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Abstract In the 1Q method [1], an IQ demodulator is utilizat
ALBA is a 3 GeV, 400 mA, '8 generation Synchrotron the input stage of the LLRF system to demodulate th
Light Source that is in the construction phase ifavity signal and convert the amplitude/phase mfion
Cerdanyola, Spain. The RF System will have to mghevi into I/Q. The I/Q components are then comparechéir t
3.6 MV of accelerating voltage and restore up t6 k&  set values to generate the 1/Q errors which feesl th
of power to the electron beam. Two LLRF prototypes corresponding  PID  (Proportional-Integral-Derivajive
being developed in parallel, both following the IQregulators. The outputs of the PIDs are appliedato
modulation/demodulation technique. One is fully dzhs controlled baseband phase shifter which makes /Qe |
on analogue technologies; the other is based oitadig 00ps stable. This is done by generating a cerphimse
FPGA processing. The advantages of the 1Q techniqg8ift to compensate for the time delays in thelo@ps so
will be summarised and the control loop logic dimmt. that the real 1/Q is compared to the reference witke
The hardware implementation in analogue as welhas correct polarity and scaling. An IQ modulator idlized
digital format will be presented and first test uiés at the output stage of the LLRF system to regeeard®F
shown. The implementation of the same logic witithbo Signal which will ultimately drive the power amjpéfs.
technologies will give us a perfect bench to corapand ~ For the implementation of an 1Q-based LLRF system
use the better of them, for the final LLRF of theBy one can follow analogue or digital alternatives.eTh
synchrotron. analogue solution is rather simple and cheap aoddges
low loop-delay and large bandwidth which can easily
INTRODUCTION meet the RF regulation demands. Nevertheless, an

: . analogue LLRF can suffer from a number of inherent
The task of a LLRF system is to regulate the amqbt : : .
and phase of the RF fie%d and the resgonance fregquein errors including I.DC-offs.ets,. dnfts anq low accuyr a
the cavity to compensate for transient beam loadin Fsult of these, its application is typically liedt to 1%

: : nd 1° of amplitude and phase stability.
Cgﬁleiisor?;the high voltage power supply and terapere A digital LLRF system on the other hand has the

The specifications of the ALBA RF and LLRF aread.va'ntage of giving much more flexibility as mostite
summarized in Table 1. building blocks are program routines which are exed .
by a DSP or a FPGA. Substantial changes in thegdesi
Table 1: RF/LLRF specifications of the storage ring are possible by changing the program without aifigct
the hardware. With digital LLRF, amplitude and phas

F 499.654 MH i ;
requency. ’ stabilities better than 0.1% and 0.1° are achievabhe
No. of cavities 6 main drawbacks of digital LLRF systems are theghleir
RF power (per cavity) 150 kw cost and complexity.
RF voltage (per cavity) 600 y For ALBA, to built both RF analog and digital in use
gep Y know-how it was decided to develop one prototype fo
Over-voltage factor 2.8 each of them, and then choose the one which appears
Amplitude stability +1t0+0.1 % be better for ALBA. The two LLRF prototypes however
— . are conceptually quite similar; they are both basedhe
Phase stability 10201 IQ method and PID regulation.
Bandwidth > 200 kHz kHz
Dynamic range >23 dB ANALOGUE PROTOTYPE
Design of the analogue prototype is shown in Fidure
LLRFSOLUTION FOR ALBA The 1Q mod/dem is AD8345/AD8348 Evaluation Board

While in the past traditional amplitude and phasepk from Analog Device_s. As these boards are desigioed f
were used for RF field regulation, today the 1Q-§imase, Ia_boratory tests we intend to replace them_ln er lstage
Quadrature) demodulation technique is favoured fo¥ith in-house developed IQ mod/dem which shall have
modern accelerating structures. The translation &€tter shielding —hence less susceptible to the
amplitude and phase information into IQ is advaetars environmental noise. The differential to smgleedld
because of the symmetry of the I/Q signal pathss-le converters, the PIDs, the base-band phase shiftethe

complicated nature of the electronics and widersphaSingle-ended to differential converter boards are
control range. developed in-house. The rest of the RF componémts (

the splitters, the RF pre-amp, the filters, thegfiency
doubler, etc.) are mainly from Mini-circuits.
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Figure 1: Analogue LLRF scheme

Test results
The analogue prototype was low-power tested with a

cylindrical cavity made of Aluminium with a measdre . . . . -

qualty actor of 3300. Tvee types o cosed lsts S0 0 modualondemouaton carted out by 2

\r/\(/azrﬁat%enrformed for tracking, amplitude and IOhaSgmplitude and phase o_f the RF Cavity voltage within
' 0.1% and 0.1° respectively, as well as the resamanc

: frequency of the cavity.

