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Mukpockonusa C UCMNoJib30BaHUEM MUKpocdep — 3TO HOBbIA MeTOoh MNOJIyYeHUs TpexMepHbIX
M306pakeHMn CO CBEpPXBbICOKUM paspewieHnem 6narofaps WCNoNb30BaHUIO MNPO3pavHOM
Mukpocdepbl nNpu Bu3lyanMsauuMm B KJIACCUYECKUA ONTUYECKUiA Mukpockon. C MoMoLbio
MWUKPOJIMH30BOM MWUKPOCKOMUU MOXHO MOJIyYMTb ONMTUYECKoe paspelleHue [0 cTa HAaHOMeTpoB
Nno ropusOHTaNM, Hanpumep Npu BU3ya/n3aLMU KaHABOK Ha MoBepxHOCTU Blu-ray-gucka. Mpu
3TOM He TpebyeTca BBeAEHUE METOK, Heo6XOAMMO /Wb He3HAYUTesIbHO MOAEepHU3UPOBATb
O6bIYHbIA ONTUYECKUM MUKPOCKON. PaclimpuTb BO3MOXHOCTU MUKPOJINH3OBOM TeXHOoJIoruu
MOXHO C MOMOLbIO UHTEpPEPEHLUOHHOMW MUKPOCKOMUU, KoTopas ob6ecrneymBaeT BbICOKYIO
YyBCTBUTENIbHOCTb MO TPEM KOOpAMHAaTaM U AaeT usobpaxkeHue Tonorpapum co CBEpPXBbICOKUM
paspelueHuem.

Microscopy with the use of microspheres is a new method to obtain 3D images with ultra-high
resolution due to the use of a transparent microsphere at visualization in a standard optical
microscope. When using a microlens microscope it is possible to get an optical resolution up
to a hundred of nanometers horizontally, for example, during visualization of blu-ray disc
surface grooves. It does not require to introduce labels, it is just necessary to slightly upgrade
the standard optical microscope. Besides, it is possible to improve the microlense microscopy
capabilities using the interference microscopy which provides high sensitivity along three
coordinates and image topography of ultra-high resolution.

BBEJLEHUE C HCIOJb30BAHHEM CTEeKJISHHBIX MHUKpochep
B 2011 romy Zengbo Wang u ap. [1-3] skcmepu- B OOGBIUHOM ONTHYECKOM MHKPOCKOIEe. ITOT
MEeHTaJbHO IPOJAEMOHCTPHUPOBAIN NPHUHIUI  HEWHBA3HMBHBIN METOJ BU3yaaH3alHuU B beroMm
MHUKPOCKOIIUU C CYy6AUPPAKIMOHHBIM IIpeJeJIOM  CBeTe II03BOJISET IIPeofoneTh JUPPAKIIMOHHBIH
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Puc.1. Mi306paxkeHue nogepxHOCMU MUKPOCXeMbl 8 ONMUYeCKUl MUKpPOCKON C UCN0Ab308AHUEM MUKPOAUH3bI: d = 06Ul NAGH;
6 - demanbHoe U306pa>keHUe NAMMEPHA HAa MUKpOCxXeme Yepe3 MUKpocdepy, WupuHa 00UHOYHO20 8bicmyna cocmasasiem eenu-

YUHY 0K0A0 150 HMm

Fig.1. Image of a chip surface made by optical microscope using microlens: a - general view; b - detailed image of the pattern on a chip
obtained through a microlens, the width of a single spike is about 150 nm

npegen B 2-3 pasa (A/4 - \/6). Hameil Hay4YHOU IpyI-
101 COBMECTHO C Hay4YHOM rpynmnou Zengbo Wang
paspabaTsiBaeTcsi yCTaHOBKA AJIS COBMeIeH-
HOU 30H/[O0BOM, ONTUYECKOM M MUKPOJIUH30BOU
MHUKPOCKOIINH [4].

