Size dependence of lll-nitride microdisk light-emitting diode characteristics
S. X. Jin, J. Shakya, J. Y. Lin, and H. X. Jiang

Citation: Applied Physics Letters 78, 3532 (2001); doi: 10.1063/1.1376152

View online: http://dx.doi.org/10.1063/1.1376152

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/78/22?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in

Time-resolved fluorescence up-conversion study of radiative recombination dynamics in lll-nitride light emitting
diodes over a wide bias range

Appl. Phys. Lett. 103, 121109 (2013); 10.1063/1.4819850

IlI-nitride light-emitting diode with embedded photonic crystals
Appl. Phys. Lett. 102, 181117 (2013); 10.1063/1.4804678

N-polar IlI-nitride quantum well light-emitting diodes with polarization-induced doping
Appl. Phys. Lett. 99, 171104 (2011); 10.1063/1.3656707

Polarization of edge emission from llI-nitride light emitting diodes of emission wavelength from 395 to 455 nm
Appl. Phys. Lett. 90, 211112 (2007); 10.1063/1.2741607

Polarization of lll-nitride blue and ultraviolet light-emitting diodes
Appl. Phys. Lett. 86, 091107 (2005); 10.1063/1.1875751

NEW! Asylum Research MFP-3D Infinity” AFM [~ FroRD I

Unmatched Performance, Versatility and Support

The Business of Science®

Stunning high 9 Simpler than ever

performance - ¢ to GetStarted™

b

Comprehensive tools § f  Widest range of accessories
for nanomechanics for materials science and bioscience



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1018974610/x01/AIP-PT/Asylum_APLArticleDL_043014/Asylum-Research-MFP3D-Infinity-APL-JAD.jpg/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=S.+X.+Jin&option1=author
http://scitation.aip.org/search?value1=J.+Shakya&option1=author
http://scitation.aip.org/search?value1=J.+Y.+Lin&option1=author
http://scitation.aip.org/search?value1=H.+X.+Jiang&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.1376152
http://scitation.aip.org/content/aip/journal/apl/78/22?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/103/12/10.1063/1.4819850?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/103/12/10.1063/1.4819850?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/102/18/10.1063/1.4804678?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/99/17/10.1063/1.3656707?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/90/21/10.1063/1.2741607?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/86/9/10.1063/1.1875751?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 78, NUMBER 22 28 MAY 2001
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Individual microdisk blue-light-emitting diodeu-LEDs) of varying diameters from 5 to 2@m

have been fabricated from InGaN/GaN quantum wells. Size effects op-tleD characteristics,
includingl —V andL—I characteristics, have been measured. The transient behavior pfltE®s

has also been studied. It was found that the turn-on time is on the order of our system ré3ponse
ps and the turn-off time is on the order of 0.2 ns and shows a strong size dependence. The ability
of two-dimensional array integration with advantages of high speed, high resolution, low
temperature sensitivity, and applicability under versatile conditions make IlI-nigidé&Ds a
potential candidate for light sources in short-distance optical communication200@ American
Institute of Physics.[DOI: 10.1063/1.1376152

IlI-nitride wide-bandgap semiconductors have recentlyup by a conventional broad-area LED, we have achieved an
attracted considerable interest due to their applications fopverall 60% increase in emission efficierftyVe have also
optoelectronic devices, which are active in the blue and uldemonstrated the operation of a prototype IlI-nitride micro-
traviolet (UV) wavelength regions and electronic devices Caisplay with a dimension of 0260.5mnf (consists of 10
pable of operation at high temperatures/high power 10 pixels with pixel size of about 1am) by integrating an
conditions.’“ The recent success of the IlI-nitride edge em't'individually addressed 20u-LED array? In this letter, we
ters, including blue light-emitting diode&.EDs) and laser oo+ the size dependence of Ill-nitrigeLED characteris-

diodes, is encouraging for the investigation of .m|crocaV|tytiCS' The original LED wafers were grown on sapphire sub-
lasers and microsize LED&u-LEDs). New physical phe- .

