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PXIE Low Level RF Group Involvement
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PXIE will address the address/measure the following:

— LEBT pre-chopping

— Vacuum management in the LEBT/RFQ region Collaborators

— Validation of chopper performance ANL: HWR

— Bunch extinction LBNL:LEBT, RFQ
— MEBT beam absorber SNS: LEBT

— MEBT vacuum management BARC: MEBT, SSR1

— Operation of HWR in close proximity to 10 kW absorber
— Operation of SSR with beam, including resonance control and LFD
compensation in pulsed operations

— Emittance preservation and beam halo formation through the front end
3F Fermilab
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LLRF Systems needed to meet R&D Goals

« 325 MHz Horizontal test stand

— Support for CW and pulsed mode operation
— Operational now with some upgrades planed

« 650 MHz Horizontal test stand

— Support for CW and pulsed mode operation
— Supplied by India Q3FY16

« PXIE

— Master Oscillator and Phase Reference distribution line
* 162.5 MHz & 325 MHz (In construction phase)

— RFQ - 162.5 MHz (Q4FY15)
« 2 RF amplifier system

— Buncher - 3 cavities - 162.5 MHz (Fy15)
— Half Wave Resonators - 8 cavities @162.5 MHz (Fy17)
— SSR1 - 8 cavities @ 325 MHz (Fy17)
— Kicker waveform generator
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PIXIE RF Stations D
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PXIE LLRF Rack Front and Rear View
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Phase Reference Lines (162.5, 325, 650 ,1300 MH2)

PIP-Il RF Phase Reference System
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Multi-frequency Phase References and Local Oscillators
We are building up the first sections for PXIE
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Details of First 162.5 MHz RF Section

1300 MHz Reference from 1300MHz Temperature Controlled Rack
162.5 MHz
Temperature Controlled 325 MHz
Master Oscillator Temperature Controlled
Rack Rack

1300 MHz

Phase stability
across
harmonics (400 fs)

1320 MHz

FPGA Clock 1300 MHz = 1320 MHz

FPGA Clock

L1l

345 MHz LO
182.5 MHz LO

“|TiminG

,,,,,,,,,,,,

162.5 MHz
Source

325 MHz Phase Reference t
650 MHz Rack and Tunnel

Temperature
controlled racks and

11l

162.5 MHz

4-Cavity LLRF Station 325 MHz Phase Reference

from tunnel

component plates g

4-Channel Up-Converter *°

High Level RF
6-Channel Receiver

We have this

- Hg R —
experience and see a o H s i
path forward . =

TUNNEL
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162.5 MHz 8 Channel Receiver

One module is complete and we have parts for a second

L.
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Up-converter diagram (1 of 4 channels in module)
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MFC First Generation Board
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Fermilab. Batavia, IL 60510, U.S.A.
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System on Module Multi-cavity Field Controller (SOM-MFC)
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SOC-MFC Second Generation Board
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MFC Second Generation Board
NOV SoM (System-on-Module)

Rev 1.0, Apr 2013

Made in USA

Cycl%nogf’.v

ARM®

5CSXFCE6D6F31C8NES
F AAAAU1301A

/ Boardto Board TE 3-6318490-6

BANK 3A
BANK 58 BAI*K SA BANK4A BANK 38 32 lines
16 ‘Imes 32 llines 80 lines 48 [lines
DDR3 x32bit BUS - ! = —

Upozcee [N ALTERA Cyclone V SoC )

i All F31 (896 BGA) and U23 (676 BGA) parts MRV 256Mbit
are supported, SE, SX and ST Config asel
High Speed
41 lines
o HPS SIDE FPGA SIDE
st | ] : ['BANK8A
o j 80 lines

\
HPS Power
‘CONFIG o
HPS BANK? & ITAG

67 lines

\ Board to Board TE 3-6318490-6

Z

Plug-in module allows easy system upgrade

Delivery is 10 weeks late - problems communicating with memory

NOVSOM CV Product Brief

13 Brian Chasel PXIE

2= Fermilab

3/31/15



Altera SoC FPGA Device

HPS Porton FPGA Porton Controller
NXRKKRRRNKARKRN .
Fash | SORAM Contolle Overview
Controllers | Subsystem Control | User | HSSI
Block | 1/0 | Transceivers
Cortex-A9 MPU Subsystem
HPS-FPGA
Interfaces FPGA Fabric

On-Chip Support
Memories | Peripherals

(LUTs, RAMs, Multipliers & Routing)

PLLs |ﬂt[€ff&(€ Debug PLLs Hard | Hard Memory
Peripherals PCle | Controllers
ORGP XXX

A decent linux computer
with direct interface to a

high performance FPGA

Altera, Cyclone V Design Handbook
Altera, Cyclone V Device Datasheet
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W _test_ids_cauto,_generated H i g h - S p e e d

wire_sd10_rxout[0..6]
Signalling
rx_channel_data_align[0..8]~input] 4
x_in[0..8]~input! 4
| 1'h0|
ral[0].gpl~PLL_LVDS_OUTPYG_O_LOADEN
'aI[IJ].gpII~PLL_LVDS_OUTﬁIl)_0_LVDSCLK

