J1azep ¢ y3KOU AMHUeun ana
cneKTpocKonuu "'yacosoro" nepexoaa
OAWHOYHOrO
noHa Yb+

A.A. Jlyroso#

H./1.KsawHuH, C.B.Henypos, C.H. baraes, IVI.B. OxankuH

Uno CO PAH

du3unKa ynbrpaxonogHbix atomos, 18 nekabpa 2017 ropa



[porpecc B pa3BUTUKM CTaHOAPTOB

He-Ne/CH, (Av~1E-14) HACTOTbl Yb* (AV~1E-17)




CoBpeMeHHbIN CTaHAapT YacCToTbl

S470 L Hollberg er al
|reeecccsccccscnesanen.,
- Feedback System ! e e
: Locks Oscillator to - Detector
- atomic resonance - /
R A L PR S B L TR, | % | g,
) '—ﬁ\\.~.. =
» \
: o \
Clock Oscillator Atoms 4
>
High-Q resonator Laser
Laser linewidth < |1 Hz

Coherent Optical

N pulses out
Optical Freq. Synthesizer —
Divider >
456 986 240 494 158 | Counter Microwave
< pulses out

Figure 1. Schematic diagram of a modem optical frequency reference based on a spectrally sharp
atomic resonance. The atomic resonance is probed by a narrow linewidth laser that is pre-stabilized
to a high-Q Fabry—Perot cavity. On longer times scales the feedback control system steers the laser
frequency to the atomic resonance. By adding the totalizing optical frequency counter/divider
shown at the bottom of the figure, the optical frequency reference becomes an optical atomic clock.
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TpeboBaHUA K cucTeme nasep-3TanoH ANA
MCNO/Ib30BaHMA B KauecTBe «4acoBOro» sia3epa

Clock Oscillator
[ imn VAVAVAVAYA

High-Q resonator Laser
[Laser linewidth < 1 Hz

PasmelleHue sTtanoHa B Bakyyme (P < 1E-6 Torr)

N3onAauma sTanoHa OT BHELWHUX aKYCTUYECKMX BO3MYLLLEHMI 1 BUBpaLui
Cuctema Tepmoctabmnmsaumm ataaoHa ¢ TO4HOCTbIO <1 MK

AKTUBHOE NoAaB/eHNe YacTOTHbIX LUYMOB s1a3epa A0 Tpebyemoro ypoBHS
C nomolubto cuctems! AlNY

[Mpeun3noHHbIM KOHTPO/Ib MapPaMeTPOB J1a3epa, YPOBHA NapasnUTHOM
aMNANTYAHON MOAYNALNN U NAPa3UTHbIX CUTHAN0B N3-3a PACCEAHUA U
OTPa*eHUA Ha ONTUYECKUX SNeMeHTax
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KoHpurypauma, TMn yCTaHOBKM 3TaJIOHA
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«4yacoBou» nasep (OxankmH M.B.)
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Cucrtema Tepmoctabuamsaumm

4(8) channel longterm signal analyzer ( L-Card E14-440D)
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dTanbl paboTbl ¢ BAKyymom
«4acoBOro» sia3epa

Co3paHue paboyero mecta B noagane: nporpes, BbiTAXKKa (15.01.15-01.04.15)
Obe3raxunsaHue nyctom Kamepbl 30.04.15 — 25.05.15 (250°C)

N3meHeHMe cxembl Harpesa (KynsieH TepmMmoperynstop)

Obe3raxkmBaHune getanen 02.07.15—-11.08.15 (300°C)

N3mepeHne CKopoCTu Harpesa MOHa B sioBywkKe 08.15-10.15

NMogrotoBKka aatunkos 23.10.15-28.10.15

YCcTaHOBKa AaT4YMKOB, MOUCK U YCTPAHEHME Teun, obesraxknBaHme AaT4NKOB,
yCTaHOBKa OKOH (23.10.15-13.11.15)

CbopkKa *kenesa 6e3 atanoHa, obesraxkmsanume (90°C) 13.11.15-30.11.15
YcTaHoBKa 3TanoHa 03.12.15

