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C. Soennichsen et al., PRL 88, 77402 (2002).
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Near-field Scanning Optical Microscopy [NSOM)
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Chemical etching NH,F:HF:H,0=X:1:1

Transmission Coefficient

Core
Cladding ‘ X=1.8
‘ ‘ [ 60 min
| ‘ X=10
20 min |
X200 hish Double taper
— - - 1gher . .
S collection efficiency CIHighly reproducible
(= objective with a large NA) [l Finely controllable
H. Nakamura, J. Microscopy 202, 50 (2001). T. Saiki, APL 68, 2612 (1996).
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Aperture Diameter [nm] T. Saiki, APL 74, 2773 (1999).




FOverhead view

s

nIin

JSAP Int. 5,22 (2002)

Intensity (a.u.)

= APL 81,2291 (2002)
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Position {nm)

The scanning electron micrographs were taken
after conducting NSOM imaging measurements.

10nm

35 counts/40msec 1200

J. Microscopy 202, 362 (2000).
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PL Intensity [arb. units]

aperture diameter=70 nm

Quantum dot

NA 0.8

Lens .
Collection by lens
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Aperture-Surface Distance d [nm]

%‘
nkosinB;=Kkgsin®,,
sinB,/sinB=n (Z & JLOEEI)
K,2=Kq2-(KSin,)2

kg2-(nkgsing;)2
k,=ko[1-(nsing;)2] /2

MO

nkgsinb; ko nKgsind_=kg
nky 8, sinB=1/n (R A)
k,=0
nkosing; = ] 1/]ky| EA SRS v
gi k22=k02—(nkosinei)2¢0
nkg | 2mst k=ikg[(nsing;)2-1]1/2
~ I ~

~1I2
(kg=27/A, N=1.5, 6,=45°)

E—LRT)vwia—




A _smzou—y

INngxyt> b
E=i

k, 2+k,2=(2m/A)2

2n/L

Ky

. kr<2‘.r|:fl — kz - B

ERE—F

® k>2n/A —> k, : %
INrxyts bFE—F

+ EfFiIck->T
d Zg Eﬂﬂﬁéfuﬁﬁﬁ“QMd
+

d>A

R d<A

-
2

w
T

106

‘u_\‘\
~1/r2 "%

Eﬁnﬁﬁl

103

102 101 100
O, o nEsE r(A)




NTN)

HERIZ5E L
BESERS)—2

REBAXDRAICEKTFLT,
BA T v EFISEVNEISARE

Fluorescence NSOM Dipole Orientation

E. Betzig et al., Science 262, 1422 (1993).
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ontical g0l waveinpeti

Wavefunctions : ‘ ‘P"(r)> = ¢”(r)‘ e>, “P” (r)> =g (r)‘ h>

Dipole interaction Hamiltonian: H' =p-A = (c/io)p-E

Dipole matrix element:<‘}’e(r)‘H" wh(r )> e‘p‘h I¢ YE " (r)dV
@ Far-field excitation: E~const. (7\.>>s1ze of quantum dot)

I¢e(”)E r)dv ‘ EI¢ "(r)av Selectlon rule

@ NSOM excitation: E~E06(r r0)
I¢ JE" (r)aV ‘ Eo$(r)8"(r,) Wavefunction mapping
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S % m) molecular crystal
collective excitation = “exciton”
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*Power: the laser intensity coupled to the near-field fiber probe
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(1 monolayer fluctuation) T = }~(smcv
He-Ne Laser .
(633nm) l
I Spectrometer lCCI)‘
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@®PL measurement
at every 5-10nm step

@PL accumulation time
~1 sec/spectrum

XX: Biexciton

<O|p| X> oC (p(r) <X|p|XX> oC _[dr’(p(r’)(b(r;r’)
¢ (r): exciton (X) envelope function
@ (r;r’): biexciton (XX) envelpe function
PRL 91, 177401 (2003)
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