ﬁ‘f The main components of the DLLRF system are:
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DIGITAL PROTOTYPE
The Digital LLRF (DLLRF) of ALBA is based on

+

» Two analogue front ends for up/down conversion

* A commercial PCI board with two ADCs, two DACs,
one FPGA and one DSP, from Sundance.

¢ An analogue and a digital timing system.

The design of the digital prototype is shown inufg4.
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Figure 2: tracking test with a cycling frequendy8@ Hz.  Apal og Front Ends: Down and Upconversion

For the amplitude and phase test, a rectangulalitanlg  According to the scheme on Figure 4, two input aign
and phase disturbance was imposed on the cavityepraare sent to the DLLRF System: the cavity voltage tie
signal. The loop was able to compensate the dashed forward power.

in 15ps. The frequency of the RF input signals is 500MHz and
l they are downconverted to IF (20MHz) in the first

, | analogue front end. The IF signals, which are exjaivt

in phase and amplitude to the RF signals, are tsetite

e | | ADCs of the board to be digitally demodulated ititeir |

and Q components. To do so the signals are sangpled
80MHz, a frequency four times higher than the isput

— P —— obtaining an alternative sequence of the | and Q

e, T components (I, Q, -I, -Q...) as shown in Fig. 5.

W
Figure 3: result of the phase test. BOMHz Clk |

The results are promising except the high noisellev T {\ =
(x3% and £7° for amplitude and phase respectively) /(‘j ‘\I_L /‘/'-J \1
which was due to the poor shielding of the sigriedsn AL

_the co_ntrol computer. A few solutio_n_s_are currerhIQ'mg Figure 5. Digital IQ Demodulation
investigated to reduce the susceptibility of thectrbnics ) _ ) _
to noise and improve the short and long term stgbil A PI control algorithm is applied to the | and Quitg

components to obtain the control actions that il
digitally upconverted again to IF.
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Figure 4: Digital LLRF Scheme.

The DACs transform the IF control signals into
analogue, and finally those signals are upconvedeRiF
in the second analogue front end, using a sindke lsand
guadrature modulator [3], as shown in Figure 6.

Interface

The DSP sends to the Host PC the signals generated
the FPGA during the digital processing. In overdd
diagnostic signals are stored and displayed usivgtiab
interface, including 1&Q Reference Signals, 1&Qvity

1 Control

F owo) |
900 Signals, 1&Q Proportional Errors, 1&Q Integral Erso
;i?e“r”e';ie o | soommz I&Q Control actions, 1&Q Forward Signals and Cross
Signal 01909 T’@*—C\}_’CO”WO' Signal Product and Accumulative Cross Product of the Gavit
P ' to Amplifier and Forward Signals [4].
MOMEEE g Contrl Preliminary Test Results

IF (20MHz)

Figure 6. Upconversion of control signals to 500MHz We have analyzed the reaction of the loop when its

reference set point is changed. The loop respomsehas
Control Loops been measured, with and without the cavity (2.2dpd
. . 4.8us respectively) as depicted in Figure 7. Theeti
The amplitude and phase of the cavity voltage afgsponse without the cavity corresponds to the mrou
controlled by a Pl loop applied to the | and Q comgnts  ge|ay of the analogue front ends, the digital baard the
of the cavity voltage signal. o loop. The time response is larger with the caving do
The resonance frequency of the cavity is controligd e fijjing time of the cavity which is around 2$p
the tuning loop which calculates the phase diffeeen
between the cavity voltage and the forward voltagieig
the cross product of these two signals as phase
discriminator. When both signals are in phase tioelyoct
result is zero. Otherwise, the result is accumdlaietil it
reaches certain value and the system sends a cainman
through the PC to the tuner controller to movettirer.

Timing Systems

The aim of the analogue timing system is to prodade
reference signal (RF clock + 20MHz) for performithg
down an upconversion in the analogue front endsth&s

1Sign - WITH Cauty 1 Sign - WITHOUT Cauty
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