[IpUHIUI MHUKPOCKOIMH C HCIIOAb30BaAaHHEM
MuKpocdep 115 onydeHust 2D-1306paskeHUI 3aKIIIO-
YaeTcsl B Pa3MellleHUHU IIPO3PauyHOM MHUKPOCHepbl
MeXAy HccaefyeMbIM o6pa3oM M ONTHYECKHUM
MHKPOCKOIIOM. IIpH 5TOM Ba>KHO, YTOOBI PacCTOSIHHE

Meskay 06pasioM U JIMH30M GBII0 MUHHUMAJIBHBIM.
Muxkpocdepa paboTaeT Kak OINTUUECKUH YBETHUUH-
Tesb, OHA CO3/IaeT YBeTHUYeHHOe MHHMOe H306paske-
HUe 00beKTa. 3aTeM ysKke TMH3a OIITHYECKOT0 MUKPO-
cKoma cobupaeT MHUMOe H306paskeHHe, IIPEBOCXO-
nsmiee IUGPAKLIUOHHBIN Tpefen. TakuM obpasom,
C UCII0Ib30BAHHEM MHUKPOCHEPHI U JTUH3bI 00BEKTHBA
OIITUYECKOTO MUKPOCKOIIA MOYKET ObITh [TOJTyYEeHO K30~
6paskeHHe B MHKpoMaciiTabe 63 MeTOK CO CBEPXBBICO-
KHUM pa3pelieHHUeM.

INTRODUCTION

In 2011 Zengbo Wang et al. [1-3]
experimentally demonstrated a
principle of microscopy subdif-
fraction limit using glass micro-
spheres in a standard optical
microscope. This noninvasive
visualization method in white
light makes it possible to over-
come a diffraction limit 2-3 times
(A4 - \/6). Our scientific team
together with the Zengbo Wang
research team is developing a unit
that combines the probe, optical
and microlens microscopy [4].

The principle of microscopy
with the use of microspheres to
obtain 2D images is to arrange
a transparent microsphere
between the studied sample
and an optical microscope. It
is important that the distance
between the sample and the lens
is minimal. A microsphere works
as an optical amplifier and forms
the magnified virtual image
of the object. Afterwards the
optical microscope lens collects
the virtual image that is superior
to the diffraction limit. Thus,

the ultra-high resolution image
without labels in nanoscale can
be obtained using a microsphere
and a lens of a standard optical
microscope.

PRINCIPLE OF OPERATION AND
DESIGN

In this work the Zeiss Model
AxioSkop-40 optical microscope
with aperture of 0.9 is used.
Resolution of this model is
nearby 350 nm. In order to check
the accuracy of measurements,
microchips, a calibration lattice
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MPUHLMN REACTBUSA U KOHCTPYKLMA

B maHHON paboTe MBI HUCIIOJb3yeM ONTHYECKHUH
MHUKPpocKom Zeiss Model AxioSkop-40 c amepTy-
pou 0,9. Pa3pemeHue MUKPOCKOIA COCTaBaseT
0Ko0J10 350 HM. [I/if IpOBEPKU TOYHOCTU H3Me-
PEeHHUI B KayeCTBe TeCTOBOTr0 o6pa3ija UCII0/Ib3Y-
I0OTCSI MHKPOCXeMBl, KaJUOpoBOYHAs pelleTKa
IJIs. OIITUYeCKOTO MHUKPOCKOIIA M IIOBEPXHOCTH
Blu-ray-gucka. ITapannaenbHO KOHTPOIb H3Mepe-
HHUU IIPOBOAUTCS C IIOMOIIBIO 30HJOBOI0 MUKPO-
ckoma "®emtoCkaH", 06paboTka U306paskeHUHN -
B nporpaMMHoM obecrnedyeHuun "®demToCKaH
Onnann" [5].

