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Barrier bucket digital low level RF system in HIRFL-CSRe
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Abstract: To overcome the limitation of the traditional beam stacking method and accumulate the heavy ion
beam to higher intensity, Heavy Ion Research Facility in Lanzhou (HIRFL) will adopt Moving Barrier Bucket (BB)
stacking scheme in Cooling Storage Experimental Ring (CSRe). The amplitude, phase and periodic adjustable BB
voltage produced by the Radio Frequency (RF) control system is the core of this accumulation mode. However, due to
the wide-band characteristics of BB voltage and the nonlinearity of RF system, there will be serious distortion of BB
voltage in RF cavity. Based on the analysis of the characteristics of BB voltage and RF system, the predistortion
feedforward control is introduced to eliminate the distortion. This paper describes the mathematical model, simulation,
hardware and software design and test results of this method in detail. The results will be helpful to the BB stacking
experiment of HIRFL-CSRe and BB stacking mode of High Intensity heavy-ion Accelerator Facility (HIAF).
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Table 1 Parameters of HIRFL-CSRe RF system

cavity parameter value amplifier parameter value LLRF component version/type
0(1.33~15 MHz) 0.5~0.9 model number Model600A225A 0s Windows 10
half-cavity impedance/Q 207 rated power/W 600 FPGA XC5VSX95T
resonance frequency/MHz 5 bandwidth/MHz 0.01~250 ADC ADS62P49
operating frequency/MHz 1.33~15 DAC AD9122

Barrier Bucket i 2 bk b2k 15 1 b, P RO A2 [ 6 7B T 4 ) 25 0 35 K B XY T Skt S 2
0B, 55 BTEAOSEE EUE. CSRe HHRIR HI Ol JF R Barrer Bucket A0 B BLOBF L0, HEANSL 10 54
mk 2 s,

% 2 Barrier Bucket 236 S 5[

Table 2 Experimental parameters of Barrier Bucket

energy/ magnetic single sine repetition
(MeV-u) stiffness/Tm frequency/MHz frequency/MHz
2C 200 4.3 5.0 1.33 1 9.3x10*

ion species voltage/kV bucket height
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Fig. 4 Measured amplitude response and phase response of BB RF system
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Fig. 7 Block diagram of predistortion program
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Table 3 Results of experiments

/% peak to peak/V positive half cycle/V asymmetric distortion/% ringing distortion/%
ain,
& ’ (uncorrected/static/dynamic) (uncorrected/static/dynamic) (uncorrected/static/dynamic) (uncorrected/static/dynamic)
35 104/100/100 42.0/47.4/49.6 47.6/11.0/1.6 63.1/9.3/4.4
50 202/200/199 80.0/94/99 52.5/12.8/1.0 62.5/8.5/4.6
60 300/305/306 118/142/152 54.2/14.8/1.3 62.7/8.5/4.6
65 402/402/409 158/188/204 54.4/13.8/0.5 64.6/10.6/4.9
70 500/500/500 186/230/247 68.8/17.4/2.4 62.4/11.3/4.7
76 598/596/606 222/266/295 69.4/24.0/5.4 65.8/13.5/8.2
83 694/700/706 256/300/328 71.1/33.3/15.2 70.3/14.0/9.9
100 793/800/799 290/350/362 73.4/28.6/20.7 72.4/17.1/10.6
200 200 .
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Fig. 12 Test results at 65% gain of amplifier
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