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

Projekta 9. atskaite par paveikto perioda

|. Brice
01.03.2019.- 31.05.2019. | Brice
R. Vitc_ar.
NACIONALAIS EIROPAS SAVIENIBA U AlNIS
ATTISTIBAS Eiropas Regionalas
PLANS 2020 attistibas fonds
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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
iegUsana CGM rezonatoru izstrade,
stabilizéSana un modelésana, un rezonatoru
izmantosana biomolekulu detektésanai,
tadéjadi atbalstot Latvijas Viedas
specializacijas mérku sasniegSanu, zinatnes
un tehnologiju cilvékkapitala attistibu un
jaunu zinasanu radisanu tautsaimniecibas
konkurétspéjas uzlabosSanai.

*Projekta vaditajs: . Alnis

*Projekta administrativais
vaditajs: |. Brice

*Projektu realize LU ASI kvantu
optikas laboratorija

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

Paredzéti 9 konferencu
apmeklejumi un 6 zinatniskas
vizites

Projekta istenosanas laiks:
01.03.2017. - 29.02.2020.



Darbinieki

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

 Zinatniskie asistenti

* Laboranti Kvantu optikas laboratorijas kopbilde 2019. gada
februaris.

K. Grundsteins

K. Draguns



Projekta budzets

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

e |zdevumi MP1 - 33 108.93 EUR * |lzdevumu MP6 - 84 367.70 EUR
« Izdevumi MP2 - 46 967.37 EUR * |zdevumi MP7 - 78 512.16 EUR
* |zdevumi MP8 - 34 725.76 EUR

* Jzdevumi MP3 -
_  pieprasiti 50 218.34 EUR lzdevumi MP9 - 50 197.04 EUR

—  apstiprinati 50 168.34 EUR ° lzdevumi MP10 - 78 897.21 EUR
e |zdevumi MP4 - 19 164.77 EUR — Periods 01.01.2019.-31.05.20109.
* lzdevumu MP5 - 38 392.16 EUR



lepirkumi

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

* Materialu iegades iepirkums 2 (procesa):
- biokimisko materialu iegade 2 (procesa)

- dazadi materiali izpétes stendu izveidei (optika,
mehanika, elektronika, materiali u.tml.) 2 (izpildits)



Sasniegtie rezultati

Nr.

2.1.

3.1.

Raditaja nosaukums

Zinatnisko rakstu skaits, kuru izstradei un publicéSanai
sniegts atbalsts projekta ietvaros

Zurnalos vai konferenéu rakstu krajumos, kuru citéSanas
indekss sashiedz vismaz 50 procentus no nozares videja

citéSanas indeksa

Jauna produkta vai tehnologijas prototips

Tehnologiju tiestbas

Intelektuala fpaSuma licences ligumi

Privatas investicijas, kas papildina valsts atbalstu
inovacijam vai petniecibas un izstrades projektiem

dati), kas papildina rezultatu raditajos Nr. 2., 3.
minetos rezultatus

Citi féﬁjuma s_lpecifikai atbilstoSi projekta rezultz%ti gslé

Planota
vértiba

3

1

32412.63

41

Sashiegta
vértiba

0

0

31701.74

30

Mérvieniba

Zinatnisko
rakstu
skaits

Zinatnisko
rakstu
skaits

Prototipu
skaits

Skaits

Skaits

EUR

Skaits

Komentars

1 publicéts
1 iesniegts

1 iesniegts

Tiek raks_fi a tehniska
specifikacija



Konferenes/vizites

R. Viter devas vizite uz

Gdanskas Universitati Polija
* ar 1550 nm gaismas avotu dazadas
vidés ar dazadiem refrakcijas raditajiem
tika testeti CGMR
— parklati ar Au nanodalinam

— parklati ar PANI
* ar 785nm ierosmes avotu tika merita
ari virsmas pastiprinata Raman
spektroskopija
* Jauni CGMR parklasanai ar N-dopétam
nanodalinam




Konferenes/vizites

J. Alnis piedalijas konference par
atsevisku molekulu detektésanu
Single mOIeCUIe sensors and Single-Molecule Sensors and nanoSystems
nanosystems (S3IC) 3.-5. Apr. 2019. it TR
https://premc.org/conferences/s3ic2019/ sl

Prem{®}

Lrtwwom farn | VR
: find
T = Wwwpremc.org

Starpbrizos
izstade Organizators
vareja Prof. Frank Volmer
uzzinat par ir eksperts par CGM

jaunakajiem mikrorezonatoriem.
lazeriem.




