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ISIS Neutron and Muon Source
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More info @: www.isis.stfc.ac.uk

First Beam to TS1Dec. 1984
DHRF upgrade ¢.2000

« TS2 commissioned c.2009
 Now run >230pA beam current
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ISIS Synchrotron HPRF

* H-ions stripped to protons when injected at 70MeV
* Protons complete ~12,000 turns in next 10 ms

» Accelerated to 800MeV

* Protons extracted & transported 2 targets

« Repeats @ 50Hz 800 MeV
Protons out

10 x RF cavities provide electric fields
to accelerate particles

- 6 X 1RF (H=2) Cavities
- 1.3-3.1MHz

4 x 1RF (H=4) Cauvities
2.6-6.3MHz

- SP 9 % 70 MeV INJECTION
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LLRF : System Overview

Beam

Phase Radial

Loop Loop FFBC "

v v HPD -
: 1RF Cavity
Dipole Frequency | Master | Phase C::-:t\iif:‘c?ze Amp
B Law Generator | | Oscillator Offset P _
& tuning
A A
7}

Freq. Bunch

Law Length

Trim Loop \ v

Cavity ph
F-Doubler Phase av! Yp ase
> > Amplitude &
& 0 phase Offset . HPD )
tuning Amp 2RF Cavity
x4
FFBC
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Original (c. 1982)
Frequency Law Generator
/ Master Oscillator

Original 1RF Analogue
LPRF controls (c.1982)

Loops to control cavity
voltage amplitude and
phase + tuning

ISIS LLRF Controls (c. 2004)

2RF Analogue LPRF
controls (c.1995)

Even the newer 2RF

system ~10 years old.

¢ ageing components
more likely to fail

« replacements harder
to source

Time to think about
replacing the system!

Science & Technology
<~ Facilities Council



ISIS LLRF Upgrade - Potted History

~2005, started to consider replacements for the ageing LPRF controls: B poneh || 2eam | o
Loop
Loop Loop

Frequency law generator: —— g

e Lattice FPGA based e

e Takes input Bdot signal and integrates to
give current frequency.

Freq. Law
Generator

1 2%3 4
Digital Master Oscillator: v
e Lattice FPGA based Voltage-to-Frequency
Converter i
e Provided RF signal to 10 Cavities : i E

F—>
5 systems

6 X 1RF, 4 x 2RF

~2008 - Feed forward beam compensation

Swept digital filterbank implemented on New FlexRIO platform: Gain(@®) . 4,

1/

I 1.92.2 3.6 5.306.29
Frequency (MHz)

| Tetrode Intermediate
| Amplifiers  Amplifier Subtracter

Fixed frequency/

Only usable over |Functian Hf 100Hz I
first 3ms or so

Why not use FlexRIO based system to replace LPRF .
%
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NI FlexRIO - Digital LLRF

Choice of Platform

NI global company

« Large support network
Use of LabView FPGA for coding

« STFC has site licence agreement

« Many LabView users / few VHDL
Small team / Low channel count

« off the shelf more cost effective

* Less development time?
Obsolescence less of a problem

« Always an upgrade path (at a price!)

Bespoke MO -3 years / PXle MO -6 months
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D-LLRF : Staged implementation

Aug 2014: Combined FLG » Cavity RF generation, Frequency Digital 1Q RF cavity loop
/ Digital Master Oscillator Doubler and Phase distribution control
« Provides 1 x 1RF common Ref « Initial tests Oct 2018
* + 4 x 2RF Ref signals « 1x1RF cavity during user
Dec 2013: | . Qperationally running in FPGA cycle June 2019
Initial MO since February 2016 + 6x1RF cavities Sep 2019!
operation /
Beam | e e e e e o o A/_ ________

|
L
oop Loop X6

I
I
I
me e —— \ :
v HPD - !
| Cavitv oh 1RF Cavity
Dipole |! Frequency S Master 15 Phase ::_I‘ y“fuj:e b :
B Law Generator Oscillator Offset P :
I
I
I
I
]

1

1

1

1

1

1

1

1

1

1

: i & ;

: L - — I tuning
: e s s = 1\

: Freq Bunch |
: Law Length |

1 Trim Loo |

: P . A

: : Cavity phase
1 1 ~

1 " >

1 1

F-Doubler | ; | Phase Amplitude &
& 0 phase Offset . HPD -
tuning 2RF Cavity
- - Amp
— = ”””M o | g’ x4