i . . . strates with 30 nm GaN buffer layers by low pressure met-
nomena and properties begin to dominate as device latera . _ . :
size or the vertical length approaches the wavelength oflorganic chemical vapor deposition. The device structure

light, including modified spontaneous emission, such adcludes 3.5um of silicon doped GaN, ten periods of Si
emission lifetime, the spectral linewidth, the directionality of 40Ped superlattice consisting of alternating layers of AlGaN
the emission, and enhanced quantum efficiency, all of which50 A)/GaN (50 A), 0.05 um of Si doped GaN, a 30 A
warrant fundamental investigatioRsThe microsize LEDs undoped InGaN active layer, followed by 14 periods of Mg
and lasers offer benefits over edge emitters including th€oped superlattice consisting of alternating layers of AlGaN
ability to fabricate arrays of individually controllable pixels (50 A)/GaN (50 A), and 0.5um Mg doped GaN epilayer.
on a single chip and enhanced quantum efficiency. In addiThe structure was then thermally annealed at 950tG ®in
tion, 11l nitrides are grown on sapphire substrates, which arenitrogen in a rapid thermal-annealing furnace to activate Mg
transparent to light and, hence, can serve as a nature surfageceptors. This process produced room temperatiager

for output coupling, reducing the steps for device packagingeoncentrations of %10 cm 3 (mobility 12 cnf/V's) and
lll-nitride microsize LEDs may be used for short distancen.|ayer concentrations of 1:610cm™3 (mobility 310

optical communications and optical interconnects in computy2y/s).
ers. The microsize LEDs have advantages of easy coupling |n4ividual u-disk LEDs of varying diameters from 5 to

gc_) optic_al filbtzalr)s and allow the_intlegrit_ion of a dense tWo-»¢ um were fabricated by photolithography patterning and
imensional2D) array onto a single chip. inductively coupled plasma dry etching. Bilayers of (20

Microdisk and microring cavities have been fabricated .
previously from InGaN/GaN and GaN/AlGaN quantum .nm)/Au (200 nm and Al (300 nn)/Tl (20 nm were depqs-
ited by electron beam evaporation psand n-type ohmic

wells (QWSs) by photolithography patterning and plasma dr
(QWS by p grapny d P ycontacts. The-type contacts were thermally annealed in air

etching®~® Enhanced quantum efficiendQE) and optical - _
resonant modes have been observed in these microcavitigd, 900 °C for 5 min and the-type contacts were thermally
Most recently, we have fabricated electrically pumped@nnealed in a nitrogen ambient at 650 °C for 5 min. A dielec-

InGaN/GaN QW individuaju-disk LEDs with a diameter of tric layer was deposited bg-beam evaporation after the
about 10um and it was shown that the QE was higher in #-LEDs’ formation for the purpose of isolatingtype con-
u-disk LEDs than in the conventional broad-area LEDs. tacts from the etch-exposestype layer. Figure @) shows
The enhanced QE im-LEDs may be an inherent attribute an atomic force microscopeAFM) image of a fabricated
due to microsize effects as well as a more efficient usage ofi-LED. As can be seen from Fig.(d), the p-type contact
injected current. By interconnecting together hundreds ofvas connected to the tgplayer by opening a hole through
u-LEDs and inserting them into the same device area takethe insulating dielectric layer. The size of theype contact
is about 4um in diameter. Figure (b) shows optical micro-
dElectronic mail: jiang@phys.ksu.edu scope images, taking from the tdp-type contact side of

0003-6951/2001/78(22)/3532/3/$18.00 3532 © 2001 American Institute of Physics
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FIG. 1. (Color () AFM image of a
(a) lll-nitride  u-LED of diameter d
=12 um. (b) Optical microscope im-
ages of twou-LEDs (d=12 and 15
um) in action.

