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Abstract: To study the optical response of micro-area in surface plasmon nanostructures, we develop a mi-
cro-area angle-resolved spectroscopy measurement system based on a coaxial rotating arm. The system ad-
opts a micro-area remote excitation and collection optical path model based on a finite conjugate configura-
tion, enabling an incident micro-area spot with a diameter of 32 pm. In addition, an angle-resolved mechanic-
al system based on a coaxial rotating arm is constructed, realizing large-range directional angular excitation

from 6.9° to 90°. Performance tests show that the system exhibits high stability, with a minimum angular res-
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olution of 0.12°. Through the reflection spectrum collection experiments on one-dimensional gratings and

two-dimensional periodic nanostructures, the reliability of the system is further verified. The results demon-

strate the advantages of the micro-area spot, which provide an effective technical means for the angle-re-

solved spectroscopy characterization of micro and nanostructures.
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Fig. 1 Schematic of a finite-conjugate optical path model for a micro-area
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Tab.1 Optical system specifications

Items Designation

Light source HDL-II
Fiber for excitation 50 um silica fiber

Fiber for collection 1000 um silica fiber

Collimator F239SMA-A
Polarizer HCI12N
Achromatic doublet lens 63-718
Objective lens InfiniStix
Spectrometer Andor Shamrock 303i
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o
W RMS Radius/pm GEO Radius/um
Collimator Adaxial plane
Optical fiber 0° 13.556 29.153
Achromatic doublet lens
0.707° 13.566 30.743
K2 RGOSR
1° 13.578 31.582

Fig. 2 Optical path model of the proposed system
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Fig. 3 Experimental spot measurement. (a) Optical system; (b) image acquisition module; (c) digital image processing work-

flow
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Fig. 4 Mechanical system. (a) Rotating arm, rotation and transmission module; (b) adjustment module; (c) sample stage mod-

ule; (d) calibration module; (e) system photograph
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S, 45 X B A A O R RS 253

2 1
(a) 88 .
CV=0.14% Period3
87
86
8 10 20 30 40
= %0 Period?2
% gy CVo018%
(o]
Z e
gg 0 10 20 30 40
CV=0.32% Periodl
88
86
84
0 10 20 30 40
Minute/min
() ié CV=0.41% o Tests
1? 0 20 30 40 50 60
CV=0.24% +Testd
10
2,5 10 20 30 40 50 60
=1 cv=036% «Test3
5 10
Z 9
£ 10 20 30 40 50 60
CV=0.17% o Test2
10
12 10 20 30 40 50 60
CV=0.46% Testl
10
9
10 20 30 40 50 60
Angle/(°)
K7 REWFEEEMRER . ) tFEBREN; b FS
W BRIk

Fig. 7 Stability test results of the system. (a) Light source
stability; (b) signal collection stability

PAE BRI, R Gt I h 5 655 Yok
J7 MR S BN, AR R E T, REW T AL
32 RBASPRPSLINE

FRGERI A PR IE T A B FR . Xt
TARRGEM T, RERA DT Oy SRR
(A B 73 HE R Oop 3 BB 1) A7 2800 50 B
Omeen SRV FHI SR

Hsys = max(eopta Hmech) . ( 1 )

JCERITH A A 73 PR O DUE T RGN
PR . PR, AR SCEE T U] 8(a) Frn B Y
HI PRI %X (Point spread function, PSF) & 55 JL{f %
SCJRH, TR T ORI A R S HEER O, T
/N (1

R
Gopt:arctan(?) , 2)

Horp, RACSRY 5L T RE A8 0 B 1Y fe /N ST, AR

RYE R YER BT Q) I
GEE

f=MxWD . 3

H W) B 2 80T 0, i KA %6 M=1, TAREE
2 WD=94 mm. 215, AP S PR A B R
94 mm. %TWEE A RGE L E5H, Y17 I 5%
TR R/N—8 #E—2, TP RN
165 Ip/mm, A1, AR 45 G5, SR BRAE 53 B
By i/ NSE R=1/(2x165), B 3 um 245, fCAR
(2), AT BT HER O 9 0.002°

@

Resolution R
0
Focal length f
(b)
(c)160
154% OP=128

140

120 cv
o 100
8
S 80
<4
& 60

OP=256
40 28%
20 OP=512 OP=1 024 OP=2 048
4% 0.74% 0.26%

0

P P PP PN OO OO

PR R LS

ﬂ,v&:%,\/@,\:},\y\’@\,%me,bm
Output pulse/unit

K8 R, (a) BUBHAL (b) MIEER; (c) CV
itk
Fig. 8 Angular resolution testing. (a) Theoretical model,

(b) testing module; (c) CV curve

BB ER A9 28 73 HE R Onmeen R IC 73 HE
RE ) v ML A ZEPRA T IR B, A BFE g . 4



284

FEDEE (hgEso

#19%

R GRS A5 A AE FAR ) w5 A o AT, Bk b g
g5 1) Fe /N AR BE S35 0.00006°, (HFESERR
Nt R, DLW R G 2552 Bt 4% AL B R
PR 25 AR 5 ), S SRR o ) 4 RS B T T 3 3
WA, PEMTEZ Opecho

