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Spole¢nost je zapsana v obchodnim rejstfiku B CMI je statni pfispévkova organizace zfizena zfizovaci

okresniho soudu v Mnichové (Némecko) pod c&islem listinou MH CR ¢&.j. 521 385/92-44 ze dne 21.12.1992 ve

firmy HRB 138145 znéni upravené zfizovaci listiny vydané Rozhodnutim
ministra MPO ¢&. 16/2009, ¢.j. 1313/09/02700/1000 ze dne
10.3.2009.

uzaviraji na zakladé vysledku zadavaciho fizeni k vefejné zakazce ,Femtosekundovy hfeben pro
optické hodiny“ (dale jen ,vefejna zakazka®) tuto kupni smlouvu:

|. Pfedmét smlouvy

Dodavatel se na zakladé této Smlouvy zavazuje dodat Objednateli nasledujici zafizeni v€. souvisejicich

sluzeb:

a) Systém femtosekundového generatoru hiebene optickych frekvenci a dalSich souvisejicich zafizeni
(dale také jen ,Systém®) specifikovany v pfiloze €. 1B/ této smlouvy, ktery zaroven splfiuje vSechny
pozadavky Objednatele uvedené v pfiloze €. 1A/ této smlouvy

b) Technickou a uzZivatelskou dokumentaci k Systému

c) Dopravu do mista pIlnéni

d) Zprovoznéni v misté plnéni

e) ZaSkoleni obsluhy v &estiné nebo slovenstiné nebo angliétiné v misté plnéni

Objednatel se zavazuje pInéni dle pfedchoziho odstavce prevzit a fadné a v€as zaplatit kupni cenu.



Il. Cena

1. Kupni cena (dale jen ,Cena“) je stanovena jako smluvni a ¢ini 525 300,00 EUR bez DPH (slovy: pét set
dvacet pét tisic tfi sta eur). Polozkovy rozpis ceny je uveden v Pfiloze €. 2 této smlouvy. K této cené bude
pfipocitano DPH ve vySi stanovené prisluSnou legislativou platnou k datu zdanitelného pinéni.

2. Cena je stanovena jako nejvySe pfipustna a zahrnuje veSkeré naklady Dodavatele souvisejici s pInénim dle
této smlouvy vcetné vSech souvisejicich poplatku.

lll. Platebni podminky

1. Cenu zaplati Objednatel na zakladé zalohovych faktur a vyué&tovaci faktury (dafiového dokladu). Platby budou
placené Objednavatelem na zékladé faktur, podle nasledujiciho harmonogramu:

i. Prvni faktura bude Dodavatelem vystavena jako zalohova faktura ve vysi 30 % z ceny, po uzavieni
této smlouvy (podepsani smlouvy obéma stranami). Zalohova faktura bude mit splatnost do 30
kalendarnich dnud po predani faktury Objednateli.

ii. Druha faktura bude Dodavatelem vystavena po dodani zbozi do mista plnéni jako dil¢i faktura s platbou
ve vySi 40 % z ceny. Faktura bude mit splatnost do 30 kalendafnich dnli po prfedani faktury Objednateli.

iii. Dodavatel vystavi kone¢nou fakturu, s doplatkem ve vysi 30% ceny po dokonéeni plnéni, tzn. po
zprovoznéni Systému v misté plnéni, zaSkoleni obsluhy a podpisu pfedavaciho protokolu
Objednatelem. Kone¢na faktura je splatna ve lhaté do 30 kalendarnich dni ode dne doruéeni faktury
Objednateli.

2.  Terminem Uhrady faktury se rozumi den odepsani penéznich prostfedk(l z 4¢tu Objednatele, které budou
odeslany na ucet Dodavatele uvedeny ve fakturach.

3.  Faktury vystavené Dodavatelem budou zaS|Iany na adresu sidla Objednatele uvedeného v této smlouvé nebo

na e-mailovou adresu &5 "'f':ﬁ_'}ﬁ;*;;:aff" 1.41"1 : Objednatel je povinen provést platbu faktury do 30 dni od

doruéeni této faktury Objedna'teh

4. Faktura musi spliovat nalezitosti dafiového dokladu dle ustanoveni § 28 odst. 2 z. €. 235/2004 Sb., o dani z
pfidané hodnoty, v platném znéni. V pfipadé, Ze faktura nebude obsahovat nékterou z nalezitosti
stanovenych v souladu se znénim pfedchozi véty, ma Objednatel pravo ji vratit bez zbyte¢ného odkladu
Dodavateli. Nova lhata splatnosti po€ina bézet ode dne opétovného doruceni faktury Objednateli.

IV. Vyhrada vlastnického prava

Vlastnické pravo pfechazi na Objednatele v okamziku uplného zaplaceni Ceny.

V. Termin dodani a misto pInéni

Dodavatel se zavazuje dodat a zprovoznit Systém a provést zaskoleni obsluhy Systému
nejpozdéji do 17 tydnl od data nabyti u€innosti této smlouvy.

Mistem pInéni je Cesky metrologicky |nst|tut LPM Praha V Botanlce 1504/4 150 00 Praha 5 Czech Republic.

Kontaktni osoba za Objednatele:

Kontaktni osoba za Dodavatele:
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VI. Dodaci podminky

Dodavatel splni svou povinnost dodat Systém jeho fadnym pfedanim Objednateli v souladu s ustanovenimi
smlouvy. Tento zavazek Dodavatele se povazuje za fadné a v&as splnény, pokud plnéni bylo dodano do
mista pInéni v terminu stanoveném smlouvou bez vad a ma vlastnosti stanovené touto smlouvou (Pfilohou
€. 1), pravnimi pfedpisy, technickymi i jinymi normami, které mohou byt k pfedmétu pinéni uplatnény.

O predani a prevzeti pInéni dle této smlouvy bude sepsan predavaci protokol, ktery bude podepsan obéma
smluvnimi stranami. Za Skody vzniklé na Systému po pfedani a pfevzeti plnéni odpovida objednatel, pficemz
tato skute¢nost nezbavuje Dodavatele odpovédnosti za Skody zplsobené vadami pinéni.

Protokol o pfedani a pfevzeti sepisi smluvni strany ihned po ukonceni prejimaciho Fizeni a bude obsahovat
zejména:

identifikacni Udaje Systému a Udaj o jeho zprovoznéni a provedeni zaskoleni

zhodnoceni kvality dodavky

prohlaseni Objednatele, Ze pfedavany Systém prejima

soupis pfiloh

Pfed zahajenim pfejimaciho Fizeni je Dodavatel povinen pfipravit doklady nezbytné pro provozovani Systému
a nejpozdéji pfi pfedani a prevzeti je predat Objednateli, resp. koncovému uzivateli, to vSe v Ceském,
slovenském nebo anglickém jazyce.

K pfedani vyzve Dodavatel pisemné Objednatele nejpozdéji 5 pracovnich dnu pfed planovanym terminem
predani. V den uvedeny v oznameni je Objednatel za ucasti zastupcl Dodavatele povinen zahajit celkovou
prohlidku Systému. Po prohlidce sestavi objednatel seznam vad, které pfi prohlidce zjistil.

Dodavatel je povinen vady zjisténé pfi prohlidce odstranit ve Ihité stanovené dohodou obou smluvnich stran,
nejpozdéji vSak do 30 kalendarnich dnu.

O odstranéni vSech vad bude sepsan zavérecny predavaci protokol potvrzeny obéma smluvnimi stranami.
Objednatel v ném prohlasi, Ze vady byly odstranény a Ze povinnost Dodavatele dodat Systém povazuje za
fadné splnénou.

