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The LINAC of the Spiral-2 project is under construction near GANIL existing facilities in Caen (France). [1] 

 

CEA Saclay/DSM/Irfu is in charge of the LLRF for the control of this LINAC. 

For this project, a VME64x architecture was chosen, around the Irfu-developed VmeVtx5 main VME board 

responsible for hardware configuration, (I,Q) feedback and other digital signal processing. 

 

At the core of the VmeVtx5 board, a Xilinx - Virtex 5 FPGA will implement all these functionalities. 

The poster presents the FPGA architecture designed for smooth development of VHDL, C language and inter-

connections. 
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The LINAC is equipped with five types of bunching or accelerating cavities, including a RFQ, normal conducting 

rebunchers and superconducting resonators. 

 

There are five LLRF cabinets to pilot cavities connected to the LINAC slow control. [2] 

Figure 1 : Linac synoptic 

Figure 2 : Set of two VME64X modules grouping the core of the digital LLRF for one superconducting cavity  

Legend : A register is named _REG extension, and bits are 
named without extension 

Figure 3 : FPGA internal architecture 

 

For each superconducting cavity, the main LLRF functionalities are grouped in two VME64X electronic boards 

named VmeVtx5 (front board) and Sp2RF (rear-IO board) : 

 

 VmeVtx5 is build around a powerful Virtex-5  - XC5VSX50T (Xilinx) FPGA to perform digitally the LLRF 

operations. 

 Sp2RF is dedicated to the analog processing of the RF and low frequency signals : analog to digital and digital 

to analog conversions, amplification, filtering, (I,Q) modulation, etc. 

 The VmeVtx5 and Sp2RF modules work with the VME CPU for the upper level Control/Command via Ethernet. 

 

The FPGA design is split in two parts : 

 A RF part including fast digital processing (DSP functions) 

 A slow processing part (embedded system, VME interface, etc.) 

 

 

The development tool is ISE development suite 12.4 Embedded edition. It includes ISE for VHDL development 

and EDK for embedded development. 

 

These tools allows 2 independent developments : 

 

 VHDL modules are designed with ISE and are checked using ModelSim  (orange and pink areas in the 

figure 3) 

 The C application is designed with EDK to be run in the embedded system based on MicroBlaze soft-core 

processor and PLB bus (green area in the figure 3).  

 

To complete the design, the C application is merged into ISE development. 

 

Abstract 

  Functionalities included in the ISE development 
 

• RF feedback 

• Cavity conditioning 

• Cavity detuning measurements 

• Pulsed mode management for the RFQ 

• Incident and reflected RF voltage supervising 

• RF perturbations generator 

• RF acquisitions chanels calibration management 

• Data acquisition into circular buffer for data storage with 

decimation capability 

• Digital and analog test chanels management 

• VME communication 

  Functionalities included in the EDK development 
 

• RF power coupler security hardware supervising 

• Frequency feedback for the RFQ power up 

• Analog test chanels management 

• Bootloader 

• Configuration file management 

Synoptic (figure 3) : Main module features 
 

 Communication between the embedded system (green area), ISE VHDL modules (orange and pink area), and the CPU Control/Command are performed with 32-bits registers accesses. A custom tool generates the same 32-bits 

register database for each software environment. 

 RF functionalities and digital control loop (pink area) : To measure the cavity signals, I and Q are acquired by direct sampling. Amplitude and phase are computed from (I,Q) data and the CORDIC algorithm. Gains and integrator time 

constants of PI modules are tuned to stabilize the two feedback loops. 

RF module has its own clock domain provided by the rear-IO Sp2RF board. Thus data transfer between slow processing and RF part are done by means of FIFO memories to solve metastability issues. 

Main RF hardware functions implemented in VHDL are : 

 

• (I,Q) demodulation by direct sampling 

• Mechanism to manage multipactor barriers during cavity conditioning 

• Hardware implementation of CORDIC algorithm in VHDL 

• CIC filters to average data 

• Two possible feedback controls : (I,Q) or amplitude/phase 

 

 A RF_SPEC_OK signal is generated by the RF feedback supervising module. This signal indicates that feedback is working within specifications. 

 The RF part (pink area) is located in a specific area inside the FPGA. The design allows to use a partial bitstream for this module  and to do a remote dynamic reconfiguration using ICAP driven by MicroBlaze. An internal Jtag module 

is intended to update full and partial bitstream in Xilinx flash PROM. 

 The CPLD Application is dedicated to the security, It ensures safety operations and switches off the RF power inside cavity in case of alarm. Authorizations and alarms come from external side or are locally generated by the FPGA. 

 The SDRAM controller has been developped with 2 bi-directional ports (PLB bus and VME interface) and a third uni-directional port used for the data storage. 

