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Super-resolution imaging for
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Abstract: Microscopic techniques cannot resolve subwavelength scale structures due to the
diffraction limit of optical imaging systems. Super-resolution imaging of single nanoparticles has
been achieved by saturation scattering suppression imaging techniques, but when it comes to
ensembles of nanoparticles, the coupling between nanoparticles needs to be considered. Far-field
super-resolution optical imaging can be achieved on ordered gold nanorod arrays using a two-beam
method beyond the diffraction limit. In this paper, a 5x5 gold nanorod array with an aspect ratio of
2 is designed, the thermal distribution of the gold nanorod array under continuous-wave laser is
calculated by the vector light field theory and thermal diffusion theory, and the scattering imaging

under dual-beam laser, i.e., pulsed excitation light and continuous-wave suppression light, is
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simulated. The simulation results show that the continuous-wave laser can effectively suppress the

pulsed laser scattering of gold nanorod arrays, and the two-beam approach achieves super-

resolution imaging with 80 nm resolution.

Keywords: gold nanorod arrays; temperature nonlinearity; super-resolution optical imaging
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Fig. 1 Schematic of super-resolution imaging for ordered gold

AP 3ANER L, by, 1E XN 1= [(Pasind(1+
cos6)Jg (krpsinb) exp (—ikzpcosh)dé , I, = nggsinzé)J 1%
(krpsinf) exp (—ikzpcosf)do , I. = nggsine(l —cosf) x
35 (krasind) exp (—ikzocos6)d0 . H135 E (r2,0,20) WAL
AR O—ryz PR e BIHLIZRINEL, 0 OIS
JCRII A, o NIRRT
i, Pg= Veosd HYIBEMIVIHEREL, k RyE A H
HIPE o), J1 () F I (o) 2 Hr . —BrF—
B s —2e g8 /R ek, (1) BoRTE S B AL
BYHEREAXE, THEa 3, il
Ex, y, z W MF—DAGWFEHY, BS
EW K F 2 (k/|k)xE =cB/n, HrcgH%

FOLE, k. LASERIRIrXnlm, Yk

B, 22) = Sin () e + [l cos 20 ] j+

2isiny Iy k}
(2)

R LS, YAGDEN B RIRCH, 18
WY BEAR ARSI T LA

le +Iy1 +Izl

nanorod arrays I = —2 (3)
H o Ly=L+cosQu) I +isinQu)I)>, I =
11 MEERLRESE . PR O
[sin(2y) I.+isinQyY) I.|" , I;1 = [2cosy 1y, + 2isiny/ 1| H
Kl 2(a) WY R AR EE . BEARKT  xoy. 2 7m0 3o,
I -0.5 1.0 -0.5 1.0
i Y
i e - e 0.8 0.8
| |(P(0) \.____‘_h} X
o . 0.6 . 0.6
— 0 z = 0 = 0
| el = 04 = 0.4
| ||| //-'-
l'\'-.-' L 0.2 0.2
Im 0.5 0.5 0
W -0.5 0 0.5 -0.5 0 0.5
X/um X/um
(a) ERAUR R (b) BRARGI G 347 (c) FAT R IR G GRS AT

B2 XEXRFERFE

Fig. 2 Theoretical simulation of vector light field



5513

HASEA S IR, ARG A A )

g &, Iy= [ Pesindly (krasind)exp (—ikzocosd) do,
LA, N, A9 3805 £ S A W R o A R

12 =Ix2+1y2+IZ2 (4)

AP 1 = |=2isinglp? 5 Lp = Ricosylpl* 5 Lo =05

FIH BB, it MATLAB 54405 553
AR FE PR G AN A ) R CAE Y AR AL D
A, WE 2(b)F12(c) Fis .

