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Rezonatoru modelésana,
kad tas parklats ar ZnO

slani

1) Q faktora meklésana, ja rezonators ir aksialsimterisks

Rezonators D= 500 um
ZnO slanis d= 200 nm

Eigenfrequency=3.9461E14 Hz
Surface: Electric field norm (WV/m)
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Electric field norm (V/m)

Eigenfrequency=3.9443E14 Hz
Surface: Electric field norm (V/m)
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ZnO slanis! Q=7.2730* 1076
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Electric field norm (V/m)

Line Graph: Electric field norm (V/m)
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Nav ZnO slanis!

Eigenfrequency=3.9443E14 Hz
Surface: Electric field norm {(%/m)
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Eigenfrequency=3.9461E14 Hz
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D=500 um, n_resonator=1.5, k resonator=10"(-7), n_air=1
Lambda=760 nm; ni=3.9446*10"(14) (1/s2*pi*r*n=Lambda*N1
N1=3100.3 Round(N1)=3100

Eigenfrequency=3.9778E14 Hz
Surface: Electric field norrm (W/m)
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lambda/n/3

Eigenfrequency (Hz) Quality factor (1)
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ZNn0O slanis ar nelidzenu virsmu

lambda(50)=4.6985E-7 m freq(1)=6.3806E14 Hz o
Surface: Electric field, z component (V/m)
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CGMR
Interferometriski temperaturas sensori

Mikrosferu videjais diametrs 85 mikroni.
Uldis Bérzins - eksperiments un Daina Damberga - video apstrade ar

MATLAB

Noverotais mainot temperaturu: https://
www.youtube.com/watch?v=C _zfynInBQQ



https://www.youtube.com/watch?v=C_zfynInBQQ
https://www.youtube.com/watch?v=C_zfynInBQQ
https://www.youtube.com/watch?v=C_zfynInBQQ

Izgatavota zemspiediena radiofrekvences
bezelektrodu plazmas kamera rezonatoru virsmas
tirisanai (silanizacija), lai parklajums labak turetos.




legadats mazas vibracijas darbagalda motors
ar saspiesta gaisa gultni CGM mikrorezonatoru virposanai

Vibraciju amplituda tikai 50 nm. Nopirkts 2018.06.
NepiecieSami vél filtri saspiesta gaisa attitiSanai no mitruma un mikrodalinam.
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Postera prezentacija

SiO, microsphere whispering gallery mode resonators coated with ZnO

I. Brice!, A. Atvars', K. Grundsteins', R. Viter', L. latsunskyiz, J. Alnis
1. Institute of Atomic Physics and spectroscopy of the University of Latvia, Rainis Blvd. 19, Riga, LV-1586, Latvia
2. NanoBioMedical Centre, Adam Mickiewicz University, 85 Umultowska str., 61-614, Poznan, Poland



Introduction and Motivation
Optical whispering gallery mode (WGM) resonators keep the light wave
circulating inside by the total internal reflection effect, but a small portion of
light (evanescent surface wave) exists also outside in direct proximity to the
surface.

WGM resonators significantly increase the effective path length of the light
allowing to make sensors of single molecules attaching to the surface [1]. We
use silica microsphere resonators [2].

For biosensing applications it is necessary to functionalize the surface to
facilitate attachment of molecules. As the first layer we are coating the WGMR
surface with ZnO and investigate the changes of optical Q factor.

ZnO coating: Resonator quality factor:
- Transparent and conformal coating
- High refractive index Q — T

- Controlled thickness
- Not used before as a coating for WGM resonators Q — VO/AV
- We deposited 5, 10, 20, 50 and 100 nm layers

[1] F Vollmer, S. Arnold, “Whispering-gallery-mode biosensing: label-free detection down to single molecules”,
Nature Methods 5,

591-596 (2008).
[2] I Brice, A. Pirktina, A. Ubele, K. Grundsteins, A. Atvars, R. Viter, J. Alnis, “Development of optical WGM
resonators for biosensors”,
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Fabrication and setup

Melting SiO, microsphere resonators from a telecom fiber Corning SMF-28 with an oxy-hydrogen torch or with a CO, laser
spheres with diameters 300-500 pm are obtained. We introduce light into the WGMR by prism coupling method.

For the excitation we use a tunable external cavity diode laser at 780 nm. We achieve optical Q factors in the 10° range.

b) WGMR signal
Q= 3E8
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Hydrothermal growth of ZnO nanorods

Zinc acetate+lsopropy HMTA+ZnNO; 95°C-4hrs
|
-t Spin coating . . Anneal at 350°C-2hrs U+
Precursors solution TO Hydrothermal growth

\ J ,
S4800 3.0kV 6.7mm x100 SE(M) 500u S4800 3.0kV 8.3mm x10.0k SEM] v L - 00urm ___ — , ‘ ‘ 1\ lx"\

' [l 54800 10.0kV 7.5mm x50.0k SE(M)

Nanorods significantly increase the
surface
That is important for biosensors.

Testing with a 532 nm laser:

strong light scattering by nanorods
Not ticefiil a< ontical WGM



Atomic layer deposition (ALD) of Zn0O
nanolayers

SEM 50 nm ZnO EDX (ZnO 50 nm)

500 um diameter
SiO, microsphere

coated with
20 nm ZnO.

