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Polarization of llI-nitride blue and ultraviolet light-emitting diodes
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Polarization-resolved electroluminescence studies of lll-nitride blue and ultravidst)
light-emitting diodegLEDs) were performed. The LEDs were fabricated on nitride materials grown
by metalorganic chemical vapor deposition on sapphire substi@64). Transverse electriCTE)
polarization dominates in the InGaN/GaN quantum-w@&\W) blue LEDs(\' =458 nnj, whereas
transverse magnet{d@M) polarization is dominant in the AllnGaN QW UV LEO& =333 nnj. For

the case of edge emission in blue LEDs, a rétil | /1;) of about 1.8:1 was observed between the
EL intensities with polarizatiorE L ¢ (TE mode and Ellc (TM modeg, which corresponds to a
degree of polarization-0.29. The UV LEDs exhibit a ratio of about 1:2.3, corresponding to a
degree of polarizatior-0.4. This is due to the fact that the degree of polarization of the bandedge
emission of the Aln,Ga_, N active layer changes with Al concentration. The low emission
efficiency of nitride UV LEDs is partly related to this polarization property. Possible consequences
and ways to enhance UV emitter performances related to this unique polarization property are
discussed. @005 American Institute of PhysidDOI: 10.1063/1.1875751

The recent progresses in high-brightness light-emittindarization (or the degree of polarizatiprof the emitted light
diodes(LEDs) based on llI-nitride wide band gap semicon- in Al,Ga,_,N alloys changes continuously with the Al con-
ductors place LEDs as strong candidates for solid-state lightentration(x). This preferential emission property has a di-
ing technology. Due to their low power consumpti'ooom— rect consequence on the emitter performance. As the InGaN
pact size, and long lifetime as compared to conventionaQW blue LEDs are predominantlig L c polarized? nitride
lamps, these LEDs could advantageously replace convedV LEDs using AlGaN(or InAlGaN) with a relatively high
tional incandescent as well as florescent lamps for general content as active layers are expected to be predominantly
lighting. In addition, visible LEDs with high external effi- Ellc polarized®
ciency are currently in high demand for a variety of applica-  In this letter, we report the polarization resolved studies
tions including flat panel displays, printers, and optical inter-of light emission from UV and blue LEDs. The Ill-nitride
connects in computers. High efficiency ultraviolddV) materials used were grown by metalorganic chemical vapor
emitters are particularly sought for applications includingdeposition on sapphir€0001) substrates. Figures(d) and
chemical and biological agent detection and medical used.(b) show the schematic diagrams of our 458 nm blue and
High intensity and high speed UV LEDs could also be used333 nm UV LED structures, respectively. The sources used
as transceivers for covert nonline-of-sight optical communi-were trimethylgallium for Ga, trimethylaluminum for Al, tri-
cations. methylindium for In, and ammonia for nitrogen. For Mg

Currently, UV LEDs with ternary AlGaN or quaternary doping, bis-cyclopentadienyl-magnesium was transported
AlInGaN alloys as active layers have lower external quantuninto the growth chamber during growth while SikWas used
efficiency (QE) than that of blue LEDs with InGaN as an for Si doping. The active region for the blue LEDs was eight
active layer. This discrepancy is partly due to the lower elecperiods of I ,Ga, gN/GaN multiple quantum wel(MQW)
trical and optical qualities of AlGaN alloys. However, the while for UV LEDs this was an AlqilngodGay gd\/
inherent property of polarization selective emission from
these alloys also accounts for the lower QE of UV LEDs.
lll-nitride materials have a wurtzite structure and are aniso- Blue LED
tropic along and perpendicular to the direction of thaxis.
This anisotropy results in various phenomena including the
presence of a spontaneous electric polarization, the splitting
of the valence bands, and polarized spontaneous emfsdion.
The crystal field influences differently on the valence band
splittings in GaN and AIN’. Our recent studies revealed the
difference between the band structures and fundamental op :
tical transitions in AIN and GaNt® For the materials grown — [SRSSSSEEIEN]/
along thec axis, the optical emission involving electrons ’
from the conduction band to the holes in the topmost valence GaN buffer (25 nm)
band is polarized along the direction BfL ¢ (Ellc) in GaN
(AIN).*° The relative emission intensity of the preferred po-
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FIG. 2. Schematic diagram of the experimental setup to measure the angle A (nm)