Dodavatel se zavazuje, Ze dodané pInéni nebude mit pravni vady a Ze na ném nebudou vaznout v dobé
pfevzeti Zadné vyhrady vlastnického prava, s vyjimkou vyhrady vlastnického prava dle této smlouvy.

VII. Zaruka

Dodavatel odpovida za to, Ze dodany Systém bude mit vlastnosti stanovené touto smlouvou, technickou
dokumentaci a technickymi normami vztahujicimi se na dany typ Systému.

Na dodany Systém poskytuje Dodavatel zaruéni dobu v délce 24 mésictl od data podpisu protokolu o pfedani
obé&ma smluvnimi stranami.

ZaruCni doba se prodluzuje o dobu, kdy Systém dodany dle této smlouvy nemohl byt Fadné vyuzivan k ucelu,
k némuz je urCen, a o dobu nutnou k odstranéni vady ¢i opravy Systému v ramci zaru¢niho servisu.

Objednatel je povinen si pfi pfevzeti Systém Ffadné prohlédnout a zkontrolovat. Vady dodavky je Objednatel
povinen reklamovat neprodlené po jejich zjisténi.

Zaruka se nevztahuje na vady vzniklé:
e Provozovanim Systému v rozporu s navodem k pouZiti a u¢elem Systému,
¢ mechanickym poskozenim zplsobenym hrubym a neodbornym zachazenim.

Reklamace zbozi musi byt uplatnéna pisemné a musi obsahovat:
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e oznaceni reklamovaného Systému,
e popis vady,
e pozadavky na feSeni reklamace, resp. uplatnény narok.

Reklamace se povaZzuje za uskute€nénou dnem, kdy bylo pisemné oznameni o ni doru¢eno Dodavateli.

Dodavatel je povinen zavadu, na kterou se vztahuje zaruka, odstranit nejpozdéji do 30 dnl od uskute¢néni
reklamace.
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VIII. Sankce

V pfipadé prodleni Dodavatele s dodanim pfedmétu smlouvy nebo s odstranénim zavady, na kterou se
vztahuje zaruka, oproti terminu dohodnutém obé&ma smluvnimi stranami dle &l. V a &l. VII, odst. 8 této
smlouvy, zaplati Dodavatel Objednateli smluvni pokutu ve vysi 0,05 % z celkové ceny Systému za kazdy
zapocaty den prodleni.

V pripadé prodleni Objednatele s Uhradou faktury zaplati objednatel Dodavateli Urok z prodleni ve vysi
0,05 % z dluzné Castky za kazdy den prodleni.

Smluvni pokuty, které jsou prokazatelné a opravnéné, jsou splatné ve Ih(té 30 dnli po doruceni vyuctovani
takové smluvni pokuty. Uplatnénim smluvni pokuty neni dotéeno pravo na nahradu Skody.

IX. GDPR

Obé smluvni strany se zavazuji zpracovavat osobni Udaje za uc¢elem pInéni pfedmétného smluvniho vztahu,
v souladu se zakonem 101/2000 Sb., o ochrané osobnich udajl, ve znéni pozdéjSich pfedpisu (dale jen
»Zakon"), a nafizenim Evropského parlamentu a Rady (EU) &. 2016/679 (dale jen ,GDPR").

Osobni udaje budou smluvnimi stranami zpracovavany pouze v rozsahu nutném pro naplnéni vyse
uvedeného ucelu a pouze po dobu nutnou pro dosazeni vySe uvedenych ucell, nejdéle vSak po dobu
stanovenou pfisluSnymi pravnimi a internimi pfedpisy a v souladu s nimi.

Kazda ze smluvnich stran je spravcem ve smyslu ustanoveni platnych pravnich pfedpist. K osobnim udajim
maji pfistup pouze spravce a osoby, které jsou ve vztahu k nému v pracovnépravnim poméru nebo
zpracovatel na zakladé smluvniho vztahu se spravcem a pouze za vySe uvedenymi uéely zpracovani. Pfistup
a nakladani s osobnimi Udaji zpracovavanymi kazdym ze spravcu podléhaji internim pfedpisim daného
spravce.

Smluvni strany jsou povinny seznamit subjekty udaji (napf. kontakini osoby) s tim, Ze jejich osobni udaje

mohou byt zpracovany za tuc¢elem plnéni pfedmétné smlouvy. Zarover jsou povinny informovat subjekty idaj

o0 moznosti uplatnéni jejich prav u spravce, a to na:

e pravo na pfistup k osobnim udajiim, na jejich opravu nebo vymaz, pravo na omezeni zpracovani a pravo
vznést namitku proti nezakonnému zpracovani;

e pravo podat stiznost u dozorového ufadu.
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X. Pravni ochrana dodavky Systému

Na dodavku Systému dle této smlouvy se nevztahuje zvlastni pravni ochrana.

XI. Zavérec¢na ustanoveni

Tato smlouva upravuje v8echna prava a povinnosti mezi smluvnimi stranami a mize byt zménéna pouze
pisemnou dohodou.

Neplatnost nékterého ustanoveni této smlouvy nezplsobuje neplatnost ostatnich ¢asti smlouvy.

Smluvni strany budou feSit pfipadné spory tykajici se pInéni smlouvy pfedev§im vzajemnym jednanim.
V pfipadé, ze nedojde k vyfeseni sporu dohodou, bude sporna zalezZitost feSena soudni cestou. VSechny
takto vzniklé spory budou feSeny podle Ceského prava.

Smluvni strany v souladu s ustanovenim § 89a zakona ¢. 99/1963., obéanského soudniho fadu v platném
znéni uzavrely dohodu, resp. se dohodly na jiné mistni pfislusnosti soudu 1. stupné. Mistné prislusSnym
soudem je soud 1. stupng, v jehoz obvodu ma sidlo Cesky metrologicky institut.

Smluvni strany se v souvislosti s pInénim pfedmétu této smlouvy zavazuji zajistit ochranu prava na obchodni
tajemstvi v souladu s pfislusnymi ustanovenimi ob&anského zakoniku vzdy tam, kde jedna, druha nebo obé
strany spole¢né oznaci informace za obchodni tajemstvi nebo za informace diavérné nebo u téch materiald,
které jsou jiz takto oznaCeny. Tyto informace nesdéli tfeti osobé bez pisemného souhlasu druhé smiuvni
strany a u¢innym zplsobem zajisti, aby nedoslo k jejich zneuziti. Zavazek micenlivosti je platny jak po dobu
plnéni této smlouvy, tak i po jejim skonceni s dusledky, které pfi ohrozeni nebo poruseni prav a povinnosti
stanovuje pravni fad.

Obé smluvni strany souhlasi s uvefejnénim této smlouvy véetné v§ech pfipadnych dodatk( podle zakona o
registru smluv a s uvefejnénim dalSich informaci souvisejicich s plnénim dle této smlouvy v souladu se
zékonem o vefejnych zakazkach. Smlouva bude uvefejnéna v registru smluv CR bez prilohy &. 2, ktera
obsahuje duvérné informace.

Smlouva nabyva platnosti dnem podpisu obou smluvnich stran a u¢innosti dnem uvefejnéni v registru smluv.
Uverejnéni zajisti objednatel.

Na prava a povinnosti stran, ktera nejsou touto smlouvou vyslovné upravena, se pouziji ustanoveni
ob&anského zakoniku.

Tato smlouva je vyhotovena bud v elektronické podobé& nebo v listinné podobé ve dvou stejnopisech
s platnosti origindlu, z nichZ kazda ze smluvnich stran obdrzi jedno vyhotoveni.

Smluvni strany uzavrely tuto smlouvu po pfedchozim projednani smluvnich ujednani dobrovolné, vazné,
srozumitelné a urcité, coz stvrzuji svymi podpisy.



