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Tsuneya ANDO Table 1. Exciton Energy Levels and Structural Properties of
Institute for Solid Sate Physics, University af Tokyo, 7-22-1 Rappangi, Minatosks, Tokya 106 the SWNTs Embedded in PMAOVE Matrix
{Recaived October 7, 1906) Ew(eV) Ey(eV) | Epp— Ew(eV)| assignment®  d; (nm)

1.30 1.60 0.42 (8,3) 0.78

1.26 1.57 0.43 (6,5) 0.76

C. D. Spataru et al., Phys. Rev. Lett. 92, 077402 (2004) 1.21 1.49 0.39 (7,5) 0.83
1.18 1.42 0.34 E (10,2) 0.88

1.13 1.37 034 b (9,4) 0.91

1.10 1.35 0.35 (7,6) 0.89

1.06 131 0.35 (8,6) 0.96

1.04 1.26 0.31 (11,3) 1.01
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(a} A 1-D space of length L is considered where N seg-

~Ey ments of length I/ have populated without overlapping
cach other (i.e., Niy < L). The probability for a new
segment (of length [, ) entering the system not to overlap

EEA: . . or e
with any of the N existing segments, p(N'), is given by

2ex > dex
v

) Nl Loy
7 L g, "('\]_(1 L )(l ,r,—_\'rx) : (1)

The relationship between the number of initially ere-
P =Xt N ated exeitons Ny and resultant N is deseribed by a dif-
) I =Gy ferential equation of dNy/dN = 1/{AN)y (= 1/p(N)).
) This differential cquation, based on N & Ipg, = ;¢ and
G.S. No % Tpump = eav® (ey.ea0 coefficients; Ipy, Iump: PL

and pump intensities), is expressed with ( and o as

e
2 S —

®
P_‘.l T T ﬁ:‘I'. - l =g " @
—_— — — — % (1 L‘]{I L(1-¢) ;}r,

L

The Taylor expansion of the denominator of Eq. (2) and
elimination of higher-order terms of Iy /L result in a dif-
ferential equation of only ¢ and ¢ rum][.\, the integra-
tion yields the solution for the imalamtamwlm limit as

L-NI, ) .’\."-f‘ o 1 1
4'——{Ei( _)—Ei(l]}. (3)
0 1-¢
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Ipy, x ¢n CJExet e [ e ¢ n R
Typ () || (=107 )| (=10 H] (= 10" cm '}

. 1 570 || 2.97 | 7.1 ]0.761 1.70 10.3

ng X €27 Ipump (6.5) [ BT5 | 380 [ T51 0566 126 [2.78

aeT | 421 T 0505 12 228

hT0 1.14 ERE 0678 1.51 4.57

(7.5)] 615 1.34 2,68  [0.656 1.46 4.17

s - (R 1.22 9. 16 0.776 1.72 12.0

¢, :EEMDIREFAE R B R N R [ TR
1. SEE L = 24 i . 200 =0 =

o ERRUDRETFRE s om0 T 2o Tosml T i

[iisX] .68 505 0.729 1.62 T.05

TABLE I: Summary of the optimal parameters to used
fit the experimental data, obtained [rom the analysis with
Iqg. (15). ¢, n, and I are values at the fluence of 1.02 x 1ot
photons/em?, corresponding to the largest fluence in Fig. 3.
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A microcavity-controlled, current-driven,
on-chip nanotube emitter at infrared
wavelengths

FENGNIAN X1A*, MATHIAS STEINER, YU-MING LIN AND PHAEDON AVOURIS*

Diprtrumt f Mamcrmstes St Seigcs s Tactmology, 1AM Fhcs 1 Wsteom Ressarch Center, 1061 Kichwran Bd, PO Rex 718, Yorkiows eghts,
Mo York 1588, S

e

P* silicon F. Xia et al., Nature Nanotechnology 3, 609 (2008).

The spectral full-width at half-maximum of the emission
is reduced from ~~300 to ~40nm at a cavity resonance of
1.75 pm, and the emission becomes highly directional. The
maximum enhancement of the radiative rate is estimated to be
4. We also show that both the optically and electrically excited
luminescence of single-walled nanotubes involve the same E,,
excitonic transition.

