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Design and implementation of the low level control system RF front-end of
the superconducting accelerator
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Abstract: The Radio Frequency(RF) front-end for the superconducting cavity of the high average
power THz equipment is designed and implemented. By combining the signal source 8663A and the
AD9858 Direct Digital Synthesizer(DDS), a signal with 30.72 MHz intermediate frequency and a local
oscillator signal of 1 330.72 MHz are generated. The 30.72 MHz signal generated by the AD9858 is used as
the reference signal of the clock board AD9510 for generating Analog to Digital Converter(ADC) and
Digital to Analog Converter(DAC) driving sampling signal of 122.88 MHz and 245.76 MHz respectively.
According to the measurement, the clock signal timing jitter is around 4 ps, the amplitude and phase of
sampling error caused by the jitter is +0.04% and =+ 0.025% respectively, which is in line with the
design requirements.

Key words: RF front-end; clock distribution; up-down converter; low level control; superconducting

accelerator

T B K7 THz-FEL(Free Electron Laser) = F-2 0y B 4 B ok IR E T A B i FHOB R &, [
TR VR R I B o % N AR 2 H 4-cell B TESLA U &5 4l F8 il B8 T sk 2 | ol R L AR TR TR AR
DR R A A . R IR A R R T A R SR R A5 DL RAIC H E  R G A A . O S A T AR
1300 MHz & 4%, Ins ks By 15 MV/m, $24EH 68 6 MeV~8 MeV, ikl 5 mA, TAERE K 2 KA,

5 0 S 2 A R OAT ot R IR B L R A R R 5 N RS, A S RN BGA B 10° R, A7 AR T G 2
10°, TAEMF %21 A 200 Hz~300 Hz. i T TAEMF SEAR 78, 45 Fh IR K 518 0 0 25 3 40 25 5 IS B0 oh R s B,
AR A T 23R B ) R e R Y 3 i K T I S B SR R B T BOB T N AN RE S A AU
KL, 7RIz A7 o % vh 75 20 S I 00 1 R 3R 45 R E — S /B LN . D580, B E L - OG0T H S0 o B R
DRI il BT 2 RE A O B G HEAE R S e 2 v A ST 0% 35 1 IR EE RURR 7 R FR E ETRE T R AL
o BT FARER, 7ER YR THz-FEL KARMFR B, W26 — & Ko E . KB FEH RE, i
ARSI TR 3 R A RS, PR UE AR TN B R B I R B AT IR AR A R R TR
Wi EHEY: 2014-05-19; {EEIHHA: 2014-06-09
BEETH: ERERB2AERE ST & LWE4: 7 B0 H (2011YQ130018)




EHRE FRAEE BSMERKEFREF MR ITSLH 463

S AR R R T ok S R S . B m] 4 AR ] 431 (Field Programmable Gate Array, FPGA)KUF I Al |
PR IRURE B 0 A 42 1 A5 2 A o AR ST Y T v ) Bt A 2% AT 2R R R - 4 S AR 8 R S i 0 14 B T B S B
Tik, AR EERE EEAT TS

1 BESmMERRBFEEFHREURSAMKSBSNEERS

IR FL P42 R e R AR RE IR N ] 1 iR o B R 2 B0 3 BRI B IR i P R L, BE RS
B 4-cell T . AR F RS . MR ARL . 1.3 GHz i AMA S . BATIRIE . DR . © Rk
A5 RGN o AP AR PRSP 2R 50— e R A T S PN ) I TR L A RS R B, — B 2 e R g B
BT M BB o RO A D T, e AR A S AL AT S I i ) R A

EO S ES

T SRF cavity SRF cavity

_{VW\_\piezoltuner _fVYV\_\piezoltuner

-

=

et

10 MHz - HP 8663A - -/ = | |
-------- ’{ —>-——msplitter pr=-=---» ?
ref clock - local oscillator ltuner controller IJ peak detector
emeeeeemmenenad

Clock |_122.88 MHz LLRF board J CPU board toal
converter l tuner interface |[__inter-lock} in?e?—?gck
ADC, PMC card
ADRC FPGA
DA XC5VSX5T <86 CPU
D | 3 | running Linux |
timing signals -]' triééer |—
EMC card | /-| PCl bridge | [gigabit Ethemet ] EPICS
debug signals =14 gigabit Ethemet [ PClbridge ]«
4U CPCl case .

Fig.1 Architecture of the low level control system
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Fig.2 Architecture of the RF front-end module
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Fig.11 Measurement of reference clock jitter
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