Nedilnou souéasti této smlouvy jsou nasledujici pfilohy:

Pfiloha ¢. 1 Specifikace predmétu plnéni

A/ Pozadavky objednatele na technickou specifikaci podle pfilohy €. 1 zadavaci
dokumentace a podle vysvétleni zadavaci dokumentace (anglicky)

B/ Technicka specifikace plnéni nabizeného dodavatelem (anglicky)

Pfiloha €. 2 PoloZkovy rozpis ceny

Za dodavatele:
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Dr. Ida Z. Kozma

Viceprezident pro prodej - opravnény signatar

Za objednatele:
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Priloha ¢. 1 - Annex 1

Priloha ¢. 1 - Annex 1

Specifikace predmétu plnéni

A/ Pozadavky objednatele na technickou specifikaci podle prilohy €. 1 zadavaci
dokumentace a podle vysvétleni zadavaci dokumentace

A/ The customer's requirements for technical
specifications according to Annex No. 1 of the
procurement documentation and according to the
explanation of the procurement documentation

“Femtosecond frequency comb system for ytterbium ion optical
clock and laser frequency metrology”

1) PUIrpOSE Of @QUIPMENT ... ..o ettt e e e e e e e e e e snbe e e e ennee 1
2) Required quantity, SiZe lIMitS.........oouiiiiiii e 2
3) Technical SPECIfICAtION ......coi ittt s be e e s sbee e e e sbeeee e 2

A) GENEral CharaCtEriSTICS. ... uuvieiiiiiie ettt e e e st e e e et ee e e e s tee e e e snbeeaeeenneeeeeannes 2
(o) @3 (oot Qoo a3 o o [ o] 010 <SPS 5
c) Clock comb — radiation outputs available for further Use ...........cccoceei i 6
d) Clock comb - RF Signal OULPULS ....cuvviieiiiiii ettt e et e e e seae e e 6
€) MISCEIIANEOUS ...ttt et e et e e e st e e e e st e e e e sntae e e e antaeeeesnteeaeesnseeeeeanraeaeennes 6
f) Counting @and MONIOMING ........eiiiiiiiie et e e e e et e e e e e e e e enneeeeeeaens 7
g) Data acquisition @and PrOCESSING ......uciiii it e e e e e e et e e e e e e s b e eeaaeeeaans 7
L) IR T 74= 0 11141 PRSP 7
4)  AdIitIoNAl FEQUEST ... . it as 7
= ) I I - 11011 o o PSPPSR 7
o) T 011 PRSP 7
C)  TEeMPErature FANGE .......ooiiiiiiiie ettt e e ettt e e e et e e e e e be e e e e enbee e e e anbee e e e abeeeeeannee 7

1) Purpose of equipment
The subject of the tender is a femtosecond comb system that performs the following tasks:
a) The clockwork for '"'Yb+ optical clock (both E2 and E3 transitions, each of fundamental

wavelengths 871 nm, 934 nm can be used as a reference and the system must generate high
quality 10 MHz signal referenced to optical frequency (see 03 below).

b) Accurate determination of the ratio of the optical frequencies of the E2 / E3 clock lasers
(see g7 below)

c) Frequency transfer (accuracy and stability) to another optical wavelength — single
frequency laser 1542.14 nm. This laser and its stabilization to the comb is included. (see g1,
g2, i3 and m2 below)
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d) Frequency measurement of the fundamental (~740 nm) frequency of cooling laser,

optionally stabilization of the laser frequency to a computer adjustable value (see i4 below)

e) Measurement of the frequency of the wavelength standards — using the beat with the

comb outputs 01 or 02)

2) Required quantity, size limits

One system fulfilling the purposes described in Section 1), the specifications described in Section
3) and the additional requirements described in Section 4) shall be supplied.

Due to the very limited space available in the optical clock laboratory (No. 905, "clock laboratory" in
the following text). The comb system will be located in another laboratory (No. 904, "length laboratory"
in the following text). Both laboratories are located at the Czech Metrology Institute, V Botanice 4,
Prague 5, Czech Republic, first basement. The laboratories can be connected by a fibre optic cable with
a length of approximately 35 m. The clock laser radiation delivered by the fibre must be stabilised to
eliminate noise caused by the instability of the fibre, a noise suppression system for 871 nm laser is

included (see m1).
3) Technical specification

a) General characteristics

g1 | (ultra) low noise tracking capability Allan
standard deviation

in optical domain:
<1x10"'* @ 1s

<1x10'8 @ 10 000 s
From optical to RF (see
03 and 04 below):
<3x10™ @ 1s

<3x10'* @ 10 000 s
<1x10-'* @ 100 000 s

when comb is stabilized to
optical reference (i1 or i2 inputs
described below)

Mandatory
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g2 | Simultaneous A) Stabilization of the A) and B) are both available, but | Mandatory
operation clock comb on E2 are not supposed to operate
clock laser (see i1) simultaneously
and simultaneously
the transfer laser
(see i3) is frequency
stabilized to the
clock comb
and simultaneously
the cooling laser
frequency (see i4) is
measured (optionally
stabilized) by the
comb
B) Stabilization of the
clock comb on E3
clock laser (see i2)
and simultaneously
the transfer laser
(see i3) is frequency
stabilized to the
clock comb
and simultaneously
the cooling laser
frequency (see i4) is
measured (optionally
stabilized) by the
comb
g3 | reliability unattended operation Unattended operation of at | Mandatory
least 4 weeks, providing
- the system is adjusted
according to  manufacturer
instructions at the beginning of
the period
- the input power of all lasers to
be measured (out of the SM PM
fibre) remains >1 mW
- the temperature of the optical
table remains stable within 1 K,
the temperature of the air in
laboratory remains within £ 2 K
- no mains power glitches, black-
outs or brown-outs during the
period.
- any frequency variations of an
external optical reference used
for locking the comb are
< #10 MHz during this period.
g4 | “nice” Frep value | Possibility to set the Optional

value of the repetition
rate exactly to an integer
multiple of 10 MHz e.g.

200 000 000 Hz
or 250 000 000 Hz
etc.




Priloha ¢. 1 - Annex 1

g5

Frep tuning range

the repetition frequency
should be tuneable in
the range equal to at
least 1x10-% of central
Frep value
(£5%10* Frep)

Mandatory

g6

Frep tuning range

The Frep must not be
lower than 90 MHz and
not higher than 1 GHz

Mandatory

a7

Determination of
the optical
frequency ratio

determination of the ratio
of the optical
frequencies of the E2 /
E3 clock lasers with
relative uncertainty
<1x10"7 @ 1000s
<1x10"° @ 100 000 s

If necessary,
transfer oscillator scheme

using e.g.

the

Mandatory

g8

carrier-envelope
offset frequency

stabilized to zero or to
some other suitable
value referenced to
signal traceable to the
optical clock or to
10 MHz reference
frequency available in
the labs,

