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» Relatively standard digital controller hardware (managed by a small group)

 MATLAB and EPICS interfaces can be run by any standard laptop
* With the proper up/down conversions this hardware can be implemented into any system




DIGITAL FEEDBACK LOOP
N ———
| |
I I
I
| — I
I Feed 72 I
I Forward
I Network :
Analyzer

I — Integral . I -
: Gain i I

I
I I CAVITY | Kp| \/sz * qu
| [E Rotaton el | NP
I Propg:_gonal :] I I, — I(sz) o Q(qu)
| i E | Q' = Q(Kpi) + I(Kpg)
| - ! I 1" = —I(Kpi) + Q(Kpy)
: Setpoint A:\’% I _Q’ — —Q(sz) I(KPQ)
I RFJump |9 ,Q,-1.-Q, ... I )




1.0

-0.03

-0.06

-0.09

AMPLITUDE/PHASE JUMP

1 ! I

0.228

0_2‘30 . .32
Time (se

Beam

0.21

0.22

0.23
Time (sec)

0.24 0.25

180

90

©
o

< (bep) eseyd

©

-180

Phase or amplitude jump triggered
by timing event is synchronized
with turn by turn bpm data for
measuring dynamic aperture, field
non-linearities, etc. More
information can be found in
literature [1].

Figure to the left shows a phase
jump of 120 degrees shown with
beam response.

[1] G. M. Wang, et al., “RF PINGER
COMMISSIONING AND BEAM DYNAMICS
STUDIES AT NSLS-II” IPAC2016, THOBAO1.




PULSED FEEDBACK GAINS

NSLS-II LLRF Cavity Field Control - 1/22/2015 na

180
135
90
45
0
.45
-90
-13!
-181
0 0.05 0.1 0.15 0.2
_ ] Time (ms)
restart pulss
done
done —— i go
30 busy
repeat busy
enable switchea  busyl| ool
timer

= >
rot_i, rot_g | =0
= o
rot_i, rot_g
alternate Switch

rot_i, rot_q

soope trigger



BPM

CAV

FWD

REV

DEB

CIRCULAR BUFFER

mag
Cavity D-20161010-15:55:01.277332 phase
Lib)
E [}4 - 1 / i)
= V L\\
0 -
= 0 | | | | | | | |
1.958 1.959 1.96 1.961 1.962 1.963 1.964 1.965 1.966 1.967 1.968
x« 108
% 17 [ T—T - I
= S — — —]
Eo5L N / -
= N —t— ~
= pl | | | | | = | — ] | |
1.958 1.959 1.96 1.961 1.962 1.963 1.964 1.965 1.966 1.967 1.968
108
8 NS ————————————E—E— ] T T T T
kw] S— SR
E T ..-“'/ ]
.E Dl5 - —‘ia’/“, /-M\\.,Hw--—w N
j=)]
S |
= ol | | | | | | | | | |
1.958 1.959 1.96 1.961 1.962 1.963 1.964 1.965 1.966 1.967 1.968
x10°
205 i%m\\J//ﬁ p
2 -
=
: Vv
= gl | | | | L |
1.958 1.959 1.96 1.961 1.962 1.963 1.964 1.965 1.966 1.967 1.968
x108
Lib) —
=]
E —
£ —
o
= |
= | | | | | |
1.958 1.959 1.96 1.961 1.962 1.963 1.964 1.965 1.966 1.967 1.968
Time (ns) <108

180
90

-90
-180

180
90

-90
-180

180
90

-90
-180

180
90

-90
-180

180
90

-90
-180

Phase Phase Phase Phase

Phase

REV FWD CAV BPM

DEB




Amplitude

4 — S0
0.6 L Scope span and ff-table output duration as a
E ] Feedforward Table - o % i"un(!)tiollJ of zoom. The nun?liers apply to a
_E_ - - e sample frequency of 40 MHz.
= 0.4 |F'| - scope ff-tab!e
1 ﬂ In - -=0 zoom span duration
] f\ \ : 0 25.6 s 51.2 ps
0.2 l :—-1DU 1 128 us 102 ps
7] | J : 2 230 ps 205 us
i \/ \l\f \ I\J l\j U II |I :— -150 3 435 us 410 us
o _....,....,....,....,....,----|-)-I--|----|----|--- " 180 4 845 ps 819 ps
0 50 100 150 200 250 300 350 400 450 511 5 1.66 ms 1.64 ms
Time 3.2789 ms 6 3.30 ms 3.28 ms
—— CG-RF{CF C:2-FF}E:Tbl-SP ||[— CG-RF{CFC: 2-FF}Phs: Thl-5P 7 6.58 ms 6.55 ms
8 13.13 ms 13.11 ms
1.01 181 0 26.24 ms 26.21 ms
10 52.5 ms 524 ms
0.8 Measured Field 100 11 105 ms 105 ms
12 210 ms 210 ms
0.6 3 13 419 ms 419 ms
0 o gy 839 ms 839 ms
0.4 w15 1.68 s 1.68 s
16 336s 336s
0.2 = 17 6.71s 6.71s
18 1345 1345
-0.01 -181 19 26.8 s 26.8 s

#] 50 100 150 200 250 300 350 400 450 511
Time




w
(o))
o

Phase (Deg.)

