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roject title: Development of novel
WGM microresonators for optical
frequency standards and biosensors,
and their characterization with a
femtosecond optical frequency comb
Project number: 1.1.1.1/16/A/259
Project aim: to acquire new
knowledge of know-how in design,
stabilizing and modeling of the WGM
resonator, and the detection of
biomolecule using the resonator, thus
supporting the objectives of the
Latvian Smart specialization, scientific .
and technological development of
human capital and the creation of new
knowledge for economy to improve
competitiveness.

About Project

‘Project Manager: . Alnis

‘Project Administrative
Manager : |. Brice

*The project is realized by UL IAPS
Quantum optics laboratory

Main results planned for the
project: 4 publications, 3 know-
how descriptions, 1 license
agreement

9 conference visits and 6 scientific
visits are designated

Project period: 01.03.2017. -
30.08.20109.

ERDF project Nr. 1.1.1.1/16/A/259



Project Budget

Total project cost: 648 252.61 EUR, including the
ERDF (85%) - 551 014.72 EUR.

 1st Advance Request 64972 EUR

 Expenditure on salaries 26,487.07 EUR + 25% of
indirect costs. Total 33,108.93 EUR

« 2" Advance request 71 266.25 EUR (ongoing)

ERDF project Nr. 1.1.1.1/16/A/259



« COMCOL Multhipysics software procurement.
a) Announced 27.04.2017. IUB. LU specification.
The project required procurement section was
paused due to the new software version of
COMSOL was released on 25.4.2017. and the
clarificaton of the procurement rules is needed,;

 Purchase of materials procurement 1. (under
development)

* Instrument rental procurement. (in developement)

ERDF project Nr. 1.1.1.1/16/A/259
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Employees
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* |eading researchers
- J. Alnis
- A. Atvars
- R. Viter

* scientific assistant

- |. Brice

* |laboratory assistants

Project team group photo (april 2017).

- K. Grundsteins
- A. Pirktina

- A A Ubele ERDF project Nr. 1.1.1.1/16/A/259
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Project title: Development of novel WGM microresonators for optical frequency standards and biosensors, and their characterization with a femtosecond optical frequency comb

Project aim: to acquire new knowledge of know-how in design, stabilizing and modeling of the WGM resonator, and the detection of biomolecule using the resonator, thus supporting the objectives of the Latvian
Smart specialization, scientific and technological development of human capital and the creation of new knowledge for economy to improve competitiveness.

Project period: 01.03.2017. - 30.08.2019.

Brief description of the project summary
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"ERAF projekts Nr. 1. 1. 1. 1./16/A/259" - £ WWW.LU.LVICGM

IEPIRKUMI
Sakums >  lepirkumi

RAR PROJEKTU FAR CGM REZULTATI PUBLICITATE ATSKAITES

KVANTU OPTIKAS LABORATORIIA

lepirkumi

ainas veikias:

1. Comsol datorprogrammas iepirkums

a) Izludinats 27.04.2017. IUB. LU specifikacija. Projektam vajadziga iepirkuma sadala tika partaukta sakara ar jaunas COMSOL programmatiras versijas iznaksanu 25.04.2017. un lidz ar to nepiecieSamibu precizét
iepirkuma nolikumu;