V—Synuhrmrum Current CYCL?./%QJ]_{E FFBC
Target1 172.3 pA

Efficiency
> 219,04 917, [ E
T
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D-LLRF - Initial system design

Dipole
: \
Beam
I-:'_hase N Al ChO < < Al ChO
oop Al Ch1 g Focl @ | AICh1 To Analogue
[
- o AlCh2 5 AO ChO _|_> LLRF controls
Radial | = 9
Loop Alch3 | % AOChl |-
/ _l—) Freq. Law Profile
4-lane PCl-express backplane
Bunch / Freq. Increment broadcast over backplane P2P
Length PXl crate
Loop

Worked well initially, for a single P2P link, but when used to close Beam Phase loop with design
for more LOs, higher latency gave rise to catastrophic beam losses!

April 2015 code revised using PXI trigger lines for F-
word broadcast rather than PCl express data stream

Other issues: loss of synchronisation over FPGA modules
when running interactive mode. Cured by “Boot-up”
exe RTOS deployment.
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D-LLRF - 1Q FeedForward Beam Compensation

_Level Control Servo / Cavity phase loop ™ &
I demand
|
Tetrode Intermediate
; Amplifiers  Amplifier Subtracter

—
TN

_ IQ Demod of
I Variable .
beam W gain Beam Intensity
summ 1Q 10 signal used to
Electrode Demod mod generate FF
Q correction
Applying this technique over the last 3ms of 1‘ beam signal
the acceleration cycle has successfully damped A\
down both the induced gap voltage error and Variable Digital Gain Function
the beam oscillations on the 2RF systems delay (100Hz compensation
no longer required?)
Moise Filter Off
Phase Can be used throughout whole

Reference
(sum electrode)] Frequency sweep.

& Science & Technology Facilities Council
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LLRF Cavity Tuning

acceleration

gaps water cooled
fernte toroids . . .
e —— - _ * RF fields are applied through cavity
,ﬂ T resonators
beam
: = | N
» The cavities must be tuned to
it ) Tl | resonate at the correct frequencies for
——— i — acceleration

el

=
O = o1
R

= ——
SR = \ T LC
vacuum coaxial RF coupling  conductor for
pump between cavities bias current
L
. L2
* ISIS cavities are tuned by . : 1 | 6.8-13uH
altering the inductance of ~ “rerrite % 3K — ik % o CAP 2
ferrite with a biasing field PO sefiun [ | L
17uF

RF CAVITY CIRCUIT AS SEEN BY THE RF SUPPLY



LLRF Cavity Tuning

1’62“22 On resonance, cavity phase is
40E+ ]
h -90 degrees wrt reference
1,20E+02 ! :
1,00E+02 ;‘l signal
[ |
8,00E+01 ' \ Cavity
6,00E+01 - Grid
4,00E+01 7 Voltage
2,00E+01 s v
0,00E+00 === - = =T =======- Cavit
1,30E+06 1,80E+06 2,30E+06 2,80E+06 Cavity Y
Frequency (Hz) Gap —> Tune
- = 4648... Voltage Phase
0 feees=scoo = 9 Detector
N
-50 ‘|
\
o -100 :
\
@ ~150 N Cavtune Ssummin Grid
j: ket Function —>| 9 | Subtract
-200 Amp .
e Gen Signal
-250 ‘1’
-300 , To Cavity
L Bias
; Regulator
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T

Tuning Demand Signal r(t)  PRBS or Schroeder phased sinusoid

LLRF Cavity Tuning

Time

Cavtune Algorithm

Regulator

Cavity
Grid
Voltage
. Cavity
Cavity Tune
Gap Ph
Voltage ase
Detector
Cavtune Summin Grid
Function Am 9 €— Subtract
Gen \Lp Signal
To Cavity
Bias

Known harmonic
response of cavity
tuning loop for
each RF system

=101

Lasd Furction | Auto Ture | Sriper Msds | Fls Marpddasen |

1RF7

Beam OFF Bdot !

