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RF Reference Sighal Generation and Distribution

Purpose: . Main performance requirements:
Synchronization of devices (e.g. LLRF) . Low jitter
along the accelerator machine  Long-term stability

General topology

Distribution
Amplifier Refereince siginal transfer system
1€iei giiai uiains YSiEi e

Distribution
Amplifier —
* Fan-out at required Transfer over
output power level longer distances —_—
* Generation of higher
& sub harmonics

RefereiiCe siginal trainsfer system

INSTRUMENTATION -«s— LIBERA

TECHNOLOGIES



RF Reference Signal Distribution Topology

User specific — depends on:

* Devices that need to be synchronized at specific frequencies (basic reference
frequency, higher and/or sub harmonics)

* Performance requirements: jitter, long-term stability

* Building layout & geographical positions of the devices

* Environmental conditions



Ref. Signhal Distrib. Topology — SKIF example

Cavity1l| |Cavity2| [Cavity3| |Cavityd| [Cavity5
amuﬁz 357MHz 357MHz | | 357MHz | | 357MHz Gavitel] (Cevibal | Cavig
Ampl.2 Ampl.3 Ampl.4 Ampl.5 / ( K
357MHz 357MHz 35TMHz 357MHz | | 357MHz 1‘2;’1‘:};}2 1‘%;':?,:',;?2 1’3;’:‘;"32
EVE LLRF LLRF LLRF LLRF LLRF LLRF LLRF LLRF
357 MHz — | I
RFcables 1-9 m, RFcables 1-7 m. I I
SAL stability = 1 ps stability < 1 ps
RK21 [DA3 1 2 3 4 5 | [Daa 1 2 3 ]
RFcable 15 m I I
SYNCS500 SYNCS500
RX RX
4 < 2 2 =
Straight 7 | Service Area Straight 9 | Service Area
Cavity1 LLRF SA7 2nd floor SA9

370 m, jitter = 1 ps ———— ’7430 m, jitter = 1 ps

3
: 1 | |LLRF|_
Cavity2 plyfier 2 40 1, stability < 10 ps
1 RK2 sYNCE00
liire m ™

Cavity3 plyfie RFcables 1-7 m 8o
_ AEWMHZT REcables 1.7 m, [DA11 2 3 4 56 7 8 9]

Booster RF Service Area

RFcable 11 m

stability < 2 ps’ — RFcebles 10 m,
BRF e ntt';'E 925pr;1 Skl 2 s
Modulatord NF,d ulato [3' Modulat0r2 RE2ES suuﬂz"1 lviod ulato i‘I
L—1  Lasme m?u iy < 2 e Gon
LLRF LLRF
KL2 @ 535 MHz | 178 MHz | 178 MHz
" spare TE1

KI stron Galle
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t t] 4 S t] B =] o, 8 P
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Section 5 Section 4 Section 3 Section 2 Section 1

RF
gun

Groupper

|
Directional
couplers acoslsratlon
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Ref. Sighal Distrib. Topology — PAL example

Concept under consideration

Storage ring (circumference: 799.3 m)

Booster ring (circumference: 767.5 m)

500 MHz Normal conducting cavity 500 MHz 5 Cell Normal conducting cavity LINAC

SR RF station _ %/ .
. BR RF station fereerinnedeinene- SRR SRR . ... RO SR (SR SEE........... 0
(10 set)
SsPA 5P S5PA sspa
LLRF  LLRF  LIRF  LLRF URF  LLRE  LLRF  LLAF LLRF  LIRF LLRF LLRF
500 500 500 500 500 500 500 500 500 500 3 3
MHz  MHz  MH2  MHz MHz  MHz  MHz  MHz MHz  MHE GHz GHz
l ] I ] | | [ | ] [ 500 MHz 500 MHz l ] 3 GHz
RF Building 450 MHz
10 MHz
12 12 12
1~12: 450 MHz
500 MHz 1~24: 500 MHz | 13~24:10 MHz N
m—‘-lll 3 a"s s|1|= :J:nluu ‘T_laaas svlesm | *: “nnn 1~4 : 3000 MHz
Master [ (3 5 [ |7 [ 38|19 20 1 |22 |23 | s [a]w]u]w][u]e]no]a]a]a] ot
LINAC ‘ I [ ] Distribut\'onamplifierwi Distribution amplifier #2 Distribution amplifier #4
Timing
LFS

LINACBuilding

TFS | Optical RF signal transfer systems #4 Optical RF signal transfer systems #4

Optical RF signal transfer systems #4 Optical RF signal transfer systems #4
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Reference Master Oscillator

Libera RMO

- = o
" = ==a1
T omaw el

Distribution
Amplifier

Distribution
Amplifier
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Reference Master Oscillator — Libera RMO

10 MHz
ref. input

Ethernet & EPICS

.