2. Materiali legades iepirkums 1. (izstrades stadija)

3. Instrumentu nomas iepirkums. (izstrades stadija)

I f t .
bsite i
Cukstogo galeriju modu (CGM) rezonatori ir izpelnijuSies ipasu pétnieku uzmanibu savu unikdlo Tpasibu dél. CGM veidojas gaismai atstarojoties no ieliektas virsmas, un modas trajektoriju rezonatord var
iedomaties ka vienadmalu daudzstiri, ko ierobeZo ta virsma. Rezonatora geometrijas simetriskas prasibas ir vienkarSi apmierinat, jo nepiecieSama vai nu sfériska simetrija (mikrosféra, mikroburbulis), vai art
cilindriska simetrija (mikrodisks, mikrogredzens, mikrotoroids). Ta ka CGM rezonatora rezonanses frekvence ir atkariga gan no ta izméra R, gan refrakcijas koeficienta n, tad nelielas izméra izmainas AR vai re u ar
refrakcijas koeficienta izmainas An rada ieverojamu rezonanses frekvences modas nobidi AX. ST augsta jutiba paver iespéju CGM rezonatorus izmantot dazadiem pielietojumiem, gan ka filtrus, gan ka lazeru
rezonatorus, gan ari kd sensorus.
refreshed.
] ! )
A ha
urcnases section
Lai praktiski pielietotu mikrorezonatorus, ir nepiecieSamas efekiivs veids ka gaismas staru ievadit rezonatord. Viens no veidiem ka saparot gaismu ir izmantot prizmu ar lielu lauSanas koeficientu. Gaismas stars
nonak prizma un pilnigas iekS&jas atstarosanas del atstarojas no prizmas virsmas. Tomér gaismas elekiromagnéfiskais lauks nedaudz izspiezas arpus prizmas un var parklaties ar gaismas lauku, kas izspiezas
arpus rezonatora. W
. f t .

about WGM

L]
Attéla pa kreisi redzams, ka ar prizmas palidzibu sfériska stikla lodé, kuras diametrs ir 6 cm, ievadits |3zera stars. Spido3a zala josla lodes vidQ tad arf ir CGM. Atté13 pa labi tika atkartos eksperiments ar ertte I l °
ievérojami mazaka izméra lodi, kuras diametrs ir tikai aptuveni milimetrs.

Intensity
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Projekta numurs: 1.1.1.1/16/A/259

Jaunu cukstosas galerijas modu mik
izstrade optisko frekvenc¢u standartu un
pielietojumiem, un to raksturosana ar

optisko frekvenc¢u kemmi

Projekta mérkis ir: iegut jaunas zinasanas Cukstodas Galerijas Modu (CGM

izstradé, stabilizé3ana un modelé3ana, un rezonatoru izmantofana
detektésanai.

Finanséjuma sanéméjs Latvijas Universitate

Projekta realizésanas laiks 01.03.2017 - 30.08.2019

NACIONALAIS A a
ATTISTIBAS il
PLANS 2020 pas Rex

e ———

TEGULDIIUMS TAVA l.w

ERDF project Nr. 1.1.1.1/16/A/259

Informative plaque
and poster for the
project can be
found at UL IAPS.
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At the University
website news
section an article
about the

FOTONIKA-LV
CXXXVI
colloquium was
published, invitin
to the Report of
the progress made
in the first three
months.



Development of nhovel WGM
microresonators for optical frequency
standards and biosensors, and their
characterization with a femtosecond
optical frequency comb

2. Overview and experiments

Janis Alnis Research Manager

Romans Viters Senior researcher

Aigars Atvars Senior researcher

Inga Brice Phd student

Karlis Grunsteins master student

Alma Ubele / Antons Pribitoks bachelor
student

Andra Pirktina bachelor student

1. WGM resoantor development and
modelling.

2. WGM optical standard stabilized on Rb.

3. WGM for biomolecule detection.

NATIONAL »
DEVELOPMENT _
30.05.17. PLAN 2020 ""

LU ASI
J. Alnis INVESTING IN YOUR FUTURE
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WGMR biosensor, light coupled using optical fiber

We are planning something similar. R. Viter will be coatings WGMRs with
antibodies.

Photodetector,
records intensity

Intensity
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® Analyte
Tapered fiber
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wavelength
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F. Vollmer Nature 2008



WGM biosensor experiment
We will repeat during ERDF. R. Viter will deal with biological parts and coatings.

Whispering Gallery Mode Resonator Biosensors

. — o 8 ? : -I
|r b . s, / & f I
I
I
I
I
I
l ]
I Waveguide
I 1 - .
FRESE RS SRR " b { ‘-n.‘__ ,{'}_._.._....__. FIDW
™ Microsphere

Book by Frank Vollmer



WGMR biosensors, light coupled using a prism
We will make during ERDF. R. Viter deal with biological parts and coatings.

c ™
E

-~

b}

-]

=

£

=

) |

779.970 779.975

A (nm)
F. Vollmer Nature Nanotechnology 201



We will start with a glass or quartz ball melting at
the IAPS glass blower workshop. A. aAtvars, J. Alnis.