Abstrakts
un plakats
no
konferences

Single
molecule
sensors and
nano-
systems

Whispering gallery mode resonance (WGMR) drift tracing
against the Rubidium atomic lines

Paster - Abstract [D: 241

Ms. Inga Brice ', Mr. Karlis Grundsteins |, Dr. Romean Viter *, Prof. Arunas Ramanavicius ®, Dr. Aigars

Arwars ', Dr. Janis Alnis '
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Whispering gallery mode resonance (WGMR) drift

tracing against the Rubidium atomic lines
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CGMR rezonatora Iiniju referencé3ana pret rubidija
atomu pareju, lai atbrivotos no lazera frekvences
nestabilitatem.



Atomic rubidium (Rb) vapour saturation spectroscopy at LU ASI

« 780 nm D, transition line in Rb

* PM fiber-coupled laser beam

e Large beam diameter 5 mm.

* Dual detectors (probe - reference)
 Mumetal magnetic shielding

* 7 cm long Rb cell from Thorlabs

* Measured linewidth 12 MHz

 Rb natural linewidth 6MHz

Stability measurements with a

ECDL Laser stabilization to femtosecond frequency comb (made by
a Rb saturation peak with a lock-in Menlo systems)
Rb87 Fg=2 Rubidium saturation 100
4 TP R | LR L L LLLY
F'=3 5 1 10 MHz 1
"% i \.\.Rb clock vs GPS L1
.% : llllll -\___._._'_-'. .
balanced :::8?2 'g | RhB?’saftr.allon Vs Rh.l:lnc.kJ' % -.\. .’(
saturation sig. ®© ~®. —_ '» | -
< ol bl 2 .\'\
10 .
MM\ T T T

lock-in signal for 1 10 100 1000
locking : time, s




Simultaneous scanning of the ECDL frequency over
the Rb saturation lines and WGMR resonances

AU NP coated
WGMR

Photodiode signals

17 267 MHz
MHz Rb §s - 5p saturated absorption

. _ Laser frequency sweeg . .
Saturation spectroscopy signals in Rb atoms around 780 nm recorded simultaneously with

resonances from a WGMR coated with Au nanoparticles.



Stability of the simultaneous scanning of the ECDL frequency

Resonance frequency drift, MHz

-100 o

-150 o

-200

Peak frequency determination

50

over the Rb saturation lines and WGMR resonances

and ECDL drift subtraction
using LabVIEW software

-50

Laser frequency drift

780 nm ECDL was used

1 with & 1200 IY'mm grating

and swept by a piezo

] ,'I'.d
Tl .
J Vil ,‘” M
can be efficiently subtracted w

1 by using a rubidium saturation signal peak

I I ! I
2000 3000 4000

Measurement time, s

I
1000

I
5000

Allan deviation frequency, MHz

o

A

Calculated Allan deviation
for peak drift signals without
and with Rb saturation

Time interval, s

] T T m - L

1 Rb 780 nm line including laser drift o T aanm,

1 WGMR line including laser drift . - -

|
[ |
- [ |
u
-m
L L
L u
Bl "
: i o gEE .-
L [ ]
[ ]
] - -
|
: o2F 2
; L n WGMR signal - Rb signal
il i ECDL drift is cancelled
Bl S Minimum 0.2 MHz 1... 3s.
1 10 100 1000




Results and conclusions of the method involving Rb lines

Laser scanning across a peak Laser Locking to a peak

A lot of time is spent outside the peak Useful signal is detected all the time

Useful photon collection is only during Better photon statistics
the peak crossing

Allows to record peak shape Better peak center frequency

determination

Referencing a laser to an atomic or molecular line allows to cancel
out laser drift to sub-MHz frequency level.

Single-molecule attachment detection to the surface of WGMR

requires a sub-MHz stability of the laser used during a few second
time scale.

More promising than Rb are molecular lines, for example, molecular
lodine lines being abundant in the red spectral region.



Activities

-Developed new setup for electrospray pyrolysis deposition.
-New set of samples of ZnO on WGMR

-Analysis of Au-WGMR sensor response to glucose



Glucose sensor

Yellow signal is interference
fringes, green - Rb saturation
spectroscopy and blue is the WGM
resonance specter (a) in air and no
resonance dips can be seen, (b)
WGM in buffer solution with
resonance dips, (c) and (d) in
glucose solution where resonances
drift in time to the left.