This is a current point of
struggle

sd9
sd11
5
5 2
) — 10 supports SDR, DDR, or non-registered datapath
1'h0| Serializer
wire_sd14 rxout[( e > i DN DoUT _ 21
13 ] : _
: 10bits _coredlock ] LVDS Transmitter
: e 3 | (1VDS_L0AD_EN, iffod, _coredock)
1'ho data width
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: L Tor ] ) ~rncin
b - 1x_out L ﬁ Iﬁl _':_
Deserializer Bit Slip =
sd15 Synchronizer
7 wire 416 rxout(( 10
FPGA
. . Lo Fabric ok
* Use of dedicated Serializer/Deserializer hardware (mﬁ—-' ’ e
. LA 3 2
for high-speed data o) /o \ I
.. . divfdck < g £
* Limited number of channels per device o < | g 5,
* Requires layout and planning reviews and P n o
. 3 J(LVDS_LOAD_EN,
EXpe rtise (VDS _ifioc,._outcloc) 8Serial VDS
Clock Phases
———  DPAClock Domain
——— VDS Clock Domain rx_indock /tx_indock

Altera, Arria V Device Datasheet
Altera, Quartus 11 14.1
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FPGA Basic Logic Unit

syncload
aclr[1:0]
shared_arith_in carry_in clk[2:0] |sclr
dataf0
datae0
dataa
datab 4Input . o
datac0 LT .
Row, Column
+}._. —D_i (LR j*-L Direct Link Routing
Ha L D Q
gty i
L[] | WT
{ ] [
a g
3Hnput| 15‘ \
T wr }— Row, Column
10 :]? B D b 0l _Ii Direct Link Routing
__:Dl Local
L Interconnect
t| 4-Input . i |
datacl LUT
Row, Column
Direct Link Routi
+} :L\‘J ire ng
1| |3-Input
W LT
3-nput = . ! '\J— Row, Column
| u'ﬂu e L D ¢ Q __“|f Direct Link Routing
Local
ﬁ] Interconnect
datael : 1
dataf1 U
shared_arith_out carry_out

Altera, Cyclone V Design Handbook
Altera, Cyclone V Device Datasheet
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Controller Implementation(example)

ADC Chx Ix | Vector | SetPoint Feedforward
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[} i i
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1 Gain + Rotation b i y
[ A L cc () UoCorivertar —lE 0uL.)
8Ch, 1287 | SeralTo [ | 2AXE ) Fatar / P T
ADC, 65 Parallel i 1 Vector Sum Yt 14 Bit, 260
MHz — ' | Gain Buﬁer K MHz
i Table Gain Buffer
| .
p— 1
8Ch, 12B1° | Serial To I Kiystron
ADC,65 « Parallel I . 24x t Linearizer ( ) (2 cycles)
MHz ——»| * -
i Q Gain
: . Table rror Q Error QOut
8 gggze ?t, Serial To 1 v _i(;*ector Sum  (2cycles) Buﬁ‘er L\ X Gim Buﬁfr o+ Rotaton
, 03 o Parallel | DownC 24X/ [cac | Via [ ! — IFOut Q
Ch24 Yol 4 - i <4 Lo+ )t
MHz : : ™ Fiter Q(/ UpConverter et
! ! (1 cycle) ! 14 Bit, 260
CLock——» ] | ! MHz
|
i ] ]
] Qx Q Vector Q SetPoint Feadforward (2 cycles)
Start Trig - ! Data Buffer Data Buffer Table Table Q
|
! Ui er ————»
el , t t t ST
8Ch, 12 Bit, Serial To i g 14 Bit, 260
ADC,65 + | Parallel | ¥ MHz
MHz —* :
%
UpConverter ———»
L DAC2 ChB
ain 14 Bit, 260
1.Ch, 14Bit e
ADC, 105MHz Parallel
Klystron Latch X Waveform A ition Rate = 1MSample/s
Loop Klystron Q O Gain N : v
Setpoint Table Table
Front Panel| | yps Rd/Wr En
<—— Serial [¢— Host/DSP Interface

1.2Gb/s

Porls

200Mb/s

Group delay = Scycles@65MHz = 138 nS

Figure2: FPGA Signal Processing

MULTICHANNEL VECTOR FIELD CONTROL MODULE FOR LLRF
CONTROL OF SUPERCONDUCTING CAVITIES*

PValelJesZ B. Chase. B. Bamese}%xanlal§ ?%I J(l)?lgl(llal]ED Klepec., U. Mavric, V. Tupikov

Fermilab, Batavia, IL 60510, U.S.A.
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SOC Data Acquisition Software / Firmware Model

Cyclone V FPGA/SoC

Verilog
N->8
Signal
Multiplexer

Verilog
Data Serializer

Qsys System

Nios Il FPGA CPU

Nios C Application

SG-DMA configuration
and control

- data buffer

SG-DMA 1

on-chip memory

=
A

64k data buffer 1 k:

- select l—

Sampled Data Signals

interrupts indicating
which data buffer is full

Verilog
Control Registers

254 write-only
control registers

on-chip memory

64k data buffer 2 =

ARM CPU

Linux Application

Verilog sample
rate control

.