• Distant FPGA and software update 

• Tests and maintenance functionalities 

• Temperatures, specific voltages supervising 

• Xilinx flash access with internal Jtag (custom IP) 
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RF_UCAV_I_REG 
RF_UCAV_Q_REG 
RF_UCI_I_REG 
RF_UCI_Q_REG 
RF_FREF_I_REG 
RF_FREF_Q_REG 

(I,Q) of Ucav 
and  Uci 

A/  

RF_UCAV_MAG_REG 
RF_UCAV_PHASIS_REG 
RF_UCI_MAG_REG 
RF_UCI_PHASIS_REG 
RF_FREF_MAG_REG 
RF_FREF_PHASIS_REG 
RF_EPSILON_PHI_REG 

(I,Q) 

(I,Q) 

FEEDBACK_TYPE 

Write into DAC 

(I,Q) 

FEEDBACK_ON 

RF_UCAV_SETPOINT_PHASIS_REG 

RF_UCAV_MAG_REG 
RF_UCAV_SETPOINT_MAG_REG 

RF_UCAV_I_REG 
RF_UCAV_SETPOINT_I_REG 

RF_UCAV_SETPOINT_Q_REG 
RF_UCAV_Q_REG RF_UAMP_SETPOINT_I_REG 

RF_UAMP_SETPOINT_Q_REG 

CONDITIONING_MODE 

S_Bus[15:0] = DACIQ 
S_Clk1 = Clk_DACI 
S_Clk2 = Clk_DACQ 

RF_UCAV_ROTATION_SIN_REG 
RF_UCAV_ROTATION_COS_REG 
RF_UCI_ROTATION_SIN_REG 
RF_UCI_ROTATION_COS_REG 

 

Average 

 

Write into 

test DAC 

Channel 1 parameter 

16 x 16 bits-parameters 

 
AM_xx_REG 

TST_OUTPUT1_REG 
TST_OUTPUT2_REG 

  & 

CPLD Application 

RF_SPEC_OK 

RF_SWITCH 

RF_UCR_MAG_REG 

RF_UCR_THRESHOLD_REG 

PICK_UP_PS_ALARM 

PICK_UP_ALARM 

SPR_ALARM 

RF_ON 

FAST_SWITCH 

S_IO[30] = LO_On 
(RF switch order) 

S_IO[15] = Cde_Puls (fast switch order) S_Sync 

PULSE 

MULTIPACTOR_MODE 

RF_PULSE_DELAY_REG 

RF_PULSE_WIDTH_REG 

CH3 

CH4 

VME Bus 

CKBG1 & 2 
Load_Badr 
Lect_Badr 
EN_DTACK 
EN_RETRY 
DIR_RETRY 
EN_RESP 
DIR_RESP 
Reserve[10:0] 
MODRST_n 
PROG_PAR 

DIR_D3v[3:0] 
DIR_A3v[3:0] 
DIR_D5v[3:0] 
DIR_A5v[3:0] 

F_BusA[13:0] = DATA_A_out 

F_BusB[13:0] = DATA_B_out 

F_BusC[13:0] = DATA_out 

F_Clk1 = DAV_AB 

F_Clk3 = DAV 

UART1_Tx 
UART1_Rx 

RF_IPICK_UP_MEAS_REG 
RF_PICK_UP_THRESHOLD_REG 

RF_VPOLAR_PICK_UP_REG 

MBD_RD_INT_TEMP_RF_REG 
MBD_RD_EXT_TEMP_RF_REG 

INT_TEMP_WARNING 
EXT_TEMP_WARNING 

RF_UAMP_MAG_REG 
RF_VACCUM_REG 

RF_UCR_MAG_REG 

RF_CONDITIONING_DURATION_REG 
RF_CONDITIONING_FIRST_LEVEL_REG 
RF_CONDITIONING_RAMP_DURATION_REG 
RF_CONDITIONING_PERIOD_REG 
RF_CONDITIONING_MAG_REG 

SPI_MISO 
SPI_MOSI 
SPI_SCK 
SPI_SS 

S_IO[40] = SCL_Adc S_IO[44] = SYNC_Dac 
S_IO[43] = SCL_Dac 

S_IO[42] = SDIN_Dac 

S_IO[41] = SDO_Dac S_IO[38] = SCK_Pkp 
S_IO[37] = CONV_Pkp 
S_IO[36] = SDI_Pkp 

S_IO[35] = SDO_Pkp S_IO[34] = SDA_temp 

S_IO[33] = SCL_temp S_IO[39] = SDA_Adc  

G_LED1 to G_LED4 
EN_JTAG_E 
UART1_TX 
CH1LED[3:0] 
CH2LED[3:0] 
FpgaAppli_IO_9 = A_Pkp_Threshold 
FpgaAppli_IO_10= A_Pkp_VPolar 