d=8 um d=12 um

(b)

two representative InGaN/GaN QW-LEDs with diameters reflects the ideality factom(= 1/slope. It is clear that the
d=8 and 12um in action with an injected current of 2 mA. ideality factor ofu-LEDs (n=18.5) is larger than that of the
The p-type contacts on the top layers are also visible in Figbroad-area LED§{=6.4). There is only a weak size depen-

1(b). dence of ideality factor for the-disk LEDs. The larger ide-
Thel -V characteristics ofi-disk LEDs of varying sizes ality factor reflects the enhanced nonradiative recombination
and a conventional board-area LED (30B00uxm?) fabri-  in u-LEDs, which is most likely a result of enhanced surface

cated from the same wafer are plotted in Fig. Zanlinear  recombination around the edge of the diskuetEDs.

and (b) semilogarithmic scales. It is clearly seen that the  The emission wavelength of oy-LEDs varies from
turn-on voltages for individuak-LEDs are larger than that green to purplg380—520 nm by varying In content in the

of the broad-area LED. Among the different sizes ofIinGaN active layers. Figure 3 shows a room temperature
u-LEDs, the turn-on voltage increases with decreasinglectroluminescencéEL) spectrum of a purplg-LED mea-
u-LED size. The slope of the Lagvs V plot in Fig. 2b)
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FIG. 2. |-V characteristics ofu-LEDs of varying sizesd=8, 10, and 12
#m) and a broad-area LED (300300 :m?) in (2) linear and(b) semiloga- FIG, 3 (a) EL. emission spectrum of a purpjeLED. (b} Output power vs
rithmic plots. input power L—I) plot of u-LEDs ot different sizes.
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Time (ns) area LED and(b) the size dependence of the “turn-off”

40 05 00 05 10 16 20 time, 744, Of u-LEDS. The turn-on response is on the order
. R PN of our system responge-30 p9 and it thus cannot be mea-

1 1
—~ ol (@ T=300K sured. However, the turn-off transient is in a form of single
: SEG A B'gLED_ exponential and its lifetimeg,;, can thus be determined. It
D 4] £ ® p-LED(d=12um) om .
< A O System Resp was found that.¢ decreases with a decreasewt ED size.
= 27 ‘: , It reduced from 0.21 ns fod=15um to 0.15 ns ford
a3 2 =214 ps =8 um. This behavior is also expected since the effects of
S . surface recombination are enhanced in smallfEDs. On
_‘_:, 5 g the other hand, the increased operating speed may also be a
1 2 « result of an enhanced radiative recombination rate in
6{ & §T=30 s % 2 u-LEDs. With this fast speed and other advantages such as
a2 a Q P $eo 2nn | long operation lifetime, llI-nitrideu-LED arrays may be
0.21 (b) used to replace lasers as inexpensive short distance optical
0.20.] o links such as between computer boards with a frequency up
—~ o] T OK to 10 GHz.
2 ] In summary, the size dependence of InGaN/GaN QW
~ 0.184 u-LED characteristics has been studied. It was found that the
Lo 0.17- ° turn-on and turn-off speeds of the LEDs are very fast, on
0.16. ® the order of subnanoseconds. The unique features of small
size, fast speed, transparent sapphire substrate, and the capa-
015 p p pp p
1 e bility of 2D array integration, make IlI-nitridg.-LEDs very
0.14 :

T B 8 1o 11 2 13 12 15 16 attr_active for applicgtions in short distance optical links and
optical communications.

LED Diameter (”m) The research is supported by grants from NSMR-
FIG. 4. (a) Transient response of @LED and a conventional broad-area 9902431 and INT-9729582 DOE (96ER45604/A000
LED. (b) Size dependence of the turn-off timey , of u-LEDs. ARO, BMDO, and ONR. The authors would like to thank
Weiping Zhao for her help in the photolithography work.
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