HecMOTpsi Ha TO, UTO SIB/IEHHeE, JIeXKalllee B OCHOBE
3 deKTa CBEPXBBICOKOTO Pa3pelleHHs, B HACTOsIIee
BpeMsI [IOJTHOCTBIO He U3y4YeHO, Pe3y/IbTaThl MOJeIH-
POBAHMUS IIOKA3bIBAIOT BasKHOCTH I10160pa reOMeTPH-
YeCKUX U ONITUYECKUX [IaPAMeTPOB [JIs yBeTHUeHHU S
U yJIy4IIeHHs TaTepaJbHOIO pa3pelleHH sl : B YaCTHO-
CTH, JHaMeTpa MUKPOCephl, ITOKa3aTessl IIPeIoM-
JIeHHU s KaK OKPY>KaIoIel Cpefbl, TaK U MUKPOCepsHI,
a TaK>Ke UIMHBI BOJIHBI CBETA.

JraMeTp MUKpPOCepHI BIHsIET He TOIBKO Ha JIaTe-
pajbHOe paspellleHHe, HO U Ha IIONEPeYHBIHN yToJl
o630pa: ueM MeHbIlle MUKpOCdepa, TeM BBILIE pas-
pellleHHe U TeM MeHbIle IJIOMAAb U3MepeHHU.
DOKyCHOe pacCTOsIHHe OIIpe/iesieTcs 10 popMmyIie:

1 (1, 1) (n,_
w3 w

rje: n; - mokKasaTe/b IIPeJIOMJIeHH S OKPYyKalo-
IeH Cpefbl;

N, - II0Ka3aTeJIb IIPeJTOM/IeHU I JIMH3HI;

R; 1 R, - paguychl KPUBH3HBI TUH3EI.

Jis chep c ImorasartesieM IIpeIoMIeHH I 1<n,<2 HoKyC
PacIionoskeH Ha HeKOTOPOM PaCcCTOSSHUU Ha IIOBEPXHO-
CTH CO CTOPOHBI TeHHU. [Ipu 1, = 2 POKYCHPOBKA IIPOMC-
XOAWT MMeHHO Ha TeHeBOM CTOpoHe. HaKkoHell, 114 Bcex
n,>2 cBeT POKYCUPYeTCS BHYTPU TMH3bL. CrIeys 3aKOHY
CHennyca, MOKHO HaUTH QOKYC reoMeTpHUYeCKOU
OITHKH, KOTOPBIK HAXOAUTCSA Ha PACCTOSIHUH

_R n
f_2 - (2)

®oKyCcHOEe pacCTOdHUE H3MepsieTcs OT LeHTpa
cdepsr [6].

I H3MepeHUM HCIIONB3YIOTCS MUKPO-
JIUH3bl M3 THTaHaTa 6ap1/151 BTCMS-4,25, nua-
meTp 30-100 MKM, IJIOTHOCTH 4,22 r/cM3, mokasa-
Tesb InpenoMieHus 1,9. IIpyu UCII0b30BaHUH MUKPO-
cheprr B 15 MKM HOKYCHOe pacCTOSIHHE COCTaB-
n5eT 7,9 MKM B COOTBETCTBUU C GOPMYIIOL (2).

YToOBl YMEHBIINUTH I10KA3aTe/lb IIPeIOMIEHHU S
N, MOKHO IIOME@CTHUTh KHUAKOCTh Ha cpepy, TaK Kak
Ba’KeH He abCOMIOTHBIH II0Ka3aTe/lb IIPeIoMIIeHHU
cdepsl, a OTHOCUTENBHBIA Npepy /N oxpysenns. 1AKHEM
06pa3om, IIpU HCII0JIb30BAHU U KAIJH BOJLBl OTHO-
CUTeJIbHBIM MOKa3aTeslb IIPeJOMIEHHUS COCTABUT
n=1,9/1,33=1,4286.

for an optical microscope and
blue-ray disc surface were
used. Control of measurements
using the FemtoScan probe
microscope and image pro-
cessing by FemtoScan Online
software [5] were performed
simultaneously.

Despite the fact that the
phenomenon of the ultra-high
resolution effect is currently not
fully studied, the simulation
results show the importance to
select the geometric and optical
parameters to increase and
improve the lateral resolution:
in particular, the diameter of
the microsphere, the refractive

index of the environment and
the microsphere, as well as
wavelengths.