Rk 0 AR G AR RO R, AR SR
TR SE88: i H AR = =F Mitutoyo 543-394B T
o 2R 1 IO 5 R Je M 2% IS an 4] 8
() 7 ), i3k I 2 2 e SN A S M6 B o
FOEN . SR, 8 X e 6 A E 2L
K E S, SRS R A TR ) g, 10k T 43
FEBUF IR IR GO B I, %t BRAE A ik
MECT I EE 10 k. RIFER, 5IA CV H (M
Brife2E AP0 )V 20 i i sh s e YERIE 48
bro CV{EM/NRIIL 3G ML, i sk
FE o DR ZE R AN 8(c) Fras, X4 B vk g ok i
(Output pulse, OP) &y 128 i, CV {f & ik 154%,
FWPHEIE SIRATRE , FA7E 2 BRI 22 Y
ok iy HB 38N 2 2048 YR, CV R FEAIIT AR
FETE 0.26%, HL AT PP Hh iy R ST s, ok v di ) e
K FAE o I, Opean=0.12°

25 LTk, MU A 800 53 PR O peen 1T
KT CEEAEI AR 53 PR Oy UL, FTHE R
G50 PER Oy N 0.12°, %A1 1 R REWE T
PRAXES S BRI RE I A 4 B GG &
3.3 RGHATEMSRIIIE

R SR AR FR 480 e ) AT AR AR Sk
IIVE K G5 ——— A SCMHE R bR R S AT
Mo > ARG IR DERE A5 PRI, AT 7R 4 R
5 H1 A 5 A T A R T A T AL PR (Surface
Plasmon Resonance, SPR) &V, TE 561 3
IR Ay Y A S e, G 7 5 A A R R A

@) (b) 800
780
760
g E 740
. 3
£ 720
1 5
~ &
g0 €
g 0.8 12 5; s
=3 IS
Eos u s 680
2 §
S04 5 660
g 02 15 §

20
640 660 680 700 720 740 760 780 800
Wavelength A/nm

Z A R B XTI S R o R R
PRI LE SR AT 0 b, BIAT B iE A s Y AT

£

SZIGAE A Rl SR 2 B 1 (Focus Ton Beam,
FIB) Y6 %I 3 A il £ 0 4 3 1 . R 3 1 — 48 A,
SR 570 nm, YREEZ R 100 nm. ARFEGHE
gt Ee, v MR RIS M 0 5 AGHEEK A 2

[ ZR AN

. EaEm A
sinf= ,[—— —m—
&+ En A

sinf = —

4

A
-mZ

A

E.Em

(5

Ey+En

Horpom ARERT YR (4 m>0 1}, # H20 4)
TS 24 m<0 I, [ (5) #FATIHERD) , A1RGR
S E I, e Flle, 43 500 R 45 J8 R BT IR A L R
o FEARTI D, A ISR (e=1), M4 R
A H RO AR Drude #5100 8455

SEYG BT, RGO AR 7.290 K & 16.5°,
R HER 0.3° BT TR R RFE IS L EA
[F] 38 < T A iR B 2 S K, SR T B LR s 4
T 052 MR, S5 [R] ok B T 4 BB AR S (RS
MR 53 ) B R CTEE R 275, O 4 1Y) £
A3 WG T 5 0 N 4 JE I Y 2 O AR, T
B A [ 0 K B8R 3 25 St SR (i sg i), 8B4 709 — 1k

AEFE

IR A SR A5 R S BT A5 R A0 18] 9 P
o T HAAES TR 2009 M 20 P gk
RS R PSR RASAUL 2 B v B2 O AH AL, 4%
TSGR (R W WA e 57 5 B8 T 45 SR W) 45,
UERA T AR R G A5 AR A TR AT T SR

10
0.9
08
07
0.6
05
0.4
03
0.2
0.1
0

8 9 10 11 12 13 14 15 16

Incident angle 0/(°)

(c) so0
780
760
740
720

700

Wavelength //nm

680
660

640

8 9 10 11 12 13 14 15 16
Incident angle 0/(°)



=g Sl PR =R
%2 AL, & XU PGS IR R St 285
(d) (e) so0 10 (f) 800
0.9
750 750 Diffraction order m=1
08
700 700
07
8 £ £
. E 650 06 E 650
1 2 600 05 2600
5 10 o 2 2 Diffraction order m=-1
% 0s 12 § 550 04 § 550
2 $ 03
=06 14 < 500 500
o4 g 02
Eo2 158 450
20

400 450 500 550 600 650 700 750 800
Wavelength 2/nm

01
0 400

8 9 10 11 12 13 14 15 16 8 9 10 11 12 13 14 15 16
Incident angle 0/(°)

Incident angle 6/(°)

B9 (a) B E—4ECHE A 20 HOLIE IR (b) B T —4ECHE A 70 B E 5 (o) SRR R — 4D IS B E RIS R, (d) &
I —AECM A HOCIE R (o) SR M —ADUHHA 23 B LA () SR —4 MRS BB ZS

Fig. 9 (a) Angle-resolved spectra of one-dimension grating on silver; (b) angle-resolved intensity of one-dimension grating on

silver; (c) theoretical numerical simulation results of one-dimension grating on silver; (d) angle-resolved spectra of one-

dimension grating on gold; (e) angle-resolved intensity of one-dimension grating on gold; (f) theoretical numerical sim-

ulation results of one-dimension grating on gold
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