1.2 SRR RS MR 7R B S iR B

TETCHS T TR FRIE P B < A K B e o8 B2 3
SEPHOLIRST , ASHET RNl S B B0RL
I, I PR LB R R, AR S5
flir, LEEAL TREIRAS . TR IR A
Tk LR TR ATk, SPORBRN TR
ALASERON ST . il RE RSP E A, AT TR
AR SIAS SO 1 2 S PO Y O R N

C I
T(r) =T+ abs (W) mc’ r<a
Ankna 5)
Cabs I
T(r)=T,+ abs (W) Line . r>a
Amknr

s Tine WATIIEIR;  Caps (w) WIS ; T
EVEAGREE s T (r) ARSI EE 35 o
RAEWAKIREEAR; R BEROEIPEES

W R, S 9OK BN 7R i8R 22 0 IR T,
T A AR 25 B R ORL A B A R R AR
A4k, T SZ R 40 K ks (R W S i, e A
— BT AR — A H RO B RO A [
LU 3% 252 0 O RS R G g R BR B A O R
Ej‘j[zo]
Cabs (w» ATNP)]inc’ r<q

4nkha (6)
ATO):Aﬂwg, r>a

K ATNe WS T () =Ty o Gl EAR, FRAT

A AR SEBR )R B A2 ATwp o
KT B RAE 4 g0 ok BRIk AR

Cabs (w, ATwp) FTLIEISK FREBSABAET 13

6 10
Cars = 75 [Re (@) =la1 P+ =5~ [Re (@) - laaf’
(7)

KESE, % AT GRS B E ¢ 55
.2 Em—é&p 3
_13 +2¢g *
e Em h
Hrh—Fy ay =
Hrb—Br 8 a : 3em—26n , 2 Em—6n 5’
5 &em+2éen 3 &m +2¢
B R
_i em=an s
= 15 2em + 3ep
)=
5 en e 5 8%1+308m8h—458ﬁ i e 5
7 2em +3ep 1323 &n(em +2¢&n) 15 2em + 3en

x = enka B IRSTSE 9K PR HLH 2L em
FNELJIEA T HL AR en #R SR80 ATNp AHOG, B
em (ATNP) =m0 + BnATNP = (emo” +iemo’’) +
(Bu’ +iBu’’) ATxp
en (ATnp) =&n0 + BhATNp = (&n,0" +igno’’) +
(By' +1By"" ) AT np

IMAERA TR e 2 90K, X TRZ
F D/d /NT A G0, AR EETIA
AR o BIHAR SO B S 9K AR IR 2 A &
SRR, AR A s R D = (o) 75 AR E T
IR, KRNI R, RIS SRR
FH Vi AHIFEIBIERIRADEAR, RITCENIME R B,

a3

®)

Cabs (w’ Req ’ ATCW)Iinc

9
47tKhReq,3 ( )

ATGy =

CcW f
AT () = Cabs (@ Reqr AT®) Iinc L g
A7tk r

Hoh, &9k BN 1+0.96587In% (D/d) ",
XHL, kRO A A A I AR T PR SO |
S B 2 ORI IR AR e .l IR,
AT LASRAT LRI ATV

X T A ORI R E A, — MR
2K ORI BE 8 Ak AT S U5 T AN 343

AT} = AT + AT (11)

ATS J H BB Tk, A X (9) T AR 21
AT R AR RIUREL ] PR AR 7 B R 1805 |k
1y, ATRE i (10) SR, /i

N
Cabs.ili 1
AT;?X[ _ z : al:,k inc,k (12)
o A rj-rd
k#j

Forfr |rj— ri JE AL T T AU ARXT R B o Caps. i A5



. 56 o b=

5 A% 545 %

kAR ARSI, e,k S22 565 K RL AR AL
5o PR AR R B s, FRATT T LA
I —Z 6 MER, XL ATy B TEIE.
2406 K PO R, B Ta] ROBEAS P K i
A% VR, JCIE S 0 4 9 K ORI WSO AT
DRI IR A1 T T L AT B 1o
Isca (lpulse) = Csca (ATNP|ICWJ-CW) li=Apuise % Tpulse
(13)
RIS KOG B R A . Horh g oK ks
F RS A
_ 32n*[en (ATNp))
T
[em’ (ATNp) — 264 (ATxp)]” + [£0 (ATNP))
wﬂmmnmmmm%mmmmﬁﬂ