The microsphere diameter affects
not only the lateral resolution,
but also the transverse viewing
angle: the less the microsphere,
the higher the resolution and the
smaller the measurement area. The
focal length is determined by the
formula:

1 (1. 1) (n,_
t(mr) (B o

here: n, - refraction index of the
environment,
n,- lens refraction index,
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R, and R, - radiuses of curvature
of lens

For spheres with the refractive
index 1<n, <2 the focus is located at
some distance on the surface from
the shadow side. If n, = 2, the focus
occurs on the shadow side. Finally,
foralln,> 2, the light focuses inside
the lense. Following the Snell law,
it is possible to find the focus of the
geometric optics and calculate a
distance:

C— o)

,_,.,
I
N |
=]

The focus distance is measured
from the center of the sphere [6].
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BbIBO/1bl

Eme omHOM pa3paboTKOM SBISETCS COBMelle-
HHUe MUKPOJIHH30BOM MHUKPOCKOIHHU C 30HMAO-
BoM. COBMeIleHHBI X MUKPOJIHUH30BBIH U 30HI0-
BB MHKPOCKOII KMeeT HeCKOJIbKO IIPeUMYLIeCTB:
Hanu4uue 601buI0ro 1ois 0630pa As LETATbHOTO
IOJBOJA C IOMOILIBIO 30HZ0BOTO MHKPOCKOIIA,
BH3yaaH3alUsi U MeXaHHUYeCKoe MAaHHUIIYJIHPO-
BaHMeE OTIe/JbHBIMU 06BeKTaMHU, Iony4deHHe 2D-
u 3D-u3obpaskeHu obpasua, HabnogeHYe B BO3-
OYLUIHBIX U KUIKHUX CpeflaX C KOHTPOIHUPYeMbIMH
rmapaMeTpaMH.

CiefyeT OTMETHUTb, YTO OIITHUYECKOe H300paskeHHe
HAHOCTPYKTYP 3a rpaHuUIell UPPAKIIMOHHOIO IIpe-
Jlerna Ioyy4daeTcsl TAaKKe B cy4ae KOHQOKATBHOM,
HHTepbepeHLIMOHHOM, GIyOpecleHTHON U paMa-
HOBCKOM MHKPOCKOIIMHU. B ciiydae nHTeppepeHLIH-
OHHON MHKPOCKOIIUU IIPOCTPAHCTBEHHOEe pa3spe-
IIeHHe 10 BEPTUKAIN MOXKeT COCTABIISITh eUMHUIIBI
HaHOMeTpa.
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Jexaapauus o KoHpAUKMe uHMmepecos. Asmopbl 3a584at0m 06
0MCymcmauL KOHPAUKITIOB UHMEPecos UAU AULHBLX OMHOWeHU,
Komopble mozAu bbl nosAuAMb Ha pabomy, npedcmasAeHHYIO
8 daHHoll cmamve.

For measurements, are used the
BTGMS-4.25 dia. 30-100 microns
barium titanate microlenses
of 4.22 g/cm3 density and 1.9
refractive index. When using
a 15 pm microsphere, the focal
length is 7.9 pm according to
formula (2).

To reduce the refractive index
n, it is possible to put a wter drop
on the sphere, because it is not
an absolute refractive index of
the sphere which is important,
but the ration sphere/r1 oenvironment*
Thus, with the use of a drop
of water the relative refractive
index will be equal to n =
1.9/1.33 =1.4286.

CONCLUSIONS

Another development is the com-
bination of microlens microscopy
with a probe microscopy. The com-
bined microlens and probe micro-
scope has several advantages: the
presence of a large viewing field for a
detailed approach with the aid of the
probe microscope, visualization and
mechanical manipulation of indi-
vidual objects, obtaining 2D and 3D
images of the sample as well as obser-
vation in air and liquid media with
the controlled parameters. It should
be noted that the optical image of the
nanostructures beyond the boundary
of the diffraction limit can also be
obtained in the case of the confocal,

interference, fluorescent and Raman
microscopy. In the case of interfer-
ence microscopy, the vertical spa-
tial resolution can equal units of a
nanometer.
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