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Measurement of transverse electric and transverse magnetic spontaneous
emission and gain in tensile strained GalnP laser diodes
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We have measured the modal gain and spontaneous emission spectra of a 0.8% tensile-strained
GalnP laser structure in transverse elecffi€) and transverse magneti#M) polarizations by
analysis of the single-pass amplified spontaneous emission from the end of a segmented-contact
structure. The absolute values of the true spontaneous emission rates have been determined for both
polarizations. Data for the TEand TM peak gain as functions of the total intrinsic radiative current

can be fitted with the usual logarithmic relation with a transparency current density of 99 A cm

and with the(electron—light-holg TM/TE, gains in the ratio 4:1 as predicted from the oscillator
strengths. Spontaneous emission into the TM modes accounts for 48% of the total radiative current.
© 2002 American Institute of Physic§DOI: 10.1063/1.1476396

It is well established that lattice strain can have a benin the subthreshold amplified spontaneous emissABE)
eficial effect on the threshold current of quantum-well laserspectrum, or by a stripe length method which utilizes the
through changes in recombination rates and optical gain arishange in the ASE spectrum with pumped stripe lefigth.
ing from strain-induced modification of the valence bandBoth methods rely on observation of ASE from the end facet
structure. The strain separates the light-hde and heavy- of an edge-emitting structure. The radiative recombination
hole (hh) valence subbands by up to severigtT) at room  current is given by the sum of the spectrally integrated spon-
temperature, such that under compressteasile strain the  taneous emission spectra for light of TM polarizatiehec-
hh (Ih) band is uppermostCompressively strained and un- tric field (E-field) vector perpendicular to the plane of the
strained devices emit in the transverse eledffi€) polariza- quantum well, i.e., along the direction and for TE, and
tion mode and the effect of compressive strain is to reduc@E, polarizations(E-field vector in the plane of the well,
the transverse magnetid@M) radiative recombination rate, along the axis of the cavity and perpendicular to the axis of
resulting in improved characteristics of TE gain versus totathe cavity respectively Measurement of true spontaneous
current. With sufficient tensile strain, the gain in the TM emission spectra must be done so as to eliminate modifica-
modes exceeds that of the TE modes and the devices entibn by optical absorption and gain, for example by making
TM polarized laser light. Reductions in threshold currentthe observations in a direction normal to the axis of the laser
with tensile strain can be achieved due to the lower densitgavity, usually by observation normal to the plane of the well
of states associated with the |h valence subband which i& direction through a top-contact winddwor through the
uppermost. Strain has been particularly beneficial in redsubstrate. With these geometries, the path length in the gain
emitting AlGalnP lasers and this material provides a modemedium is very shor{the width of the well and other ma-
system for experimental study of strain effects because Auterial along the path is nonabsorbing at the wavelengths of
ger recombination is negligible and the only intrinsic contri- interest. However in this geometry, it is only possible to ob-
bution to the threshold current is radiative recombination. serve light of TE and TE, polarizations. TEand TM polar-

The influence of strain on the operation of a laser isized light can be observed through the side of the faiset
determined by its effect on both the optical gaind the to avoid absorption in unpumped material it is necessary to
spontaneous recombination rates associated with the TE amdake a high-mesa structure or a buried heterostructure which
TM polarization modes. In practice, the threshold current ishas a narrow stripe width to avoid amplification. Due to
also influenced by extrinsic nonradiative processes and thénese difficulties, very few measurements of spontaneous
injection efficiency, so to achieve a complete and unambiguemission in the TM mode have been reported. Thus, while it
ous experimental determination of the effects of strain, it ishas been possible to study the effects of strain on TE and TM
necessary to measure gain and spontaneous emission f@ain, it has not been possible to make a complete study of
both TE and TM polarizations. Optical gain in TE and TM both TE and TM contributions to the radiative current, and
modes can be measured either by the Hakki and Pao#xperimental knowledge of the effects of strain on the gain
method which utilizes the contrast of the longitudinal modes current relation is incomplete.

The purpose of this letter is to describe measurements of
JElectronic mail: smowtonpm@c.ac.uk both gain and true spontaneous emission spectra in TE and

bAuthor to whom correspondence should be addressed: electronic mail M polarization modes using an analysis of ASE spectra
bloodp@cf.ac.uk observed from the facet of a segmented-contact laser struc-
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FIG. 2. TM (circles and total TE(squareys spontaneous emission spectra
FIG. 1. TM (circles and TE, (squaresmaterial gain spectra measured for for the same drive currents as Fig. 1 for a tensile strained quantum-well
different drive currents for a tensile strained quantum-well device at 300 Kdevice at 300 K.

ture, using a technique which we have verified for TE 1 |2

I2L L
emissior’ We illustrate the method using red-emitting GalnP Isp0n=E|n T }m
lasers where the relative merits of compressive and tensile L L =t

strain for short wavelength lasers are stilllthe subject of _deFor TE polarization, we have shown that this process gives
bate. We report results for a 15 nm wide 0.8% tensile,o 14 of the same form as those observed through the top
strained — single QaInP quantL_Jm well W'th u_nStra'nedcontact window? Equation(2) gives results in arbitrary units
(A|0-6G,30-4)|nF,) ba_rner Iayers..Th|s was fabncgted into a 50 as the ASE intensities are also in arbitrary units. We have
pm wide oxide isolated stripe structure with the facetscalibrated the spontaneous emission by calculating the inver-
angled by 10° to the plane of the quantum well by growth ong; - ¢ ~tor

an off-axis substrate. The growth conditions and misorienta-

tion were chosen to produce disordered material. Misorien- v 1 E2 n?
taion and the long passive section at the rear of the device, PF:—' —<2h—”32>
ensured that ASE for only a single pass was observed, with- Ci '\ mhc
out round trip effects. Two electrically isolated contact seg-

ments of equal length were produced by etching through th¥’ h(tareci dlst akcallbratlon tfacftc:rr] Wh|c|f|1 c?nvertg.ponlntto rea:j th
top gold contact layer and GaAs cap layer, providing stripeunI S and takes account of Iné coliection geometry an €

