is examined
3E|ectronic mail: mogensenpc@cf.ac.uk in more detail below. A schematic diagram of the experi-
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(b) ensity filter and the uncertainty in this quantity is given for each sample.

FIG. 1. A schematic diagram ¢&) the sample geometry arfd) the experi-

mental layout for the modal loss measurement. lock-in amplifier. The eyepiece shown in Figblis used to

align the sample and the intensity of the pump source can be
] o . varied with the neutral density filter. The intensity of this

mental arrangement is shown in Fig. 1, where Fi® 1 gyided radiation is measured as a function of distance of the
shows the relative position of the sample collection opticsaycitation spot from the cleaved edge of the wafer, denoted
and pump beam. Similar sample and pump laser geometrigg, «x» in Fig. 1 (a). Plots of the logarithm of the photomul-
are used for optical gain mea_sureme‘ht‘sgure b), indi-  plier signal versus distance are shown in Fig. 3 and are
cates the layout of the experimental apparatus. A ChoPpeﬁﬁear for all three structures yielding the values given for the
beam of light from an HeNe laser at 633 nm is directed ontq.qresponding absorption coefficients along with an uncer-
the surface of a laser wafer with the GaAs top cap remove@ainty of two standard errors of the mean.
by wet etching. The beam passes th'rough a pair of slits close  The light, which is guided along the waveguide, could
to the sample to reduce the beam width to less than 0.5 Mnpe supject to reabsorption by the quantum well in addition to
This 633 nm light is only absorbed in the well region wheree |osses due to free carrier absorption and scattering usu-
it_excites Iuminescen_ce, an_d a typical spectrum i_s shown ir&”y experienced by the guided mode in a pumped laser at
Fig. 2. The _part of this luminescence which is guided alO”E_’and above threshold, when the well is providing gain rather
the waveguide to emerge from a cleaved face of the wafer igyan apsorption. This reabsorption is negligible in this ex-
collected by an objective lens and spatially filtered using thg,eriment for the following reason. The radiation is detected
horizontal and vertical input slits of the spectrometer which, the tail of the photoluminescence emission spectrum cor-
were set to pass radiatiqn ata wa.vele.ngth in theilow energisponding to the low energy edge of the absorption spec-
tail of the spectrum, as indicated in Fig. 2. The light is de-yym where the absorption coefficient is small. Furthermore,
tected by a cooled GaAs photomultiplier tube connected to g, optical confinement factor acts to scale down any re-

sidual absorption in the well by a factor of approximately 50.

To confirm that self-absorption is negligible, we have mea-

- PL spect,umJ sured the modal loss at three different wavelengths shown by
12 ot vl the dashed lines on Fig. 2. If self-absorption was making a
/ contribution, we would expect this to be stronger as the de-

tection wavelength is decreased to move up the absorption

§ 0.8 edge of the well. However, adjusting the detection wave-

e length from 695 to 701 nm does not produce any significant

-_91’ changes to the resulting decay constants. The equipment has
0.4 been reassembled and the experiment repeated producing the

same results within two standard errors.

The experimental results derived from Fig. 3 show that
the modal absorption increases with increasing lattice mis-
match. This correlates with TEM observations which show
that the quantum well material tends to form into clusters at
high compressive strain. We conclude that this clustering is
FIG. 2. Photoluminescence spectrum for a compressive strained GalnEﬁSponslble for the. increased mode IOSS.’ up to about 44 cm
quantum well laser structure, with dashed lines showing the different meall the highest strain structure. In a working laser at threshold
surement wavelengths for the mode loss. there will be an additional contribution to the mode loss of
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about 5 cm* due to the free carriers injected at threshold.laser structures subject to structural imperfections such as

Nevertheless, the experiments described here show that thefose grown in the GaN system.

is a significant increase in modal loss of about 35 ¢im a The authors thank the Engineering and Physical Sci-

laser structure grown at 1.7% compressive strain compare@nces Research Council for a studentship in association with

with a 1% strain structure. This increase in optical loss musEPI, Ltd. and Paul Hulyer for fabrication of the lasers. Trans-

be an important factor in the failure of the 1.7% strain struc-mission electron microscopy measurements were performed

ture to work as a laser at room temperature. at the Manchester Materials Science Centre by S.A. Hall and
We have described a technique for the measurement ¢4. Bangert.

optical mode loss in semiconductor laser structures, which

does not require a working laser and can be applied directly

to an as-grown wafer with a cleaved edge. The results ob2L. A. Coldren and S. W. Corzindiode Lasers and Photonic Integrated

tained for highly strained GalnP quantum well structures _Circuits (Wiley, New York, 1995.
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