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HEBMERAE M 3 4R anseE s B0 M i1 BB (scanning electron
microscope, SEM), &5} LT %5 (transmission electron microscope, TEM) I
JR¥ 71248 (Atomic force microscopy, AFM) %5 A% H7 A B8R mT S P J5 -1 4% )
RO R, AEORE A ORI AR PR SR BER w7 %, U A o HAE — @ #2 E
AT Y R

4 2 B (Near-field Scanning Optical Microscope, NSOM)#i AR
(0T G 3 I3 4t 5 AL R FRI R, TR B T A% G0l 2 A B AR R0E B
LA, I H AT Rm L ATS R, DRI HT 10 2 5 B ORI R AP R AR
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EHRO2 iy — PR B AR ET 50, HRTC A0 T ik 1 nm 1R 2 158k
P . AHT REGCR IS IR R G, TR R R vh 5 B 0R 2 OR R
EFRIRE SIS ks IR HARGUKRE 5 8L, RGN Z M52l Likgk
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AR T RIS (Cadmium sulfide, CAS) ZUKEEAERHOLLT
WEF 2 A A M FOE R BUR R G, %05 E A A A IR R
WY, NSRRI MUR G RY, 8EGe T I ke I ORGS0 TR CdS 4K
2 3 R il T S SRR A e B e T HGRT TSR R T, T U
S RE 5B I R A & R HE TR O G EF Y, AL B dt AT e il AHEE T
RICHREF S5, 1206 R R P A3l 2R o GaDRee (R R R B — A s T 2 e 42 ) 75
R, I HRBRRE T RN ARSI A IR AH L T8 MU 1 3 43
TEICEFIREC M), SR ERET R SRS RTED ) B AR BAER, bR A
= A RE A o
2 RG#EREREIN

L SR YURBAE O LT PR E 1 IE 3 e R R R A AN 1(a) it
o FEINEE M E T HONL HC @i A7 4% i 2% DMC il i) =i F 9K B
P& (PZT stage, PS3L40-080U-S, Lifggizhgh k) b, EHUEK A Nikon (1 50
f&¥1%:, CCD FHAL N Nikon [f) DS-Ril, HEBIJEJR LS Jy LHS-H100P-2, FHk
Y [ 500-750 nm, 7E 600-670 nm AbJE5RE K. K 1(b)AE 1(a) F ALK
K, Fom BB . FTAYKEMEE RO IR M H 3 e EniB &
(M-462-XYZ-LH-M, Newport) RFF[E &, #HEFRiminEl 1(c). Hr CdS 49Kk
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HATM BT, T8RRI 42514 350 nm A1 65 nm. CdS 4Kk 54
WMOE4: (SMF-28, Corning) i Ju 46 77 Je i HE ) A2 e Hh &5 & 72—, ATk
LR RE IR, Il RO LB K RIS (PD, PDFI0A,
Thorlabs) BFATCHLFEH:, Zeid AH|FEBURES EM 3 AR A$(OSC, DS11104z,
RIGOL )#EATR . [l (EREF SRE 2 M 234 0, BRI EESl. %R
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- Fiber ' ':(
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Fiber taper 10 um

K1 s it AdE R 5t () RGP (b) BRI -Bg &t 2 R E A (o) CdS
AL AL HOCE RSN HC ML, DMCAIIEHIES, PZT KA G, 3D stage:3 4EL
Pk B SRR, PDOC R Hids, EMIHUBURES, OSCoRnilids

Fig. 1 Passiye near-field optical scanning imaging system: (a) Schematic diagram of the
system; (b) Schematic diagram of illumination-imaging part (¢) CdS nanowire/tapered microfiber
structure. HC: host“computer, DMC: displacement controller, PZT: piezo translation stage, LS:
lighting source, 3D stage:3D linear stage, PD: photodetector, EM: electrical amplifier, OSC:
oscilloscope.
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Fig! 2" Optieal field model of nanowire/tapered microfiber structure : (a) Reflectance of
silicon substrate and cadmium selenide-silicon substrate; (b) Horizontal optical field distribution at
300 nm above the sample surface; (c) Nanowire/ tapered microfiber structure evanescent field
coupling (The right inset is the TE mode optical field distribution of the nanowire cross section at
the solid white line on the right, and the left circular inset is the optical field distribution of the

tapered microfiber cross section at the solid line on the left)
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(Cadmium Selenide, CdSe) #9KH7, FeJEZHTH )y 3.95 Hfik. FFlllAE 5K/
WEN 4 umx4 pmx 1 pm. B 2(b)NEEFE MR 300 nm &b 7K5F [0 1635 75077
Hh )R B B o A L TR, SO R R R L7 B BRI R