Mandatory




b) Clock comb - Inputs
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ID frequency power purpose note
i1 | 344.179490 THz = | The available power | Ability to lock the comb to this | Mandatory
871.0352215 nm depends on the | input with adjustable
(fundamental stabilized fibre link, | frequency difference from the
wavelength — SHG of it | see m1below comb mode (see also g1 and
gives E2 clock f = 688 g7)
THz  A=435.5 nm)
The ~ 35 m stabilized fibre link
for the fundamental frequency
of E2 laser (871nm) is a part of
the delivery, low profile
transmitter into the acoustic
box of the clock (see m1
below)
i2 |321.060748 THz =|1mwW Ability to lock the comb to this | Mandatory
933.7561801 nm SM PM APC fibre input with adjustable
(fundamental frequency difference from the
wavelength — SHG of it comb mode (see also g1 and
gives E3 clock f = 642.1 g7)
THz A=466.9nm)
i3 | 194,400 0 THz 1 mwW Ability to lock external single | Mandatory
1542.14 nm SM PM APC fibre frequency laser to the clock
transfer laser comb for distribution of
ultraprecise frequency
referenced to one of the clock
lasers
This laser and the locking
electronics is included in
delivery (see m2).
i4 | 405.644 488 THz /| >200 mW out of For stabilization of cooling | Measurement input
739.052 217 nm SM PM APC fibre laser to the comb. In case of | mandatory.
(fundamental optional delivery of the servo | Stabilization
wavelength of cooling the locking uncertainty | optional.
laser) <100 kHz @ 0.005s. The
error signal has to be delivered
via ~ 35m long connection
from the clock comb (in the
Length lab) to the laser in the
clock lab (preferably optically
as the electric grounds are not
the same. It might be easier to
send the beat frequency back
to the clock lab and place the
PLL at the laser in the clock
lab.
i5 | 10 MHz Possibility of locking the clock | Mandatory

comb to this external reference
frequency




c) Clock comb - radiation out
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uts available for further use

o1 | NIR broad band output | >100 nW per comb | measurement of other lasers | Mandatory
(<1540 nm .. >1560 nm) | mode frequency. interferometry, FT
spectroscopy,
02 | VIS broad band output | >10 nW  for any | measurement of other lasers | Optional
(<600 .. >900) nm comb mode, | frequency. interferometry, FT | Broader spectral
average >50 nW per | spectroscopy, range including
mode green

(<500 .. >900) nm
is preferable

d) Clock comb - RF signal outputs
03 | RF signal referenced / | 10 MHz, sine, | Adjustable by computer with | Mandatory
synthesized from optical | >2.5 V;, 50 Q relative steps <1x10-17,
clock frequency (i1 or i2) Uncertainty of the ratio of the
RF frequency to the optical
frequency <1x10-"6 for
integration times 100 000 s
o4 | RF signal referenced / | 100  MHz, sine, | Asin 03 Optional
synthesized from optical | >2.5 Vp.p, 50 Q
clock frequency
e) Miscellaneous
m1 | The ~ 35 m stabilized | Low profile | The far end is the i1 input of | Mandatory
fibore link for the | transmitter into the | the clock comb (mentioned
fundamental frequency | acoustic box of the | above in section 0)
of E2 laser (871nm). clock laser, there is | The frequency shift must be
available space for a | accurately known (monitored if
breadboard 300 mm | necessary).
x 600 mm x 10 mm | The stability must be sufficient
with the height of all | to support the requirements in
components on it | g1
<80 mm.
5 mW of 871nm
radiation is available
out of SM PM APC
fibre.
m2 | Transfer laser Single frequency | The radiation of this laser is | Mandatory
194,400 0 THz fibre laser adjustable | spitted into following fibre
1542.14 nm close to the | outputs:
frequency 194.4 THz
(difference <250 | 1) To input i1 of the clock
MHz),  frequency comb for stabilization of
stabilized via the |  thjs laser to the clock comb
Clock comb input i3 | 2) 1 mW in SM PM APC fibre
above. The | or connector (for the beat
stability/tracking with distant laser of similar
capability as in g1 frequency)
3) >10 mW in another SM PM
Note: this laser does APC fibre for further use
not have to be stable
by itself, but serves
as a slave to the
comb.
m3 | power 230V 50Hz power consumption <500 W | Mandatory
for the clock comb
m4 | standards metric components Mandatory

6
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m5 | spare components set of user Optional
replaceable  spare
pump laser diodes

f) Counting and monitoring

The beat detection units for each of the inputs i1, i2, i3, i4 described in the tables above are delivered
and the beat frequencies are measured simultaneously by multichannel dead-time free counters
together with the comb offset- and repetition- frequencies of the comb. The sample length 1 second is
mandatory, synchronized by an external trigger; the possibility to select also shorter samples is
desirable. Additional two counter channel and beat detection units must be available for counting the
beat using the outputs o1 and/or 02.

The level and quality of beats and the Fceo and Frep will be monitored for quantitative estimation
of possible cycle slips and systematic counting errors for each counter sample - mandatory, e.g. by
quadrature beat signals or some other method.

g) Data acquisition and processing

The system shall include the computer(s) for controlling and data acquisition. Some data (counter
values, servo status, counting error monitoring, ...) shall be simultaneously available to other computers
/ programs developed later — this could be done by documented interface or by providing reasonably
described source code of control software.

h) Size limits
We prefer a small size / compact system. On the pneumatically insulated optical table there isa 1 m x
1 m area and space for two instrument cabinets (racks) next to the table.

4) Additional request

a) Training
A basic training covering laser operation and maintenance will be provided together with the
written documentation and instructions.

b) Power
System is intended to be supplied from 230V/50Hz AC and the power plugs should be

compatible with IEC system CEE 7.

¢) Temperature range
The system shall be working in laboratory temperature (20 to 23) °C. The unattended

operation described in section 0 g3 is required at least in the periods of time in which the
optical breadboard temperature remains stable within the interval of 1 K

Explanation of technical specifications requirements
(the customer's responses to the supplier's questions)

Question #1:

We have a question regarding spec #i.4 (Annex 1 Technical specifications, 3) Technical specification,
b) Clock comb — Inputs, ID: i4):

a) Isthe 200 mW cooling laser provided by CMI?

7
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b) It seems that the cooling laser does not require fiber noise cancellation, is that correct?

c) Can you specify what you mean by the spec: locking uncertainty < 100 kHz @ 0.005 s? Does
it mean when you measure the beat frequency with the closest comb mode with a counter with
5 ms gate time, your frequency fluctuations should be < 100 kHz?

Response of the customer:

a) Yes, the laser is in the clock lab — about 30 m from the comb
b) Yes — the fiber noise cancellation is not needed for the cooling laser
c) Yes

Question #2:

We have a question regarding spec #g1 (Annex 1 Technical specifications, 3) Technical specification,
a) General characteristics, ID: g1):

Ultra low noise < 10*-14 at 1 sec from optical to RF:
Can the RF frequency be 100 MHz, or what is the RF frequency supposed to be?

Or alternatively, if the RF frequency is supposed to be 10 MHz, is the below acceptable:
< 3* 10714 at 1 sec at 10 MHz?

Response of the customer:

Yes, the tracking capability from optical to RF
<3* 10714 at 1 sec
is acceptable

The requirement g1 in the documentation was changed accordingly:

a) General characteristics

gl | {ultra) low noise tracking capability Allan | when comb is stabilized to | Mandatory

standard deviation optical reference (i1 or i2 inputs
in optical domain: described below)
<1=10-"% @ 1s

<1=10-"% @ 10 000 s
From optical to RF (see
o3 and o4 below):
<3=10-"* @ 1s

<3=10-% @ 10 000 s
<1=10-% @ 100 000 s

At the same time, the requirement for 03 and 04 was modified as follows:

d) Clock comb - RF signal outputs
03 | RF signal referenced /| 10 MHz,  sine, | Adjustable by computer with [ Mandatory
synthesized from optical | =2.5 Ygp, 50 O relative  steps  =<1=1077
clock frequency (i1 ori2) Uncertainty of the ratio of the

RF frequency to the optical
frequency <1=10"  for
integration times 100 000 s

o4 | RF signal referenced /| 100 MHz, sine, | Asin o3 Optional
synthesized from optical | =2.5 Yge, 50 0
clock frequency
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Question #3:

Will 871 nm, 934 nm and 740 nm use one fiber from the clock lab to the length lab for transmission?