Obe3rarkmBaHue b6e3 nporpesa 03.12.15-11.12.15

MNogkntoyeHne gatumkos 11.12.15, obesraxkusaHme ao 15.12.15

3amMmeHa rnpoKNaaoK Ha OKHaX, NOMNbITKA YCTAHOBKM MOHHOIo Hacoca 15.12.15
TpelwuHbl B OKHax (17.12.15), yctpaHeHue npobaembl, NOUCK TOPLLEBOM
ronoBku %", 12rpaHen ana Hacoca (po 21.12.15)

YcTaHoOBKa Hacoca 21.12.15, oTkntoyeHme OoT NocTa u nepeHoc B K.14 24.12.15



YcTaHOBKa 3TanoHa (03.12.15)
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[TnaH pabort

Ctabunmnszaumsa 4yacToTbl na3epa:
* BBOA n3nyyeHuA B 3TA/NIOH
e Crabunusauyma 4yactoTbl Na3epa
*  M3mepeHune XxapaKTePUCTUK Jla3epa M 3TaJI0Ha
* Yay4yuweHue xapaKTePUCTUK NeTesib 06paTHOM CBA3M

N3onauma aTaioHa OT BHELWHUX BO3MYLLEHUN:
 TepmocTtabmnmsauma sTanoHa
e Crabunmsauma moLHOCTM BBOAUMOTO N3NYYEHUA
* [lonck TemnepaTypbl HyNEBOro KoapduUMeHTa TENJIOBOrO PaclLIMpPEHNA
*  WN3onauma oT BMbpaLMN N aKYCTUYECKMX BO3MYLLLEEHWUN

XapakTepusauma cMcTeMbI Jla3ep-3Ta/IoH:

*  U3mepeHue apeiida 4acToTbl
*  M3mepeHue WUPUHbI IMHUU U3TYYEHUA «4aCOBOro» Nasepa

Peanunsaumua npeunsnoHHOro ynpaBaeHmA 4acTOTOM Nna3epa, BCTPpanBaHUE B LUK
oxXnaxXaeHmAa MoHa N AeTeKTUpoBaHUA ero COCToAHMA, 3anNmcb pe3oHaHCa — ©



OnTtnyeckas cxema (4acTtb 1)
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3ameHa AOM

v(Yb'/1)- v(etalon)=£2* v(AOM)
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Crabunmnsauma metogom PDH
(Pound-Drever-Hall technique)

Drever, R. W. P, Hall, J. L., Kowalski, F. V., Hough, J., Ford, G. M., Munley, A. J. H.
Ward (1983). "Laser phase and frequency stabilization using an optical resonator".

Appl Phys B. 31 (2): 97
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Cuctema AlNY (Teopwmsa)
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[TporpammHoe obecneyeHune
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AUX 1 OUX KepaMHKH «4aCOBOI0O» Ja3epa

PZT, laser 871 nm, 12/01/16

amplitude, VIV

0 T T T T T T T T T 1
0 1 2 3 4 5

frequency, kHz

phase, degree
w
3
|

0 1 2 3 4 5
frequency, kHz



AUX n ®UX Bxoma FET gacoBoro nazepa
(mpeaBapUTEIbHBIN PE3YJIbTAT)
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AUYX 1 QUX U3MEpPUTEIIBHON CXEMBI

0,2

amplitude, viv

measurement scheme, ADC+SR560
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AUX n ®UX Bxoma FET gacoBoro nazepa
(mepepacyer)
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Bpewms xxu3Hm cBeTa B uHTEephepoMmerpe Dadpu-llepo

09.03.2016

® signal on PD1 (for power stabilization df~40MHz)
= signal on PD2 (NewFocus df~200MHZz)

1,0 curve fit y1 = yO1 + Al*exp(-(x-x1)/tl) (t1=0.03829)

curve fit y2 = y02 + A2*exp(-(x-x2)/t2) (t2=0.03714)
4 own response of PD1
v own response of PD2

Av(MHZz)=344.180374-344.178913=1461
L=299792458/2/1461000000=0.102598m

o
&
|

F=Av/dv=(c/2L)/(1/2xt)
F1=1461000000/4156=351492
F2=1461000000/4285=340935
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[TOUCK «HYyNeBOW» TOYKM 3TANOHA
(McxoaHble AaHHbIE)