500.4

(&)
o
o
—

- 499.8

Freq. (MHz)

N
©
©
(&)]

Amp. (Arb.)

FEEDBACK SETPOINT TABLE

_ l — Phase
1]]
1]
|
' | ! I ! |I | '
. | Freq.
i |
- |
|
_ |
! | ! ] ! | | '
| | — Amp.
i |
| |
|
T |
T | ' T ' !I | T
0 200 400 600 800 1000

time (ms)

Pause

NSLS-II LLRF Cavity Field Control - 1/22/2015 na

180
135

90

-90
-13¢£
-18(
0.02 0.04 0.06 0.08 0.1 0.12
Time Span Time (mD(e;gug multipexor
RF
Cavity
Increasing
Frequency




LLRF ACCELERATOR SUITE

-

B & @@ ST fu

Storage Ring
T(MCHROTRON LIGHT SOURCE Il status

— || Booster Status

ATIONAE S¥NCHROTRON LIGHT SOURCE Il

Linac Status

10/13/2016 13:31:15

10/14/2016 10:31:22 10/13/2016 13:32:16

Bunching Accelerating Accelerating Accelerating Accelerating Heam M - Diagnostics Current 250,08 mA Injection Effic 90.54 %
un Section  Section 1 Section 2 Section 3 Section 4 ten Arc 2 Extraction Slraight”.\kc 3 .
L‘ Beam Charge 660.22 nC Injected Beam | 0.00 mA
3 o Eood Beam Current - DCCT Rad Monitors & 0K Lifetime (DCCT) ~ 8.32 hour  Injected Beam Q 0.00 nC
. > Current Charge  Energy PPS Status Daily Amp Hours  3321.9 mAh Number Bunches 1004
Injection  9.16 mA 4.83nC 201MeV || BermSecured © Secured Scrapers [INAGUENN
Beam Current Rad Mons () No Alarm Diagnostics Status Extraction 7.81mA 4.12nC 2995 MeV BRSecured ¥ Secured sors [l For 6 BxB X[GHlYJSHl  CamshaftTune X 0228 Y  0.253
WCM1 0.00 nC || L Tunnel (& Secured FC 3 out : : RF Permit * Enabled . Beam Orbit: BBA Only
o 0.00 nC = e Injection Efficiency  93.3 % InjLB-T2 || BFPermit @ Enabled H
00008 | aci status | IiEEHioeked] o wll Acceler. Efficiency  85.3% Ext/Inj BS-B2 Permit ¥ Enabled 5’
% Efficiency 0.0 Vacuum Status . y 220 XU nave 8,
FC out 0.00nC \INQCM-]' Norm, Fill Pattern Valves & All Open Power Supply Status — - Vi Val Coomomom o s 350SPnsAi]Ui\Sn(m]450 " 55—Uo— Horbontal Oril—m Vertica Ort —
Gun State ll Power Supply Status = In‘]emo" E)ftractlon acu(;lm e = . Beam Orbit: BBA + user references + offsets
J HVOn o Sol O AllOn 2| Dipoles @ AlOn zz‘g; : E:EE::; ) ) Open g H i
Mode MultiBunch 0 || o5 Quad @ AllOn i Quadrupoles & AllOn Kicker3 @ = ACSeptum @ blag afatus Z E_l i
Rate Single Divider: 3 || 04 Corr ~ AllOn - Sextupoles @ AllOn Kicker 4 @ = DCSeptum @ o AllOut I S0 100 1 200 250 300 ss‘nswsf:‘égnlm]‘sgn S0 50 600 ‘a‘sub 00 v%u ‘ 800
] Q —=— Horizontal Orbil —%— Vertical Orbit
Septum Bum
Gun Trigger o2 RF Mod Status é Correctors @ All On £ g £ z HiState B Cell BPM Status Border: Alarm Status  Center: Signal Saturated Status
2 5
et Orabe || * STTTEERERA|| Wi 16200 | Ton Kiers & O sReon I 57
Status "] Enable - Bunch Humber #l 30 #2 31 #3 U MW €01 C02C03C04 CO5C06CO7CO8CO9CI0CILICI2C13C14CL5CL6 C17 C18C19C20C211C22 €23 C24 €25 €26 C27 C28 €29 C30
LN-BIQWCM:T)Fill Pattern-WF| Beam Current Snapshot
- glo 320005 Vacuum Gate Valve Pentant Summary
5 Beam Current Through Linac 2o 25005 Ave Pressure (Torr)  3.80E-9 P1[><{ P2 P3)><{ P4P><{ P5P<{RF P{FE P
[
= 2000m é
3° s0dl & POWer SUPPIY o sam st coners over st
‘é 54 1000._ ;
E g [ﬂz E o 500 400 2 €01 €02 CO3 €04 CO5 CO6 CO7 CO8 CO9 C10 C11C12C13C14 C15 C16 C17 C18C19C20 C21 €22 C23 €24 €25 €26 €27 C28C29 C30
4 k - E 200
5 80 : ‘ <E” i Divl ps1 -364.0 A.ON Kickers - AC Septum .
‘ ‘ ‘ 8 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 ) ain Hipole PS2 -363.9 A . ON Trigger ' Enable Pinger H.V.
Time [ms]
-BI{DCCT: 1)1 Avg. Lk-WF [m=BR{)Energy1k [=—BR-RF(CF C-Cav}E: 1|
120 e .Ar‘cl v_g_ ey} Aar( ; RF:C State @ RF  CavVoltage 1492.8kV Amplitude 0.242 Phase 170.0 deg
T
- ,ff’]“’ s Injection Straighit T g RF:D State @ RF  CavVoltage 1500.0kV Amplitude 0.706 Phase -149.0 deg

