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Introduction

Alternating gradient accelerators require:

* Synchronization of components with respect
to a common phase reference (RF cavities,
diagnostics...)

* Low jitter phase reference signal generation

e Stable distribution of the reference signal at
spread locations. (low drift)

e Coherent generation of multiple frequencies
from the same reference signal.

* Frequency tuning and continuous frequency
sweep capabilities.

* Applications:

* FELs

e Synchrotron Light Sources

* Particle therapy accelerators

* Heavy particle linear accelerators
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First generation Libera RMO (MO signal generation)

~a1%% INSTRUMENTATION 7 —
~%i%s TECHNOLOGIES e el

* o0
/7 1IN\



First generation Libera RMO features

Phase noise (Agilent E5052B SSA)
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Key features:

The Libera RMO Distribution Amplifier (MO distribution)

Active RF splitter to distribute the RMO signal to
multiple users (up to 16 RF outputs)

Low drift temperature stabilized design (based on }
. . fl
Libera Sync.z?md Libera LLRF TSRF) s i, Libera RMO
Low added jitter W a3 Distribution
o eqe . . > Amplifier ———»
Possibility to generate output signals at multiple HH} 2
frequencies (harmonically related). g
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The MO generation and distribution building blocks

Libera RMO

o)

Libera Distribution o
OOCOGO®

Amplifier

Libera SYNC TX Libera SYNC TX

Optical
compensated
links

Libera SYNC RX Libera SYNC RX

Freq 1 l Freq 2

Booster,

SR
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AVO proton therapy and other heavy particle applications

Compact linear proton therapy accelerator based on 13 RF stations (LIGHT)
(a 750 MHz RFQ and 3 GHz SCDTL and CCL structures)

Libera RMO and Libera RMO DA are used to distribute the MO reference to om0 i
each RF station, including the 750 MHz reference derived by the 3 GHz P\_ - e e e s, A ;
reference. j Sk cleicieierel

Other heavy particle application would require MO frequency to be } e wieleieicicm

dynamically tuned to compensate the RFQ detune.

Radio Frequency Side Coupled Drift Coupled Cavity Gantry and
Quadrupole (RFQ) Tube Linac (SCDTL) Linac (CCL) patient couch

ABAM

«an ADVANCED ONCOTHERAPY company



Libera RMO jitter performance 1/2

Agilent E5052B Signal Source Analyzer Agilent E5052B Signal Source Analyzer

PPhase Moise 10.00dBS Ref -40.00dBc/Hz

Cartier 2997924615 GHz 15,1046 dBm

40,00

<5000

= Hojse =
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Analysis Range Y: Full Range
Intg Moise: -72.3898 dBc /10 MHz
RMS Moisze: 339.643 prad

12.4601 mdeg
RM3 1itter: 15.031 fsec
Residual FM: 104,642 Hz

-200.0 1

ik 1k

1omM

IF Gain 4048

L Opt [=150kHz]

Libera RMO output (3 GHz) 18.03 fs
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-40,00

-50.00

= MHojse =—
Analysis Range H: FU1l Range
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Libera RMO jitter performance 2/2

Agilent E5052B Signal Source Analyzer Agilent E5052B Signal Source Analyzer

PPhase Moise 10.00dBS Ref -40.00dBc/Hz

Cartier 2997924615 GHz 15,1046 dBm

40,00

<5000

= Hojse =
Analysis Range H: Full Range
Analysis Range Y: Full Range

3
Intg Moise: -72.3898 dBc /10 MHz

RMS Moisze: 339.643 prad

12.4601 mdeg
RM3 1itter: 15.031 fsec
Residual FM: 104,642 Hz
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Freq Band [250M-7GH:] L Opt [=150kHz]

Libera RMO output (3 GHz) 18.03 fs

Corre 100

Trigger

Continuous

Restart

Source
Internal

Ext Trig Polarity
Megative
Ext Trig Output
Average Trigger

OFF

‘Window Couple
OFF

PPhaze Moise 10,004 Ref -40,00d8c/Hz

Canier 743,481152 MHz

16,5382 dBm
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Analysis Range H: FU1l Range
Analysis Range Y: Full Range
Intg Noise: -51.051% dBc ¢ 10 MHz
RMS Noisze: 125.29 prad

7.17862 mdeg
RMS J1itker: 26,606 fsec
Fesidual FM: 521,528 Hz
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Applications: Synchrotron Light Sources

* LINAC, booster and synchrotron subsystem would need a common reference
* Multiple frequencies need to be generated and distributed to remote users at distant locations
* There is the need to continuously tune the reference frequency to track the changes in the rings

Booster
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New generation of Libera RMO e

«  PLL locked based OCXO design upgraded with a Microcontroller
DDS (Direct Digital Synthesizer) .
. Low noise
* Improved frequency tuning range 0CXO

*  Frequency sweep capability and continuous phase
N 10 !VIHZ PLL — RF Output
transitions. ref. input (50 — 1600MHz]
[ ]

Remote control over Ethernet with the possibility
to be upgraded with an EPICS I0C.

Used in PLL mode 20000
e External triggering option to synchronize frequency g |
adjustment time to avoid RF pulses. E
* Different output stages and frequency ranges § woof n e
supported. On switch K ‘ I ’ '
e Typical jitter: ~50 fs (10 Hz — 10 MHz) N ot Tormina S —

L - e s De T~ =-00 3
/

f]l;i‘—imﬁmu
PLL locked indicator LED

PLL locked indicator
Network Service Trigger Trigger Error LED
; LED
interface  ports Input LED RF output
\ l “// / 5 A - === (¢ &
V\\

Power indicator LED
Power inlet
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New generation modular Libera RMO DA

* Modular temperature stabilized design to simplify the frequency customization
* Low jitter design

Internal temperatures

* Each module can generate a different frequency and provide 4 output channels
N |
* Supporting up to 24 output channels T
foSFELE NOETENN GEFTEND GOSN ASURNS SSREIE S o ' , LA
s 230005000025 I == = '
233330000025 &g ;
ol @ RF OUTPUTS {:t o
:iY LIBERA / RMO DISTRIBUTION AMPLIFIER
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https://www.i-tech.si/products/reference-master-oscillator/
mailto:borut.baricevic@i-tech.si
https://www.i-tech.si/products/reference-master-oscillator/
https://www.i-tech.si/products/libera-sync-3/
http://www.i-tech.si/