ALNIS et al.
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Bonokonnsblii cuate3arop FC1500-250-WG

Specifications

Advanced Features and Benefits

ehigh repetition rate

ofully fiber-coupled interferometer

eoperational range from 500 nm to 2100 nm

eextended offset frequency tuning range

e turnkey metrology system, fully automated with comb control

and data acquisition software

FC1500-250-WG

Comb spacing

250 MHz

Accuracy

10-14in 120 s or same as reference, whichever applies first

Stability

5x10-1%in 1 s or same as reference, whichever applies first

Tuning range of comb spacing

>2 MHz

Tuning range of offset frequency

>250 MHz

Wavelength range

1050-2100 nm and 500-1050 nm*
*with optional M-NIR and M-VIS extension packages




Reference 10 MHz (e.g. Cesium clock)

Repetition rate lock

DDS120

PLO Synthesizer
(980 MHz) (20 MHz, tuneable)
SYNG!O-RRE*
S RFC PID HVA150 L
9 .“ m:&:?u 7 controller mmalr —»Cavity piezo
Repetition rate Mixer
4th harmonic, ~1 GHz FXMS50
Counter

Repetition rate lock to an optical reference:

SYNCRO-RRE
OFD "m RFS PID DLO HVA150 -
'
=+2 * +n* + st [ Srode [P mase otecrr [P controlier [ TP wamnw | [P|CaVity piezo
Vl -1 A% ff n v v 1l
aser offset rep— ¥ beat CW-beat T
with external reference
50 MHz v DDS120
Synthesizer ———————————>|Cavity EOM
(5 MHz, tuneable)
4 CH counter FXM50 (K+K) PMZ0
Counter
e

~Laser

Downmixed repetition rake Allan Variance oﬁset ffequeﬂcy |0Ck

| 20'001'256.022 ‘ 1.402 SYNCRO-CEQ

Offset Beat #llan Yariance OFD 20MHz -l DXD200 < PID LA:UISSO :

= mp curren

| 22123733908 ‘ 29'811.730 B ity controller [ 13 cogtmller > Pump module
~CW Beat Offset frequency

W Beat 1: 633 nm Allan Wariance W x2

| 1'073'741'824.001 ‘ 0.002 FXMS0

Channel #4 Allan wariance Counter

| 1'073'741'824.000 ‘ 0.000




M3MepeHne adCOIIOTHOM YacTOTHI J1a3epa ¢ MIOMOIIbI0 KoMOa
ot MenloSystem (u3mepenne MeXMOI0BOM 4acTOThI Frep)

249998127,98

249998127,93 -

repetition frequency, Hz

249998127,68

249998127,63

249998127,88 -

249998127,83

249998127,78 -

249998127,73

V0, =88000000 Hz

10.02.2016

v,y =88100000 Hz

M

v,,,.=60000000 Hz
V_ 1., =20000000 Hz

offset

= +n*v _ + +2%
VIaser Voffset n Vrep_vbeat—2 VA

v, ~344.179511 THz

oM

V0, =87900000 Hz

|t VI s

0

200

400

time,

| : | : |
600 800 1000

S



repetition frequency, Hz

repetition frequency, Hz

250000008,27 -
25000000822 -
25000000817 -
250000008,12 -
250000008,07 -
25000000802 -
250000007,97 -
250000007,92 -
250000007,87 -
250000007,82 -
250000007,77 -
250000007,72 -

[TONCK HYyNEeBOU TOUYKM

V4ou=75200000 Hz

V40s=80000000 Hz
=20000000 Hz

vuffset

+2%y

= +n*v_ +
Viaser Voftset 1 Vrep™beat™

Vigeer=344.179496 THz

lax

AOM

V,0,=75000000 Hz

28.06.2016
Tcavity=19.0

T=19°C

250000007,67 Vo= 74800000 Hz
250000007,62 T . . ,
2000 2200 2400 2600 2800
time, s
30.06.2016
Tcavity=17.0
24999997362 - V,04=75200000 Hz
24999997357 - T=17 o C
249999973,52 - Vheq=00000000 Hz
249999973,47 Ve = 20000000 Hz
- *.
249999973,42 - Vlaser_vo"set+n*vrepivbealiz vAOM
Vi~ 344.179485 THz
249999973,37 aser
V,0y=75000000 Hz

