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* Par projektu

Projekta nosaukums: Jaunu
cukstosas galerijas modu
mikrorezonatoru izstrade optisko
frekvencu standartu un biosensoru
pielietojumiem, un to raksturoSana
ar femtosekunzu optisko frekvencu
kemmi.

Projekta numurs:
1.1.1.1/16/A/259

Projekta merkis: jaunu zinasanu-
zinatibas iegisana CGM
rezonatoru izstradé, stabilizésana
un modeléSana, un rezonatoru
izmmantosana biomolekulu
detektésSanai, tadéjadi atbalstot
Latvijas Viedas specializacijas
meérku sasniegSanu, zinatnes un
tehnologiju cilvekkapitala attistibu
un jaunu zinasanu radisanu

* Projekta vaditajs: J. Alnis

* Projekta administrativais

vaditajs: |. Brice

* Projektu realizé LU ASI kvantu

atﬁli)atsl éaB lgcl;jaé?(%\a galvenie

rezultati: 4 publikacijas, 3
zinatibu apraksts, 1 licences
llgums.

Paredzéti 9 konferencu
apmeklejumi un 6 zinatniskas
vizites

Projekta istenosanas laiks:
01.03.2017. - 30.08.20109.



Darbinieki

* Vadosie pétnieki
- J. Alnis
A. Atvars
R. Viter

 Zinatniskie asistenti

|. Brice

* Dabaszinatnu laboranti

K. Grundsteins

i B3 ,
A. Pirktina Projekta dalibnieku kopbilde 2017. gada
A. A. Ubele H. Baumanis aprilis.



Projekta budzets
* Projekta kopejas 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
neatbilstosi veiktie 50.00 EUR

lzdevumi MP4 - 19 164.77 EUR
lzdevumu MP5 - 38 392.16 EUR

lzdevumi MP6 84 367.70 EUR:

Darbinieku algas: 39 397.10 EUR
lepirkumi: 9 100.41 EUR
leguldijums natura: 4 100.72 EUR
Vizite uz ASV: 14 895.88 EUR
NetieSas izmaksas 16 873.59 EUR



Projekta budzets

* Projekta kopejas izmaksas: 648 252,61 EUR, to skaita
ERAF finansejums (85%) - 551 014,72 EUR.

- AM1 (06.03.2017) - 81 215.00 EUR
* Lidz 31.08.2017 deklaretas izmaksas 80 076.30 EUR
- AM2 (06.06.2017) - 71 266.25 EUR

* Lidz 13.12.2017 deklarétas izmaksas 68 244.41
EUR

- AM3 (15.11.2017) - 32 270.74 EUR

* MP6 jadeklare vismaz 3 049.58 EUR, kas ari tiks
izdarits

- Lidzfinansejums no Y5-227840-015 (22.01.2018.) -
3 606.00 EUR



lepirkumi

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

Materialu iegades iepirkums 2 (planots).
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Pieredzes apmainas vizite uz Losandzelosu ASV

16.05.2018. Sada

No 2018. gada 3. aprila Iidz 22. aprilim ERAF projekia Nr. 1.1.1.1/16/A/259 “Jaunu £uksto$as galerijas modu mikrorezonatoru
izstrade optisko frekvencu standartu un biosensoru pielietojumiem, un to raksturo$ana ar femtosekunZu optisko frekvencu
kemmi” ietvaros LU ASI Kvantu optikas laboratorijas darbinieki devas uz LosandZelosu ASV.

Galamérkis — Losandzelosa - tika izvéléts, jo Kalifornijas tehnologiju institita (Caltech) vairakas zinatnieku grupas ir iepriekd nodarbojusas ar CGM
mikrorezonatoru pétisanu, un Prof. Kerijs Vahala vl joprojam ir viens no nozimigakajiem lideriem 3aja joma. LosandZelosa atrodas arl Dienvidkaliformijas
Universitate (USC), kur darbojas Andrea Armani, Kalifornijas Universitate (UCLA) un NASA Reakiivas kustibas laboratorija (JPL).