el e
© |

scoee Pl |

k (Rep Rate = MS/2° H)XI Gain V/div ——
f g ——

Currert M5

SonecpRACKds,

Gatn ® o,

acoon |
st

(AR exrce reduced - e

[Acto-trey - anstysry phse errce

000 Wikt 10 d%:

£ rstart| Frisescanver | [ theee tune

Iterative routine to adjust the Bias function & minimise
the tuning error

£
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LLRF Cavity Tuning

Cavity
LPRF 3 Long - AR _ 3 Grid
Output Cables Amplifier :
Voltage Fixed
‘1’ Amplitude
Delayed
Long LPRF
Cables Output
Cavity Cavity
_ Gap S Tune
For 2RF systems, under heavy beam loading, level contrg Voltage Phase
loop can drive grid voltage down to 0V, leading to a JeSs Detector
of control of tuning loop!
Run Trig'd Moise Filter Oft
|_Cavtune Summin Grid
Function —> 9 | Subtract
Amp .
Gen \1’ Signal
" AR A e e e To BC_aVitY
TR ... i s RS A e | I ias
Regulator

Analogue version - successfully operating
Over Iast 2 years & Science & Technology Facilities Council
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D-LLRF - System Architecture

O gemeter | [ WindowsPC ][5 VISTA
module LabView Host Controls
+ 5782 transceiver
RTOS
controller VI

!

l PXle Backplane ,L

FLG / MO 5 10x LO

FPGA Finc-word FPGAs

(via trigger lines)

System Timing, Freq, Increment & FF Beam
Compensation broadgast over trigger lines

Diagnostic virtual “scope traces” sent from FPGAs to NeW FLG / MO

RTOS controller via 4-Lane PCle / Switch, Fabric backplane

Bigger FPGA!

- Faster compiles

4 channel transceiver to give auxiliary outputs
- FL to intensity monitor

- RF for extract timing / beam choppers etc.

FLG / MO
7971R FPGA
module
+ 5783 transceiver

& Science & Technology Facilities Council



D-LLRF - System Architecture

Windows PC ISIS VISTA
LabView Host Controls

RTOS j

controller VI
A

NI Realtime Controller

Boot-up executable file
that downloads the
bitfiles to each FPGA on
power up, performs

Producer loop-

marshals commands from
ISIS controls system and
host VI program

J, PXle Backplane l,
FLG / MO 10x LO

|n|t|aI|sat!on .and clock FPGA | Fimcword| FPGAs
SynChron|sat|On Of the (via trigger lines)
FPGA Module -

ﬂ" ] 2000

Program stop

Slave Queue|

error out
321

B dod B i
RF / FLG out CHI: Qutput_Select

CHO: O CHO: Qutput Scalar

)
"

[} CHO: Static Phase Offset
p CHI: Static Phase Offset
CH1: Qutput Scalar
CHO: Qutput Delay

Consumer loop -
selects commands e [EneedEuton
from producer
loop to update o oo | [ F Ol e
parameters on o -
Master Oscillator
FPGA and each of
the Local
Oscillator FPGA

Modules
& Science & Technology Facilities Council
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CHOD: Output Delay (ns p CHO: Output Fine Delay
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D-LLRF - System Architecture

Windows PC ISIS VISTA
ISIS VISTA Controls system LabView Host Controls
8 1RF Gap Volts [o[@]=] " sy E (=== RTOS j_
1RF GAP VOLTS 10-0CT-2017 18:41:47 ISIS Synchrotron Fundamental RF controller VI
N
Function: Gap Volts function from gapv.dat ‘ STZ$US | ‘ FUT\IFCS | ‘RE:?)E'I?IME ‘
12,00 Wi Gap Volts function ‘REgg$g>Rs| ‘FR$g|I|~'/|Aw| ‘Gsixgls:ﬂ J' PXle Backplane 1,
000 e O ; BN ) | FLG / MO 10x LO
800 — I L : CURRENTS| | APS log APS log >
k 600 — P P : Normal function running. 2nd 2RF Theta F PGA Fl nc-wo rd F PGAS
v 600/ / T N 5 ‘Harmonic Centrol ‘ Phase (via trigger lines)
200 — L i :
. [ R . Modify Modify
H l’ HE HE H - 1
T Em Now: PixyBroker

