ptisko frekvencu standartu un biosensoru
pielietojumiem, un to raksturosana ar femtosekunzu
optisko frekvencu kemmi

Projekta 8. atskaite par paveikto perioda

. Bri
01.12.2018.- 28.02.20109. A Avars
R. Viter.
J. Alnis
NACIONALAIS EIROPAS SAVIENIBA
ATTISTIBAS

Eiropas Regionalas
attistibas fonds

PLANS 2020

IEGULDIIJIJUMS TAVA NAKOTNE
ERAF projekts Nr. 1.1.1.1/16/A/259



Par projektu

* Projekta nosaukums: Jaunu Cukstosas ‘Projekta vaditajs: J. Alnis
galerijas modu mikrorezonatoru izstrade o o
optisko frekvenéu standartu un biosensoru ‘Projekta administrativais vaditajs: |I.
pielietojumiem, un to raksturosana ar Brice

. Errgjtgiigu:tz&%ﬂ?kfI?Flv/elgc/:x/ggg]m" *Projektu 'realizé LU ASI kvantu optikas

- Projekta mérkis: jaunu zinasanu-zinatibas | %rﬁ"c) riléa projekta galvenie
iegusana CGM rezonatoru izstrade, . c o= . -
stabilizéSana un modelésana, un rezonatoru rezultati: 4,DUb|'kaC_UaS' 3 zinatibu
izmanto3ana biomolekulu detektésanai, apraksts, 1 licences ligums.
tadéjadi atbalstot Latvijas Viedas « Paredzéti 9 konferencu apmekléjumi
specializacijas mérku sasniegSanu, zinatnes un 6 zinatniskas vizites

un tehnologiju cilvékkapitala attistibu un - Projekta istenosanas laiks:
jaunu zinasanu radiSanu tautsaimniecibas

konkurétspéjas uzlabosanai. 01.03.2017. - 30.08.2019.



Darbinieki

« Vadosie pétnieki
- J. Alnis
- A. Atvars
- R. Viter 1
 Zinatniskie asistenti Prdjekta dalibnieku kopbilde 2017. gada aprilis.

- |. Brice

* Laboranti
- K. Grundsteins
- K. Draguns
- U. Bérzins



Projekta budzets
Projekta kopéjas izmaksas: 648 252,61 EUR, to skaita ERAF finansejums (85%)
- 551 014,72 EUR.
- lzdevumi MP1 - 33 108.93 EUR
- lzdevumi MP2 - 46 967.37 EUR

- lzdevumi MP3 - pieprasiti 50 218.34 EUR/
apstiprinati 50 168.34 EUR

- lzdevumi MP4 - 19 164.77 EUR
- lzdevumu MP5 - 38 392.16 EUR
- lzdevumu MP6 - 84 367.70 EUR
- lzdevumi MP7 - 78 512.16 EUR
- lzdevumi MP8 - 34 725.76 EUR
- lzdevumi MP9 - 50 197.04 EUR -> uzsakta AM dzésana



lepirkumi

 Comsol datorprogrammas iepirkums (izpildits).
« Materialu iegades iepirkums 1 (izpildits).
* Instrumentu nomas iepirkums (izpildits).

 Materialu iegades iepirkums 2 (procesa).



Vizites

- 2018. gada decembri notika vizite
uz Vilnas Universitates, Kimijas
fakultates, Fizikalas kimijas
katedru, lai tiktos ar A. Ramanavica
grupu.

* Vizite piedalijas R. Viter un A. Atvars

» Tika aoguta molekulu skaitlisko apréekinu
programmas - Spartan, Gaussian u.c. -
pamati optisko 1pasibu teorétiskajiem
aprekiniem. Tika modelétas ZnO, anilina
un polianilina strukturas.



Intensity (a.u.)

Frequency shift from temperature

Heating from 20°C to 25°C in air
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shift, MHz

Festus 1 Rezonanse shift in air

15000
f(x) = 2224 x — 44273
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-5000 =

-15000
temperature, °C

f(x) = (2224,40+4,96)*x — (44273,42+100,30)
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Intensity, (a.u.)

Heating in water
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Frequency shift, MHz

15000

f(x) = 1937 x — 37883
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Frequency shift

2500
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Calibrating the scale

f(x) = - 1,65E-10 x* + 2,16E-07 x3 + 5,33E-04 x2 + 1,26E+00 x — 3,61E+01

Error is £ 6 MHz useing calibration compared
17 to the literature for 87 Rb D2 line for weaker
»»1 line and + 1 MHz for stronger saturation line
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Finding the absolute frequency

T i
| "w'!f@lmmm,‘? M"J

00 MHz

Intensity,

Frequency, + 3842200
This peak is used as a

main reference point



WGM coated with PANI
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WGM coated with PANI

Q for coated resonator
was calculated using Rb
saturation lines.

After
Q=1,2*10"7
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- WGM coated with Au -
Less modes coupled.
No van der Waals
forces and no over
~ coupling even when
touching the prism.