249999973,32
249999973,27
249999973,22
249999973,17
249999973,12
249999973,07
249999973,02 Vo =74800000 Hz
249999972,97 T T I . . . )

0 20 40 60 80 100 120 140

time, s

repetition frequency, Hz

2499999724

249999972,3

repetition frequency, Hz

249999971,9

249999972,2

249999972,1

249999972,0

Von= 75200000 Hz

249999976,7

249999976,6

249999976,5
V4o =75000000 Hz

29.06.2016
Tcavity=18.0

T=18°C

249999976,4
V5, =80000000 Hz

249999976,3 V4o 520000000 Hz
Vlaser:Vn"sel+n*vrepivbealiz*v

v, .. ~344.179490 THz
laser

249999976,2 [

V, o =74800000 Hz

‘oM

AOM

249999976,1 T T T T T T T T
0 10 20 30 40 50 60 70 80

time, s

Vaon=75200000 Hz

V40 =80000000 Hz

Volfsel

v =v Nty
laser " offset

las
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V,0,=74800000 Hz
249999971,8 ; ; ;

=20000000 Hz

+
rep™ ¥ beat

Vipeor~344.179485 THz

T T T 1
90 100 110 120

01.07.2016
Tcavity=~17.0

T=16°C

+0*
2%V, 0
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time, s

80



Beat note frequency at 972 nm (MHz)

[ToNCK Hy1EBOU TOYKMU

Viaser =12 Voffset+1376718*
Vpeat =60000000 Hz
Voffset=20000000 Hz

+» =/5000000 Hz 148

rep—Vbeat

ULE FP cavity temperaturs {°C)

T ||
etalon™ Vlaser < Yaom =
& -150
e
(%2}
ALNIS er al é\
140 ~ ()] -152 - [ |
Delt caused by 2 ||ULE FP1 caviy with healing A S
120 5,mmckrv ror || T = 7(2)°C | . R
coatings with v=83x10"NTR° ‘(’ D
10| CTE ~ 0.5 x 10 |[Estimated drift sansitivity / buet
is =20 He/mK __ ||at 7= 30.5°C is ~ 11 kHz/mK| / [
a0d| ULE FP2 with c . -
Peltier cooing o 154
T.=125(1)°C =
89 v 7.7 x 10012 ..(E
Estimated '.hcrma! O
404 sons'ﬁv'l) with:
T£01°C 5o Hz/mK Py =
204| o2 1O mK ~ 4Hz)mK ,/' 9 156
[I -.. } _.'-"’ q') -
5 10 15 20 25 50 DI-
P
[
o)
©
LL

1584 >

Tset=16.0 / 16 | 18 | 20

Tact=16.5 Temperature, °C
Tact # Tset

[anbuwe 6e3 BHYTPEHHEro KOHTypa TepmocTabmnnmsaumm natTm HEBO3IMOMKHO...




Y10 nenatb Aanbue?

Mop,epHmsau,Mﬂ KOXYXa 3TaJ/IOHA Cl'leKTpOCKOFIVIﬂ 4aCOBOTIO nepexoaa:
Hado NOBbICUTb TOYHOCTb U3MEPEHNA
| 5 2 YaCTOTbl /1a3epa
3
| Statistics | Histogram Allan Deviation I
o CW1.freq
4 1670 —r— e ey v D R R Rete 5

344 Try*1011=34400 Iy

Allan Daeviation

“rn

10 10 102
Gate Time




N3mepeHmne YyactoTbl B 6a3e YbYAG

4@1 Vacoum cavity
V ~ ? Yh:YAG }h—% @§§ (r’—lf) :

—L AOM ]JP{ PID ]
p"

| o7 (o ) —
i prlzm n.jl T
1 Todine cell

{ DDS ]-—{ OCXO 10MHz H mock]‘;