I I



NETWORK ANALYZER

| 1) 1o
Dual DDS | b \'l"/ > Cavity
Intensity ~300kW
Gain Block Feedback ‘ Amplifier
Chain
T From
Cavity Fieldé_ Cavity
FB Set POINT ey, >0
Feedback Error sy >|chi
Rotated Feedback Efror e Debug > ch2
Debug ADC——3 Cavitym—=3ICh3  Pipe Jo Host
Feed Back OUtPUt s Forward——3{ cha Interface
Feed Forward Output s Reverse 3| chs
Controller Outputé_ Beam=——=3 Ch6
Debug Fourier
Multiplexor

Analyzer




Gain (dB)

Cavity D detune Legend is LVDT readback
5 T T T T T 180 T T T T T
8128
6888
5336
8920
12048
90 - 12696 ||
0r- 4
=)
(]
Z
Q
(7]
<
ey
o
Q0r .
\
\
-180 - AN -
AN
_45 [ r r L r _270 r r r r L
9.8 9.9 10 10.1 10.2 9.8 9.9 10 10.1 10.2
Frequency (MHz) Frequency (MHz)

Cavity S21 Frequency sweep vs. Tuner Position measured at 100kW!
Frequency axis is in the digital IF Frequency of ~10MHz which corresponds
to the 500MHz RF Frequency




Phase - degree

NETWORK ANALYZER

—6250 - 251 . ki 6250 - 2si - ki'\ 2
¢ = arctan ( 7 1) gain = 20log (0.214375 . OSP | kp\/(l + > 7 1) )
0 30

10 S - / 777 )
h ™

-30 \

TS
N

gap - ulen

N
=== Phase: kp=0.1,
=0  —— / / -20 ki=0.001
/ / / = phase: kp=0.01,
ki=0.01
60 / / / / -30 —— Phase: kp=0.001,
/ ki=0.1
réh ——— Phase: kp=0.0001,
N 40

ki=1

-70 )
/ / / == Gain: kp=0.1,
/ ki=0.001
-80 a -50 ——— Gain: kp=0.01,
/ / / / ki=0.01
Gain: kp=0.001,

P i e — e N e — s R — e s  HH 60 Ki<0.1

-100 -70
10 100 1000 10000 100000 1000000

Frequency - Hz




dB)

—
c

Ga

-10 ¢

NETWORK ANALYZER

-30

-40

-60

sp=8, si=4
Cavity Response
Int = 2e-7

No Beam

kp=1, ki=0.01
kp=0.5, ki=0.01

—kp=0.25, ki=0.01
kp=0.125, ki=0.01

10"

10°

103 10*

Erannanmay (H7Y

10°%

108

Gain (dB)

20 ¢ . ' ' '
-30 - s ==
-40 +
-50 |
-60
EPa— kp=1, ki=1
EI;V% si=4 kp=1, ki=0.75
Y s (D=1, Ki=0.5
70 Reslponse kp=1, ki=0.25
Int = 2e-7 kp=1, ki=0.1
No Beam kp=1, ki=0.01
-80
-90
-100 & : : ' I
10° 102 10° 10* 10°

Freauencv (Hz)




Magnitude (dBm)

NETWORK ANALYZER




CONCLUSION

» Relatively standard digital controller hardware includes many
unique tools for beam gymnastics and measurements embedded
into logic and can be run using any standard laptop running
MATLAB or EPICS

* Digitized RF waveforms with digitized beam signal allows accurate
post-mortems, beam studies and machine studies

* “Network analyzer” with frequency sweeps up to +/- 1 MHz
measure cavity and beam response in real time with full beam
current, feedback loops open or closed.

* Future options
= Currently uses proportional-integral feedback but have
untested state-space variable feedback to minimize the error
in both cavity field and beam phase.

BROOKHPATEN .0 -0

NATIONAL LABORATORY

11% International Workshop
on Personal Computers and
Particle Accelerator Controls

October 25" - 28", 2016
Campinas, Brazil