Q=5,9 - 107

40 S0 SS0 600 6s) 700 750 em0 850 0 S50 1000 1050 1100 1150 1f

Before



SEM images of Au nanoparticles on the
surface

SEM of Au on WGM substrate

S4800 15.0kV 5.5mm x100k SE(M)

SEM of Au on Si substrate

S4800 3.0kV 6.4mm x20.0k SE(M)




SEM images of Au nanoparticles on the
surface

SEM of Au on Si substrate SEM of Au on WGM substrate

54800 15.0kV 5.5mm x350k SE(M)

Au nano-particle size 10-13 nm Agglomeration of the Au nanoparticles occurred



Coating resonators with Au nanoparticles

Au nano-
particles

The larger nano-
particles can
also be seen
when exciting
WGM.



Coating multiple times with Au
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Coating resonators with glucose oxidase for
glucose sensor,

AU nano- Glucose

particles oxidase
layer \ —

When exciting WGM
it is obvious that the
whole surface has
been coated.




Intensity, a.u.
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Resonance peak shift in glucose solution
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Frequency shift, MHz

solution
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Modelesana

01.12.2019-28.02.2019.



abs(ewbe.521)"2 (1)

Rezonatoru modelésana, izmantojot Port-in un
Port-out kanalus rezonansu registrésanai

Lambda = 760 [nm], n_core=1.5, hfiber=0.3 um
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abs(ewhe.521)"2 (1)

abs(ewbe.S521)72 (1)

ModelésSanas situacija — rezonatoram ir pievienota

papildus skiedra rezonansu reglstresanal
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S21 raksturo jaudu, kas parraidita no Port 1 uz Port 2.

Porti 2, 3 un 4 uzrada rezonanses, tacu signali klust vajaki seciba 2 > 4 - 3
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Rezonatora un skiedras 3D
modelésana, COMSOL
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Molekulu absorbcijas spektru aprékini

Vilnas Universitate, Kimijas Fakultate, Fizikalas Kimijas nodala, Prof.
Habil. Dr. Artinas Ramanavicius (vizite 17-19.08.2018., A.Atvars,
R.Viter)

Programmatira — Spartan, Polyaniline

Polyaniline emeraldine base N

JopeNen o

Gaussian, Materials Studio

Standarta programmas (Gaussian, Spartan) rekina nelielas molekulas;
Kad jarekina molekulu slani, pieméram, ZnO slani, tad jaizmanto specializétas
programmas (pieméram, Materials Studio)



Litografiski izgatavoti rezonatori
No Trento universitates iedotie litografiski izgatavotie

1.1.

izstrade

Projekti ir planots ar litogrifijas metodi iegiit CGM mikrorezonatorus ar
diametru ap 50 mikrometn. Projekta darba grupai litografija nav pieejama,

CGM rezonatoru |tddé]l $os rezonatorus ir planots iegiit iepirkuma. Tapat tiek sagaidit, ka Iidziga

izméera rezonatora paraugus varés iegiit no netieSajiem projekta arvalstu
partneriem, pie kuriem J.Alnis plano doties komand&juma. Pieméram, Prof. T.
Kipenebergs no Sveices.

1 prototips - CGM

rezonators ar vislabako

sniegumu.

CGMR cipi tiks izmantoti aktivitaté 2 lazera stabilizacijai.

gabali

CGM rezonatoru

testéSana un
optisko standartu
tehnologijas
izstrade, kur
stabilizéSana
notiek uz CGM
rezonatora un Rb
atomu
piesdtindjuma
spektroskopijas
linijas

Dotis darbibas ietvaros sakotngji tiks izstradits CGM rezonatoru testa stends
un vélak tiks uzlabots ka optisko standatu tehnologijas prototips, kur signala
stabilizé$ana notiek uz CGM rezonatora modas un Rb atomu piesatinajumu
spektroskopijas linijas.

P&tljuma galvenie rezultati tiks sniegti publikacija.

Tiks sagatavots arT tehnologiju tiestbu - zinatibas apraksts, kur sniegta
informacija par sistémas izveido$anas niansém.

publikacija

publikic
1jas




Litografiski izgatavoti rezonatori

Sadarbiba ar Dr. Georg Pucker no Trento universitates

-

UNIVERSITY OF TRENTO - Italy

Silicon-based photonic integrated
circuit for label-free biosensing

Doctoral dissertation
ALINA SAMUSENKO

Supervisor: Dr. Georg Pucker

| Splitters
| Racetrack resonatorns

=




tori

Cips ar rezonatoriem zem mikroskopa, LU ASI
Dr. Georg Pucker no Trento
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Litografiski izgatavoti rezonatori

Cips ar rezonatoru zem mikroskopa , LU AS|
Zoom mikroskops samontéts LU ASI
2019. 01. Lieliska kvalitate!

Objektivs Mitutoyo 10x vai 20x
Ximea zinatniska CMOS kamera

Min zoom ekrana platums 1.2 mm
Max zoom ekrana platums 100 mikroni

Attela mikrorezonators ar diametru ap
100 mikroni un vilnvads gaismas
ievadiSanai.