Vizites mérkis bija uzzinat par aktualititém pétijumu virzienos mikrorezonatoru joma. Vizites laika bija tikSanas ar Prof. K. Vahalu un citem zinatniekiem, kuri aktivi
darbojas mikrorezonatoru pétniecibas laucina.

Vizite devas pieci darbinieki no LU ASI Kvanru optikas laboratorijas — vadoSie petnieki J. Alnis un A. Atvars, zinainiskd asistente |. Brice un laboranti K.
Grundsteins un A. Pirktina. Grupai bija iespéja Caltech Vahala grupa diskutét ar Prof. K. Vahala par svarigakajam CGM témam, iepazities ar grupas locekiu Dr.
Myong Gun Sun, Dr. Xu ¥i un Dr. lvanu Grudinina projektiem par mikrorezonatoru pétijumiem un to izmanto$anu frekventu kemmes genergsanai, ka ari
iepazistinat Vahala grupu ar darbibam, kas 5aja joma notiek Latvija, un apspriestas turpmakas sadarbibas iespégjas. Bija iespéja izstudét eksperimentalas
iekartas, pieméram, Skiedras stiepSanas staciju, frekventu kemmes iegSanas stendu, paraugu uzglabaSanu paaugstindta spiediena kameru, lai uz tiem
nenonaktu putekli utt. Caltech notika ari pieredzes apmainas diskusija ar Prof. R. C. Flaganu par mikrorezonatoru izmantosanu biomolekulu detekt2Sanai, kas
iepried sadarbojas ar Vahalas grupu un Armani koigd projekta par CGM biosensoru pielietojumiem izpéti. Papildus Caltech tika apmeklétas ar Prof.
H. J. Kimbla Kvantu optikas laboratorija, kas nodarbojas ar nanorezonatoru un Cs atomu mijiedarbibu ar perspektivu kvantu skaitlo3ana, un Prof. M. Okumura
vadita grupa, kur tiek veikti rezonatoru dzives laiku petijumi, kas saistiti ar rezonatoru Q fakioriem.



http://www.lu.lv/cgm/

Pieteikta daliba konference

Brauks un prezentes par CGMR J. Alnis un A. Atvars.

ece PhotonicSweden  12-14 Sept. 2018
Northern Optics & Photonics 2018 canference, Lund
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CGM rezonatora ar ZnO parklajumu
modelesana
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parklasanu ar ZnO biosensorie

25 CGMR bumbinas (diam 0.3-0.5 mm) uzkauséti

no vienmodas skiedras
Polija parklatas ar ZnO nanoparklajumu,
izmantojot iztvaicésanu vakuma (ALD).

Dazads ZnO parklajumu biezums:
5nm, 10nm, 20 nm, 50 nm, 100 nm.
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Tiribas problemas

Putekli, sporas, ziedputeksni
|lzgatavosanas laika nepieciesama filtréta gaisa kaste

Nepieciesams apvalks ka elektronikas komponentém

125 mikronu diam. skiedras parklasanas ar mikrodalinam laboratorijas
apstaklos.




CGMR rezonatoru izgatavosanas uzlabosana

Uzlabojot tirisanu un tirtbu izgatavosanas laika LU ASI marta

sasniegts augsts rezonansu labums Q=108, kas atbilst pasaules
[imenim.

WGMR signal

Q=3ES8

50 MHz FSR fiber

a) 0.5 mm diameter SiO, microsphere with prism

coupling of the light. On the right lower side periodic
circle structure is visible by excitation of a higher
transversal order WGM mode.

b) A resonance with Q=3E8 and 50 MHz
interferometer waves for the laser scan calibration.