G_BP1 
G_BP2 
CH1PB 
CH2PB 

RF_COMMANDS_REG[26:31] = DELAY_SAMPLING[0:6] 

S_IO[22] = AD9513_S4_A1 
S_IO[21] = AD9513_S4_A0 
S_IO[20] = AD9513_S3_A1 
S_IO[19] = AD9513_S3_A0 
S_IO[18] = AD9513_S0_A1 
S_IO[17] = AD9513_S0_A0 

TST1_D[15:0] 
TST1_CLK 

TST2_D[15:0] 
TST2_CLK 

TMS1 
TCK1 

TDO1 
TDI1 

S_IO[13] = A_Pkp 

S_IO[12] = A_Pkp_PS 

S_IO[11] = A_SPR 

S_IO[10] = A_RF 

S_IO[1]= RF_Ok 

S_IO[0] = RF_On 

FpgaAppli_IO_2 

FpgaAppli_IO_4 
FpgaAppli_IO_5 
FpgaAppli_IO_6 

FpgaAppli_IO_7 

FpgaAppli_IO_1 

FpgaAppli_IO_8 

        & 

FREF_PRESENCE 

UCR_ALARM 

(I,Q) of Fref 

TST_COMMANDS_REG 
MBD_COMMANDS_REG 
CFG_xx…x 

TST_STATUS_REG 
MBD_STATUS_REG 

xx…x_REG 

xx…x_REG 

CFG_PAGE_REG 

(I,Q) de Ucav, Uci 
et Fref 

(I,Q) of Ucav, Uci 
and Fref 

SDR_xx…x 

SRAM_xx…x 

HDMI connector  

FpgaAppli_IO_11 
FpgaAppli_IO_12 

FpgaAppli_IO_3 
RF_AUTHORIZATION 

PICK_UP_THRESHOLD_ALARM 

PICK_UP_VPOLAR_ALARM 

RESET_ALARM 

FpgaAppli_IO_0 

Synchro signal 

presence 

F_Sync 

F_SYNC_PRESENCE S_SYNC_PRESENCE 
 

8 x 16 bits-parameters 

 

RF_ALARM_REG 
RF_STATUS_REG 
RF_UCAV_I_REG 
RF_UCAV_Q_REG 
RF_FREF_I_REG 
RF_FREF_Q_REG 
RF_UCI_I_REG 
RF_UCI_Q_REG 
RF_UCR_MAG_REG 
RF_UAMP_MAG_REG 
RF_UAMP_SETPOINT_I_REG 
RF_UAMP_SETPOINT_Q_REG 
RF_VACCUM_REG 
RF_IPICK_UP_MEAS_REG 
MBD_RD_INT_TEMP_RF_REGMBD_RD_E
XT_TEMP_RF_REG 

 
 
 
 
 
 
 

RF_UCAV_MAG_REG 
RF_UCAV_PHASIS_REG  

RF_UCR_MAG_REG 
RF_UCAV_MAG_REG – RF_UCAV_SETPOINT_MAG_REG 

RF_EPSILON_PHI_REG 
RF_UAMP_SETPOINT_I_REG 

RF_UAMP_SETPOINT_Q_REG 
RF_SYNTH_REG 

RF_UCAV_MAG_MULTIPACTOR_THRESHOLD_REG 

TST_OUTPUT1_REG 
TST_OUTPUT2_REG 

RF feedback 

supervising 

RF_UCAV_MAG_REG 
RF_UCAV_PHASIS_REG 
RF_UCAV_SETPOINT_MAG_REG 
RF_UCAV_SETPOINT_PHASIS_REG 
CONDITIONING_MODE 

Adresse decoding 

A32 Adressing                                       A24 Adressing 

Open loop 

TRIGGER_SIMULATION 

External triggers 

External triggers : 

RF_UAMP_SETPOINT_I_REG 
RF_UAMP_SETPOINT_Q_REG 

(I,Q) 

CH1 
CH2 

Perturbations 

generator 

+ 

(I,Q) 

RF_UCAV_MAG_REG 
RF_SYNTHE_MAG_REG 
RF_UCAV_PHASIS_REG 
RF_SYNTHE_PHASIS_REG 
FREF_SYNTHETIZER_SEL 

RFQ feedback (RFQ 

power-up) 

A/  

RF_GPP_OUT16_REG ( ) 
RF_GPP_OUT18_REG (A) 

FREF_SYNTHETIZER_SEL 

Hold        LATCH 

FpgaAppli_IO_10= A_Pkp_VPolar 

FpgaAppli_IO_9 = A_Pkp_Threshold 

      & 

FpgaAppli_IO_13 
FpgaAppli_IO_14 

Channel 2 parameter 

ISE EDK 

Hardware description 

Tools 


