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Temporally and spatially resolved observations of the nonradiative recombiiisf)mprocesses of

carriers in low dislocated GaN and InGaN/GaN were successfully obtained by using microscopic
transient lens spectroscopy. The heat generations and conductivities of NR processes were detected
by the signal intensities and the time profiles. We found that the thermal conductivities were not so
different at the seed regidithreading dislocation density (TDB)1—2x 10° cm™?) and the wing

region (TDD=1-2x10° cm2) of air-bridged lateral epitaxially grown GaN and InGaN/GaN, but

the amount of heat generated at the wing regions was much smaller than that at the seed regions.
© 2003 American Institute of Physic§DOI: 10.1063/1.1519666

I. INTRODUCTION by an objective len$x100). Spot sizes of both beams were
GaN-based optical devices such as light-emitting diodeasg,::;@“ é?sizbcﬂérge;ﬁ:hs i;geme)iglft?;:;?i?/ev‘l::{eiy?natlss o
and laser diode have very strong emissions in spite of hig sample is also spatially modulated by the modulation of the

threading dislocation densities (TBEL0P-10° cm 2).! o density oh 5 d the t X h
For a wider application of GaN-based optical devices, the armer density change ) an € temperalure change

development of the emission efficiency has been expected. dfﬁ\gp' Su?Th modté)latlt())ns actt tr?sttran_s,le?tl lenses. dF(t)CUtS/d
nonradiative recombinatiofNR) process of carrier in a ma- elocus ot the probe beam at the transient lens was detecte

terial is one of the most important processes to control th(?y a photomultiplier tube with an optical fiber. All measure-

optical property because a great numbers of carriers decay wen_lt_i Werematl room tgr?r?%r]?u% dC)'W e arown by metal
the NR process at room temperature. It had been reported € samp'es use S study were gro y metal-

that the threading dislocatiori$D) in GaN might act as the organic chemlpal vapor dpposﬂmn. Recemly’. Kidoguchi
nonradiative recombination centefRC).2 In order to re- etal. accomplished air-bridged lateral epitaxial growth

9 . .
duce the TDD in GaN and InGaN, the growth technique ha ABLEG).” ABLEG-GaN has two regions, one is a seed re-

. . _2 .
been developed rapidly. Recently, low dislocated GaNg'o" haV|r_19 h'gh TDD|(1—2T<|31|(3)9 CT %fged arl(gthe[rlhs a
(TDD=10° cm™2) have been achieved by using the epitax-"'"J region having low (1- cm ). The

. . sample structure of ABLEG-GaN was shown in Fig. 1. We
ial lateral over growth techniqueHowever, remarkable en- )
hancement of emission efficiencies of low dislocated Gal\fJSGd three samples; bulk-GaN, ABLEG-GaN, and InGa5

and InGaN has so far not been fouhd.The actual correla- A)/GaN105 A), a three-quantum well$3QW) structure

tion between the NR process and the TDD are still unknowrf oWn on ABLEG-GaN.

becau§g the direct observation of the. NR process has pe(ﬁﬂ RESULTS AND DISCUSSION

very difficult. Recently, we succeeded in the direct detection . . )

of the heat generation of the NR process probed by the tran- The time profile of the MTL signal taken for the bulk-
sient grating(TG) technique’.8 In this article, we developed GaN was .shovv.n in Fig. 2. Th|.s signal has two components;
the microscopic transient ler®TL) technigue for the se- the spikelike dip component just after photoexcitation and

lective time-resolved measurement of the heat generatiof'® Slow decay component. The fast component and the slow
and conduction of the NR processes. component are due to the defocus and focus of the probe

beam at the transient concave and convex lens effects in the
sample, respectively. Frondi/dN)>0 and @n/dJT)<0, we
assigned the fast and slow components to the modulations of
A frequency-tripled beam of a Nd:YAG |as€855 nm)  the carrier density and the temperature, respectively. The sig-
and a He-Ne lase{633 nm were used as pump and probe nal intensity and decay of the fast component represents the
beams, respectively. Both beams were focused at a sampigeated carrier density and the carrier recombination/
diffusion, respectively. The signal intensity and decay of the

apresent address: California Institute of Technology, MC 136-93, Pasaden®/OW component represent the amount of the generated_ heat
CA 91125; electronic mail: kokamoto@Caltech.edu by the NR process and the thermal conductivity of materials,
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FIG. 1. Sample structure of the air-bridged lateral epitaxially grown % Ak @ O Wing b
(ABLEG)-GaN.
0 100 200
respectively. Time and spatial dynamicsdf and ST can be Time (ns)

described by the rate equation including the diffusion/ . , . N : .