Response of the customer:

No, there should be three SM PM fibers.
1) For 871 nm (fund. E2 clock laser) — its stabilisation is included in the delivery according to the
tender. This fibre itself is to be delivered as well.
2) For 740 nm (fund. cooling laser) — stabilization is not needed, fiber provided by the contracting
authority
3) For 934 nm (fund. E3 clock laser) — its stabilisation is not part of the delivery according to the
tender (nor the fiber).

Question #4:

If the 871 nm, 934 nm and 740 nm signals are transmitted separately through their own individual 35-m
fiber length (i.e. say there is one fiber for each wavelength), does 934 nm transmission need fiber noise
cancellation?

Response of the customer:

This fiber (934 nm - fund. E3 clock laser) noise cancellation is not part of the delivery according to the
tender.

Question #5:

At m2, it says the transfer laser is a single frequency fiber laser. Will a semiconductor laser with fiber
pigtail be acceptable? It also says >10 mW for output 3. Will >5 mW be acceptable for this port?

Response of the customer:

These parameters were adopted during the pre-market consultation (https://nen.nipez.cz/verejne-
zakazky/p:vz:query=ptk/detail-zakazky/N006-23-P00000244/zadavaci-dokumentace ), we will not
change them now.

Question #6:

In order to lock the 740 nm CW laser to the comb, we need the actuator information of the CW laser.
How many actuators are incorporated into the CW laser and what are each actuator’s voltage control
range and input impedance? We also need each actuator’s frequency tuning range and will need to
know that no mode hops occur during the tuning range.

Response of the customer:

The laser to be stabilized is TA/DL-SHG pro Frequency Doubled High Power Laser System from
TOPTICA Photonic s AG.


https://nen.nipez.cz/verejne-zakazky/p:vz:query=ptk/detail-zakazky/N006-23-P00000244/zadavaci-dokumentace
https://nen.nipez.cz/verejne-zakazky/p:vz:query=ptk/detail-zakazky/N006-23-P00000244/zadavaci-dokumentace
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DL pro

Optfical isolator

Folding
mirrors

Tapered Optical isolator Falding
amplifier mirrors
Mode matching opfics

é) I\ vl
Photodiode &

1D

Beam shaping optics

Resonant doubling cavity

Figure 1 Schematics of the Optical System (Example: TA-SHG pro)

The laser is currently stabilized to WSU wavemeter using piezo of the grating of the master oscillator
(ECDL) just several times per second. Its stability is illustrated by following figures:
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sample length [s] laser frequency deviation [MHz]
Unfortunately, the sensitivities and ranges are not well specified in the manual:
1 modDC BNC-connecter for DC-coupled current modulation of the Master Oscilla-
« BNC-connector tor.
2 modAC BNC-connector for AC-coupled current modulation of the Master Oscilla-
* BNC-connector tor.
3 Piezo BNC-connector for piezo actuator control of the Master Oscillator.
* BNC-connector

Only the ,mod DC* input (modifying the laser diode current) is supposed to be used for the
stabilization of the laser to the comb.

Note: The ,mod AC*is used for PDH modulation which is used to lock the SHG cavity to the laser
frequency, the ,Piezo" controls the ECDL grating — laser frequency — referenced to wavemeter. The
laser frequency will be adjusted using the wavemeter+piezo to better than £50 MHz from the desired
value (or to £15 MHz if needed) and then the piezo control will be switched to ~ constant voltage and
the frequency lock to the comb (via ,mod DC* input) can be switched ON.

There is a 30dB Attenuator (MiniCircuits HAT-30+, 50 ohm) connected to ,mod DC* input, following
sensitivity values are measured including this attenuator (voltages measured at the input of the
attenuator). Increasing voltage decreases the laser frequency. The sensitivity is approximately

10



-140 MHz/V @ DC
-100 MHz/V @ 1 kHz
-90 MHz/V @ 10 kHz
-80 MHz/V @ 100 kHz
-60 MHz/V @ 500 kHz
15 MHz/V @ 1 MHz
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"Mod DC" input sensitivity @0.4V amplitude measured

before 30dB attenuator

1000

3° 8 ¢ o .
T
=
=
£
: 10
1

1E-3  1E-2 1E-1 1E+0 1E+1 1E+2 1E+3

frequency [Hz]

1E+5 1E+6 1E+7

The limit of the applied voltage (still before the attenuator!) is £0,71 V and the sensitivity is about

constant for the voltages within this limit
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"Mod DC" inout sensitivity @ 0.3Hz before 30dB attenuator (limit
+0.71V)
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voltage amplitude [V]
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So the tuning range using the ,mod DC* input via attenuator is about +90 MHz (for +0,7 V) at DC. The
laser will be adjusted so as there are no mode hops in this range.

The desired frequency value of the cooling laser and the lock ON/OFF commands will be sent from
another computer (which we currently use to control the clock in the clock laboratory), e.g. via
Ethernet. The communication format (interface, protocol) should be proposed by the comb system
supplier.

12
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B/ Technicka specifikace plnéni nabizeného dodavatelem

B/ Technical specification of the performance offered by
the supplier

MenloSystems Technical Specifications

Date: 29.08 2024

FAH DM e e rerd_smree

To the public contract ,Femtosecond comb for optical clock” Act No.
134/2016 Coll.

1 Summary

The optical frequency comb technology and its stabilization are protected by several imternational
patents (e.g., EU patent EP 1161782, US patent 6,785,303 Bl, and Japanese patent JP466842382).
Menle Systems GmbH holds the exclusive rights to these patents. The Mobel Prize in Physics 2005 was
awarded to Theodor Hansch, co-founder of Menle Systems, for imventing the frequency comb
technology used in the products listed abowe.

The Optical Frequency Comb FC1500-ULMnova combines ultra-low phase noise operation of the
femtosecond fiber laser with the high bandwidth of the fast repetition rate and camrier envelope offset
[CEO) actuators. It is ideal for demanding applications related to ultra-cold atoms and optical clocks.
The system enables high-performance phase locking o an optical reference and ensures spectral
purity transfer to all frequency comb modes through a stabilized CED beat.

The FC1500-ULNnova is a compact, portable, robust, and flexible fiber-based femtosecond optical

frequency comb designed for optical frequency metrology in the near-infrared range centered at 1560
nm.

2 General System Description

w7

Complete and automated metrology system with ultra-low-noise performance. Telcordia GR-
458-CORE qualified pump modules allow for 28h/7d operation.
Comb mode spacing 250 MHz, wavelength range =25 nm centered at 1560 nm 20 nm.

W

w7

Optional extensions enable spectral coverage from 500 nm to 2100 nm.

Stability: 1E-16 im 1 5*, 1E-18 in 1000 s [or limited by the reference)

Accuracy: 1E-17 for t>100 5*

Includes a Menlo Systems' figure 9% ultra-low-noise femtosecond fiber laser with integrated

W

W

high-bandwidth actuators for tuning of the carrier envelope offset (CEQ) frequency and the
repetition rate, a Menlo Systems’ Erbium-doped femtosecond fiber amplifier for peneration
and detection of the CEQ beat, and Menlo Systems' SYNCRO based phase lock loops to stabilize
the repetition rate and the CEQ frequency. Menle Systems’ Frequency Comb user software,
counter, computer and displays for system control and data acguisition are included.
Furthermore, an integrated RF reference allows stand-alons operation when no external
reference is applied.

= Every system is fully characterized at Menlo Systems before shipment. The characterization is
carried out against an in-house reference system with equal or better performance.