Nice
WGM resonances!




Results and conclusions

Atomic layer deposition (ALD) technique allowed to cover
resonators

with smooth ZnO nanolayers of 5, 10, 20, 50 and 100 nm
thickness.

It was observed that resonators covered with ZnO are not
attracted by Van der Waals force to the surface of prism, which is

an advantage for fine tuning the optimal prism-resonator coupling
distance.

WP@a_,surements show that the sharpest resonances (in the region of
7830 nm) are _ e Averaged Q factor

seen when the 20 nm ZnO nanolayer is used. "

0 20 40 60 80 100 120
Zn0 layer thickness, nm
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Publicitate - Bakalaura darbi

FIZIKAS UN MATEMATIKAS FAKULTATE
FIZIKAS NODALA

CUKSTOSAS GALERIJAS MODU
MIKROREZONATORU MODELESANA

BAKALAURA DARBS

Darba autors: Haralds Baumanis
Darba vaditajs: Dr. Phys. Aigars Atvars

Dotaja darba tiek aprakstita teorija un modeléanas rezultati par gaismas izplatisanos
sferiskos Cukstosds galerijas modu optiskajos mikrorezonatoros ar diametru 1 - 5 pm.
Model&sanai tiek izmantota COMSOL Multiphysics datorprogramma ar vilpu optikas moduli
{(Wave Optics Module). Tiek apskatitas sistémas prizma-rezonators un optiskd Skiedra-
rezonators. Ka galvenie kontroles parametri tiek izmantotas elektriska lauka Ez komponentes
kartes un laika vidgjota energijas blivuma vértiba rezonatord. 2D vidé tick modeléts gaistoias
gaismas lauks, rezonatorda esofa starojuma atkartha no gaismas krifanas lepka prizma,
skiedras platuma, rezonatora attaluma lidz prizmai/skiedrai, rezonatora 1zméra un kritosas
raismas vilpa garuma. legiitie rezultiti tiek analizgti.

Cukstodds galerijas modu rezonatoriem ir dazadi pielictojumi, pieméram, tie var tik ir
irmantoti kd frekvencu filtri, temperatiiras sensori un biosensori. Dotajd darbd veikti
modeledana dod ieguldijumu ERAF projekta Nr. 1.1.1.1/16/A/259 realizdcyd ka ari

mikrorezonatoru tematikas attistiba.
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LATVIJAS UNIVERSITATE
FIZIKAS UN MATEMATIKAS FAKULTATE

FIZIKAS NODALA

SAKARSETU KERMENU TEMPERATURAS NOTEIKSANAS METODES
IZVEIDE, IZMANTOJOT PLANKA VIENADOJUMU UN
SPEKTROMETRU

BARKATLAURA DARBS

Autors: Andra Pirktina

Darba vaditajs: Vado3ais pemisks Dr. phys. Tanis Alnis

ANOTACIJA

Cuksto3o galeriju modu (CGM) rezonatori masdienas ir vieni no popularakajam un visvairak pétitajam
optiskajam iericém, jo ar to palidzibu tiek izveidotas ar vien jaunas, kompaktas optiskas ierices ar plasam
pielietojuma iespé&jam. Vél joprojam nav iesp&jams kontrolét rezonatoru izveides parametrus, kauséjot optisko
Skiedru ar H, + O, liesmu, jo nav iesp&jams noteikt liesmas vai rezonatora temperaturu kausésanas laika.

Bakalaura darba tika apskatita un pétita iespéja izveidot bezkontakta temperatiras méeriSanas metodi,
izmantojot spektrometru, dazadus sakarsétu kermenu avotus un dazadas kalibracijas metodes. Ar izstradato
metodi tika veikts méginajums noteikt rezonatora temperatiru ta izgatavoSanas procesa. DiemZzél metodes
trikumu dél temperattru nebija iespéjams noteikt. Bakalaura darbs sastav no teorétiskas parskata dalas un
no eksperimentalas dalas, kura ir aprakstita spektrometru kalibracija, dazadu sakarsétu kermenu spektru
uznemsSana, dazadas temperatlras aprékinaSanas metodes, ka arT ietverti sasniegtie rezultati.
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LATVITAS UNIVERSITATE
FIZIKAS UN MATEMATIKAS FAKULTATE
FIZIKAS NODALA

FOTOLUMINISCENCES ATKARIBA NO TEMPERATURAS 1D CINKA OKSIDA
NANOSTRUKTURAM AR DAZADAM UZBUVES IPASIBAM

BAKALAURA DARBS
Autors: Daina Damberga

Darba vadita:
Dr. Phys. Roman Viter,

Dr. Phys. Janis Alnis.

RIGA 2018

Anotacija

Tika pétitas 1D ar ZnO parklatas nanoskiedras ar dazadiem parklajuma biezumiem.

1D ZnO nanostruktiiras fotoluminiscence tika mérita no 77 K lidz istabas temperatiirai.

1D ZnO aizliegta zona tika pétita ar optisko spektroskopiju.

Veiktsa emisijas spektra analize un galveno parametru (ierosinasanas energijas, temperatiiras koeficienti u.t.t.) aprekins.
Tika veikta korelacija starp optiskajam un uzbiives Tpasibam.
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