Piczo

107" 4

ADEV

1074

\ %

Clock Oscillator _
Eur ] imn NAVAVAVAYA 107

High-Q resonator Laser 10° 10’ 10°? 10° 10°
Laser linewidth < 1 Hz ts




YbYAG B 6a3e NdYAG

k.13 K.13

— k K.14
VNdYAG_fO t N 1:rep T vbeatl

—_— b 3
Vyovac=To ¥ K*frep T Vpears

Vypvagy=290712807966900 £2Iy



[lporpamma Ana pacyeTta 4YacToT

& CALCULATIONS

m Absorption line ﬂ YhYAG3
Target (Hz) | 250712808250500.00
Lazer (Hz) | 290712308290500.00

Foeat 3  60000000.00
Frep, 3] 2439997663421
F0 4 2000000000

1162852

o] v 4

Freq | 25307128082530443 63

Diff | 56.31

]

comb ham ﬂ 1

Cavity T § 18.00
ADM § 75000000.00
Lambdameter (cm-1) § 9697.13549

Lambdameter (THz) § 290.712808

Daom §| 200000.00
Frepl 30.00
Frep2 30.00

% CALCULATIONS @
m Absomption line ﬁ@uadmpule comb ham ﬁ 2
Target (Hz) | 688358575305307 00 Cavity T ﬁ 18.00
Lazer (Hz) | 244179483E54E653 50 AOM ﬂ 75000000 00

Lambdameter (cm-1) ﬂ 11480.59201

Fheat! 21335323 34
Frep 2 249995766.2421  Lambdameter (THz) & 344179490
FO 4 20000000.00

n 3 1376719 Daom % 200000.00
Freq | 344179489654653.50 Frepl 2000
Diff | 0.00 frep2 3/0.00

Ho nporpamma CombWatch no3sonaeTt namepatb TONIbKO O HY YacToTy

- Optical Frequency 0 {1030)

Comb mode contribution

cwoeathssistont [
Offset Beat CWW Beat 1 | 1.000 | 200'712'810'000'000,000 Auto CW l
ﬁ + [136'385'741.951 i t [ 4s73esEve [-0.225 [ 290277718023981.120 Auto Offs l

[ (madata)

lise

[ (ricdata)




N3meHeHne KOHPUTrypaumuoHHOro
danna ot MenloSystem

1o moaepHusauum damna fibercomb.setup ot 25.06.15

CV Beat Assistant

[~ Optical Frequency 0 (1030}

Comb mode contribution Offset Beat CW Beat 1 I 1.000 l 290'712'810°000'000, 000 Auto CW |
1162857 ; + [136'385741.951 g t[ 7 4s73essve  [-0.225 | 290277718023981.120 Auto Offs |
| (no'dats) | (nodata)

Nocne mogepHusaumm panna fibercomb.setup 17.08.16

CW Beat Assistant |
~Optical Frequency 0 {1030)
Comb mode contribution Offset Beat C\W Beat 1 I 1.000 l 200'712'310'000'000,000 Auto CW |
1162857 (‘: + [363e5741.951 © * [ dpraeeste  |-0225 | 290277718023981,120  AutoOffs |
‘ Toaaats | (nodata)
~Optical Frequency 1 (871/933)
Comb mode contribution Offset Beat CW Beat 2 l 344'1 79'489'655'000,000 Auto CW |
| ETICHSl (C [ orereszizs | (o | SESSSOITAESR2120  putooffs |
] (na:data) lse | | (o data)




N3mepeHuns yactoTbl B 6a3e YbYAG,
HO HMYero He nameHunocb, c(1c)~10tt

» 1~ T
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§ " i Holrmsh 1 mos l
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Cyels shps
e Dol —
¥ Shew Ines I Ggmeh sosm
= T-axiz: shurw dala Frog wxiz: 2wt scale ln thow
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[CWThea] cwzma] couraiimeal

" Bl o N | Bt
|
8 |
-0 !
& .20
—1 % k
VYbYAG(CW]')_l 1CO +N frep t Vpeat1
counter2 counterl counter3
W1 hea [CWZVRG] courindboa] S ,,,u::?",.
..... o =1 == S ]‘ R— wn
E /\
b .
5 |
; aaiiiad o

Vlock (CW2)=2*fO + k>|<frep t Vpeat2

counter? counterl counter4



Teopwus

—1 %k e 3
VYbYAG_l 1:O-I- N frep +Vbeat1

Vybyag=290 TTy, (AFC to 1) —> A(Vypyag) <300y
Vieat1=60 MTy (PLL to RF) —> A(Vpearr) <14
f,=20 My (PLL to RF) — A(f, )<1y