2.1 Features

* The ready-to-use and robust eptical frequency comb system with no degrading parts and
adjustment-free al-fiber-coupled and polarization maintaining waveguide technology ensures

This deciirmant ool propristary nfoimation. The copying, diteution and uileation of tha documest & well a3 the cem muslcition of s lll'llz
conbent 1o others sitheul epieded ssthoizaton rem Menho Sammi B prohibied. Menho Sytems GmbH, 32152 Martiasied, Gemasy
&, Technical $pecifications decx.
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s' Techrical Specfications,
_“EI'!I stems

24h/7d operation. It is capable of providing and measuring optical frequendies at any color
within the spectral ange of the system.

* The heart of the optical frequency comb is an all polarization maintaining Er-doped
femtosecond fiber laser centered at 1560 * 20 nm with lowest amplitude and phase noise. It
is based on the ultra-low noise figure 9% mode locking technology which is proprietary of
Menlo Systems (USE37360182, EP263726541).

*  The 250 MHz repetition rate can be smoothly tuned in a 2 MHz range by adjusting the cavity
length via a stepper motor and a piezo transducer. The system allows the measurement at
different repetition frequencies as one way to determine the mode number (tunable low-noise
RF synthesizer included). Mo need for re-alignment whatsoever.

* The Er-doped femtosecond fiber laser features seven user output ports with >10mW output
power for adding additional spectral coverage and/or optional custom wavelengths.

* The Erbium-doped femtosecond fiber amplifier (EDFA) for CEO generation provides ultrashort
pulses that are used as input for the f-2f interferometer for camier envelope offset
stabilization. The CED frequency is stabilized via a self-referencing technique, in conjunction
with the generation of an octave-spanning supercontinuum, a f-2f interferometer based on a
fiber-coupled waveguide, and a servo system to control the CEQ frequency.

* Possible tuning range of the CEQ frequency by more than 3 spectral ranges (> 750 MHz). The
all-fiber-coupled and polarization maintaining waveguide technology ensures adjustment-free
and stable 24h/7d operation.

* Spectral purity transfer (SPT): The laser head is equipped with two actuators each for both CEQ
frequency (CED fast and CEO slow) and repetition rate (RR fast and RR slow] that allow for
spectral purity transfer to all comb modes.

Full comtrol over repetition rate and CEQ frequency: The absolute position of the optical frequency
comb lines and their spacing can be controlled independently. Therefore, eg. different optical
frequency comb modes can exactly match different reference

3 System requirements

- Operating voltage: 100 / 115 / 240 VAC at 50 to 60Hz

- Power consumption: <500W, <3kW including chiller

- Operating temperature: 22 £ 5°C

- Storage temperature: 0 to $40°C

- Relative humidity: 0% up to 31°C decreasing to 50% at 40°C

4 Tender requirements

212
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Technical Specifications,

{Ultra) oW
noise

Tracking capability Allan | When comb is stabilized to

standard deviation optical
in optical domain:
<1x107% @ 1s
<1107 @ 10 000 s

From optical to RF (see 03 and
o4 balow):

=310 @ 1s
<3x10"* @ 10,000 s

<1x10"% @ 100000 s

reference (il or i2

inputs described below)

Mandatory

=¥ Yes fulfiled a

nd better.

Simultaneous

operation

&) Stabilization of the clock comb
on E2 clock laser (s=e il)] and
simultaneously the transfer
laser [see i3} is freguency
stabilized to the clock comb

ond simuitaneously the cooling laser
frequency (see M) is  measured
{optionally stabilized) by the comb

B) Stabilization of the dock comb
on E3 clock laser (see i2) and
simultaneously the transfer
laser [s=e i3] is freguency
stabilized to the clock comb

ond simultaneously the cooling laser
frequency f{see M) is  measured
{optionally stabilized) by the comb

&) and B) are both
available, but are not
supposed to operate

simultaneously

Mandatory

=% Yes fulfilled.

The FC15000 ULN Nova will be configured to have simultaneously laser stabilization {and
measurement) possible for the E2 or E3 clock laser [~871nm or ~%33 nm), the transfer laser
{1542 14 nm) and the cooling laser (<739 nm ) simultaneously.
This is given by the inherit spectral purity transfer the FC1500 offers and the configured
extension units.

15
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Tachpicsl Specificstions,
MenlloSystems

Reliability Unattended operation Unattended operation of at | Mandatory
east 4 weeks, providing

- the system is adjusted
according  to  manufacturer
instructions at the beginning
of the period

- the input power of all lasers
to be measured (out of the SM
PM fibre) remains =1 mW

- the temperature of the
optical table remains stable
within 1 K, the temperature
ofthe airin laboratory remains
within 2 2 K

- ne mains power glitches,
black-outs or brown-outs
during the period.

- any frequency variations of
an external optical reference
used for locking the comb are
< 10 MHz during this period.

< Yes, fulfilled.
Telcordia GR-468-CORE  gqualified pump modules zllow for 24h/7d  operation.
COwur users report continuous ocperation for many months without user intervention.

The optical baseplate includes and supports water-cooling with a closed oyde chiller. All required
equipment is part of the delivery. This is not necessary for cooling but for maintaining a very
stable temperature throughout the entire optics baseplate.

"mice" Frep | Possibility to set the value of Optiona
value the repetition rate exactly to
an imteger multiple of 10 MHz
eg.
200 000 000 Hz or
250 000 000 Hz etc.

= Yes, fulfilled.

The repetition rate is at 250 MHz.

412
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Tachrical Soecifications,

MenloSystems

Frep  tuning | The repetition frequency Mandatory
range should be tuneable in the
range equal to at least 1=107°
of central Frep walue
{+5=10* Frep)
< Yes, fulfilled.
The repetition rate can be tuned by a total of =4MHz.
Frep  tuning | The Frep must not be lower Mandatory
range than 50 MHz and not higher
than 1 GHz
= Yes, fulfilled.
The repetition rate is at 250 MHz.
Determination | Determination of the ratio of | f necessary, using eg. the | Mandatory
of the optical | the optical frequencies of the | transfer oscillator scheme
frequency EZ/EZ dock lasers with
ratio relative uncertainty
<1x1017 @ 1 000 s <1=10°% @
100 000 5
<2 Yes, fulfilled and better

Within the supercontinuum module |SCM) the spectral purity transfer between all wavelengths

is <1107 @ 1 5.

Carrier- Stabilized to zero or to some Mandatory
envelope other suitable walue
offset referenced to signal traceable
frequency to the optical clock or to 10
MHz reference frequency
available in the labs,
= Yes, fulfilled.

Typically carrier- envelope offset frequency is stabilized to 35 MHz, which is referenced to the

customer's 10 MHz reference.

b} Clock comb - Inputs

17
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Technical Specfications,

I | frequency

power

purpose

note

344173430 THz =

The available power

Ability to lock the comb to this

Mandatony

B71.0352215 nm depends on the | input with adjustable
(fundamental stabilized fibre link, | frequency difference from the
wavelength - SHG of it see Fehler! | comb mode (see also g1 and
gives E2 clock f = 638 Verweisquelle gG)
THz A=435.5nm) | konnte nicht
gefunden werden.
balow The ~ 35 m stabilized fibre link
for the fundamental
frequency of E2 laser (271nm)
is a part of the delivery, low
profile transmitter inte the
acoustic box of the clock (see
Fehler! Verweisquelle konnte
nicht gefunden  werden.
below)
< Yes, fulfilled.

The supercontinuum module producing the frequency (SCM) includes a high signal-to-noise ratio beat
detection unit at an arbitrary offset. The included phase locked loop electronics in the SYNCRO unit
allow phase locking of the frequency comb to the clodk laser.