_5_00. ‘({00 — 500 — .10.00 .15.00 Norm File Swap File/ Exptl File ki N L bV VI .
Orange plot: Phase function (V). time (ms) into Exptl Function into Norm a I eW ru n n I n g O n
FGEN is: Gap Volts NORMAL module. 8 ROOT MENU =N BR[| RTOS CO nt rO I I e r
| ISIS Controls Menu - ROOT page | .
« Polls Vista DB channel for

changes every 2s

Gap Volts Normal Function ‘|NJECTQH ‘ ‘SYNCHROTRON
time (ms) volts (kV) time (ms) volts (kV)
-2.00 0.29 . 2380 10.90
-1.80 029 . 3.50 12.00

0.30 0.35 . 4.00 12.70
000 120 ] 500 1280 [vacuum | [PLanT S . M TT
0.25 250 : 6.00 12.50 [ OTHER SYSTEMS AND EQUIPMENT | OO n .
MISCELLANEOUS H H
PR a0 i | ‘ « MQTT is a Client Server
1.00 5.80 . 10.00 9.41 [ TEST DIsPLAYS |

150 730 . 1250 o029 Ve a589| | GED pUbliSh/SUbscribe é
messaging transport

2:50 10:20 o:oo o:oo M ‘m ;:3 - protocol.

. . ill includ [ I
ISIS Main Controls parameters set function pulamrorente
by machine operators

[EPB11 | [ePB2

[aws | [Tmng

|
|
[TARGET 1 | [tARGET2 |
|
|

© 0 N e R W

"
o
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D-LLRF - System Architecture

Windows PC diagnostics VI (RF Parameter setup)

LPRF Stetus  FLG &Loop Update | Frod | Slave | TempLog |

Frequency at Reset Flot 0
1.35115E+6 )

FLG_Loop_trite_Cluster FLG lnop Read Cluster

FLG Table Set up

Internal B_bot Mulipier  Belot Inpuk Multiplier FLG_LUT_Mukigier — FLG_LUT_Offset (Hz)

Frequency Law at 1.351 15E+6 -]
RebLps Frequency ot
FLG Address Reset

o
= |
47781 1351118.25 % 1.351L4E+E

1,351 14E+6 -]

Windows PC
LabView Host

ISIS VISTA
Controls

RTOS (J

controller VI

N

For B00MeY ; 52615 .
For 700MeY ; 46680 o

For 800Me : 65430 For 800MeV : 1000
B dot Input Offset Adjust  For 700Me' : 65430 For 700MeY : 4000

Frequency.

Law Reset Poink Delta ?

Maritor
5| to00 /2000
Integrator Reset Point = 1000 Delta P

Radial Loop

General

Radial Loop Multiplier
/100000 Ho

Radial Loop Start Deks P
’j 900 rJ 3100

Radial Loop Offset Adjust

Radial Luop Stop Delta P

Beam_Phase_Sum_Select: 1 = Loop In

Fund / ZRF: 0 = Fund

BLL Trim Enable : 0 =Raw; 1 = Trim

Bunch Length Muliplier

oo C o

Eunch Length Start Delta P
of|1e00 o310

Bunch length Loop

Bunch Length Offsat Adjust

Test_Bench_M_Start: 1 = Ext

Select to ensure external
Machine Start

FLG_LLT_Select

Bunch Length Stop Delta P F00MeY

Static Phase Offset

¢ Eo—

Beam Phase Loop

Reference Delay (ns)

Beam Phase Mukiplisr

Beam Phase Stark Delta P

Beam Phase Offset Adjust

Beam Phase Stop Delta P

’rjn

Frequency Law at
NalaD

requency

FaLtGD':ﬁ‘:rsss at DelkaP

23483 3010064.36

Send FLG_Update

Update

FLG Timestamp  FLGsetup timestamp

18:13:18,925  |18:13:20,749
09032019 05/03/2019

BDat Cluster

Running on Bdot
No AC Trip

Bt Updated?

E 13511366
1.35113E+6 |
1.35112E+6 -

1.35112E+5 -9 ]
1708 1708514

Frequency at delta P Pt 0

3.0104E+6 -
3.0103E+6
3.0102E+6 -

g

5 3.0101E-+6 -

£ ,

£ J.01E+E
3.0099E+6
3.0098E+6

3.0097E+6 /
1708215 1708515
Time,

FLG Address at delta P~ pleo
23492,5-)
23490 -
23457.5
23485 -
23482.5-|
23480
23477.5
23475 -

23472,5 1 ]
1708319 1708515

l PXle Backplane l,

FLG / MO 10x LO

FPGA [ Fincword | FPGAs

(via trigger lines)
Tabbed panes allow access to
“Expert” parameter groups.

