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Abstract:

FLASH accelerator is using superconducting RF &ito accelerate electron beam. These
cavities must be precisely tuned to RF frequenay tdwery high Q factor (~2Qunloaded Q
and ~16 loaded Q). They are tuned by slight dimension geaparticularly length) induced
by tuners driven by step motors. For high gradigrEBOMV/m and more) the cavities are
dynamically detuned during RF pulse due to Loréftzce Detuning (LFD). To keep them in
resonance the fast tuners with piezos are used 8lotv and fast tuners need the control
integrated with the LLRF system.
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1. INTRODUCTION

Both the step motors and piezos control requiratikely high voltage and current
electrical signals. In the ATCA based control systé was foreseen to integrate these
systems in a form of plug-in cards (for ATCA cratesing the ATCA power supply (48V),
which was freely available. This way it was possibd fit most of the LLRF system into
single ATCA crate. When the hardware platform whanged from ATCA to uTCA this
concept had to be revised. The uTCA plug-in calllCAmodule) is to small to fit on it many
channels with high voltage and current suppliedaddition the 48V is not available in the
UTCA crate (only 12V is available).

Therefore the control system for the step motods@ezos was realized in the form of
external 19 inch box connected to the LLRF congrolNith communication link.

2. STEP MOTOR CONTROL

The controller is built based on the AVR microcoliars and uses the MODBUS
protocol. The integration of 16 drivers on a sinBléB makes possible to service 16 stepper
motors controlling the RF (Radio Frequency) phdmsiess. The following description applies
to a single channel controller — 16 identical clesron a single PCB will be used in the
target system. The control board has been des@médurrently is being manufactured.

2.1. STEP MOTOR DRIVER

The driver is controlled by the AVR RISC ATmega8crocontroller with 8 kB Flash
memory and 1 kB of RAM in its structure. Measureiseof the step motor voltage and
current consumption force to use the TQFP versi@t tontains (in relation to the DIP
version) additional 10-bit A/C converter. The miooatroller operates in the configuration of
the external 6MHz quartz resonator to ensure taleilgy of the clock signal used for serial
transmission and the microcontroller engine spesiting. Connector in Kanda standard
allows programming the ISP microcontroller.

The signals that control the motor windings fronticontroller ports are sent to two
ULN2803 chips via optocouplers. The ULN2803 chipsitain 8 transistors in Darlington’s
configuration with a maximum current of Ic = 0.5Ach, equipped with additional protection
diodes. Individual transistors are connected inalpgly thereby generating outputs with
maximum current efficiency of about 2A. Due to faet that the transistors are placed in a
single structure and the same parameters of ingitransistors are provided, the output
power amplifiers are connected directly to eacheotlwithout additional resistors
compensating currents in individual branches.

The initial state of the controller can be detemxliron the basis of the signal produced
by three LEDs. When the driver moves the enginéhleft, then the yellow LED starts
blinking. The blinking of the green LED indicateght engine speed. When the limit switches
stop the engine, the selected direction diode digig with steady light (towards the right -
green, in left direction - yellow). The red LED sas the emergency situation in the driver. It



begins to blink when the voltage is outside theraege or when current drawn by the motor
exceeds the nominal value.

The schematic diagram of the microcontroller pdrth@ controller is presented in
Figure 1. Based on the MODBUS protocol, the cotdrak remotely supervised and driven
by the host computer. However, there is a possibit control the stepper motors using
3-buttons control panel, which requires the driieebe set up by the host beforehand. The
front panel buttons allows steering the rotatiorection and speed. The motor is operating
until it is stopped by stop button or the end posiis reached.

2.2. CONTROL INTERFACE

For communication with the host the MODBUS RTU puaatl is used. All controlling
registers are stored in the volatile SRAM memorg dreir contents are lost when voltage is
switched off.

Control Registers

Read Operation Type

Symboal Description of theregistry Address Registry Sizein  |-R No. of
functions register bytes . MODBUS
Write-In

VOLTAGE Supply Voltage (at 10 mV) A100 2 3

CURRENT Supply current (mA) A101 2 3

STATUS Engine status register A102 2 R 3

CURR_POS The current motor position in stegsA103 4 R/W 3/16
Motor target position motor in ste|psA105 4 R/W 3/16

TARGET_POS

SPEED Register of motor speed in steps | A107 2 R/W 3/16

COMMAND The register of motor’s driver’s A108 5 RIW 3/16

commands

All configuration registers are stored in nonvd&atmemory, so their content is stored
even after switching off the voltage.