2
VipX

2 (REESH

Wit FaREEAY, FIF MATLAB #cd:n] DLk

TS . B ARG S, FIA(3) M
K () A R i Ot L FEDE L .
e n A7) F(9), EEH— kG
WG R G YORERYIREE AT DLECET A
HEAG . AKX (12), B R
TEIREAAT R AT, AT EAORPER RS
MRS T B IERI N B em « en AT K o
SRIGRERIIR AN U . R FUEIE A HE A
S RA K (A (13), HLAF BRI
TR s PSS 5 53 A1 o

HAARG B AR 3 iR, HARSHnE 1
Jiis o BATEESE 520 nm kv #OGAE bk &k,
539 nm #HZOCAE MIHDE . SRR
60 nm/30 nm , AH AR XS B AR A2 Req
297 20 nm. WG PRE (PR AR 2548 ) #1
PGB 1 SCEk Sz g KR ™ FRATLE 1 pmx
1 um 05 B X BREATIE 7 B A& R 43, G EE R
1 nm, JFERREN BERC SRR, 7k
T IEF% A 100 nm Y 5x5 GRS

B
|
' K '
SRR () | | e o pm || ATdRGRRE || 6D G
WA 1 et et e,
At | | i FAHHNE e, o, | | B
T Ciao Coa AT Ky Cips2
A
CW e
A A 4
MR AL

Yl BN I,

Y,

B3 REERREE

Fig.3 Procedure of temperature model

xk1 WBESH
Tab.1 Initial parameters
e SRR R
PR (Wm K Ky=317 #,=0.25
BILRA L L em, 0= —7.52+1.65i eh,0=3.3
HFH(K) By =(-0.7+1.7i)x10"> B=10"
YRR NA=0.8
EEIES n=1.4

2.1 EHRERYREAEZ RN B

A A B RS S RO A 00K
BRI A0, G 4(a) B 4(0) FTR . ARPEA
HL R R AR L, FRAT1 00533 H e b
i B AE A AT AR P B S N R AR 1) R A4 T
I AR . AR 4Ce) Biras, AR T i R
JETCIRMIRY, BEE ASHOCIRAIRENN, S99
WS A SR TR, TR Rz IR



55 1 1] ks, G HIFSAURIERE R R 57
MR R, X RO A ORI RO SRIEREOE T LU U SRR A RN A, A

SN, AN 4 RE A A R T BE TE S Y

IR, AR 4(d) W, HELHOE S

kPOt E e, LM SgORER, %
—200 500
—100

450

400

350

0 300
250

100 200
150

200 100

0 100 200
X/nm

(a) ELHIGHOE T A BAARPERIZ 3 A0

Y/nm

—200 —100

1 400

— I
1200
— ARG

1000

AT WK
o0
()
(=)

600
400

200

0 2 4 6 5§ 10
1(10°W-em™2)
(c) IR TH B LE i O Esa A b

B AR IR O B B TR, f
K2 3<00 5 € - o RN i

500 — LT
400 |
% 300 +
<
200 |

100

=300 —200 -100 0 100 200 300
X/nm
(b) IS 73 A (AR [ e T

5500
5000
4500 f — WEETER
4000 L —— RS
3500 |
3000 |
2500 f
2000 f
1500 }

1000
0

)
/nm

C,

> 4 6 8 10
H(10°W-em™)
(d) PG T B A SR PO e AR 1k

4 BANEWARBERHIGA RN EE SR ERGER

Fig. 4 Thermal distribution of single gold nanorod and dielectric constant temperature-dependent model
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