Grinding stand for CaF, un MgF, WGMRs

J.Alnis et al, Phys Rev. A 2011, I.Feschenko et al.Opt. Expr. 2012

We will make it in LV during ERAF. . Alnis, l.Brice.




CaF, un MgF, GWMRs for stabilizing lasers
J.Alnis et al, Phys Rev. A 2011, l.Feschenko et al.Opt. Expr. 2012

We will make it in LV during ERAF. . Alnis, l.Brice.




WGMR thermal drift prevention by using the Rb atom
lines

We will make it in LV during ERAF. . Alnis, l.Brice.

Title: OPTICAL ATOMIC CLOCK
Patent

WO 2015/143048 A1l
(24.09.2015)

OEwaves inc. USA

Rb saturation

[ atomic |}
{ refarence }

[
i

fs frequency
comb

Y

A Beat note



Good and bad qualities of the WGMRs

+ Can be hand-made

+ No mirror coating necessary

+ High Q factors - long ring-down lifet
+ Compact - optics on chip, space app

- Prism coupling - hard to align
- Tapered fiber coupling - brittle
- Surface degrades

%

Light lifetime

T 5 mm CaF2 WGMR
NN Jj l'li! l1I| lr ;@m SR S ey

Try lithography grating production on WGM surface for light

incoupling?



. Report at the conference
Open Readings 2017

60TH INTERNATIONAL CONFERENCE

FOR STUDENTS OF PHYSICS AND
NATURAL SCIENCES

TOWARDS WGM RESONATOR STABILISED ON RB 55-5P TRANSITION

LINES
Inga Brice, Antons Pribitoks, Janis Alnis

[nstitute of Atomic Physics and Spectroscopy, University of Latvia, Riga, Latvia
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Report at the conference

13th International Young Scientist conference

Developments in Optics and
Communications 2017

Riga, Latvia, April6 -7, 2017

P03 Andra Pirktina
Estimation of optical fiber melting temperature from the Planck’s
law using a grating spectrometer . . . . . ... .. ........ 18




Intensity, counts
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Prototype equipment assembly and adjustment for
coupling the green laser light onside the WGMR.

w2




Whispering gallery modes inside a large spherical
resonator,
d=6cCcm
 If the light is coupled
without a prism, points of
total internal reflection can
be observed.

« We made sure that we can
couple the light through the
prism surface. Red
fluorescence was observed
after smearing the surface
with colored marker.
Important fact, he light
passes through the surface
iInstead of inside the volume.

 Recorded a Youtube video

https://
www.youtube.com/watch?v
=]7MxQRNx8-U



https://www.youtube.com/watch?v=j7MxQRNx8-U
https://www.youtube.com/watch?v=j7MxQRNx8-U
https://www.youtube.com/watch?v=j7MxQRNx8-U

Whispering gallery modes inside a small spherical
resonator, d = 1 mm

After using the big sphere we switched to coupling the light in a small
Sphere that was made by melting an end of an optical fiber.

This resonator was obserwed using and USB microscope and computer.

A video was recorded. Green laser light from laser and a glare of the
Resonater can be seen.

https://www.youtube.com/watch?v=EEZH]D8272M



https://www.youtube.com/watch?v=EEZHJD82Z2M
https://www.youtube.com/watch?v=EEZHJD82Z2M
https://www.youtube.com/watch?v=EEZHJD82Z2M

We studied a variety of optical microscope resolution and
working distances:

USB microscope,
medical microscope,
jewelers microscope

electronics microscope.

The challenge to overcome is that the microscope lens
scould not be close to the sample. We need at least 1 cm
gap, because we want to look under the microscope
while manufacturing the resonator and through the
window of an vacuum camera.

The conclusion: a calibration object is necessary with
10 ... 1 micron structures.
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“Development of novel WGM microresonators for optical frequency
standards and biosensors, and their characterization with a
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Report for the first three months
3. Theory and Modelling
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Figure 1.2: Spectra of Whisperring gallery mode sphere https://sites.ualberta.ca/
~ameldrum/science/scienceda.html



Whispering gallery mode
microresonator

d
Photodetector,
records intensity

Intensity
%
: >
HP .
pnnavarst®

1311.012 1311.016
Wavelength (nm)

YW

Yylyy

Shift A4, (nm) g Oe

- XN

Laser, tunes
wavelength

Time




ompone

e: Electric field, z ¢

2,9979E14 Hz Surfac

0 m freqil)

pi1)

nt (Wim)

nt (Wim)

mpone
T

2.9979E14 Hz Surface: Electric field, z co

0 m freq(l)

pil)

) ‘w\\‘_....
m\xﬂ\ P
g onmsnsasn
\m\...o-.ol.