CLOCK

\ 4

Clock input for Qsys system.
(Nios CPU, SG-DMA transfers, and all bus activity)

Send data buffer to
control system

Apply changes to FPG;L\
from control system €

800 Mbit/s
data

transmission
has been
demonstrated
Data out with
parameter
=== Ethernet | updates
| ———m=—
(—
—— Parameter
updates from
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Features that take time

e System Timing and performance
Characteristics (Systick)

 Device Reconfiguration and Management

* Interrupt Management

* Intelligent Clocking

e Hardware Feature Limitations

e Embedded vs Firmware vs Front-end Code

2= Fermilab
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Resonance Control
Piezo amplifier specifications

« 8 independent low noise piezo amplifiers to cover 4 cavities
— 4 spare amps that may be ganged for additional current

« 0-100V differential output (50 V to ground)
— Rear panel twist lock 4 wire SpeakOn connector

* 100 mA peak, 78 mA RMS continuous drive current per amp
 DACs driven over SPI with 18 or 20 bit precision

* Noise floor of amp 26 uV RMS 0.03 Hz to 1 MHz

* Noise floor of DAC is 7.5 nV/Hz

« Drive V, output V and current for both legs monitored by 18 bit ADC
— Analog control and monitor through front panel TRS jacks

* Independent channel enables via remote or local dip switch
* +-16V power supply

« temperature readback, module 1D

2= Fermilab
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PiezoDrive PDu150 three channel Ultra-low noise
piezo driver

Specifications
Specifications
Power Supply +24 V, Ground
Output Voltage -30 Vto +150V
Peak Current 100 mA (300 mA single channel)
RMS Current 78 mA (235 mA single channel)
Power Bandwidth 80 kHz (150 Vp-p)
Signal Bandwidth 180 kHz
Slew Rate 38 V/us
Gain 20 vV
Input Impedance 110 kOhm (Input), 3.3 kOhm (Offset)
Load Cap. Bandwidth Input Offset +/-5mV
e Load 180 kHz Load Unlimited
10 nF 105 kHz Output Noise 26 uV RMS (1 UF load, 0.03 Hz to 1 MHz)
30 nF 40 kHz Protection Short circuit, over-current, and temperature
100 nF 11 kHz
300 nF YT Quiescent Current 100 mA (10 mA in shutdown)
1 uF 1.0 KHz Connectors Screw terminals (AWG 20-30)
3 uF 320 Hz Dimensions 76 x 40 x 37 mm (L x W x H)
10 uF 62 Hz Environment -40C to 60C (-40F to 140F)
30 uF 24 Hz Weight 80 gram

Small signal bandwidth versus load capacitance (-3dB)

2= Fermilab
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Drive module diagram

2 channel piezo drive circuits to support 1 cavity

? % 5;% SPI |18 bit AD5781
1/ "
FP TRS
Channel [I v—
Drive . NN
i sig
L gnd
1/4"
TRS
Diff V out ,ﬁ
mo
NSJ12HF-1

A single board contains everything to
support 2 piezo drives or 1 cavity.
external connections are power supply,
FPGA, front panel and rear pannel
connector to piezos. 4 boards will fit in
chassis

22 Brian Chasel PXIE

Channel 2
readbacks

PDu150
16V 5
10f3 d(ive nlt4mp-bag 10of2
amps in SpeakOn 4 wire cable PZTs
module connector to cryo
) ‘V\b—@\ module
G-zo/ e ] \/3
En . Instrumentation
amps AD629
=+ i
1Y}

FUN(TIONAL BLOCK DIAGRAM
o

_cable-

Power out
enable x2
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Resonance control chassis layout

23

FPGA/CONTROL SYS INTERFACE

STEPPER MOTOR DRIVERS
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Resonance control chassis

Nutrik connectors for piezo, stepper
and power

4 CAVITY RESONANCE CONTROLLER

PIEZO AMPLIFIERS STEPPER MOTOR DRIVES
CH1,2 3,4 CH5, 6 CH7,8
LJE [@&@E [@&@E k@[a E E ﬂ E - 16V E
©lie) ©© © : eV

Fiber connections
N N N

8 Wire 8 Wire
3-4 Stepper

mounting plate
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Meeting FY15 PXIE goals

 162.5 MHz down-converter will be completed soon

« Up-converter in the design stage
— need addition funds to build

« Basic design of Master Oscillator and LO distribution is complete
— many parts in-house, synthesizer on order
— need addition funds to build

« SOC-MFC is behind by several months due to design issues and vendor
delivery
— need addition funds to build
— Will bring up RFQ with first generation MFC

« Software and firmware have several months of work remaining

2= Fermilab
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