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Abstract Designed Hardware

Modern high-energy particle accelerators and free-electron lasers incorporate
large quantities of sensitive RF and microwave frequency devices distributed over
kilometer distances. Such devices require extreme stable phase and time synchronization
by means of high frequency signal distributed along the accelerator facility.

Coaxial cables are commonly used to distribute the reference signal over the large
machine to synchronize electronic systems and they are the main source of undesirable
phase drifts in the synchronization system. Signal phase drifts in cables are mainly caused
by temperature and humidity variations and their values usually exceed required phase
synchronization accuracy by more than order of magnitude.

There are several approaches to reduce signal phase drifts in coaxial cables. This
paper describes the realization of active phase stabilization system based on interference
phenomenon. A phase-locked signal from the transmitter is reflected at the end of a
coaxial cable link. Directional couplers placed along the cable pick up the forward and
reflected signals and interfere them to cancel out the cable phase drifts. Distributed
hardware including interferometer controller/transmitter and receiver modules were built
demonstrate system concept and performance. Link input and output devices used FPGA
I/O boards with Ethernet interface to control system operation. Specialized firmware and

software was developed to calibrate and control the system. A
This paper describes the concept of interferometer link, basic control algorithmes, A
designed hardware and performance evaluation results. The link prototype was built to
distribute 1.3 GHz signal through a coaxial cable. Measured phase drift suppression factor
value exceeded level of 100.
Interferometer Link Concept
By oy Q)
T ) g‘) ~ ? l
5 - | i
E >IPhDA -1 : :
i 1 :sw: ft\_jlﬁ Ecx Q &) )i C(:)ituplerclzf gﬂ?fftseer\( iouplerocli:t Cocthpler(I:r:s i
E—° '* céuplerc”zl Coni *E o k| e |d ) 8| |
| Phase £ |
The primary concept requires three basic | shier 4" S |
conditions: : e~ |
1. Constant phase shift at the end of the coaxial | ! A
cable link - it is done by InCon phase-lock loop ! P A |
(phase detector PhD1 and phase shifter PhS1 | E\ 5 d] |
marked in pink), : ) [j\ E 5 : A
2. Sum of equal forward and reflected signals at | petector T Y s
the link output - it is done in the TapPoint by : | PwD1 «— NG A
A proper configuration of RF switches (SW2 22 | A
and SW3), | Phase 5[ :
A adjustments done by variable attenuator | — g : A
and phase shifter (Att2 and PhS4 in the red | ” |
path) | o LS 9 |
A measurements done by power and phase , >t lg o
detectors (PwD2 and PhD2 marked in blue), : PwDZ- ] TapPoint, 7 ° —_Cable drift [ps] —Output phase [ps]
3. Appropriate electrical length between InCon  ~~~~~~~ "7 7777777 out T 77 5‘2‘!
and the TapPoint’s picking up couplers - it's o
done by a main line phase shifter in the %Z 7?%f : ’ : ’ : - ’)#l? (J( FJ%F#’W?_‘J (J (J - (J( 4 J%%?A%??f%ffﬂﬂ
TapPoint (PhS2 marked in orange) and the s |
control algorithm. .

90

o |

10 2 30 40 50 60
Time [h]

0.06

—Cable pHase drift—TapPoint output phase drift ase drift — TapPoint output phase dri;IE

0.04

o
o
N

Phase drift§ps]
o N N
Cale phase drift [ps]
o N NaN

6 6l 1 .0.06
20.6 20.7 20.8 20.9 21.2 20.6 20.7 20.8 .20.9 21 21.1 21.2
Time [h] Time [h]
6 . 6 0.04
4 % 4 0.06 7
g 2 s 2 0.08§
pa Q @®
; 0 = ‘S_-‘@ 0 0.1 ?}
® ° E;: B § 2 o.12§-
- G O
Basic Control Algorithms Z 5«
$ a2 82.7 82.8 82.9 83 83.1 83.2 _68-2=.6 82.7 82.8 82.9 83 83.1 83.2 o
Time [h] Time [h]
A v
Cable phase drifts of more than 10 ps are suppressed
A Y
Y > EIechic[stllsTgﬂ:l}sweep
A
Acknowledgment
Research supported by Polish Ministry of Science and Higher Education, founds for
international co-financed projects for year 2017.
A Simulate phase drifts
Ph32 = n +/- AQ
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