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Abstract The low level RF control system is an essential part of the RF system for Shanghai Synchrotron Radiation Facility (SSRF) .
In the R&D of the SSRF, one set of low level control system was developed. It consists of a SOOMHz signal generator, three feedback

loops, an interlock and a protection system. This paper addresses the design of this system and mainly introduces the three feedback

loops .

Key words low-level, feedback control, phase, amplitude, frequency, stability

1 Introduction

In the current RF system design, 8 normal conduct-
ing RF cavities are used to provide 4MV RF voltage to the
beam. Each cavity will be powered by a 180kW klystron
power amplifier and controlled by a low level RF system.

The related parameters of the storage ring are shown in
Table 1.

Table 1. Storage ring parameters related to RF system.
Beam energy E 3.5 GeV
RF frequency S 499 .65 MHz
Harmonic number h 660
RF voltage vV 4.0 MV
Beam current 1 300 mA
Energy loos/turn U, 1256 keV
Synchrotron frequency e 6.9 kHz
Natural bunch length ae 4.6 mm

In the R&D of the SSRF, a high power RF system
has been established, which contains a klystron and its
power supply from THALES and THOMCAST, a circula-
tor from AFT, a copper cavity borrowed from the PF,
KEK, and low level RF control loops developed at the
SSRC.

The low level RF system consists of three feedback
loops, a signal generator, an interlock and a protection
system. The design is basically similar to those of many

other electron storage rings in the world, and is based on
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the use of conventional, and well-proven equipments.
2  Feedback loops

In the RF control system, the reference RF signal is
generated by a master oscillator( HP4437B) , which is lo-
cated at the central control room. This system is com-
prised of three loops and an interlock system. The fre-
quency loop keeps each cavity in a precision, which can
be set to 150Hz'" . The amplitude loop keeps the cavity
gap voltage stable within 1 % , which acts on the driving
power of the plant. And the phase loop keeps the phase
stability of the output power of the RF plant within 1 de-
gree at any power level. The interlock system is comprised
of a fast vacuum protection, an RF switch and an arc de-
tector. It can ensure the high power RF system the work
safely . The schematic diagram of the low level RF control

system is shown in Fig.1.

Fig.1.

Block diagram of low level control RF system.
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2.1 Tuning loop

The tuner is driven by an AC motor, to compensate
the thermal detaining and react the beam loading. The
tuning scheme is as follows. First, make the loop open
and search the tuner position of the minimum power re-
flection by moving the tuner manually, since when the
beam is absent, the tuner condition of the cavity corre-
sponds to the minimum reflection. Secondly, adjust the

23 1o zero by adjusting the

output of the phase detector
machine phase shifter to the minimum reflection tuner po-
sition. And at last, close the loop for the actual opera-
tion. The loop measures the phase between the cavity
voltage and the input RF voltage, which drives the motor
to move the tuner. The bandwidth of this loop is around 1

Hz. The maximum tuning speed is 1kHz/s. All of these

requirements are essential for the entire accelerator RF
system. Also known as, the individual RF system needs
tighter control margin than that. In fact, this machine op-
erates at 3 degrees phase offset. The cavity tuning is per-
formed by a deformation of the cavity in the direction of its
axial length. The frequency loop controls the AC motor,
which drives the tuning cage. The tuning signal is offered
by a 1MHz phase detector. The range of the tuner is
92mm. The sensitivity of tuning frequency of the tuning
plug is about 50kHz/mm. The nominal speed is 1kHz/s.
Actually, the speed can be set by the PLC, and the speed
is only limited by the motor and the driver. In the test,
we tried to change the frequency of the cavity through
changing the environment temperature or just sticking
something into the cavity. The result of the test is shown
in Table 2.