Now has simple LLRF On/Off
buttons to replace analogue pots.

Allows interactive editing of RF
setup parameters — phase offsets,
Loop gains etc (set by RF team)
and display of current values (eg
start / stop frequency etc.)

Virtual “Function Module”
channels show last sent values of
VISTA controls functions.
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D-LLRF - System Architecture

Windows PC diagnostics VI (Virtual scope traces)

[ channel 0 |
T e .
] 7 e N I -
A
Ref 1
channel 2 [}
Ref2
Channel 3 [l
Ref3

Enables selection and display

of test signals. Currently

available for a selection of | g

virtual test points in the FPGA ' g e
code. Data streamed from

each FPGA module to PXI

controller via PCl-express .~ =T
back-plane and then to Host PC via Network Stream at up
to 50Hz. Currently triggered by thresholding values on
the receiver, but will soon be triggered at the FPGA.

Windows PC ISIS VISTA
LabView Host Controls
RTOS j

controller VI
A

'

PXle Backplane l,

FLG / MO 10x LO

FPGA

 Measured Amplitude

Accumulated_I
Lerror
Measured Phase
Corrected_Q
Accumulated_Q
Q _Error
I_Measured
Q_Measured

I Beam_In
Q_Beam_In
I_Combined
Q_Combined
I_Beam

Q_Beam
Beam_Amplitude

Beam_Phase

£

Finc-word FPGAs

(via trigger lines)

Science & Technology Facilities Council
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D-LLRF - System Architecture

Frequency Law Generator / Master Oscillator
Implemented using LabView FPGA on NI PXle7971R FPGA
module + NI 5783 100MS/s transceiver adapter module
generates the RF sweep from 1.3MHz to 3.1MHz for 1RF
cavities and 2.6 to 6.3MHz for 2"d Harmonic cavities.

WCM = ADC [--======- i
1

Beam Phase | -
Loop OP > ADC bommnes *|  Delayed sin =2 BPL I 7l coroic | Bandpass |
- DDs cos b-of 'QDemod | g '7?9’ Filter i
i i: i
Bunch length TR i i
ADC [r— | ccccccssssssssssdhssssss s EssssEEEEEEE S S SRS S S LSRR |
loop OP N i .F :'.7
1 1
! ity
1 E E L_3| TolOsvia
Radial 2 : H Trigger lines
3

.
Loop OP > APC _|—:psu/
r :

I =] ADC | FlG

Currently using direct analogue v

loop inputs. Previous tests used 1Q Beam Phasé (IQ demod)

demodulation of the beam sum

electrode signal followed by a mw

CORDIC algorithm to generate a ﬂ
beam phase signal. This will be

implemented to replace the existing TOS 30148 - 1541:38 041052015

analogue beam phase loop with the added benefit of using
the same beam signal to generate the Bunch Length Loop
correction (and possibly provide Beam | and Q for FFBC).

Windows PC
LabView Host

ISIS VISTA
Controls

RTOS j

controller VI

N

l PXle Backplane l,

FLG / MO

10x LO

FPGA | Fincword | FPGAs

(via trigger lines)

RF Synchronisation

Backplane trigger/data lines

used for system

timing,

frequency increment broadcast

and synchronous
update.

Grid Gap
Volts Volts 150ns

!

Cavity je———nnsnnnn

Control
System Timin
Card Y g

RF Tuning
Out  Out Frequency and
Timing distribution

frequency

Beam B
Phase dot

L

Frequency Increment
—

Frequency
law
Generator

11

Bunch Radial

length
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D-LLRF - ISIS Machine Timing

Replace MS trigger with FS trigger

« to allow pulsing Normal / experimental
Functions at MS, MS/2, MS/4....MS/640.

* Includes possibility of applying different
functions for TS1 / TS2 beam pulses.