- . detector calibration. Equatidid) is based on the usual result
lengths of 30Gum (1) or 600um (17). Adetailed descrip- ¢ oy spontaneous er%issign)ladtmmh is derived for emis-

tion of the multisection structure is given in Ref. 7. Measure- " . S o
ion into two orthogonal modes propagating in all directions.

ments were performed in pulsed mode at a duty cycle of i it 1o distinauish the two TE
~0.03% to avoid self heating effects. n a quantum well, it is necessary to distinguish the two

The gain and the true spontaneous emission spectra Wepé)lanzatmn modes, TE TE, from the TM, polarization

obtained from the ASE spectra measured for two pumpe ode. Consequently, we assign a suffix to the calibration

6 . . actor G wherei=TE, TM, and allocate a value o,
gggi' Spectra of the net modal gain are given by the:2/3 or 1/3 in the TE € TE,+ TE,) and TM polarizations,

2
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whereL is the length of one of the equal length segme@ts, 600 %’
is the modal gain, and; is the optical scattering loss. We /
note that this experiment gives the net modal gain directly in
real units. The value ofa; was determined from the ﬁ ]
asymptotic value of net gain at low photon energy to be 300 %‘ TEy gain
16.5+3.0cm ! independent of current and polarization. / /»—,%—u—{:c
With this value of«; the material gaing, was found from , /ﬁ%/%

b/

GIT (cm'1)

the relationg=G/I", wherel  is the optical confinement fac- 0

tor which we calculated to be the same for TE and T™M 0 100 200 300
modes for our structure. Figure 1 shows spectra of the ma-

terial gain for TM(circles and TE, (squarespolarizations at Total radiative current (Acm"z)

300 K for different drive currents. _ .
True spontaneous emission spedtja, can also be de- FIG. 3. Plots of experimental data for Tdircles and TE, (squarespeak
tical gain as functions of the total radiative recombination current for a

. i .0
rived f_rom :the same ASE spectra as used for the gain, Usmd,)nsile strained quantum-well device at 2300 K. The dash lines show the
the reiatiofi fitted logarithmic gain—current relations.
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respectively. This form of Eq(3) gives Rgyon in units of  lar analysis at 200 K gives an overall quantum efficiency of
s 1 m 2 eV ! which assumes that the carriers are totally(42+8)%.
confined to the width of the quantum well. The gain—current relation for a quantum well takes a

The inversion factor is unity when the system is fully logarithmic form
inverted irrespective of the form of the occupation probabili- ]
ties for electrons and hol%rom the experimental data, the —=g=g,In S) , (5)
ratio (G/l¢pn tends to the same value at low photon energy Jiran
for each current measured, indicating that the carrier popuyhereg, is a gain parameter andj,,.s is the transparency
lations are indeed fully inverted for states near the subbandurrent density. We have fitted E¢p) to the data in Fig. 3.
edges. Thus, the spontaneous emission data was calibratgghce the TE and TM gain on this plot arise frome¢Ih)
by determining the value & which makesP unity in this  transitions, we have imposed the requirements that the
low energy regime. The absolute spontaneous emission rat@rves have the same transparency current density and that
into all TE modes and the TM modes is then given by the TM and TE gain parameters are in the ratio of the TM

[ i and TE oscillator strengths for the-{lh) transition at the

Rspor 1) =Cil spod ). @ band edge, which is 43 Equation(5) provides a good rep-
Figure 2 shows results for the TE and TM spontaneous emigesentation of the data with these conditions wgtiTM)
sion spectra at 300 K. =1795 cm ' and Jyane=99 Acm 2,

The spectra in Figs. 1 and 2 are consistent with the ac-  |n summary, we have described experimental determina-
cepted picture for tensile strained structures. The sub-  tions of modal gain and spontaneous emission in both TE
band is the uppermost valence subband and is responsible fahd TM polarizations by analysis of the single-pass ASE
emission at-1.98 eV which is predominantly of TM polar- from the end of a diode laser structure. We have measured
ization (Fig. 2. The TE emission spectra show that the electhe TE and TM peak gain as functions of the total radiative
tron (e)—hh transition, which is entirely TE polarized, oc- current in a tensile strained GalnP structure and find that
curs at about-2.02 eV. This emission occurs because thereemission into the TM modes accounts for 48% of the total
is partial occupation of the lower-lying hh subband; the subradiative current. The technique provides a complete charac-
band spacing is about 1kGT. The gain spectra in Fig. 1 terization of the TE and TM contributions to the gain and
similarly show that the TM gain is strongest and that there isadiative current necessary for a full analysis of the operation
a contribution to the T{gain at low photon energy from the of strained layer structures.

(e—Ih) transition. _ _
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