321060748 THx =
933.7561801 nm

(fundamental
wawvelength - SHG of it
gives E3 dock f=642.1
THz A=466.9nm)

1 W
3M PM APC fibre

Ability to lock the comb to this
input with adjustable
frequency difference from the
comb mode (see also gl and

g6}

Mandatony

= Yes, fulfilled.

The supercontinuum module producing the freguency includes a high signal-to-noise ratic beat
detection unit at an arbitrary offset. The included phase-lodked loop electronics in the SYNMCRO unit
allow phase-locking of the frequency comb to the clock laser.

194,400 0 THz
1542.14 nm

laser transfer

1 mW

3M PM APC fibre

Ability to lock external single
frequency laser to the clock
comb for distribution of
ultraprecise frequency
referenced to one of the clock
lasers
This

electronics  is

laser and the locking
included in
Fehler!

Verweisquelle konnte nicht

delivery [s=e

gefunden werden.).

Mandatony

18
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s' Technical Specfications,
MenloSystems

[} | frequency power purpose note

< Yes, fulfilled.

The 5YNCRO lecking electronics can phase lock the included telecom-grade diode laser to the optical
frequency comb's supercontinuum. The stability, accuracy, and phase noise of the clock laser will be
transferred to this telecom laser via the optical frequency comb, as part of the delivery frame.

405644 488 THx jf | >200 mW out of For stobilizotion of cooling | Measurement
739,052 217 nm SI PM APC fibre laser to the comb. I cose of | input mandatory.

optional delivery of the senvo Stabilization

optional.

(fumdamental

wavelength of cooling the locking wncertainty <100

kHz @ 0.005 s. The error signal
has to be delivered via ~ 35 m

lazer)

lang connection from the clock
comb (in the Length lab) to the
laser in  the ciock lab
{preferably optically as the
electric grounds gre not the
same. It might be easier to
send the beat frequency back
to the clock lab and piace the
FLL ot the lgser in the clock
lab.)

=% Yes, fulfilled.

The measurement input in the supercontinuum for the cooling laser is included.
The optional stabilization of the loser to the frequency comb (phose-locked loop optimized for
customer’s laser) is aiso available.

10 MHz Possibility of locking the clodk | Mandatory
comb to  this  external

reference frequency

=% Yes, fulfilled.

¢} Clock comb - radiation cutputs available for further use

NIR broad band output | >100 nW per comb | measurement of other lasers | Mandatory
(<1540 nm .. 1560 nm) mode frequency. interferometry, FT
SpeCtroscopy,
= Yes, fulfilled.

& output ports with these specifications available and included.

7/12
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Techpical Specfications,

V15 broad band owutput
(=500 .. >300) nm

=10 nW for
comb

any
mode,
average 50 nW per
mode

measurement af other lasers
frequency. interferometry, FT
speCtroscopy,

Optional

Broader spectral
rangs including
green

{=500 .. >9300} nm

is preferable
2 Yes, fulfilled.
By delivery of M-VI5 extension with respective nonlinear fibres.
d} Clock comb - RF signal outputs
RF signal referenced /| 10 MHz, sine, »2.5 | Adjustable by computer with | Mandatory
synthesized from | W, 500 relative steps  <lx10Y
optical clock frequency Uncertainty of the ratio of the
(il ori2) RF frequency to the optical
frequency <1=10°8 for
integration times 100 000 s
2 Yes, fulfilled.
RF signal referenced [ | 100 MHz, sine, »2.5 | Asin o3 Optional
synthesized from | W, 500
optical clock frequency
= Yes, fulfilled.
Induded in 10 MHz low noise microwawe synthesis as additional output.
5 Optional tender requirements
Number  of
Optional items and properties Optional component or feature points

multiple of 10 MHz

Possibility to set the wvalue of the
1 repetition rate exactly to an integer

Possibility to set the value of the
repetition rate exactly to an integer
multiple of 10 MHz

2 Yes, fulfilled.

The repetition rate is at 250 MHz and can be fine-tuned to an exact value.

The beat signal between the clock laser and the nearest optical frequency comb line is

adjustable, such that the repetition rate can be fixed to 250.000 MHz.

20
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| 2 | 740 nm laser stabilization Laszer stabilization 740 nm 26

= Yes, fulfilled.

The stabilization of the laser at 740 nm to the frequency comb [phase-locked loop optimized
for customer's laser] is also available as functionality of the comb’s SYNCRO ([Menle's
synchronization platform).

The custemer should give Menlo the laser model and manufacturer (e.g. Toptica DL Pro) such
that the electronics can be perfectly matched for a phase-locked loop. A fast and a slow
actuator of the customer's laser will be acted on (e.g. piezo and current). All necessary
electronics including cables and connectors will be part of the delivery. It is no problem if the
laser is in a distant [ab connected via optical fiber as described.

i Output of fs comb radiatiom in the
3 additional VIS broad band output L 3 30
visible region

< Yes, fulfilled.
By delivery of M-V13 extension with an cutput possible in the region of Z00-1000 nm.
The M-VI3 extension package consists of a low noise erbium doped fibre amplifier, second
harmonic generation, and subsequent spectral broadening (photenic crystal fibre, see point 4

below).

extension of additiomal VIS broad | OQutput of fs comb radiation in the
4 | band output to green: (<500 . >900] | visible region with a spectrum | 17
nm broadened to green: (<500 .. »300) nm

< Yes, fulfilled.
By delivery of M-VI3 extension. The cutput can be broadened by adding additional monlinear
fibre.
Below find examples of the spectral possible characteristics {e.g. 480 nm — 1000 nm ] :

B, NP I TP TN
7, ™ A W*‘r

S [68]

iy 1481

i
|
|
[
[
|
!
=

| spactars |
k) w0 L L] L R [RR ) L= LL] L L0 tH=
asssbargn Jon | W s 1

Both types of monlinear fibers will be induded. Switching between the two fibers that are
attached to the opto-mechanics on the breadboard takes a few seconds.

912
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| 5 | RF output 100 MHz RF output 100 MHz o4 9

< Yes, fulfilled.
Included in 10 MHz low noise microwave synthesis as additional output. This includes stable
RF signal detection and amplification at 10 MHz, 100 MHz, 1 PP5.

set of | bl
6 D .user replaceable spare pump Set of user replaceable pump diodes 9
laser diodes

< Yes, fulfilled.
See List of Parts (6] , this is a standard configuration of the FC1500 ULN Mova: pluggable
pump diode module as spare part. The user can easily replace the module with a short set of
instructions without external intervention.

6 List of parts

LIST OF PARTS

*  Erbium-doped femtosecond fiber laser with increased ocutput power and robustness. It is
equipped with a fast and a slow actuator for full control of both the repetition rate and the
carrier envelope offset (CEQ) frequency.

* Comtrol unit for the laser for automated mode locking. Mode-locking is controlled by a
microcontroller. Front panel use or USB serial interface.

*  Erbium-doped femtosecond fiber amplifier for CEQ generation: EDFA and non-linear fiber,
generating an octave spanning spectrum.

*  Opto-mechanical setup for generation and detection of the CEQ beat. Includes fiber-coupled
waveguide PPLN crystal for second harmonic generation (f-2f interferometer].

*  Comntrol unit for the femtosecond fiber amplifier. Front panel use or U3B serial interface.
*  Detectors for repetition rate and CEQ beat.
* Al electronics for detection, amplification and filtering of repetition rate and CEQ frequency.

* Universal synchronization platform (SYNCRO) based phase-lock loop electronics and
automation for stabilization of repetition rate and CEQ freguency. Allows for 24h/7d
operation.

* Low-noise radio frequency synthesizers to allow for tuning of the repetition rate and CED
frequency.