10000 A
%000 A
A
AKX
8500 *e * A B Peak 1

u
gooo fmmy "¢ A + Poak 2

[ | L 4
7500 u * A Peak 3
7000 m A

6500 A Peak 4

6000

0O 10 20 30 40 50 60
Time, min

Peak position
+ 384220000, MHz
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Intensity, a.u.

(b)

Intensity, a.u.

-200

Au nanoparticles VS PANI glucose

m— (J MiN

600 /_._._/-‘ —a — 1 min

500 /—_/\-‘—W—J 5 min
s 10 MR
> /—J\’_\,\’— — 15 min
300 /—_/\-*_\fv— T
= 30 min
o _‘/\/\/\,\’ 35 min
g oS o> el =2
-lD{T B0O0O 8 9000 9500 10500 45 min

— 50 min

-200 )
— 55 MIN
F, +384220000MHz e B0 min
700 = 0 min
000 N/-_ == 1min
e 10 mMin
. /\/ =15 min
300 ‘/\/’ 20 min
200 — 25 min
100 ﬁ — 30 min
35 min
0 = 40 min
_lﬂmm 45 min
— 50 min

— 55 min
= G0 min

F, +384220000MHz

Shift, MHz

SEeNsor

20 30 40 50 &0 7O

Times, min

0 10

0 10 20 30 40 50 60 7O
Times, min

Microsphere WGMR in same
concentration glucose solution (a)
Au nanoparticle gluose sensor
WGM resonance shift, (b) PANI
gluose sensor WGM resonance
shift.

PANI has lower quality factor and
broader resonances but the they
appear to shift faster



Frequency shift, MHz

Shift induced by evaporation of
glucose drop

TS —— glucose T = const | To separate or refuce the
oo —  Parabol fit evaporation effects from sensor
behavior:

1) increase volume of liquid drop;
2) perform control measurments;
3) reduce the measurement time.

R
=4 000

-
=0 LA

-
—i L

.
-10 000

—J2000 e e e e e e e e e e
& 20 40 =18 a0 100 120
Time, min
Evoparation is important when working with Bigger teflon bath

liquid drops.



WGMR-AU Glucose sensor resonance shift
speed per 1 min

WGMR-Au
100 (a) [ T I AR AN AT AN A A N A AR AN N A AR AN T AN O AN AT AN AN O O AN AN A A AN AN
90 2] - C6 with
80 ] h/oxidase
N 70 1 » .
S . S ~ €6 without
$ g ] - oxidase
= “ ] L )
5 40 2 — C1 with
£ 0 S 1 r oxidase
? 20 § -1000 L
0 o e [
0 {4 — <6 . .
1 1,5 2 2,5 3 35 4 45 5 4 T —\Cl_ W|th0Ut
Concentration, mM SR AR AR RARAE AR R LA LR AR AR Odease
15 20 25 30 3‘5 4'.0 45 50 55 60
Blue squares Day 1 fresh glucose Time,min it 6 ox( 7.4 £0.02| M2/
. = Fit c6 ox(-7.41+0. z/min
OXIdaS?’ Control measurement — Fitc1 ox (-17.1620.01) MHz/min
Red Diamonds Day 2 once frozen performed with and —— Fit c6 (-10.20£0.01) MHz/min

glucose oxidase without glucose oxidase Fit c1(-29.88£0.03) MHz/min



WGMR-Au Glucose sensor response might
be a fast process

2 400 4

1\

£ 1000+ E- 200 ] \\\

S OO A o e R D e e e A S}
15 20 25 30 35 40 45 50 55 60 =) E Ll
Time, min E ‘ﬁ‘h‘""_—‘-\___“ ﬂﬂv“‘-ﬂ""‘f
. . . . g- Wﬂ.\'ﬂ
During a discussion with Prof. A. & 1 , “
SR £ 200
Ramanavidius it was suggested 1 gl
to concentrate more on the first ]
minutes of glucose sensor ~400
experiment data acquirement.
0 2 4 6 a8 10 12 14

Time, min



WGMR-Au Glucose sensor hidden signal

-100

-200

-300

-400 = Clox-C1

Frequency shift, MHz
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Curves of mesurment data — control
mesurments also are important because
they describe procese “hiding” under
evaporation
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Quantum Optics Lab successfully moved to the new LU Science building.
We have two rooms in the basement and one on the 6th floor.
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CGM
rezonatoru | 5636
modelesana