and polarization resolved EL spectra of LEDs. The rotational stage has an

X-Y-Z translator stage holding LEDs and can be rotated abouk#6s. £ 3 E|jx andEllzcomponents of EL spectra () blue LED and(b) UV
Light emitted along they axis passing through a pinhole and cube polarizer | £ at 9=75°. Both LEDs were driven with a 20 mA forward current.
is ultimately detected by a spectrometer. The polarizer cube was mounted on

360° rotational stage which selects either Eiex or the Ellz component.
The angular dependence of the polarization resolved
peak EL intensities of blue and UV LEDs is shown in Figs.
Alg AN odGay 7N double quantum well. Hexagonal mesa 4(a) and 4b), respectively. Fow=0°, both theE[x and the
LEDs of side length 12Qum were fabricated as previously E| z polarized intensities are equal, which suggests that there
described. is no anisotropy in the growth plane, as expected. Also as
Figure 2 shows the schematic diagram of the experimenexpected, the EL intensities decreas@ ascreases. Th&| z
tal setup to measure the angle and polarization resolved elecomponent decreases faster thanEHe component in blue
troluminescence(EL) spectra from LEDs. The rotational LED, whereas the opposite is true for UV LED. The degree
stage has aX-Y-Z translator stage holding LEDs and can be of polarizationP is defined by
rotated about the axis. Light emitted along thg axis pass-
ing through a pinhole and cube polarizer is coupled to UV/  p_ 'EHx__lE”Z' (1)
visible optical fiber and ultimately detected by a spectrom- Il P
eter (Ocean Optics PC2000The polarizer can be rotated
about they axis to resolveElIx (electric field alongx axis)
and E|lz (electric field alongz axis) polarizations. is the
angle betweel axis of nitride materials and the light detec-
tion direction(y axis). For #=90°, edge emitted EL is col-
lected and thé=|[x andEllz components represent light po-
larized perpendiculafE L c) and paralle(Ellc) to thec axis

where P=1 (P=-1) for completely Ellx (Ellz) polarized
light. Figure 4b) shows the degree of polarization of blue
and UV LEDs at different anglé. For blue LEDs the degree
of polarization increases fror®=0 at 6=0° to P=0.29 at
#=90° (edge emission This corresponds to a ratiér

and are identified as TE and TM modes, respectively. For . S v, ' ]
0=0°, considering no anisotropy in the plane perpendicular ) :‘. o ]
with ¢, bothEllx andEllz polarized emission intensities are : ] ° ]
expected to be identical. Fer# 90°, the measureB | x and S:’_, 2'_Blue :ED (458 nm) o ]
Ellz components are not sole TE and TM modes of LED - 11 ; EZ: M
emission. 04— . — 1
Figures 3a) and 3b) show the polarization resolved EL —~ & T 5 UV LED (333 nm)4
spectra of blue and UV LEDs respectively, with 75°. Both 3 if M : o ; EZ::
LEDs were driven with a 20 mA forward curreril x po- < 3] v o h
larization dominates in the blue LED, wherdakz polariza- o 2] v O .
tion is dominant in the UV LED. The EL spectra of the blue ;'. M ]
(UV) LED have a peak intensity ath=458 nm (A {'m "Blue LED (458 nm) Co.
=333 nm. Unlike some photoluminescen¢BL) studies of 0.2-_ A UVLED(333nm) , = q
GaN,® no shift in the peak position of the EL spectra was 00k o, ]
observed between the two polarization components in both o 02] RN R 1
LEDs, including the case af=90°. The low temperature PL - 54 ]
studies of AlGa,_,N alloys (0=<x=<1)°> and GaN/AlGaN 04— —