LO counter
gga Tru
[il

BHE

- Do Some Stuff
e g

4000 HN
D

eltaP Trigger True =

[EEFT

“: i) |Do Some Stuff
Lil every cycle

[

Grid Gap

Beam B

Volts Volts 150ns Phase dot MS
W [ 1 wigoer
] Frequency Increment
Cavity |« EEE R < Frequency
Control law
Card System Timing Generator |<€——| GMSO +
1 20ms [1 T T FS triggers
RF Tuning Bunch Radial
Out  Out Frequency and length
Timing distribution
1sHN
FS Trigger
[WEFT b
Frame_Start i ]
(Backplane) 1 M
[N]
T51 / T52 Trigger
GMS 0 N M =}
[i]
Trigger Line
Frame Encoding [] | 1 [N]
DeltaP Trigger w
=
o Some Stul
[i]
Figure 5. PXIe to FPGA, Backplane Trigger Line Encoding of Frame Start & GMS 0 o
o
7

GMS O (or other external) triggering

« to allow switch off RF for non-beam pulses.

FLG counter

Science & Technology Facilities Council
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D-LLRF - System Architecture

Local Oscillator Windows PC ISIS VISTA
Implemented using LabView FPGA on NI PXle7966R FPGA module LabView Host Controls
(Virtex-5 SX95T FPGA /512 MB DRAM) + NI5782 250MS/s IF — j
transceiver adapter module (6 x 1RF modules + 4 x 2RF Modules) controller VI
o Delay J, PXle Backplane 1,
TiggerLine __) S v FLG / MO 10x LO

pAc FPGA

Fram FLG Lewvel _I—) Setpaint i i 1 Finc-word FPGAs
control 1-Pi il ‘;V (via trigger lines)
demand n out || 1 i3

o [y e
—L> 1Q Demod A EI'> "E"E:'i"';l :.
a | - 4 DAC
3 T t-==<3 Qiin Q- Out fr —1'
Vs [ 200 | L 1.3-3.1MHz & 2.6-6.3MHz
| 4| Delayed il I I i i'zt To RF
Dos sin ] PSS————— i Cavity DIRECT SAMPLED!
—|—)- 101 Dermod  fr— :|>'
(o R —
ADC1 '1' . .
e 1st iteration

I/Q ->CORDIC ->Amp/Phase

LO PID control loops
loop

« Amplitude & Phase control on cavity using Pl control loops for
both | & Q vectors (10KHz Loop Response required)

« Will extend to Cavity tuning loop in the future (and have
investigated use of reference signal to replace grid volts)

Now only as diagnostic

& Science & Technology Facilities Council




IQ Control Loop - tests

foscope | FLG Oscllscope |
r o 5cope_Channel_0_select Amplud r 2! Seope_Channel_{_Select mpltuc
Channel 0 [\ | Zvem s Channel 1 [V | “cean apitude =
Charnel_0 L J Channel_1 L .
140
te ERAR R RREAERE RSO SR RHASTARRAARE A RAMAR AR (R R ARRE AR IR | P2
100 e e SN N 2000+
@ 1000
&0 1600
g 1400
g 3
g &
o
.
<
0|
B0 200 -|
405 6 7 6 5 LIz oG oM 545 240 123 45876
Time (ms) Tmemst e
= == Ins -l | Ampltude_3
Cmn] T SR Ty | o o
Channel 2 |V | 4oy Channel 3 /\V/ | fcaree do
Channel_2 B o Channel_3 L J
8000
= so00-| 5
000
000
000
1000+
-1 o 1 2 3 4 5 & 7 8 9 10 11 5 4 3 2 4 0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15
Tiwe(ws) . Time(ms
e HR el
Tab Contral

Fun Trig'd

1
Irf I".ll'l,
||i Ill
1RF4 gapvolts (analogue controlled) "||"|
1RF9'gapvolts (digital 1Q loop; FFBC) 1

1RF9 cavity lock phase detector
1RF9 cavity lock phase detector

Moise Filter OFf

February / March 2019: Ran 40Hz Beam
with digitally closed 1Q loop on 1x 1RF
system with High intensity beam and
losses comparable to operational levels

'4-ﬁ31

No FF Beam Compensation applied (not
possible at this beam intensity with the
analogue system!)

Apparent improved Loop performance
over Amplitude / phase loops - remove
need for FFBC?