ERAF projekta zinatniskas grupas vizite ASV
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Prof. Kerry Vahala grupa Caltech

PEOPLE Visiting Associate Post Doctoral Scholars

b

Professor Karry Vahala JlangLl Myoung-Gyun Suh

Graduate Students

Yu-Hung Lal

Heming Wang

QifanYang Boglang Shen

Caltech - ala Ressarch Group

MailCode: 128-96 1200 E California Blvd, Pasadena CH 91126




ng & Prof. Kerry Vahala

: | anl, Tobias J. Kippenberg, Sean M. Spillane, Andrea L, Martin, Lan Y,

Recent Advancements
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Solitonu = 4007

mikrokemmes
CGMR

300 +

Single soliton
200 -

Modulation
instability
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Prof. Vahala publikacijas: =5 0 5 10 15 20
M. Suh, Microresonator soliton dual-cdiffaized effective detuning A
spectroscopy, Science 2016 - Citets 84
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M. Suh, Soliton Microcomb Range
Measurement, arxiv.org , 2017.
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Myoung-Gyun Suh, Kerry Vahala
Dual-soliton generation setup LIDAR setup
Circulator 50/50 Circulator

) >
) a. = )
Fiber
A Collimator Target Mirror
CW laser EDFA OSsA .: ) Oscilloscope
CCW Soliton g0/10 PD
roul-5—0 | O 3
QO Cireulator o~ | O~ eaes >

Ser@

Feedback Loop PD



Prof. Vahala SiO, ¢ipu CGMR izgatavosana
Caltech tirtelpa.




Eksperiments ar SiO, CGMR
mikrorezonatoru

frekvencu kemmi

Prof. K. Vahala grupa.
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Tirtelpas nodalijjums virs galda un trapecveida
skiedras skiedras stiepsanas stacija Prof. K.
Vahala grupa.




Armani Research Lab

iterbi School of Engineering  University of Southern California

O ERWEW REZEARCH PUBLICATIOME ~ GROUP MEMBERS ~ ADWICE ~ #EMGH ~

The over-arching mission of the Armani research lab is to develop advanced materials and Recent Publications
integrated optical devices that can be used in portable disease diagnostics and
telecommunications.

&

Power (dBm)

A&, Hudnut, L. Lash-Rosennerg A Hin |. Leal Dodlado, C. Zurita-Logez,
0. Wang & hd. Armani "Role of extracellular matrix in the
biorechanical behavior of pancreatic tissue”, ACE Biomateriaks
1400 1500 1600 1700 Science & Engineering (2018). in press

< Wavelength (nm) ©

H.5hen R, Casvro-Behean . hd. Dien. 5. Sohkani & bl &cmani "Lowe



USC, Prof. Andrea Armani, CGM parklajumi
biosensoriem
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Dazadu krasu diozu lazeru stends. Prof. A.
Armani grupa.

Lazeru gaisma tiek ievadita
vienmodas optiskas Skiedras un
novadita uz CGMR
eksperimentiem




CGM mikrorezonatoru testésanas stends ar
trapecveida skiedras gaismas ievades metodi
Prof. A. Armani grupa.
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CGMR paraugu uzglabasana sausa N,
atmosfera
Prof. A. Armani grupa.




Liesmas kausesanas stends tapered fiber
izgatavosanai Prof. A. Armani grupa.




CO, lazerkausesanas stends Prof. A. Armani
grupa.




Kimijas laboratorija CGMR virsmas parklasanai
biosensoriem Prof. A. Armani grupa.
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Kalifornijas Universitate Losandzelosa

University of California Los Angeles ~ 45 000 studenti
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UCLA ENGINEERING

Electrical and Computer Engineering




Prof. Chee Wei Wong, (SCOPUS - 360 documents, H-index: 32;
annual number of publications since 2008: 25)

Professor of Electrical and Computer Engineering

Fang Lu Mesoscopic Optics and Quantum Electronics Laboratory
& Faculty Executive Committee, School of Engineering.

Sc.D. MIT 2003,

M.Sc. MIT 2001

B.Sc. and B.A. UC Berkeley 1999.