. . . . . FIG. 3. Time profiles of the suite selective microscopic transient lens spec-
recombmatm_n Of carriers _and the gener?tmn/?onducuon Ofroscopy taken for ABLEG-GaN at seed regi6l) and wing region(CJ).
heat with cylindrical coordinates. By solving this rate equa-Curved lines are the fitting lines by E().
tions, time and spatial dependence&df can be written by

~ Tad QN ref 1 obtain theDy, value, a value ofvj is needed. We estimated
oT(r.= TradT Tnonrad PCp. R A Wo= 2.6 um by using theDy, value for this sample obtained
, by the TG measurement [Dy=0.77cnts ! («
N 1 Jt} Wo =23Wem K 1].2° We can use thisv, value for the
Thonra ADgt+wj measurement of ABLEG-GaN. The time profiles of the se-
5 lective MTL signals at seed and wing regions in ABLEG-
Xex;{ B r ] 1) GaN were shown in Fig. 3. We fitted these decays by using
ADgt+ws/ |’ Eg. (2) and obtained th®y, values at each region. The cal-

culated x obtained fromDy, were k=2.2Wcem 1K1 at

wherew, andr are the pump beam width and the dlstanceSeed region anat=2.0 Weni K~ at wing region.x val-

f“’”? the_beam center, respec_tlveﬂ% s the initial density of ues of each region were not so different and closexto
carriers just after the excitatiort=£0). D and Dy, are the —23WemLK-! of bulk-GaN. x of GaN had been mea-
diffusion coefficient of carriers and heat in GaN, respec-_, i

: S . sured as 1.3 W cm K1 by Sichel and Pankove in 1977.
tively. Thermal conductivity(x) of GaN can be obtained by
k=Dyp C, with the density p=6.095gcm?d) and the Recently, Luoet al. reported that of GaN grown by the

. - lateral epitaxial overgrowth (LEO) with TDD=5
heat capac_lty €p=9.745 caI_m_oTlK ). Trad .and_T”O.”'ad X 10° cm‘g is 1.55 chrJn‘lK‘1 though « of GaN with
are t?_e r;ald|a§|vihancri] nclnradlatl\{[e recomtblgatt)lort\r:lfe't\llrge, reppD=10° cm 2 is 1.35 WenilK-1 as probed by the
spectively.Q IS the heat amount generated by the T pro'scanning thermal microscog8TM).12 In a similar way, As-
cess. The optical pass of the probe beam at the transient Iep]% et al. reportedk of GaN-LEO with TDD>10F cmi 2 as
given by the ABCD low of Gaussian beam. In this experi-y 7 4 g'\y etk =113 Florescu and co-workers reported
mental cond_mon, the _t|me profile of the signal intensity of that thex values of GaN depend on the carrier concentration
MTL [S(t)] is proportional tosT (t,r=0). Therefore, the " 1 otieen 05 and 1.95 WL They

decay component of the thermal signal can be described a3lso developed the STM with spatial resolutions and reported

I(t)—1(0) w3 that thex values of GaN is 2.00 W crak<2.10 W cm K on
1(0) « 4Dtht+wg' 2 the partially overgrown regions.Obtainedk values of bulk-
GaN and ABLEG-GaN in this study are close to the maxi-
We could fit the slow decay component of Fig. 2 by mum value which has ever been measured. This fact suggests
using this equation and a value fg,/w§ was obtained. To  that both our bulk-GaN and our ABLEG-GaN should have
the highest crystallinity.
2 . . Although we could not find the difference of theval-
ues at each region, we found a remarkable difference of the
thermal signal intensity at each regions. We could compare
the thermal signal intensities by the NR processes of unit
carrier densities at each region by normalization of the car-
rier signal intensities. It was found that the heat generation at
the wing region was much smaller than that at the seed re-
gion. At the wing region, low TDD should reduce the NR
processes of carriers. A similar result was obtained for the
L InGaN/GaN 3QW structure grown on ABLEG-GdNig. 4).
o 100 200 This fact suggests that the TD in GaN and InGaN must act as
Time (ns) the NRC. For the first time, we have succeeded in detecting
FIG. 2. Time profile of the microscopic transient lens spectroscopy takerfN€ heat generation from the TD and in clarifing the relation-
for bulk GaN. Curved line is the fitting line by EqR). ship between the NR process and TD in GaN and InGaN by

S(t)=

Signal intensity (a.u.)
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3 T T the nonradiative recombinatidiNR) processes of carriers in
ol ] GaN and InGaN/GaN. We found that the threading disloca-

? tions (TD) in GaN actually act as the nonradiative recombi-
1 nation center§NRC) of created free excitons. However, TD

should not be effective for the emission efficiency because
another slow thermalization processes due to the thermal dis-

Signal Intensity (a.u.)
o

AF 3 O Secd . sociation or the trapping in the deep level of excitons should
| a OWing | | be the dominant process for thermalization in GaN and
2 InGaN/GaN.
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