Configuration Registers

Read Operation

Symbol Description of theregistry Address Registry Sizein | Type-R No. of
functions register bytes ) MODBUS
Write-In
MODBUS_ADR | MODBUS address of the driver A500 2 R/W 3/16
CONFIG Controller configuration register A501 2 R/W 3/16

The lower limit of supply voltage (it

A502 2 R/W 3/16

U_LOW_LIMIT |10mV)
U_HI_LIMIT n&J\gx)per limit of supply voltage (at 1) A503 2 RIW 3/16
I_LIMIT Limit of the supply current in mA A504 2 R/W 3/16
SPEED_LIMIT | Maximum permitted engine speed A505 2 R/W 3/16
CORRECT_U | Voltage control register A506 2 R/W 3/16
CORRECT _| Power control register A507 2 R/W 3/16
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Figure 1 Schematic diagram of step motors drivarcrocontroller module



The content of the STATUS register (A101) allows $pecification of the state of the driver.
The meaning of individual bits is presented below.

Theimportance of the STATUS register bits (A101)

Bit No. Symbol Function Description

0 is_run The engine is running

1 target_pos The engine stopped in the target position

2 left_sig Left marginal signal was active

3 right_sig Right marginal signal was active

4 u_alarm Supply voltage out of range of engine operation
5 i_alarm Exceeded the maximum allowable motor current

The alarm flags are automatically reset after semdi new command to the engine. If
the engine moves to the left and the right alamalfsignal is given, it means that the breakers
are damaged. CONFIG (A501) register allows thearngtation of the controller to the type
of engine and selection of the type of control.

The importance of bitsin CONFIG register (A501)

Bit No. Symbol Function Description
1 - 4-phase motor
g mot_4_phase 0 - engine 2 - phase winding in the middle
1 — half-step control
& mot_half_step 0 - full stepper control
1 - control the operation of the engine with thgbaard
2 kbd_control 0 - control the operation of the engine via thethos
1 - left NC (Normal Closed) signal switch
= nc_left_pol 0 - left NO (Normal Open) marginal signal
1 - right NC (Normal Closed) marginal signal
. nc_right_pol 0 - right NO (Normal Open) marginal signal
1 — stopping the engine leaves voltage (torque)
5 stop_left_pwr

0 — stopping the engine does not leave the voltaggue)

COMMAND (A108) register is used to control motor vement. Record Registry is
possible when kbd_control bit is 0, which means tha engine is controlled by the host.

The meaning of bits of the COMMAND register (A108)

Command Symboal Function Description

0 STOP The order to stop the engine

1 POS The order of movement to a designated position

2 LEFT The order of movement to the left to the extrergaal

3 RIGHT The order of movement to the right to the limitrgiy

4 SAVE_POS The command of writing the motor position in EEPR@Mmory



Setting the COMMAND register does giving an ordertthie motor controller. It is
possible only when the driver does not executecamymand (the controller is in STOP state)
except the STOP command that is always possible.

3. PIEZO CONTROL

The main purpose of piezo control module is to mtewlectrical signals for driving
piezos in superconducting accelerating module &$H. The piezos are used to compensate
Lorentz Force Detuning of the superconducting eawvieéxcited by high electromagnetic field
and in limited range to tune the cavities. The telea bias of the piezo results in changes of
piezo dimensions and cavity itself and consequentbhanges of cavity resonant frequency.

Some of the FLASH accelerating modules are eqdipp¢h double piezos at each
cavity — one can be used as an actuator and aathe time the second one as a vibrations
sensor. The piezo controller must support both mad@iezo operation.

The main requirements for piezo control come fromigh voltage needed to excite
piezo and relatively high capacitance of the pieleonent. Therefore the piezo control system
must be able to provide required voltage and ctingth parameters adjusted to the operating
condition of the cavity. The lifetime of the piedepends on the voltage applied and other
operating conditions. Therefore the control shdaddrealized in a way using lowest possible
and limited to the safe region voltage levels, Istiygossible and limited to the safe region
current and smooth rising up and falling down afrent to avoid overvoltage generation in
parasitic cable inductance. The control should albow maximization of the lifetime by
periodically swapping the piezos (actuator and @gns

In order to fulfill all these goals the piezo cattboard has been designed.

3.1. DESIGN OF PIEZO CONTROL SYSTEM

The block diagram of the designed piezo controlréhas presented in Figure 2. The
main functionality (driving piezos) is realized W power amplifiers (PZD) driven by
16-channels DAC. The signal from piezo sensor®iglitioned in instrumentation amplifiers
(PZS) and sampled by 16-cannels ADC. The switchetgveen actuators/sensors is provided
by 16 relays. The control logic and communicatioteifaces are realized by FPGA Spartan 6
device. The voltages and temperature monitoringrealized by AD converters and
temperature sensors connected to the central FRP@Atemperature is monitored in 3 places
at the PCB — one of them is a middle point of poamplifiers area. The system is powered
by power supply unit from Vicor.

The PCB board is placed in 2U, 19 inch box. Thelingoair is provided by fans
assembled in the front and back panel sides fotttiagir flow from front to back. The digital
input/output connectors as well as status LED$keed on the front panel side.