E 3 —
N frep = VYbYAG™ 1:O_ Vpeat1

A(n*f,op)= SQRT(A*(Vypyac)t A%(fo)+ A*(Vpear))< 31 Ty
NPAKTUKA
Counterl: A(f ep)~250MT*10=2.5mIy
Counter2: A(f,)~20Mly*1011=0.2mIMy,
Counter3: A(Vpeqar1)~60MIL*1011=0.6MmIy
CW1: A(n*f._)=n*A(f_ )=1162852*2.5mM=2907.13 Iy

rep rep




VYbYAG(CVVl)z:]'*fO T n>l<frep +Vbeat1
frepz (VYbYAG -fO- Vbeatl)/n

Vlock (sz)zz*fo T k>|<frep + Vpeat2

Vlock (CW2)= Vpeat2T k>|<(VYbYAG -fO- Vbeatl)/n+ 2f0

3ayem namepatb CW27?
MOXHO N3MepATb TONIbKO V, ..+5



«nNporpecc» B TOYHOCTU U3MEPEHNN

Statistics | Histagiam  Allan Deviation I
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Fabry-Perot etalon frequency shift, MHz

-175

135 -
-140 —
-145 —
-150 —
-155 —
-160 —
-165 —

" Av (MHz)= -136 - 0,248*(T-26,09085)°

-170 -

«HY/Z1IEBAA» TOYKA 3TAaJIOHA

T,=26.09085 °C
Av/v=-7.23%10-10%(T-T)2

15 20 25 30 35

Temperature, °C



OueHKa «KayectBa» paboTtbl cuctembl AlMY

(aHanu3 wymos Ha Bbixoae CL 4N OUEHKN LWUMPUHBI IMHUKU N1a3epa)

LCARD E20-10

AUN: 14 6uT; 4 KaHana;
+0,3 B...3 B; 10 MTrw.
LUAN: 12 6uT; 2 KaHana;
15 B; 8 mKc.

Liudposbie Bxoapbl/Bbixoabl: 16/16 TT/, 5 B.

MHTepddeiic: USB 2.0 (high-speed)

FFT 2ch ana E20-10

-1.0E+0

3 ANALIZE o)X
@ SIGNAL '

1.0E+3-

I| EXIT

512.0E+0- -500.0E-3
s1
D.OE+D- -D.0E+D SRR
52 (33 24685
512.0E+0- ~500.0E3
1.0E+3-} . . . . . . . \~1.0E+D
0 1000 2000 3000 4000 5000 6000 7000 8192 1
SPECTR
32.0E+0- -1.0E+0
25.6E+0- -800.0E3
19.2E+0- s000E3 | © |1260.997067
Y
128640 -4D0.0E3 eIl
Y R
6AE+D- -200.0E3 5.000=1
D-DE"{'_I | | | | | I | | | |'D-DE"‘B
0 250 500 750 1000 1250 1500 1750 2000 2250 2500  vewss
INTEGRATOR n_INT 0 2ms
16.0E=0~ -1.0E20 ﬂ
12.8E+0- -800.0E3
9.6E+0- -600.0E-3 X 11260.557067
*
5.4E+0- -400.0E-3 Y |8.000=+0
3.2E40- o000e3 | Y [5000=1
0.0E+0- 1 1 1 1 1 1 1 1 1 |_D-DE"'B
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 1
g minX 30.000 maxX 3 2500.000




Anropntm 06paboTKN AaHHbIX

SIGNAL

U=k*Av(t)
A=A *cos(2m*(f*t +ZAv (t)*At))
FFT(A)— CneKktp nsnyyeHua nasepa



[lporpamma gnAa aHanmsa

M.A. Nikulin, S.A. Babin, A.K. Dmitriev, A.S. Dychkov, S.I. Kablukov,

A.A. Lugovoy, Yu.Ya. Pecherskii

«Low frequency noise distributed-feedback ytterbium fibre laser»

Quantum Electronics 39 (10) 906-910 (2009)
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Figure 4. Power spectral density of frequency nosse, 25 ( /) DFB fibre
laser, narrow AFC band: (2) amplifier. narrow AFC band: (3)
amplifier, increased AFC band,
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Figure §,
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amMnnuTyga, oTH. eq.