Mesoscopic Optics and Quantum Electronics Laboratory
ThE Tearn Yoo Seung Lee Murat Can Sarihan

Jiahul Huang Abhinav Kumarh"ncrd . ﬂ

Jaime Flor Flores  Xiang Gheng

‘Yoon-Soo Jang Jin Ho Kang

Susu He

Jln'ﬁang Lim

Qingsong Bai _ Brandon
. Busbee
' I
=0
Drew-Derrick -
Mendinueto

—
Kal Chi Chang Hyunbil Boo Jlangu Yanhaomang Zhangji Zhao

AR

Optics and Quantum Electronics Laboratory
http:/loqe.ee.ucla.edu reeAr (L)/ 310-206-8452 (0)
Ted: 917-657-5306 (emorgancy)

. Tianci Song

Wong




Prof. C.W. Wong grupas ultrastabilo CGMR
rezonatoru salidzinajums ar J.Alna 2008.9.
__—OL\,/\ zultatiem
nature \ =
COMMUNICATIONS s

| .

Chasing the thermodynamical noise limit in
whispering-gallery-mode resonators for ultrastable Bavaas = 100Hz
laser frequency stabilization i

Jinkang Lim', Anatoliy A. Savchenkov?, Elijah Dale?, Wei Liang?, Danny Eliyahu?, Viadimir llchenko?, ]
Andrey B. Matsko?, Lute Maleki¢ & Chee Wei Wong!
Here, we show the noise characteristics of whispering- LI T T

—2,000 1,000 O 1.{3::10 E,E;DU
gallery-mode resonators and demonstrate a resonator Frequency (Hz)
stabilized laser at this limit by compensating the intrinsic

thermal expansion, allowing a sub-25 Hz linewidth and a
32 Hz Allan deviation.

I LT

14. Alnis, J., Matveev, A., Kolachevsky, N., Udem, Th & Hinsch, T. W. Subhertz
linewidth diode lasers by stabilization to vibrationally and thermally compensated
ultralow-expansion glass Fabry-Pérot cavities. Phys. Rev. A 77, 053809 (2008).
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Prof. Wong grupas CGMR gazu sensors

LFETTER ,_I;‘;- pubsacs.orgManolett

Graphene-Enhanced Brillouin Optomechanical Microresonator for
Ultrasensitive Gas Detection

Baicheng Yacr,*'T'*‘E Caibin Yu:ET Yu Wu,e Shu-Wei Hua.tlg,* Han ".-"I-Tu;r Yuan Gﬂn.g,T‘” Yuanfu Chen,J'
Xudong Fan," and Yunjiano Ran*

Yanrong Li,J' Chee Wei Wong,
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Prof. C.W.Wong laboratorija

6 rindas ar optiskiem galdiem




Prof. C.W.Wong laboratorija

Gaismas ievade un savaksana Si ¢ipa CGMR parauga ar lensed fiber







Spin-off firma OEwaves komercialize kristalu
CGMR DFB lazerus

Nevareja mus pienemt, jo strada pie aizsardzibas projektiem.
ledvesma ERAF rezultatu komercializacijai.
NAtUrc -
COMMUNICATIONS ., . 2015

Ultralow noise miniature external cavity
semiconductor laser

W. Liang', V.S. lichenko', D. Eliyahu', A.A. Savchenkov!, A.B. Matsko!, D. Seidel' & L. Maleki’
"OEwaves Inc., 465 North Halstead Street, Suite 140, Pasadena, California 91107, USA.

Collimating
lens




J. Alnis uzstajas ar prezentaciju Prof.
C.W.Wong grupas seminara par petijjumiem
Riga ar CGMK rezonatofriefiE




NASA reaktivas kustibas laboratorija

The Jet Propulsion Laboratory is a unique national research facility that carries
out robotic space and Earth science missions.

