AlP | e ™

Optical properties of GaN/AlGaN multiple quantum well microdisks
R. A. Mair, K. C. Zeng, J. Y. Lin, H. X. Jiang, B. Zhang, L. Dai, H. Tang, A. Botchkarev, W. Kim, and H. Morko¢

Citation: Applied Physics Letters 71, 2898 (1997); doi: 10.1063/1.120209

View online: http://dx.doi.org/10.1063/1.120209

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/71/20?ver=pdfcov
Published by the AIP Publishing

Instruments for advanced science

Gas Analysis Surface Science Plasma Diagnostics Vacuum Analysis contact Hiden Analytical for further details

1IDEN

ANALYTICAL

= dynamic measurement of reaction = UHVTPD = plasma source characterization = partial pressure measurement and

gas streams = SIMS = etch and deposition process control of process gases info@hideninc.com
= catalysis and thermal analysis m end point detection in ion beam etch reaction kinetic studies w reactive sputter process control o N
= molecular beam studies elomental i - surface = analysis of neutral and radical = vacuum diagnostics
e e . maging - surlace mapping CLAL Vel ety e www.HidenAnalytical.com

i
[} ur:n--hn. environmental and CLICK to view our product catalogue %


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-37/1289713340/x01/AIP-PT/Hiden_APLArticleDL_022614/1640x440_-_23874-BANNER-AD-1640-x-440px_-_USA.jpg/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=R.+A.+Mair&option1=author
http://scitation.aip.org/search?value1=K.+C.+Zeng&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/search?value1=B.+Zhang&option1=author
http://scitation.aip.org/search?value1=L.+Dai&option1=author
http://scitation.aip.org/search?value1=H.+Tang&option1=author
http://scitation.aip.org/search?value1=A.+Botchkarev&option1=author
http://scitation.aip.org/search?value1=W.+Kim&option1=author
http://scitation.aip.org/search?value1=H.+Morko�&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.120209
http://scitation.aip.org/content/aip/journal/apl/71/20?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov

Optical properties of GaN/AlGaN multiple quantum well microdisks

R. A. Mair, K. C. Zeng, J. Y. Lin, and H. X. Jiang®
Department of Physics, Kansas State University, Manhattan, Kansas 55606-2601

B. Zhang and L. Dai
Department of Physics, Peking University, Beijing, People’s Republic of China

H. Tang, A. Botchkarev, W. Kim, and H. Morko¢
Materials Research Laboratory and Coordinated Sciences Laboratory, University of Illinois at Urbana-
Champaign, Urbana, lllinois 61801

(Received 29 July 1997; accepted for publication 22 September) 1997

An array of microdisks with a diameter of aboufu® and spacing of 5@&um has been fabricated

by dry etching from a 50 A/50 A GaN/AGa, ,N (x~0.07) multiple quantum well(MQW)
structure grown by reactive molecular beam epitaxy. Optical properties of these microdisks have
been studied by picosecond time-resolved photoluminesceri@) spectroscopy.
Photoluminescence emission spectra and decay dynamics were measured at various temperatures
and pump intensities. With respect to the original MQWSs, we observe strong enhancement of the
transition intensity and lifetime for both the intrinsic and barrier transitions. The intrinsic transition
is excitonic at low temperatures and exhibits an approximate tenfold increase in both lifetime and
PL intensity upon formation of the microdisks. This implies a significant enhancement of quantum
efficiency in microdisks and a bright future for lll-nitride microcavity lasers. 1897 American
Institute of Physicg.S0003-695(97)04746-3