The piezo control system communicates with outswdeld using fast serial LVDS
links. Optionally the communication can be alsovided through optical links. The
connectors are placed at the front panel.
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Figure 2 Basic block diagram of sixteen-channekBienodule

3.2.ANALOGUE PART OVERVIEW

The single channel piezo drive consists of pre-#mpland power amplifier stages.
The global gain of the circuit is adjusted usingeexal resistors. The output voltage is sensed
using voltage dividers and sampled by monitoringCADhe output current is measured using
additional 1Q resistor and also sampled by monitoring ADC.

G=100 ViV
Half Bridge Power Amplifier

R3 300V/1.5A

330k

C1 i

VCC1 10p VCC2 D4 PARAMETERS:
D3 CVAL 5u
D1N5406
LT
u2
PB5&/AM PIEZO TRANSDUCER
U1
5 |cair
OP-27 Ve
8 0 }»
Vi
R1 no Cp
31k V- &
{CVAL} 4
4 R
R2 D1N5406 47
VIN 1k D5 R7 RS 1
£ {4 470
c14 L D&
100p l vSs VSS2 D1N5406 ) )
0 0

Figure 3 The block diagram of single channel PiBziver



3.3.DIGITAL PART OVERVIEW

The digital controller consists of integral intexéa component, 16-channel DAC
component, low-latency link component, DAC-SPI comgnt, ADC_MUX component,
16-channel ADC component and synchronization corapbrintegral interface component is
used to communicate with outside world using rs@@rface. It allows using bits, registers
and memory blocks directly defined inside FPGA deviThe memory blocks are used to
store the waveform for each DAC channel as wetlata acquisition from each piezo sensor.
The registers are used to set i.e. the each chdd@eloltage offset or AC amplitude.
Low-latency link component is used to communicaithvoutside world using fast serial
links, i.e. multi-gigabit transceiver (MGT). 16-aireel DAC component is used to control
external DAC device with the samples stored ingt®&A memory block. The DAC_SPI
component is used to communicate with external RikGice with serial peripheral interface
(SPI1). The synchronization component is used te@igga trigger signal and strobe signal. The
trigger signal is used to indicate the start of fiekd pulse. The strobe signal is used to read
the sample from memory block and send it to DACiakthrough serial link. The 16-channel
ADC component is used to control external ADC andltiplexer devices. The controller
block diagram is shown in Figure 5.

WORD_REG
16- DAC
channel SPI
DAC Low
AREA_MEM1 Low Latency
Latency Link
rs232 Integral
<2524 Interface Link XTCA
ML507 piezo
16- rev.1l
AREA_MEM2 channel ,\A/EE( [~
ADC

Figure 4. Block diagram of the piezo controller

3.4.16-CHANNEL PIEZO DRIVER

The piezo control system can be operated usingdipmd unipolar control schemes.
For the bipolar control mode the excitation is swmidal shape type. The unipolar control
mode the excitation is generated using cosinusdidaition. In both modes the number of
pulses, frequency, amplitude and DC voltage piaetlestn be adjusted. The waveforms of
output voltage and currents for both control maalesshown in Figure 5.

The power consumption of the piezo control boarddie conditions (without any
driving signals applied) is about 70 W (at the dwimg voltages +96 V). That means the
single power amplifier is taking about 20 mA of tlyiescent current. The power
consumption during normal operation depends onpdrameters settings but one have to
count few hundreds of watts dissipated in the pcaveplifiers. Therefore the module has to
be equipped with airflow cooling system.
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Figure 5. The piezo control schemes: a) bipolar emedvaveform no.1 means amplitude of the inputsign
waveform no. 2 means amplitude of output signalief@m no. 3 means amplitude of the output current;
unipolar mode — waveform no. 1 means amplitudeefriput signal, waveform no. 2 means amplitude of
the output signal, waveform no. 3 means amplitfdeeoutput current

3.5.16-CHANNEL PIEZO SENSOR CIRCUIT

The 16-channel Piezo sensor circuitry tests haen lmarried out to investigate the
maximum switching frequency of the multiplexer used switch between Piezo sensor
channels. The first tests have been carried ontetasure the signal to noise ratio of the ADC
and chosen piezo sensor channel. The input simalsealeform of frequency of 300 Hz and
amplitude of the 5Vp-p has been applied. The FFalyses of the chosen piezo sensor
channel with and without driving signal are showrFigure 6. The tests results of the other
Piezo sensor channels are summarized in Tab. 4.

x10°

a

Figure 6. FFT of captured signal at channel 1. Tiuenber of 8192 data points have been taken foryaral
signal to noise ratio is more than 60 dB
a) — channel driven with continuous sinusoidal waf/800 Hz and amplitude of 5Vp-p
b) left open



4. SUMMARY

The prototypes of the circuits for resonance cdrafdahe superconducting cavities at
FLASH have been designed and currently they amegb@ianufactured. They are designed to
cooperate with UTCA based LLRF system designed~fdkSH application. The tests of the
whole system at FLASH are foreseen to be perforafied June 2012.