Without FFBC (or even with digital FFBC
implemented in D-LPRF system if

necessary) can retire old FFBC crates -
source of high % of recent system
outages

& Science & Technology Facilities Council



Digital FFBC - tests

Srten 10nclocoe. | i e |

1. Set Beam IQ demod reference phase .. ‘ewsor]=oes B0 ey T B0
to match position of WCM / ha i =
2. Adjust reference delay to give a - \ ; / P
Beam

reasonable beam phase from CORDIC - / GSpVoltj ‘\
a0 / eman

Arpiade

30000

25000

20000

15000

10000

5000 -]

o-

Ampiitude

-5000 -]

-10000 -}

15000 -}

20000 -}

25000 |

B T L O S T S S S Y S R Y S
5 4 3 2 -1 0 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 - =
Time (ms) tEe +iEe

Fun Trig?
T

"

A v
P il A e e e

e
T N P

Digital controlled amplitude

Analogue controlled phase

Beam: 2.99e13 inj, 2.86e13 acc
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IQ Control Loop - Operation

Following success in the initial tests during machine development:

« Started the June ISIS user cycle running 1x1RF cavity with digital IQ loop control Had been
running stably for ~1 week but ~3 hours into the User run, started to lose synchronisation
between LO FPGAs

« Reverted to old FLG / MO FPGA and finished run in that state

« Subsequent investigations found differences in clock implementation on new 7971R FPGA
module - leading to additional 2.5ns delay - Just sufficient to occasionally lose synch!

« Re-worked FLG/MO code to clock the F;,. bits at 20MHz (cf 40MHz previously)

ISIS User cycle 2019/2 (10t September - 25th October)

« Started cycle with 6x1RF cavities controlled with Digital IQ loops

* Problems with LINAC Tank 4 hampered beam setup - Limited time to configure so running on
analogue FFBC system and old “Grid” tuning

« Will change tomorrow to delayed reference tuning and digital FFBC (or no FFBC) for next cycle

Cycle 2019/2

10-Sep to 25-Oct

A 21 7 Efficiency Target1 171.1 A
Muon 6.3 A
0 220 |.|A 95.1 % Target2 39.8 pA

v

Synchrotron Current

Last updated at 16:35:44 Wed 23 Oct 1SIS-Status@stfc.ac.uk Cycle Availability TS1 79.4% TS2 81.2%
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D-LPRF: still to do!
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New MQTT based controls interface - SSSSSS
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* Currently testing the code - seems to work well n Seemes
« Integrate LPRF On/Off controls into ISIS controls pages — ‘selesl =i 222222
e SEsems
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Update FLG / MO FPGA code
« Provide external RF sweep / triggering to extract timing etc.
* Implement Beam phase and bunch length Loops digitally
Also gives Beam | / Q to send to LOs via trigger lines if required

Complete analogue buffer crates
» Final Design nearing completion
* 3U Eurocard standard
* Interface to NI front-end cards
» 24V High reliability Crate supply
* Implement IQ control of 2RF Cavities

Implement Cavity Tuning on LO FPGA
* Current utilisation ~ FLG: 50% cf LO: 90%
* May need more space: Implement FFBC IQ-demod on FLG / MO
FPGA and broadcast over trigger lines
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D-LLRF: the future

Investigate possible power saving
« GMS triggering Low or Zero Voltage RF demand for “no-beam”
trigger (Trips / inhibits / downtime / shutdowns etc), and
further reduce the RF electricity bill by 10-20%

New High Power Drive Amplifiers
« Update for different cavity loading
* Is FFBC necessary?
« Different Tuning Requirements?

Update for tuning loop for new cavity bias system

Starting to look at working on FETS D-LLRF
« uses same NI FlexRIO hardware
« can re-use some of code eg Controls Interface, PI(D) loops
« FETS controls may run on EPICS? Can use this as a test bed for
LabView / EPICS interface & then implement back into Synch
D-LLRF
« Use above as a template for ISIS Pre-Injector LLRF upgrade
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ISIS D-LLRF - Summary

ISIS LLRF not a greenfield site

« Staged implementation - must be easily “Undo-able”

« Code snippets tested during limited machine development time (eg 1Q beam phase, D-FFBC)
« Initial basic operation - overcame initial mistrust of PXI platform from machine operators

Off the shelf hardware sped up initial development time
« But needed hefty code workarounds for backplane latency, synch issues etc.

IQ operation
« 1Q loop out-performs previous Amplitude/Phase loops with beam
For ~2.5e13 protons old analogue system would lose phase lock and lose the beam!
« Digital FFBC - even if required will still enable ageing analogue units to retire
Lots of re-usable code modules for other LPRF projects

Running the Current User Cycle with 6x1RF controlled with digital IQ loops

Soon Full Digital Control all 10 cavities!
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