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development of multi-wavelength periodic illumination technique for
super-resolution microscopy

Yoshiki, Nakata
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In this experiment, the base technologies to combine STED super-resolution
microscope and SIM microscope were developed. First, co-axial laser (A =405nm & 488nm) was composed,
then interference patterns at these wavelength with the same period A =126.0 micron was formed by a
diffractive optical element and a Fourier optics. Second, the relative position of these
interference patterns were controlled by means of wavelength dispersion of a glass plane. Third,
double stage Fourier transfer systems was composed to avoid stray light. Then, interference patterns
and images of fluorescent particles were imaged by the microscope with structured illumination.

STED



B X C—19, F—19—1. Z2—19,

1. WFERME S HIOE &

OAMFFEIC BT 2 EWN - ES O 5EE R &
UL E ST

WA, BT RS % 8 2 72 23 R GE % RO fiF
BEHENEH SN TWE, FO—2ThHD
STED (Stimulated Emission Depletion) A
BRI 1], bk EICR LT R—F >k
DZEM /3 4% = Fi> STED St (b ) %= &
5 ETHENEAR Yy MafiL, BFEG%
BT 5, 1ERIT 1 RHED A F v THfE
R T HT-OICHERMARELS, £72 F—
ARRKRENTZDITHFEES T+ T Y —F
TIRENEZ D, —H, Wb R B
(Structured Illumination Microscope : SIM)
FAG == TRICL 5T LERIG T 2
Z & TR ZE ] SRR AR BRI D 1 A 15 D FE
THY[2], WERRENEWE WD A5 5,

EXC spot

STED spot

Dichroic mirrors ~ Lens

Effective fluor. spot (PSF)

{ X
7’4;
ortex
© phase  pex
plate  stage

-200 0 200
nm

. E1 STEDSE#EE DX B[ 1], RESOLFTEE#M SRt Mk ‘

B2 15 1L BB SRR DR KR

@QINFETOWREREERE ZEFRICTEST
PR

IS 2000 FEDBAE O L — Y —T- 4k
A — BT 2% 2 B 2 7 o 72 (3],
[4], F@EBEHTR - (DOE) & M/ %R (7
— U ZYER) EAS DY THEYRE
AW LOERLIEETH- THE—HAHD
T Z = 2L, (DTHT 5 E—LAMIC
T DAFZEE G 2 5 QL@ N E 8 L
(X 3@)M)., X HICHERIEITHER/ X —
VIR TE S (K 3(0), Z i OJFEAF]H
L. 2 WEOTY N E = EBXEMTLLT
BHETDHHETTE X — ko STED HIEN
AREL 720 . & 512 SIM & [A] U B4 i L
B 2729 T [SIM-STED SEMEE] A HEE
TX D LEEMLT,

(a) (b) (c)

®3 4E—LTFiE/\2—2 | EME)

CK—19 (Jtuh)

2. WO HB
AWF7EClE STED RGBS & SIM O
Bfizma S8, miFOKMEAbERE- 72
SIM-STED # i {5 SR8 85 0 FoAz Bk % B 38
T 5, et s STED Yy @iz &
—UHRIAZRERE L, 205 OMRNLE % ]
THEMM AR Lz, ZhaHv., BEMEET
T A — B E K OV G B E 247 o
7=,

3. e Hik

O E TITB% LT T 2 — il ity
ZIHA L, 2 WRFRRT WY — A pdhiE
ZR¥T S, L —Y =LAkt 7 L —9
=575 2 R L — Y — R E % B
L. 2 BERICHRF I E R R
EMINFERE AT T — AR E R
9,

ONFIAHY 7 MR TFW/Z — o O il %
BIRW, 2 BRETFW Y — 2 O E N
FJEE S 7 N LTz 2 e RAAEEC IR % B
BT D, AR AW THECHRL % O &
HET 5,

4. WFIEEE:

OF R = DR FERE B Z 72 olz, &
BRaLE O AR EBEEAK 3 1TrT, 2 HE
ﬁg';ﬁ V‘—'ﬁj‘— (ﬂpump:405nm, 2STED:488nm) %:@
WA EIHTRE I AS U, IR RICE DM
B GRS D 2 B — AT/ % — % CMOS
B AT THRB LT, I T R A
AL, HEENKE EARAOEKTH D
ZEEFIHL, FoZ =z AT b
THZEERAT, K4 ITTHARY— D
WEANEGTH D, JFH A=126. Opum O TP
PN — U DR S T,