10/12
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*  4-channelcounter without dead time to count optical frequencies in the pi and lambda mode.

* Package contains all power supplies, RF amplifiers, filters and Pl-controllers that are required
for stabilized optical frequency comb operation. The FC1500-ULMnova allows stabilization to

an external RF source or to a stabilized optical source.

* 10 MHz RF reference (a Rubidium clock with relative stability better than 2E-11 in 1 5). Please
inquire for altermative RF or optical references if higher performance is required. A GP3
stabilized version is available upon request.

* Complete RF distribution for optical frequency comb operation.
*  Computer including keyboard, mousepad and 24" touchscreen (all rack mounted).
* Software and automation for hands off optical frequency comb operation and data acguisition.

& Display of two error signals, the CEQ beat signal, and one additional optical beat signal {if
present) via a 4 channel digital oscilloscope/spectrum analyzer.

* Al opto-mechanical components mounted and pre-aligned on a base plate which allows for
water cooling.

* Chiller included.

* Aninterock is part of the system.

* All electronics mounted and cabled in a 13" rack.

*  Contineous-wave pump module (CWPM): pluggable pump diode module as spare part

*  M-VI5 Module: Module to extend the stabilized comb of the FC1%00 to the visible spectral
range. Wavelength range 500 nm - 1050 nm. Alternative wavelength range on reguest. The
module contains a P2%0 PULSE-EDFA amplifier, a second harmonic generation unit, and a
spectral broadening unit using a photonic crystal fiber

*  5CM-Base: Supercontinuum module. Includes amplification and flat spectral broadening in the
visible and near-infrared. Up to eight 5CM-Channel units can be added for wavelengths in the
defined range. Simgle-branch configuration allows high spectral purity transfer between all
wavelengths. Please inguire about specific combination of wavelengths. Input: 8 FC/APC
connectors. Output: 8 SMA connectors.

*  SCM-Channels: Supercontinuuem channel. Te be integrated into SCM-Base wnit. Includes
spectral filtering and balanced beat detection unit for high signal-to-noise ratio beat detection
with customer's cw laser. A total of eight units can be added to the 5CM-Base for a total of
eight simultanecus beat signals with ow lasers. Input: customer's fiber-coupled cw laser
{FC/APC, others on request). Output: rf beat signal of the ow laser with the frequency comb.
Wavelengths: 871 nm, 334 nm, 740 nm and 1542 nm

*  Microwave cutput- 10 MHz low noise microwave synthesis as additional cutput. This includes
stable RF signal detection and amplification at 10 MHz, 100 MHz, 1 PP5.

®* 1542 nm transfer laser: CW telecom-grade diode laser: The SYNCRO locking electronics can
phase lock the laser to the optical frequency comb's supercontinuum. The stability, acouracy,
and phase noise of the clock laser will be transferred to this telecom laser via the optical
frequency comb, as part of the delivery frame.

11/12
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* Locking electronics 720 nm: The stabilization of the laser to the frequency comb (phase-locked
loop optimized for customer's laser) is also available as functionality of the comb’s SYNCRO.

All necessary electronics including cables and connectors will be part of the delivery.
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Clarification and completion of the technical specification of the
performance offered by the supplier

(the supplier's responses to the customer's questions)

Question #1:

Zadavatel pro vylou€eni vSech pochybnosti poZzaduje po dodavateli, aby zaslal objasnéni nabidky, v
némz bude deklarovat, Ze nabizené zafizeni splfiuje v§echny povinné (mandatory) i volitelIné
(optional) pozadavky zadavatele uvedené v pfiloze €. 1 zadavacich podminek (Annex 1 — Technical
specifications), a v némz se rovnéz slovné vyjadfi k jednotlivym pozadavkim zadavatele uvedenym v
této pfiloze, v ¢asti 3, v bodech e) ,m1* az ,m4*“, f) a g). Vezméte prosim také na védomi dalsi kanaly
CitaCe, které kromé i1, i2, i3, i4 jsou vyzadovany pod f).

Response of the supplier:

g) Miscellaneous

ID | frequency power purpose note
mi The =~ 35 m|Low profile The far end is the 11 input | Mandatory
stahilized transmitter info the of
fibre link for the | acoustic box of the the clock comb (mentioned
fundarmental clock laser, there is above in section 0). The
frequency of E2 | available space for a | frequency shift must be
laser (87 1nm). breadboard 300 mm x | accurately known
600 mm x 10 mm with | (monitored if necessary).
the height of all|The stability must be
components on it <80 | sufficient to support the
mm. 5 mW of 871 nm | requirements in g1.
radiation is availahle out
of SM PM APC fibre.
= Yes, fulfilled. There is available space.
ID | frequency power purpose note
m32 Transfer laser Single frequencyr fibre Th_e radi_ation uIthij:.Iaser is | Mandatory
194,400 0 THz laser adjustable close to | spitted into following fibre
1 542.14 nm the frequency 184 4 THz | outputs:
(difference =250 MHz),
frequency stabilized via | 1) To input i1 of the clock
the Clock comb input i3 | comb for stabilizafion of
above. The | this laser to the clock
stahbilityftracking comi
capability as in gi. 2)1 mWin SM PM APC
) fibre or connector {for
Mate: this laser does not the beat with distant
have to be stable by laser of similar
itself, but serves as a| frequency)
slave to the comb. =10 mW in another SM PM
APC fibre for further use
= Yes, fulfiled. A splitter to access the different outputs will be added to the transfer
aser
m3 | power 230V 50Hz power consumption | Mandatory
=500 W for the clock comiy
=< Yes, fulfiled. Power Consumption for comb <500W. (chiller <3 kKW).
md | standards metric components Mandatory
2 Yes, fulfilled
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f) Counting and monitoring

The beat detection units for each of the inputs i1, i2, i3, i4 described in the tables above are
delivered and the beat frequencies are measured simultaneously by muliichannel dead-time free
counters fogether with the comb offset- and repefition- frequencies of the comb. The sample
length 1 second is mandatory, synchronized by an external tigger; the possibility to select also
shorter samples is desirable. Additional two counter channel and beat detection units must bhe
available for counting the beat using the oufputs o1 andfor 2. The level and quality of beats and
the Foeo and Frep will be monitored for quantitative estimation of possible cycle slips and
systematic counting emors for each counter sample - mandatory, e.9. by guadrature beat signals
o some other method.

= ‘Yes, fulfilled. The beat detection units will be included in the supercontinuum module
(SCM) as balancad detection modules. The stabilized comb light at different frequencies
fravels along separate optical paths that can be measured simultansously by dead-time
free balanced detection. The frequency comiby's detection of the repetition rate and offset
frequency is part of the standard system. Furthermore, one additional 4-channel counter
is included as well as two beat detection units for o1 and o2.

g) Data acquisition and processing
The system shall include the computen(s) for controdling and data acquisition. Some data (counter
values, servo status, counting ermor monitoring, ...) shall be simultaneoushy available to other

computers / programs developed later — this could be done by documented interface or by
providing reasonably described source code of control software.

= Yes, fulfilled. The system is equipped with a computer and Menlo Core 1L and all
software needed to data readout, long-tracking of data, emor signals etc. Furthermore,
the whole system is compatible with standard control software programs and fully
controllable remotely.

Question #2:

In the "Technical Specifications” document, under "5 Optional tender requirements”, item 2 (page
9), the supplier states "...740 nm laser stabilisation ...". In section "6 List of parts", last bullet (page
12) the supplier states "... Locking electronics 720 nm _.".

The contracting authority asks for clarification whether the value 720 nm is a typo?

Response of the supplier:

Yes, this is a typo and supposed fo mean 740 nm.
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Polozkovy rozpis ceny
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