JPL helped open the Space Age by developing America's first Earth-orbiting
science satellite, creating the first successful interplanetary spacecraft, and
sending robotic missions to study all the planets in the solar system as well as
asteroids, comets and Earth's moon.

In addltlon to its missions, JPL developed and manages NASA's Deep Space
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Dr. Ilvan Grudinin

PhD Caltech (2008), SCOPUS publications - 53, Hirsch index - 18,

Quantum Science and Technology” group at
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http://quantum.jpl.nasa.gov/
http://quantum.jpl.nasa.gov/
http://www.jpl.nasa.gov/
http://grudinin.com/

Kristalisko CGMR forma frekvenéu kemmju
platjoslas generesanai

Vol. 2, Mo. 3 / March 2015 / Optica 22 J

Dispersion engineering of crystalline
resonators via microstructuring

Ivan S. GrupiniN®* anD Nan Yu

Jet Propulsion Laboratary, California Institute of Technology, 4800 Oak Grove Drive, Pasadena, California 91109, USA
‘Cormesponding author: grudinin@pl.nasa.gov
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Kristalisko CGM rezonatoru pulé$anas stends I.Grudinina lab.
Darbs zem optiska mérmikroskopa.




Kristalisko CGM rezonatoru izgatavo$anas stends

1.Grudinina lab.
Virpai ar saspiesta gaisa gultni ir mazas vibracijas tikai ap 50 nm.

i




C It Division of Biology
a ec and Biological Engineering

Lior Pachter

Bren Professor of Computational Biology and Computing and
Mathematical Sciences

B8.5., California {nstitute of Technology, 1994, Ph.0., Massachusetts
tnstitute of Technology, 1998, Bren Professorn Caltech, 20717-.

Research Areas: Biclogical Engineering; Computational
Mathamatics, Developmental Biology and Genetics: Systems
Biology

Open source syringe pumps and Raspberry Pi microscope

https://github.com/pachterlab/poseidon



Secinajumi pec ASV komandejuma

Komandeéjuma ERAF projekta dalibnnieki ieguva unikalu pieredzi par petniecisko darbibu
ASV CGMR joma, kas noderés ievieSanai Latvija ERAF projekta.

ASV grupas zinaja par J. Alna CGMR publikacijam Vacija par mikrorezonatoru stabilizaciju
MPQ pie T. HenSa un T.Kippenberga un bija atvértas apspriesanai par eksperimentu un
modelésanas detalam.

Laboratoriju apmekl&jumu laika ieglta loti nozimiga informacija par CGMR izveidi,
testéSanas apstakliem un “zemudens akmeniem” , kas palidzés laboratorijas iekartoSanai
LU ASI.

ST brauciena laika nedriksté&jam patstavigi stradat laboratorijas darba drosibas likumu dél
(tirtelpas, biohazards, bez darba liguma,).

ASV grupas specializéjas katra uz savu unikalu CGMR rezonatoru izstradi un
pielietojumiem.

Darbs laboratorijas norit parsvara ar standartaprikojumu: New Focus Velocity lazeriem,
vienmodas optiskam skiedram un Thorlabs optikas turetajiem. Pastaisiti tiek trapecveida
optisko gkiedru vilk&anas un rezonatoru kause$anas stends un pulésanas stends.

Pétniecisko darbu “uz priekSu bida” doktoranti un pécdoktoranti. Bakalauranti nav to
patstavigi darit .

ASV fiziki iet stradat IT nozaré lielaku algu dél un fizika pétniecisko darbu strada daudz
kinieSu un korejiesu.

LU ir nereali sacensties ar lielam ASV universitatem, kuru kampusos ir ap 50 majas. Ir
jasadarbojas.

Tika apspriestas iespéjas turpmakai sadarbibai un kopigiem projektiem, bet tad kadam
jabrauc uz ASV piedalities eksperimentos, ka tas notiek piemeram no LU lazercentra.



3D printetl slirces pumpji ASli
un trapecveida skiedras vilkSanas stacijas
projektesana
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