A great deal of research involving the group lll-nitrides sapphire substrate so that no lll-nitride material is present
has been directed toward the realization of practical bludetween microdisks. Figure 1 shows schematicgapfthe
laser devices. Impressive successes such as the room teMQW structure,(b) MQW microdisks, and(c) a scanning
perature operation of an edge-emission InGaN/GaN multiplelectron microscopySEM) image obtained after microdisk
guantum well (MQW) blue lasers have already been fabrication. As depicted in Fig.(), each microdisk is com-
reported* Yet, there remains much to be investigated. Oneprised of a 10 period MQW with the confinement direction
particularly promising area meriting study is the microstruc-along the axis of the disk. The SEM image presented in Fig.
ture laser system. Structures such as micron-sized disks, @(c) clearly shows the array of disks with a measured diam-
microcavities, can be fabricated from epitaxial layers, MQWeter of 8—9um which is in good agreement with the target
structures, or vertical-cavity surface-emitting lasersdiameter of Qum. The regularity of the array and the quality
(VCSELS. In VCSELs, these microdisks are expected to
enhance the spontaneous emission coefficient of desired las-
ing modes, thus reducing the threshold current for lasfhg. (a) GaN/AlGaN MQWs
The fundamental change from a large area plane to small
discrete structures may also significantly affect carrier dy-
namics in microdisks independently from the coupling ef-
fects to the radiation field. In this letter, we report the results
of picosecond time-resolved photoluminescefiee) emis-
sion studies carried out on a GaN/AIGaN MQW microdisk
structure. The results are compared with data obtained for the (b) GaN/AIGaN Micro-disk
MQW structure prior to microdisk formation and significant
changes in the behavior of the various optical transitions are
discussed. The implications of our results to future nitride
VCSELs and microcavity lasers are also discussed.

The wurtzite MQW structure used for this study was
grown by reactive molecular beam epitaxiIBE) on a
(0002) sapphire substrate. It consists of a 50 nm AIN buffer
layer followed by growth of a 10 period MQW consisting of
50 A/50 A GaN/ALGa, _,N (x~0.07) and a 200 A AIN cap
layer. All layers were grown nominally undoped. Dry etch-
ing was used to pattern an array of microdisks of approxi-
mate 9um diameter and 5um spacing. The sample was
etched to an approximate depth of 250 nm and thus into the
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FIG. 1. Schematics af) the MQW structure an¢b) the MQW microdisks.
dElectronic mail: Jiang@phys.ksu.edu A top view SEM image of the microdisk structure is shown(@h
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at 10 K for a PL energy of 3.485 eV. Decays are shown for the sample prior
FIG. 2. The cw spectra at 10 K froa) the MQW microdisk structure and 10 and after formation of the microdisks. System response is about 25 ps and

(b) the MQW structure. Peak energies of various optical transitions ard$ Shown as indicated.
labeled for clarity within the text. The spectra were obtained under identical

excitation intensities and pump geometries with an excitation wavelength of . . .
288 nm. MQW structure change upon formation of the microdisks. It

should be noted however, that the dimensions of the micro-

of the disk shape are also evident in the SEM image. Timedisks are far too .Iarge to result in carrier quantum confine-
resolved PL emission spectroscopy measurements were coment effects within the growth plane.
ducted both prior to and after microdisk fabrication. The In order to elucidate the nature of the observed excitonic
overall response of the PL detection system is approximatelffansition quantum efficiency enhancement, decay lifetimes
25 ps. The excitation laser wavelength is 288 nm and th&vere measured at various temperatures. Figure 3 shows the
pulse width is about 7 ps. A more detailed description of théd€mporal response of the-exciton (3.485 eV transition at
laser and PL detection systems may be found elsewfttere. 10 K both prior to and after microdisk fabrication. The over-
Figure 2 shows cw spectra for the GaN/AIGaN MQWs all system response, which is about 25 ps, is also shown as
at 10 K after(a) and prior to(b) formation of microdisks. indicated by “system.” Both decays in Fig. 3 are almost
Experimental conditions such as excitation energy, excitatio§imple exponential, but the exciton decay measured at 3.485
intensity, and geometry are the same for both cases. THV in the MQW(prior to microdisk$ has a slow decay tail at
3.485 eV emission line has been previously identified foronger delay times due to a PL contribution from the domi-
GaN epilayers as the recombination of the ground state Nant band-to-impurity transition at 3.414 eV. The major
exciton®~® No quantum confinement related blue shift of thecomponent of the decay in the MQW represents the
A-exciton transition is expected for this MQW sample be-A-exciton lifetime which is dominated by nonradiative trans-
cause its well width exceeds the empirical critical thicknesder to the impurity states induced by misfit dislocations.
of the GaN/A}GaodN MQW systen? Therefore, the However, theA-exciton decay lifetime in the microdisks (
3.485 eV optical transition for this MQW microdisk sample =593 ps) is much longer than that for the MQWr (
shown in Fig. 2a) is identified as thé\ exciton. The 3.640 =53 ps) and is more representative of a true radiative life-
eV optical transition originates from within the &a_,N  time. The significantly longer lifetime observed for the
(x~0.07) barrier layer. We believe the impurity transition at exciton in the microdisks sample is consistent with the en-
3.414 eV, which is dominant within the MQWFig. 2b)],  hancement of thé-exciton transition intensity seen in Fig.
originates from misfit dislocations that are generated at th&(a).
lattice-mismatched interface of the GaNjAIGa g Figure 4 shows the temperature dependence from 10 to
system® Comparison of the spectra in Figs(@2and 2b) 100 K of theA-exciton lifetime. The lifetimes measured for
reveals a large enhancement of thexciton(3.485 e\ and  the microdisks are comparable to ti#eexciton lifetime
barrier (3.640 eV transitions in the MQW microdisks rela- found previously for high quality GaN layers and GaN/
tive to the dominant transitio(8.414 e\j prior to patterning. AlGaN MQWs in which impurity transitions are abséritlt
Furthermore, the intensity of each of these transitions in thés clearly seen in Fig. 4 that the enhancement of the transi-
microdisks was found to vary linearly or super linearly with tion lifetime for the microdisks is present up to a temperature
pump intensity. This is an indication that the enhancement 0bf at least 100 K. Although the lifetime of the exciton tran-
the A exciton(3.485 eV and barrier(3.640 eV transitions is ~ sition remains fairly long, the integrated PL intensity was
not the result of a saturation of the lower enekgy impu-  observed to decrease rapidly with increased temperature. We
rity) optical processes. The obvious difference between thebserved an approximate one order of magnitude decrease in
cw spectra seen here is very interesting because it sugge®$& intensity for theA-exciton transition in the microdisks
that the carrier dynamics and quantum efficiency within the(not shown as the sample temperature was raised from 10 to
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08 likelihood of coupling between low energy exciton states and