Table 2. Low level performance.
Lo Design performance Test performance
op
Resolution Dynamic range Dynamic response Resolution Dynamic range Dynamic response
~ 150Hz Tuning ~ 150Hz Tuning
F-loop + 30° + 30°
(adjustable) speed > 1kHz/s (adjustable) speed > 1kHz/s
Phase
R 30 Recovery
Ph ecovery time +30°
A-loop 1% ase 1% time( 100 % )
+ 30° (20 % step) < 10ms Power
P <1
ms
Power 10dB
10dB Recovery time Recovery time
P-loop +1° +1° <0.5°

(20 % step) < 10ms

(+30°) < Ims

2.2 Amplitude loop

RF signals picked up from the end of the cavity,
which belongs to one control unit, are sent via phase sta-
ble coaxial cable to the control loops. The measured data
of relative phase of these RF signals show that the devia-
tions are small. The signals can be adjusted at the RF
combiner using attenuators, whose attenuation accuracy is
0.1dB, and a machine phase shifter, whose accuracy is
+1°" | The amplitude loop keeps the gap voltage con-
stant by measuring the magnitude of the cavity field, com-
paring it to a reference voltage, and adjusting the elec-
tronic control attenuator in the main signal circuit. In the
complicated condition, the power dissipated on the cavity
surface will have to remain constant. The result of the test
is listed in Table 2. The bandwidth of this loop is also of
the order of 1 kHz> . The RF amplitude linear detector

works within an error + 1 % over a range of 35dB, from

the maximum 20dBm down to-15dBm. The gain of this
feedback loop is between 20dB and 40dB, depending on

the RF output level as mentioned in the previous section.
2.3 Phase loop

This loop is to keep the phase of the fields in the
cavities locked with the master signal generator. And in
fact there is an error of phase shifter. The control preci-
sion should be less than + 1°. The phase loop will also
compensate the phase change with the RF power variance,
due to the power amplifier, the circulator, the klystron,
the driving electronics and so on. The components of the
driving electronics are designed to have a small phase
variation over a wide operating range. The Phase Detector
(PD), which convert the signal from 499.65MHz to
1MHz, is the key component. The sensitivity of the PD is
50mV/degree. The range of the detector is + 180°. The

PD is a device with rather constant sensitivity against
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large power variations. The phase detection system works
within on error of * 1° for the input power level between
0dBm and - 35dBm. This will prevent the effect of am-
plitude modulations on the operation of the loop.

Although the low level control RF system is designed
to work with a closed loop mode, the operation with open
loop is also tested . This is useful during the final commis-
sioning period. Now we have completed the bench test for
every loop individually, and the last acceptance test has
been done. too .

All the components of the system, including the ca-
bles, connectors and so on, are completely tested to cer-
tify the specifications. For each plant, the low-level sys-
tem is hosted in three racks. Two of these racks contain
the frequency loop, and the phase loop. The third rack
contains the remaining component of the low level RF
control system. The system will be built in a modular
way, which eases installation, maintenance and opera-

tion .
3 Interlock system

This system is required to turn off the RF driver and
high voltage power supply in the event of arcing in the
cavity windows, the klystron window, or the circulator,
which are very essential and expensive. Infrared photo-
diodes receive arc signals through radiation resistant opti-
cal fibre. A PLC implements the basic control function.
A PC computer communicates with the PLC by a an RS-
232 port, and it also connects the local network. Various
sensors and gauges are installed to neasure the following
factors: the temperature (cooling water, cavities, win-
dows, circulators, water load, tuners), the pressure and
flow (cooling water and air), the position of tuners, and
connected with the I/0 unit of PLC. The fast interlock
runs in parallel and shuts down the system when a major

fault occurs, independent on each other.