H THREE BT 63 ARt iR I 1 S 3%, HOBUR ACR BRI T % 5 R
AT A . % T ENGGUR, 07 B B PRENBCE Th R 24 5 R s T %
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WIATHRME, 4624 (5)H RTINS ZIRIG S5 RNIES 1 E,
SEMIELGIRR, REMIRE BRI TR RN AL,

AL, FATE T 1 65 5 MK IREB RN it i, iR4E AFM
MELER, HFEAT CdS 9Kk % N 350 nm, =N 65 nm. B 2(c) 2B
B3 A B, Xt 500°7500m, I B IR, FCR A 2R H500E N S dpk K 1 384 Jon v
P, XN RGP 600~670nm AbFaiRi ok, 1 H KA &AL 600nm
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SEG R B8 FEOR B CdSe KA E M ERE S, BB 7D

K A SAREE A i (B BE X 2L 3 R gt B4 R A2 B 3(a) o nl ik &

2P 100 nm FEAR A 10 nm, 3G € 8 um. 45 R BB i K,

AT RFEER I . 10 nm A1 20 nm B0 K I AT AR IURE S KA S 2

N T AR R BEARS L, 5 e g e i #2220 nm

B 3(b) 7R T AR/ HEFEOL AT SR it 18] AN 7] P 18] BEXGS 4948 45 R ARG i o

TEPREF—FE MR FE A 900 nm Jk/N 22 130 nm i FEH, 120 R 58 AR Rk 2 .
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Fig. 3. Influence of scanning step length and probe-sample distance on the image quality: (a)

Scan results under different scan steps; (b) Scan results under different probe-sample distances
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(d), (O % 8 R ZRHE R 23 ) AFM I 5, AR 5l 58 B2 43 il 5.58
um, 2.61 um, A1 2.76 pmeo BEJE KX =R S RAE B R8sl AL IR 1 AR
g8 T AT IR, 70 A T HE TS O AT R AR OK 2o/ HE T SO 2T R EHISCER A i R T
WISAHERA, SR IE S P, TSGR LI R e T ik, @
REAARLABN A3 PRE PT SE B EE R 2 A6 s AR LA

P 4 ASFIRE b O 5 S S B AL ARMITE AL () (b) 2293008 ST RDE“~ BRI AT AFM 44
RS (o) ()7l S2 Motas i B AFM RT3 () (D400 S3 BILE B
KA AFM 323K

Fig. 4 Optical micres¢epé and AFM scanning morphology image of the three samples:
optical microscopedmage (a) and AFM topography (b) of S1; optical microscope image (c) and
AFM topography (d).0f'S2; optical microscope image (e) and AFM topography (f) of S3.

S PP BE R G T4 e SO E S R R E R R, SR RS B 9K 2
SFE R I A0 O 230 RIS BOE CdS PR ZAT Y ICEFREHC E~10 pm, AT 1(c)-
K 5(a), (d), M1 ()73 AINZAUKEAEFWO LT PREEXIFE dh ST HE R - (b)),
(e), AI(h) LN MIRGHE it 58 SNSRI, (c), (D), M) ANHETESLEFRET AR it 5
FEMESE R o T CLT REH AR G aR A A AR RN, O T il BoRid 5t
FATRC R LRI T I — A AL B, 98 BE A5 Rk T3k 1.
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Fig. 5 The width measurement results of S1- S3 samples with the nanowire/tapered
microfiber probe and traditional tapered mictofiber probe at 8 = 23°: (a)(d)(g) Imaging results of
the samples S1-S3 scanned by, the hanowire/tapered microfiber probe; (b)(e)(h) Measurement
results of the width of the samples S1-S3 by the nanowire/tapered microfiber probe; (c)(f)(i)
Measurement results/of the width of the samples S1-S3 by tapered microfiber probe.

S8R B AFMNIS IS 45 RAE obrite, [FIRER A 23° R M U&7 1), 4iicse
i NHETEOE ARG I, IR 2N 17.40%-23.75%, T KiRZ{EN 1.05 pm;
M N/ CdS, KR HE RO A IRET I, MR R PR 4.71%-7.28%, &
RIRZMEN 039 pum, WEAEEHRS T4 3 5. ZEMNERZEFERA THEIK
PE KT RERE . PURERMNIUE M2, MRS PSR 2 5] i
FIRET SHE MR TG A EAE R S, URIASEE SOG4 5 R IR IR 22
FHEG T Sl AT SR 4T R EE, #i3hal CdS Ak HETE OB AR ET X e ¥
LR I AT A R e HA I A 3 R R G (R RS 2 o 38t — 2D AR I R i S 4R