W E5—
H: Sy 35— CHOS
BS : E—ARTYvE His

&
f, FFE fi

= R
f f
B ]
L—H— '- DM
RABS gt
STED | ] -
L—Y— El H MR

BH



4 FiH/N2—2 D RIFEH (A = 405nm)

@2 WETH NZ — o O & 5 4
1To 70 AT ERA~DO ANFAOIZ L 5 2 RT
PR g — 2 ORE) & MR 7N E D 75 & G
Too 9, FWAREY—EBOF.LEERD x 5
OIS (M4 RT4 V) REERD
0= LizRDIZ B K5bB), FT7 7Mbb E—T
ME DK T HEbEWE T LickDd, £h
D&% HEWICELGIWEOMEE A TH
S-fix ey L (®6), 2hkiv,. 0=
3.36° C T/ F — v Z B3 5 T FHITK
Liz, 22T, HTFRICED 2 HEMD
NARZEAGITIR D 2 A CRHEA S, 2Bt
B 5 HEm
nMIFEITHRTH D,

¢wJ)=§H(Jm@2—mﬂWQn—

cos(@()l))) (1)
AG(0) = $(405nm, 0) — $(488nm, 8) (2)
L8 — R CRFEA05nm) —STEDHKCGEFKZA88nm)

4

3.5 ‘91 E 9
3 [N

Intensity[arb. u.]

1 1.2 1.4 1.6 1.8 2
x [mm]
B5 2BREDFBH/NNI—VIZEITEx ARADN
BES OB
D
— HRER{E
B RERfE
B 1o
B
J0s
0.0}

O [deg.]
M6 FITTFROBAAES 1T S 2 KEM
DEIHEE

PR & FERRRERIT R — & LTz,

Ot E N TR DL BERESE

X 3 Tt o REfliolz 77— TR
ZAERR L, BEREE FOBIENLE T T 2 —
VEEK LT E A, RERBEITEOEE K
W2 WL EDORIPFTANADZREERAE T
GEYe), &2 CHEERG A RE LT, Bk
WFRD 2 BEHEMERTHZ LT, 1 EEHD
77—V TET 1 REFHEF L OEHEA 1. 6mm
Wl S AU, BAME 2 Sy BE S FTRE & 72~ 72 (I 7).,

o SN

EBE EAE S
T — A At
MR > N~
oM L/W’ff HoFiBA
‘ MR 77—
N— T2 | B e
< lvdl

7 BREEAFRDSHRER

X 8 I XFAMEL F TR L7z 2 B — AT ¥
— OBITH D, HEA=488nm T O K&
1 WRIEHEE HWTEB Y, JAHA = 26.9um D
T RE = BRI NI,

8 BAMUERT Tib/\8—>

B 9 132 = 488nm OTF /& — 2 Thbd L |
XA a4y 7T —%#E L CHIE LG
ok OBLAGITH 5, D = 200nm OHCKL
(CYRYEI2Y gl

9 BB FRIESH

5. ERRERLE

(KE) Gt 1 1)

P, LR [ 7 —= 7
ZFIH L7- STED MR B s B3 A 4F5E
20174 3 H

(& D]



R— A= U5
http://www. ile. osaka-
u. ac. jp/research/lcc/index. html

6. WFITALAE

(D) WFgefzs

i 58 (NAKATA, Yoshiki)
KK« ——F 2R - Bz
WoeE TR« 70291523

(3) Wt 113
FRE ¥ (SAITO, Tetsuya)
KPR« KEEBE TR SR - (8RR 2 4F

EE T D

[1] K. I. Willig, S. 0. Rizzoli, V.
Westphal, R. Jahn, and S. W.
Hell, “STED microscopy reveals
that synaptotagmin remains
clustered after synaptic vesicle
exocytosis.,” MNature, vol. 440,
no. 7086, pp. 935-939, 2006.

[2] M. G. Gustafsson, “Surpassing
the lateral resolution limit by a
factor of two using structured

illumination microscopy.,” /.
Microse., vol. 198, no. Pt 2, pp.
82-87, 2000.

[3] Y. Nakata, K. Murakawa, K.
Sonoda, K. Momoo, N. Miyanaga,
and T. Hiromoto, “Designing of
interference pattern in ultra-—

short pulse laser processing,”
Appl. Phys. A, vol. 112, pp. 191-

196, 2012.
(4] Y. Nakata, T. Hiromoto, and N.
Miyanaga, “Mesoscopic

nanomaterials generated by
interfering femtosecond laser
processing,” Appl. Phys. A
Mater. Sci. Process., vol. 101,
no. 3, pp. 471-474, 2010.