Dazadu modeléSanas pieeju

salidzinasana
r=2um; n=15 N=20

Aprekina raksturojuma

P e ey P — Ty

i F i 942.48
772.01
as a series in v, where v = [ + 1/2:
I w00, ap  YANG2015, doi: 10.1002/adom.201500232
hiees (klada formula - ); precizs -
Pl e 0

(i Ta::;”tseag;hfﬂwf i -0, e 3 UENCY, Prism coupling 789.57
COMSOL 2D Eigenfrequency, frequency domain, fiber 790.1
coupling, numeric port

COMOSL 2D Axialsymmetric, Eigenfrequency, sfera 774.02
COMOSL 2D Axialsymmetric, Eigenfrequency, cilindrs, 791.61
cilindra augstums = 8*r

COMOSL 2D Axialsymmetric, Eigenfrequency, cilindrs, 791.69

cilindra augstums = 16*r


https://doi.org/10.1364/JOSAB.9.001585
https://doi.org/10.1364/JOSAB.9.001585

Rezonansu poziciju temperaturas
atkaribas modelésana

n=n,(1+B(T—-T,))
r=1r,1+a(T-T,))

Vienas modas frekvences nobide atkariba no
tempretiras izmainas (4pum)

n=15 A =760nm,r =2 um 489.1
489.09 @
Eigenfrequency=489.09+0.045168i THz Surface: Electric field norm [WH
pmo 489.08 .
| 1 !:Z é 489.07 ® @ y=-0.0068x+485.09
1_% M. = 489.06 B
05- 30 489.05 @
or 1
ol 1 B425
af 1 M 20 489.04 °
2+ 1 WS 489.03
2.5F 1 10
3 0 1 2 3 4 5 6 7
3.5~ - I 5
-4 AT, C
2 0 2 P 6 g Hm
[] A4 L]
2xI*r*n*a+B|AT Prieks SiO:

AA~

AA N
HNA(CH‘[;)

_ .1n0—6 1
a=128 -10 P

_ .1n—6 1
B=055-10"° —

Vienkarsais modelis uzrada, ka ipasfrekvences nobide

atkariba no temperaturas nav atkariga no rezonatora izmeéra



Rezonansu poziciju temperaturas
atkaribas modelésana

n=1.5,
A =760 nm,
r= 300 um

20000

0

Modelésanas dati: !

-20000

a=338-10"¢ ; 40000

-60000

Av, MHz

B=014-10"°
-80000

Rezonatori veidoti no -100000

Corning SMF 28
skiedras (tadel iegutas
konstantes atskiras no
SiO2 konstantem) .
. f=055-10"¢ =

Prieks K
_ can—6 1
a=128-107° -

-120000

Eksperimenta un simulacijas salidzinajums

S

20 40 60 80 100

T, °C

Zilie datu punkti - eksperiments, oranzie
punkti - teorija (modelésanas rezultati dod
Ipasfrekvenci ar precizitati 0.01 THz, tadél

rezultatu attélosanai izvéléts plass
temperatluras regions)



Biosensoru modelesana

lambda[20)=7.0956E-7 m freq(1)=422 5 THz Surface: Electric i,

Hm T

lambda(40)=7.0956E-7 m freq(1)=422.5 THz Surface:
pm ] '

T T

4.5
s
35

Electric il

2.5
2
. 1.5
i1
£ 05

lambda{40)=7.0956E
Fa T T

i

-7 m freq(1)=422.5 THz Surface: Electr

Energy densdty time average {)imp

wip 2 [T T T T T T T T T T T T

Era y 1

2B f | 4
26~
-

22

1B
16

14~

f 1 1 I 1 1
7.1 715 7.2 723 73 7.35 T4 745 1.5 755 18 .65 Lalin

.20. att. Laika vidéjots energijas blivums atkar1ba no vilpa garuma pie dazada nanodalinu

skaita. Tumsi zils — bez molekulas, melns — 1 molekula, zala — 2 molekulas, sarkana -3
molekulas, gaisi zila — 4 molekulas, purpura krisa — 5 molekulas.
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FIZIKAS, MATEMATIEAS UN OPTOMETRUAS FAKUL TATE
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SENSORU MODELESANA
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