Microcontroller

Low noise

PLL

0CX0o

Used in PLL mode

~ INSTRUMENTATION

Lo

| &

' RF Output

Typical jitter: <60 fs (10 Hz — 10 MHz)

Harmonic suppression: <50 dBc up to 5th harm.
Frequency stability: 5¥107-11 (Allan Deviation)
Output power: >15 dBm

Different output stages and freq. ranges: from 50
to 3120 MHz

Freq. sweep capability and continuous phase
transition

External trigger
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RMO Distribution Amplifier

Libera RMO
DISTRIBUTION
AMPLIFIER

Libera RMO h“’?’u"-” )

Reference - -
Master Distribution
Oscillator Amplifier
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Libera RMO
DISTRIBUTION
AMPI._I_FIER

Distribution
Amplifier —




Libera RMO Distribution Amplifier

e Temperature stabilized platform -> long-term
stability

* Low jitter design

 Modular design — up to 24 RF outputs at
different frequencies: input freq., higher and
sub harmonics
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RF
input
>10dB

RF
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Reference signa transfer system

Libera RMO
DISTRIBUTION
AMPLIFIER .
Libera RMO i Libera RMO
ol | Libera Sync DISTRIBUTION
AMPLIFIER
Reference -
Master Dlstrl_bytlon
Oscillator Amplifier Rereieince sigiial transfer system
Reference sional transfer svstem Distribution
eéreireince Sigiiai uiails yStei Amplifier
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Reference signa transfer system — Libera Sync

Developed in collaboration
with PSI for SwissFEL

Lo
 RF frequency: ~3 GHz
Control System LAN ..
* Integrated added jitter: <10 fs RMS
* Long-term stability: <40 fs ppin 24 h
Ethernet port Ethernet port . . o
re s e e +  Drift compensation capability: 500 ps
Libera Sync Define OLL parameter Libera Sync * Llnk |ength: up to 1.5 km
Transmitter (Optical Link Length) Receiver  Based on RFoF technology
Low drift OLL=1..1500m Low drift RF Output 1 +15dBm I-) Device 1 .
ke gt Optical Output optical put " e s * Fully automated start-up and tuning
+15dBm Low noise Lov\_' noise ’ -10dBm e
Optical Output Optical Intput RF Monitor peesesa :“> Ctrl Syst prOCEdure

=== optical signal === RF signal ==« RF monitoring signal === control signal
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Outline

* Libera Sync adaptatl n to Storage

* Conclusions
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Libera Sync 178 MHz

Same working principle like in the case Expected performances:

of Libera Sync 3 GHz * Integrated added jitter:
300 fs RMS (from 10 Hz

Required adaptations: to 10 MHz)

* RF amplifiers * Long-term stability:

e RF filters

e Phase shifters
* RF splitters

* RF variable attenuators
 FW adaptations "

700 fsppin24 h

2144  INSTRUMENTATION
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New RF PCBs

Transmitter Receiver
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Added jitter — measurements on prototype

Agilent E5052B Signal Source Analyzer

FPhase Maise 10.00dBS Ref -40,00dBc/Hz
-40.00

4

Fraq Band [93M-1.55Hz]

Phase Noise: Hold [ (NSaRand [Serin] et s] (S [

Integrated added jitter (from
10 Hz to 10 MHz): 300 fs RMS

Even better results are
expected after improvements
in respin i.e. <200 fs RMS



Temperature & humidity dependence

400
W 200
€ o
=
A
© —200
=
(1
—400 -

F 3 F 3
26 80 —
w) =X
5 gl 7 s
2 24} 160 ©
2 23 1s0 §
= 22t lag ©
1 1 1 1 ’

0 20 40 60 80
Time [h]

INSTRUMENTATION LIBERA

TECHNOLOGIES



Long-term stability

300

200 -

100 +

[fs]

—100 -

—200

24h phase drift segments

0 1 2 3 4 > o 7

Time [24h period]

<400 fs ppin24 h



Conclusions

* RF reference signal generation and distribution systems are user specific
* Their building blocks need to be adapted in terms of topology and frequencies

* Development of the Libera Sync 178 MHz will enable easier adaptation also to
other frequencies up to 500 MHz.
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Thanks for your attention!

dejan.tinta@i-tech.si
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