' . ' N[IiCI'OjDiSll(S impurity states within the microdisks. As a consequence, the
0.7 ] recombination lifetime and quantum efficiency of the intrin-
0.6 © MQWs | sic exciton transition are greatly enhanced and the impurity
‘ transition is suppressed. We note that the previous is a sug-
— 0.5+ a ] gested mechanism at this point, and more comprehensive
2 041 . L] studies of the optical transitions are underway to make more
T_,’ e certain statements regarding the nature of the quantum effi-
0.3 * 1 ciency enhancement.
02 | In conclusion, we have studied the optical transitions
within GaN/AIGaN MQW microdisk structures fabricated by
0.1 . . dry etching. Comparison of the optical transition behavior
0.0 i . . 0 oS with data acquired prior to microdisk fabrication reveals a
0 20 40 60 80 100 strong enhancement of the intrinsic exciton transition quan-
T (K) tum efficiency in the microdisks. The enhancement is related

to a suppression of the impurity transition at 3.414 eV and is
FIG. 4. Temperature dependence of thexciton decay lifetimg7) up to .explal.ned as a redugthn in coupling -betw.een exciton and
100 K. Open squares represent the MQWs and closed triangles represent #f8puUrity transitions within the MQW microdisks and a cor-
microdisks. responding cutoff of transfer from the excitonic state to the

impurity state. The observed enhancement of the intrinsic
40 K. The radiative recombination efficien€y) for an op-  transition quantum efficiency in the microdisk structure is a
tical transition may be expressed as- 7 /7, wherer and  very encouraging result for future lll-nitride laser devices,
7r are the total transition lifetime and the radiative lifetime, particularly microcavity lasers and VCSELs. The importance
respectively. Within the microdisks, the transition lifetime of this enhancement is more emphasized when one considers
exhibited less than a factor of two decrease from 10 to 40 Khat it is not due to a cavity-modified spontaneous emission
and the radiative lifetime is not expected to vary signifi- coefficient, but rather it is in addition to this expected effect.
cantly. Therefore, the pronounced decrease in PL intensitpserhaps real microcavity VCSEL devices will benefit from
cannot be attributed to a large change in the radiative reconyoi effects. Further studies on this and other microdisk
bination efficiency(#) of th_e transition. Rather, we believe it samples are currently in progress with particular emphasis on

- . garrier dynamics under excitation intensities approaching la-
carriers may have a strong temperature dependence within

the microdisk structure Ser injection level.
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