Pe3synbraT 06pabotkun ana N=10000, bw=250 Hz, f,=250 Hz

1,0 q
0.9—-
0.8—-
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0,2 —

0,1 1
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0.1 T T T T
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T T T T 1
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YnyylieHmne naccMBHOMW CTabubHOCTU Na3epa

[0 nepeaenku
nocne nepenenku
aKycTuka

OTKITUK cuctembl, B/B

YacToTa, Ky il tomy o
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B T R TR




TemnepaTypa B K.14 n 3TanoHa

i
‘—/“/‘__\ Tetalon* 100

Tioop 100

Temperature

. air (U-2.00)*10
-6 —— NTC inner(T-26.50)*100
—— sensor 2 ((U-2.6)*10+0.24)*100
-8 T T T T T T T T T 1

0 100000 200000 300000 400000 500000

time, s




Fabry-Perot etalon frequency shift, MHz

135
140
145 ]
150
1654
160
165
170 ] Av (MHz)= -136 - 0,248*(T-26,09085)

-175

XapaKTePUCTUKM 3TAJZIOHA

AvIAt~+7 kl'u/peHb~+0,08lu/c

w
1

N
1

T,=26.09085 °C
Av/v=-7.23*1019%(T-T,)?

casur Yyactotbl, My,

2

0

T T T
e T 18.08.2016  05.01.2017  25.05.2017  12.10.2017

15

f . -21336924, Hz

20 25 30 35
Temperature, °C [laTa
Av/At < +0.1Tu/c
) g
200-
00-
0-
a0
0 20 40 60 80 100

Bpemsi nocne ctabunusaumm, ¢ L —




[lepcneKkTuBbl

My Red Pltaya - Mozilla Firefox

RedPitaya (€400)

*2ch 125 MSPS ADC, 14 bit

*2ch 125 MSPS DAC, 14 bit

*Processor DUAL CORE ARM CORTEX A9

*FPGA Xilinx Zyng 7010 SOC Xilinx Zyng 7010 SOC



CuUrHan B oTnpaxeHuu, B

[lepcneKkTuBbl

3epKana oTe4ecTBEHHOro NPomn3BoACTBa
1030HMm, F~80000

CUTHaAN B OTPa*XeHHOM CBEeTe BpemMAa XM3HU CBETA B MHTedeepOMGTpe
1,0 -
1,0 ~v
@M1 (Newport 1801)
—— OIM1 (oTKNKK)
—— t=18 mkc, '=8,8 k', F~151000
f =250 KMy ‘
A,,=0.12 B=500 kI'y g \\ @2 (cobeTB. Npon3BoACTBA)
r=0.041 B=17.5 'y < \ — Ol12 (oTknuk)
F=(c/2L)/r=76000 5 05- \ — t=10 mkc, =16 ku, F~83000
0,5 - - h
‘E \\
S "
\,
0,0 : : : : : : , 0,0 o, : : :
107,5 107,6 107,7 107,8 0,00 0,01 0,02 0,03 0,04 0,05

HanpshkeHue Ha kepamuke, B time, ms



[lepcneKkTuBbl

Mg (914 nm)

Clock Oscillator

YbYAG/I, (1030 nm)

Il imnVAYAYAYAYA

High-Q resonator Laser
Laser linewidth < 1 Hz

He-Ne/CH, (3390 nm)

Clock Oscillator

] imnVAVAVAYAYA

High-Q resonator Laser
Laser linewidth < 1 Hz

Clock Oscillator

NdYAG/1, (1064 nm)

Ko ] imn AVAVAVAYA

High-Q resonator Laser
Laser linewidth <1 Hz

Yb* (871 nm)

Clock Oscillator

Eour]inn PAVAVAAYA

High-Q resonator Laser
Laser linewidth < 1 Hz

Yb* (934 nm)

Clock Oscillator

Kl mnVAYAYAYAYA

High-Q resonator Laser
Laser linewidth < 1 Hz

Clock Oscillator

Eour]inn PAVAVAAYA

High-Q resonator Laser
Laser linewidth < 1 Hz
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