MQW? also revealed the absence of the PL spectral peak 0 20 40 60 3 100
position shift betweerE L ¢ and Ellc components, which 6 (degree)

was attributed to the fact that the selection rule is partiaIIyFIG. 4. Angular dependence of the peak EL intensitie£ok and E|lz
relaxed by the strain, substrate misorientation, and the inc—omponents ofa) blue LED and(b) UV LED emissions(c) The degree of

volvement of the exciton transitioh. polarizationP of blue and UV LEDs.
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=1,/1,) of about 1.8:1 between the edge emitted EL intensi-ity. One of the important issues in deep UV LEDs is devising
ties with polarizatiorE L ¢ andEllc. Much higher values of effective mechanisms to get the light out as soon as it is
P have been obtained for GaN from low temperature PLgenerated. We have employed interconnected microdisk LED
studies(P=0.8 at 10 K° and GaN/AIGaN MQWP=0.9 at  architectur& and two-dimensional2D) photonic crystals
5 K).2 However,P was found experimentally as well as theo- (PC9**™**to enhance the extraction of light from LEDs. As a
reticaII\7/ to be 0.5 for GaN from room temperature PL larger fraction of light is guided in UV LEDs than in blue
studies. In addition to the bulk optical property, the com- LEDs due to this unique polarization property, the enhance-
pressive strain favors TE mode, whereas tensile strain favorsent in the power output by improving the extraction of the
TM mode in QW structure3A mixed QW and guantum dot guided light is more significant in UV LEDs. This explains
(QD) behavior has also been suggested to be responsible feite discrepancies between the optical power enhancement
the reducecE L ¢ to Ellc component ratio for blue LEDS. factors in the 2D PCs incorporated 460 nm blue LEDs
The smallerP value of our blue LED, as compared to 3:1 (=1.63*® and 330 nm UV LEDE=2.5).2* An enhancement
(P=0.5) reported in Ref. 3 could be related to strain relax-factor of 2.9 for PCs incorporated deep UV LEO&
ation and/or mixed QW QD behavior. =299 nm*® further suggests that the shorter the wavelength
As shown in Fig. 4b), the degree of polarization for UV  the bigger fraction of light is trapped and lost within the
LEDs decreases fror®=0 at #=0° to P=-0.28 atf=75°.  devices.
At §=90° (edge emitting the value ofP is around—0.4, In summary, we have performed angle and polarization
which corresponds to a ratio, of about 1:2.3 between the resolved EL studies of lli-nitride blue and UV LEDs. In
edge emitted EL intensities with polarizatién. ¢ andEllc. contrast to blue LED$460 nm), UV LEDs were found to
This reversal in the sign oP cannot be explained by the emit predominantly TM polarized light. The degree of polar-
strain alone, as there is no tensile strain present in both strugzation P for edge emission of InGaN QW blue LED is 0.29,
tures. Rather it is expected from the unique band structur@ich corresponds to a ratio of 1.8:1 f&rL ¢ (TE modé
due to change in Al concentration in #,Ga_, N from  and Elc (TM mode components. For AllnGaN QW UV
x=0 to x=0.11. As both GaN and InGaN have dominant LED (333 nm, the value ofP was found to be-0.4 and the
emission withE L ¢ polarization, Al concentration in the ac- Corresponding ratio was 1:2.3. This emission property makes
tive layer is mainly responsible for the effect of sign reversaljtrige Uv emitters unique and significantly impacts the per-
of P. Though the conduction bands of both AIN and GaNfgrmance of UV emitters.
have al’; symmetry, crystal field splits the valence band  The authors wish to acknowledge support by grants from
differently for the two materials, changing the symmetry of ARO, DOE, NSF, DARPA.
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