10



FHALE UL A AR E B, WA R m R IR0 5 5 IE MR LE, mZ&

SR B AR 2R G IR it AR o
R 1 CdS 9K/ OE L IR 5 & SHE IR L 4T R DI S 45 A0 L

Table 1. Comparison of measurement results between CdS nanowire/tapered microfiber probe and

traditional tapered microfiber probe

AT AR e CdS gK LR /4 T AT 14T
B AFM/ 6=23° 6=23° 6 =38°
om mEsE MESE T 2 4 s
R R iR
/um /um /um
S1 5.58 4.53 18.82% 5.19 6.99% 478 14.33%
S2 2.61 3.23 23.75% 2.80 7.28% 2/99 14.56%
S3 2.76 3.24 17.40% 2.89 4.71% 3.94 42.75%

BEAk, SEERIEWETT T CAS GRE/MEIL Je 2T PREEFIRE dh 9k, B X34 AR
LRI . SRR PR BT S FE A 1SR A G I 38°1 5 CdS AR E/AHEE O LT
WA RGN R BRI e, HEBR] T 42.75%; UL R E AL
S RNAERR I R . BRI RE T, GRLMEE OG- R AT AR IS 5 &
xRSO R
W
ASCHRM T — P2 CASRZ/HE WO LT IR BT a5/ K g sh szt 243

4

A

MR RG, ZRENFHAEBOCHREZ A0, SUR MM B SOtIR R ER
STRES, IR SR A SR BT i R T RS R e RASL T, SR S AT
FEHAHRAE . CdS KRR EAT ST, fem T IREE D I aiae /), 52
BT 4.65 %ot B TREN ISR AL, M EL TAR SE 1) & JE P I R B LR R St
TN ER . Ol SEION HARRE i R, R ZE A
4.71%~7.28%. 1277 FR T PURBCIRE TT 2, BRAC T IR R & X LA R 4t
BARRII S 228 MBS REIETIRET 7 %, ARBURRE iR = T4
3 fife LAh, SEEGZE RIERINZA AN AR SRR A 0 I PEIK R S
) RSG5 (E R 9K 2/ HETE O AT BRI RS 2 5 2 = TR R HE T e 4T 484t

11



BEAh, SEEG T 58 UK IR S R AR R XA 3t A 1 6 TR TR ARUGS RS T ) PR R A
H A B AR R & AT RE Ve o 28 sl b S 7 R R R 45
SEhnfarit, BRAERE IR, LU MIEt AR BRSNS R O 7R R
SEIR

[1] Trautman J K, Macklin J J, Brus L E, Betzig E. 1994 Nature 369 40

[2] Betzig E, Trautman J K. 1992 Science 257 189

[3] Ruckstuhl T, Verdes D, Winterflood C M, Seeger S. 2011 Opt. Express<19 6836.

[4] Hu R X, Pan B Y, Yang Y L, Zhang W H. 2017 Acta. Phys, Sin.\66 144209. (in
Chinese) [BAEIE WEIKEE. BEK, sKiAHE 2017 VB4R, 66 144209)

[5] Rayleigh L.1896 On the theory of optical images,/with spécial reference to the
microscope (Cambridge University Press, Cambridge, 1903) p167

[6] Betzig E, Trautman J K, Harris T D, Weiner J.S;\Kostelak R L. 1991 Science 251
1468.

[7] Hermann R J, Gordon M J. 2018 Annu. Rev. Chem. Biomol. 9 365.

[8] Novotny L, Stranick J S. 2006°Anunu. Rev. Phys. Chem. 57 303.

[9] Kalkbrenner T, Ramstein MM,"Mlynek J, Sandoghdar V. 2001 J. Microsc. 202 72.
[10] Bharadwaj P, Nevotay L. 2007 Opt. Express 15 14266.

[11] Kim ZH; F¢one S R. 2006 J. Phys. Chem. B 110 19804.

[12] Sun L, Bai B, Meng X, Cui T, Shang G, Wang J. 2018. Opt. Express 26 24637.
[13] Novotny L, Hulst N V. 2011 Nature Photon. 5 83.

[14] Palomba S, Novotny L. 2009 Nano Lett. 9 3801.

[15] Hoeppener C, Lapin Z J, Bharadwaj P, Novotny L. 2012. Phys. Rev. Lett. 109

017402.

12



[16] Pan B, Yang Y, Bian J, Hu X, Zhang W. 2019 Opt. Commun. 445 273.

[17] Wei B, Melli M, Caselli N; Riboli F, Wiersma D S, Staffaroni M, Choo H,

Ogletree F, Aloni S, Bokor J, Cabrini S, Intonti F, Salmeron M B, Yablonovitch E,

Schuck P J, Weber-Bargioni A. 2012 Science 338 1317.