4 Fast protection

4.1 Arc detection

A 10m long fibre optic cable brings the arc detection
light to the fast Interlock module. The detector is a Hon-

eywell HFD-3854 PIN photodiode with a peak response
wavelength of 850nm. Each channel has both adjustable
gain and bandwidth setting jumpers. The fastest response
time is about 1us and the slowest can be up to 10us. Sl-
ower settings enable controlled timing of the trip. The
photodiode output is amplified in two stages to achieve a
gain of about 135dB. Each channel has slow DC removal
( > 1ms) to allow the use of high gain without regarding
to the offsets that would normally restrict such a gain.
Only fast transient light events are triggered. The unbi-
ased response time of the photodiode is fast enough that no
reverse biasing is required. The resulting speed increase
from reverse biasing would be small compared to the over-
all response time anyway, and dark current noise would
increase. The noise equivalent power is approximately
0.05uW . The preamp output is buffered and available at
the front panel of the external chassis for testing and mon-

itoring purposes .
4.2 Fast vacuum protection

Fast protection is very important for system’s safety
at high power. Some high power components are expens-
ive and sensitive, such as ceramic window, circulator and
klystron. When some parameters of the system states
(cavity voltage, forward power, reflection power, vacu-
um, etc.) exceed threshold or major failure occurs, it
switches off the drive signal in prevent breakdown of com-
ponents or paralysis of system. Arc Detectors for ceramic
window fast Vacuum detector preventing 2—7ms speed

are also included in this part.

5 Conclusion

The result of high power test is as follows : the perfor-
mance of the low level system is good in the range of
185—420kV. When these three loops operate for more
than 8 hours at one time the stability of phase is < £1°
and the stability of amplitude is 1 % , the result of the
test is shown in Fig.2.

The peak power in the cavity is greater than 20kW
and the peak input power is greater than 25kW. We fore-
see to get a better operating condition of the control system
when the three control loops and the interlock system are

commissioned as a whole in the extensive test on the cavi-
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mwmw and AC interference of harmonics will directly influence
Delta Time: 8:01:20
Mi M

PT# TagName Min ax Avg  Samples Std Dev the control precision of the loops. So, independent power
1 ampQV 47.51844 47.72038 47.62711 1445 0.033352 P p ’ p p

2 pha.OV  41.53398 53.57281 49.22624 1445 3.367190
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supply system is adopted for the low level RF system to

avoid the common line with magnet power supply, injector

A

system and control system. One point ground and good

shield are adopted in the system, and the interference be-

. B tween the stages and loops are avoided.
Explain : Phase : 50mV/(°) ,
Fig.2. The test of 8hr phase and amplitude stability. phase stability: (53.572 — 41.533) (mV)/50(mV)
ty. The problem on how to ensure the whole system, in- =0.24(°),
cluding three low level control loops, to work stably at a amplitude stability : (47.720 - 47.518)/2(mV) _
high beam current, will be researched and solved in the (47.720 + 47.518)/2(mV)

near future. The 50Hz noise caused by the power supply 0.2% .
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WE RNBRZROERRIERE GRS EREM 80kW R A K FHEH EEHEP. BRIEAE
% 499.65MHz. SSRF SOOMHz K 8. F &4 2 AW E SR KBS EHE AR AW AR HABFFE B E
EFRARE)MEGRPENR. hEBEHELH AL NREEENEBRBRTY - T EEHF . HHRLER
REAGT ERZNBEANBERRETRENER. v ANERE VT4 ENARAEH# R, BEN A
RETEMI G TEHORARKELEAOM SR T HNES. O TEARLEA, KA FEHOARE
R ENWEBRETAETHNEH EAEEAELA TR L TFEAE EHL NIRRT HETURAANE
B EEGNEEGRE, AR - NEREAERZABBEL, A HF - SHANREFER. Al BRES ir
ERZEANEE ABARANAE IR EHNR BERA AL EHNARY IR AN A X EFRILET
R WME N ERG  CNZOLBELELLNBL X B H W T AERITNRE. AHNEREBAREA
B AL ANTREFSHURLAERNER. SSRFAA M KL FHEFANER ) FEEHEEMMT —K;
D ERmEREFRERE ) EEOAEERA L 4) REFFRAIN , RIERENL2EH. AXNE
TRENMNAGWHRARE RAFES CEARBARER.
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