BRELIARIMILOHENRRK DR

34
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L—H—FRE T HREDELE:

Integration of current-driven nanotubes with silicon nanocavities
having a high quality factor and small mode volume®® may ultimately
lead to low threshold on-chip nanolasers®. However, exciton—
exciton _annihilation® may set an_upper limit for the exciton
density_achievable in carbon nanotubes. Saturation of nanotube

3 under intense optical excitation has also been

photoluminescence
observed and attributed to this annihilation process. Whether such
an_annihilation process would prevent population inversion and
lasing from being achieved remains an open question in_the
nanotube community and needs further investization.

3. Murakame, Y. % Kona, | Nonlinear phataluminescence excitation spectroscopy of carbon
nanatubes: exploting the upper density limit of one-dimensional excitons, Preprint at bipdiarsiv,
orgfabalOR04_3190 { 2008).

miEF-MEFHROTSEMRAITIENDEREZRH

35

e Lb\bb_ﬂ_%ﬁ(:(igcjj- F. Xia et al., Nature Nanotechnology 3, 609 (2008).
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Exciton-plasma crossover with electron-hole density in T-shaped quantum wires studied
by the photoluminescence spectrograph method
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FIG. 5. Normalized PL spectra of the T wire for various excita- FIG. 6. Integrated intensities of PL from the wire (closed
tion powers (F,.,) at 5 K. Numbers in parentheses are estimated 10 squares) and the arm well (open triangles) as a function of the
e-h pair densities (np). The low-cnergy side peak that appeared excitation power. The PL intensity of the wire was saturated above
below the wire exciton peak is labeled as the S-peak. Two dushed the excitation power of 0.2 mW.
vertical parallel lines are drawn to guide the eyes. PL peaks ob-
served above 160 eV were from the arm wells.
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Biexciton Gain and the Mott Transition in GaAs Quantum Wires

Yiahed Hayamizu, Masaliiro Yoshita, Yassshi Takshashi, and Hidefumi Akiyana 5610’
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Received 2 Ociober 2006; published 19 Ociober 2007)

Oiprical gain and the Mot transition in GaAs quanum wires were studied via simoliancous measure-
ments of absorption and photoluminescence (PL). We observed well-separated PL peaks assigned 10
excitons (X) and biexcitons (XX) even at densities where optical gain existed. A sharp optical gain first
appearcd when the XX peak overook the X peak, indicating the gain origin of bicxciton-cxciton
population inversion. The XX peak eventwally changed o a hrmd ak of plasma, and a broad gain
due 1o plasma was observed as the Mot ition was 1
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1570 : 1.580
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FIG. 2. Absorption (solid carves! and PL (dwhed curves)
specta frem a single 7 wire =t 5 K for vericus excitation
deasities {powers) from (1) nearly zero o (g) 7.0 % 10F em !
(166 mW). Large fucuations around 1.5%-1.398 eV ir (k). dc)
wre noise exaggerated in the Cassidy's snalysis for weak signals.
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VOLUME 6%, NUMBER 23 PHYSICAL REVIEW LETTERS 7 DECEMBER |002

Long Intrinsic Radiative Lifetimes of Excitons in Quantum Wires

D. 8. Citrin
, Heirenh 4, W. 7000 Stutigart 80, Federal Republic of Germany
(Received 8 Saptember 1092)

E (eV Temperature-dependent decay rate
) I(T) o T-12

_ 3B, [(rky _ME.:(U} nE
B =V 5h = “tmees Vi ©

Bright for 1< T < 150 K. Above 150 K optical-phonon scatter-
i.-ag is expected to become important [18]. Iere By =
Dark ~_7 : n?k3, /2M s the exclton bandwidth below the cross-

ing with the photon line. We take M = 0.25ma. The
temperaturs-dependent effective radiative lifetime of free
excltons In a GaAs QWR (2pm = 2v2X = 100 A) is
(T = 1/20(T) = 140vT ps (T in kelvins). Compared

This applies when an optically-allowed state
is the lowest level.

o g (nm-1)

However, in the case of SWNTSs, the “dark” state exists slightly below the “bright” (E;)
level. The effect of the dark level becomes nontrivial when T becomes very low.
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