[18] Wu X Q, Wang Y P, Tong L M. 2015 Physics 44 356. (in Chinese) [{iLlé/r, FIK

5, EAIR 2015 Y3 44 356]

[19] Gu F X 2012 Ph. D. Optical waveguiding nanowires and their sensifig/application
(Hangzhou: Zhejiang University) (in Chinese) [ 2 2012 48 k22460183 (b

PR )]

[20] Kim S, YuN,Ma X, Zhu Y Z, Liu Q S, Liu M, Yan'R X.2019. Nature Photon. 13
636.

[21] Wu Y K, Liu X J, Qi X Z, Lu L, Guo G P/Guo G C, Ren X F. 2021 4ppl. Phys.

Lett. 118 104002.

[22] Huang K, Yang S Tong L. 2007 Appl. Opt. 46 1429 .

[23] Marcatili E. 1986 IEEE J. Quantum Electron. 22 988.

[24] Liao F, Wang Y, Peng' Iy Peng J, Gu Z Q, Yt HK, Chen T, YuJ X, Gu F X. 2018

Adv. Opt. Mater. 6 1701012.

[25] Linghw'S'Y,)IGuZ Q, LuJ S, Fang W, Yang Z Y, Y HK, Li Z Y, Zhu R L, Peng J,

Zhan Q W, Zhuang S L, Gu M, Gu F X. 2021 Nat. Commun. 12 1.

[26] Wang GJ, Wu S F, Li X F, Li R, Duan ] M, Pan S. 2010 Acta. Phys. Sin. 59 192

(in Chinese) [THZ%, RVE, ZHE, =%, BER, %A, 2010 Y#FER 59

192]

[27] Zhang M Q, Wang J, Tian Q. 2013 Chin. Phys. B. 22 044202.

13



[28] Wang J, Wu X Y, Sun L, Zhou B K 2016 Scanning near-field optical microscope
and nano-optical measurement .(Beijing: science press) pl67 and p247(in Chinese)
[E AR, w5 NI, IR 2016 F4I 067 BB ARG - . (Jbat: Bl
FHARAD 5167 TURIZE 247 T

[29] Shi S X, Wang X E, Ma L 2014 Physical optics and applied optics .(Xi’an: Xidian
University Press) p31 and p77(in Chinese) [Aliff, T2 B, 5k 2014 Y65
DG (0825 DY B 7 RHSOR S HRcH:) 28 31 TURIER 77 1]

[30] YuJ X, LiuF, GuZ Q, Gu F X, Zhuang S L. 2018 Opt. Express.26\6880.

14



Research on Passive Near—field Optical Scanning
Imaging Based on Semiconductor Nanowire/Tapered

Microfiber Probe”
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Abstract:

In this paper, we propose a passive near-field scanning imaging.system by
using the structure of cadmium sulfide (CdS) nanowire/tapered microfiber
probe, which combines the near-field scanning “structure and the
nanowire/microfiber coupling technology. Thepassive.near-field scanning
imaging system adopts a passive nanoprobe to detect the intensity change
of the reflected light field on the sample“surface, which not only retains
the advantage of the nanoprobe fof the. strong restriction of the reflected
light on the sample surface, but also reduces the interference of strong
excitation light during detection. Through the high efficiently evanescent
field coupling between' the>CdS nanowire and the tapered microfiber, the
collected light/signalis transmitted to the photodetector at the far field,
and finally th€/imaging of the target sample morphology can be realized.

At first, the light field model of the nanowire/tapered microfiber probe
structure is verified by the finite element analysis method. The calculated
collection efficiency from the sample to the probe is about 4.65%o. and the
transmission efficiency from the nanowire to the tapered microfiber is
about 74.47%. The collection efficiency is improved by an order of
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magnitude compared with traditional metal-coated near-field probe. In the
experiments, a scanning step of 20 nm and a probe-sample distance of 230
nm were selected. The nanowire/tapered microfiber probe and traditional
tapered fiber probe are both used to measure the width of different CdSe
nanoribbons samples and the atomic force microscopy measurement are
used as the benchmark to calculate their measurement error, which is
increased by about 3 times. By changing the angle 6 between.the probe
and the sample on the imaging quality, it is found that{the résolution
obtained using the designed nanowire/microfiber probe, is\always higher
than that only using the tapered microfiber probe.“Compared with the
tapered microfiber probe scheme, the measurement error is reduced to be
less than 7.2%.

In addition, compared with the active luminescence probe scheme, this
passive near-field scanning scheme reduces the preparation complexity of
the optical probe and the ‘detection structure complexity of the optical
system. The large mictoseopic illumination area can avoid the influence
of the small ldset spot size on imaging, and the imaging range is only
determined byJthe'travel distance of the linear stage. Therefore, our work
may provide an attractive approach for developing new near-field
scanning microscopy systems in the future.

Keywords: Near-field optical scanning, passive microscopy imaging technology,

nanowire/microfiber optical probe, cadmium sulfide nanowire, evanescent field coupling
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