-

T

s TARARARIRES
EERL LT B R L L

RARNRERsRY RS
LR LT T
ReRrBeBannn
AR AL A I 1
AL AL A L))
LRR L L) I
LA AL A0

. 1L L

N
%

11 Hm

10

1
11 Hm

10

Light coupled to the micro resonator using a prism. Images

obtained with COMSOL Multiphysics program.



theta(15)=1.1574 freq(1)=2.9979E14 Hz Surface: Electric field, z component {(%/m)

Lm T T T T T T T T theta(l15)=1.1574 freq(l)=2.9979E14 Hz Surface: Electric field, z component (\W/m)
10} 1 m
10
9 |
g o L] . \ L ar
gl . R N \ 3\ 7
/ ; '.a.t '\ . \ gl
/ grEsRRR \ N\ \
ir ¢ p sETEeBRAN ]
l.lllllti'\\ \ 7+
6L ALl T 0 )
AL R LY X Y Y
lliillll.ltitl" 61
5F ST T ITTTTY FTIT IT PT T T S 4
5 -
4 = -
4 -
3+
3
2+ oL
1r- 1k
or ok
2 0 2 4 6 g 10 Hm 2 0 2 4 6 8 10

Light propagation. Images obtained with COMSOL Multiphysics
program.



radius=1.464E-6, height2=2 928E-7 Surface: Electric field, z component (V/m)
I : : : : I : : : radius=1.464E-6, height2=1.0248E-6 Surface: Electric field, z component [V/m)
‘um i T T T T T T T ]
0.9 15
0.8 0.9F 7 1.5
0.7 0.8F b
0.6 ] 1 0.7 1
0s | 0.6 - 1
0.4k 1 0.5 i
0.3 i 0.5 0.4F 7
0.3 | 0.5
0.2F E
0.2
0.1k 1
V] 0.1F
orF 1 0
0_
-0.1F E
_0_1_
02r ] 0.5 0.2
0.3k | ' ' -0.5
’ -0.3F o
0.4+ 0.4l |
-0.5F 1 -1 -0.5F g -1
0.6- ) -0LBF 1
-0.7F 1 0.7¢ i
0.8k 1 -1.5 0.8} -1.5
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5.2 -5 4.8 4.6 4.4 4.2 -4 -3.8 -3.6 -3.4 Jrn 5.2 5 4.8 4.6 4.4 4.2 -4 -3.8 -3.6 -3.4 e

Light propagation inside an optical fiber with different diameters.
Images obtained with COMSOL Multiphysics program.
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Development of nhovel WGM
microresonators for optical frequency
standards and biosensors, and their
characterization with a femtosecond
"‘ optical frequency comb
. Development of biosensors

Roman Viter

Senior researcher
Institute of Atomic Physics and Spectroscopy, University of Latvia,
Riga, Latvia

roman.viter@lu.lv
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WP3

B _Literature analysis

" .Development of resonators on
optical fibers

" .Development of nanomaterials as
optical transducers and their transfer
on WGM resonators

" -Functionalization of the biosensor
surface

" -Biosensor testing



Chemical growth of ZnO nanorods on WGM
resonator, based on optical fiber

Hydrothermal Synthesis of ZnO

Step 1: Plasma cleaning of FTO glass

» Deionised water-isopropanol

Zinc acetate+lsopropy

Spin coating Anneal at 350°C-2hrs

Precursors solution

Hydrothermal growth




SEM of ZnO NRs on WGM
resonator
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Nanospheres lithography




S4800 5.0kV 7.4mm x150 SE(M)
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Next steps

" Deposition of thin metal oxide films over PS
microspheres

" Deposition of metal oxide nanolaminates over
WGM resonators

® Coating of thin layers on internal surfaces of
quartz capillaries

" Fabrication of microresonators using
lithography

B Structure and optical characterization

" Preparation of paper draft on new coatings for
WGM biosensors
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