Stradajam pie ta lai iefokuséetu lazera
gaismu vilnvada un ierosinatu CGM
rezonanses.




Sample with 5mkm monodisperse PS spheres
that Roman Viter deposited on Si. wmitutoyo 10x objective

Smallest zoom _ Largest zoom
Medium zoom at an angle




Horiba difrakcijas rezga spektrometrs
paraugu analizei biosensoriem
lepirkts LU ASI 2018.
un uzstadits LU ASI 2019.02.



Horiba (former Yobin-lvon) spectrometer, Japan,
iHR 320 — the smallest from professional, not the highest resolution
Syncerity - CCD camera cooled — very noisy fan
Installation — Horrible with Windows registry editing, copying folders, errors
Software Labspec -when installed - works fine

Table 3-1: Grating Table for the iIHR320 (at 500 nm)

Groove Typical Typical Typical my .
Density [Slpectral nlrray Res- gpectrz .
ispersion  olution overa )
(grooves/mm) (nm/mm)**  (nm)* (nm)*
2400 0.87 <007om 23
1800 1.38 =0.11am 37
1200 231 61
200 3.20 <025nm 85
600 494 =03%9om 131
300 10.12 <07%nom 269
S 2043 <1.59om 543
60
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40 /"_ \\
30 ‘Vﬂ \
N \
/ \

10 N
Typical Quantum Efficiency @ Ambient Temperature \
0 4 i f 1 f | f t 'r
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oo eoint Wavelength (nm)
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Spectral resolution measurement
Grating 1200 I/mm
Mercury Hg 404 nm line
Measured FWHM 0.15 nm

la Lab5pec & - HORIBA Scientific

e E NG LT e e s

bps  LabStore CCD Image Report

Spectrum : D

Hg from

fluorescent lights

width 270 nm
FWHM with 300 grat.

0.15 nm

)

\ 0 i 1 i 1 ! 1
404.0 404.5 405.0 405.5 406.0

Wavelength (nm)

20 : 500

’E IW ]ﬁ Wavelength (nm)




Més méginam atkartot interferences vilnisus CGMR fluoriscencé :
Opftica. 2017 ; 4(2): 222-228. do1:10.1364/OPTICA .4.000222.

Whispering-gallery-mode emission from biological luminescent
protein microcavity assemblies

Matjaz Humar'23 and Seok Hyun Yun’4~
(a) (b)

@ Coelenterazine

[ +]
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e 0

,qn_
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L : : . . b |
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Fig. 5. Cavity-modified bioluminescence. (a) Schematic of a polystyrene or glass bead coated with luciferase proteins. Upon addition of luciferin, light

is generated and coupled into WGMSs. (b) Bright-field image of polystyrene beads coared with luciferase (rop) and bioluminescence emission when CTZ is
added (botrom). Scale bar, 20 pm. (c} A representative bioluminescence spectrum from a luciferase-coated bead. The spectral peaks of WGMs are fitted 1o
theory to determine the mode orders and bead diameter. (d) The effective bead diameter measured over time. The standard deviation fluctuation (gray
area) is ~190 ppm.



Eksperiments ar spektrometru LU ASI
Rhodamine 6G krasvielas fluoriscence glicerina mikropiliena
redzama labi
Pagaidam periodisko strukturu spektra vél neizdodas ieraudzit
jamaina krasvielas koncentracija un piliena izméri jasamazina




Notiek zinatibas aprakstu un prototipu
dokumentacijas veidosSana

Resonator fabrication setup

T W 0 I

Hydrogen flame extrodar holdar with bar mount

Hydrogen flame extrodar holdar cap
V-grodve basa halder slider

W-groave base holder constant

Figure 1.

The resonator fabrication setup consists of 1 motorised stage for moving fiber, 2 microscopes from
different angles. hydrogen flame stage. Two CCD cameras and microscopes are used from different
angles to check if the resonator is spherical and to observe the fabrication process. One microscope
is set for a stationary top view with a relative small magnification and the other one is set in an
angle of 45 degrees to make sure that resonator is spherical and symmetrical. It is also built on a

Bar holder axtanded

slide stage to to easily observe the fiber in whole length.

The pulling stage is controlled by a DC motor with a constant supply voltage of 12 volts, and is

easily controllable in both directions by a MCU control unit with directional switches. The motor

drives the translation stage that pushes the fiber into the flame. and the delivered length is Frant table mourt

contralled by the nimber of motor stens or revolntione The workine nrincinle i< hased on



ERAF projekta darbinieki
LU ASI Kvantu optlkas Iaboratorua 2019.02.




	Slaids 1
	Slaids 2
	Slaids 3
	Slaids 4
	Slaids 5
	Slaids 6
	Slaids 7
	Slaids 8
	Slaids 9
	Slaids 10
	Slaids 11
	Slaids 12
	Slaids 13
	Slaids 14
	Slaids 15
	Slaids 16
	Slaids 17
	Slaids 18
	Slaids 19
	Slaids 20
	Slaids 21
	Slaids 22
	Slaids 23
	Slaids 24

