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LLRFO5 Characterization of SNS LLRF System < M NS

SPAEEMIUH H[lIIEDH SOURCE

 SNS LLRF digital hardware
« System characteristics — frequency / transient response
« Data buffer features - facilitate operations and R&D

* Mode of operations — RF turn-on/cavity filling
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LLRFO5 SNS LLRF: digital hardware | SNS
SPALLATION H[lIIEDH SOURCE
|

Current configuration
FPGA: X2V1500
phase = 0.0 SP_Table ramp_time := 1e-4
width := 16 DIFE FIR Phase_Rotate | Kp Gain_Ramp
. o I — 53
size = 1024 o " _ - ‘2 b ‘I‘
ts = 25ns — e AT error L . :l] X
@J SP_Sel —f—[o p_rot = 0.0 sl INTEGRAL
SP_Vec_Rotator err_trip k =10 X I
dfreq = 0.0 :
ki = 1e3
ts ;= 26ns FF_Table Beam
adc_CAV : FLD_BUF TIMING_SEQ SW
size = 1024 ,
width = 16 o if_gate _ hpm@_cIr___E:_mb%:j
adc_FWD o<74] = FWD_BUF o ff_start width = 8 MpS oyleck |
E size := 1024 o 5 fb_Start size = 8192 err_trlpup e mps out
ade_RFL o-<ZZ] £} RFL_BUF Shiee o trip_del ts -= 200ns PROTECTION
E size ;= 1024 ramp_stp FF_Table_RF
adc_REF oG] E REF_BUF
CAVITY Di Analog_Gain TOTAL_DELAY
ir Coupler |
probe drive h‘l ) s )
ke = 1kHz fwd  rfl k=A dac_z2s1 td == 1e-6
chip resources used: 50% 30% of RAMBSs, 50% of |0Bs,
. . o) inh
20% of logic slices, 8% of multipliers

Accelerator Systems Division 3 Hengjie Ma, Oct. 10,05 ORNL



LLRFO5 SNS LLRF hardware: firmware development systems ~ M :SNS

Previous VHDL tool-chailn

<A manual process

eLack of simulation at
system level

RTL
ModeSim

havioral
ation ?
Hardware
Test bench

PAR
Xilinx ISE

SPME&(UUH NEUTRON SOURCE

Present Verilog tool-chain

eAutomated code generation

eIntegrated development
process

eBehavioral simulation of

system level
Iverilog / ModeSim

System Behav. Simulation
LBNL Testbench

Synthesis
XST or Synplify
PAR
Xilinx ISE

Hardware
Test bench

EPICS
development

Accelerator Systems Division
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NS LLRF: tem ch teristi
I_LSRF(S)5 System characteristics | SNS

SPALLATION NEUTRON SOURCE
= vU -
Frequency response

Type |, 2" + order system

(S+Ki). Ky . K, .
s(s+K,) s+K, s+K,

—17S

G(s) = A-K, K, e

Constraints:

1. Loop delay
Loop delay limits gain-bandwidth product: A - K , -K |
*Gain-bandwidth limits the maximum usable loop gain
*Loop gain affects system transient response and control error

*Loop delay term adds more poles and zeros to the system transfer function
2. Quantization errors

*Total loop gain comes mainly from the internal digital gain,
*Quantization error limits the maximum usable digital gain

Accelerator Systems Division 5 Hengjie Ma, Oct. 10,05 ORNL



LLRFO05 SNS LLRF: System characteristics

AT

SPALLATION NEUTRON SOURCE

g vu
Nichols Chart for SNS RF
—— K=75, case of NC ‘
—— K=200, Max. gain, case of SC . ----[f6dB. -
—— K=75, optimal damping, case of SC o “ Paramete rs:
—— K=65, critical damping : I
30 | —— K=25, over damping Cav BW- O 55kHZ
BPF BW: 1MHz
o zo;jkih -
g e Kly. BW: 1MHz
m \
(O] -
. - ) LP Delay: 2us
< | \ u .
S 10 Lo T - P-1 control with
L | < ‘ 3dB | -
£ R : ./ - . 1Integral zero
c < AR - YA T ey \ | ‘
2 \ . _»gainmargin: 10dB _phase margin: 60 deg.. Ny matches cavi ty
§ O N = — ®%%® pole.
g - 3dB BW: 18kHz Lo
(@) - . \\ \\ 1
10 - —k——**f‘%"'ﬁ““’Bi
Final Freq.= 110kHz Assumed total loop delay = 2e-006sec. = .. |
20 by L | ! [ R oo Il L”“zgdB‘J
-270 -225 -180 -135 -90 -45 0

Open-Loop Transfer Function - Phase (deg)
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LLRFO5

SNS LLRF:

X FcM control

2000 ~

1500 |

1000 |

S00

Amplitude of cavity field and LLRF driva (ADC counts)

-500
Q

16000 — Amplitudes

140003
120003
100003
80003
5000
40003
2000

Ir._.. R rte o o st A

S ST i o e i
0 200 400 GO0 800 1000 1200 1400 1600

.

Time response of SNS LLRF

~»— Dead time (delay from DAC to ADC) = 1.5512 usec.

Contral bandwidth «_ = 19.0254 kHz, measuraed, K =0

Settling time T = 25.1089u3, measured, 95% rise, K=0
Cavity pole K¢ = 0.2322 kHz
System ID: SCL LRF-FCM11a:

LLAF drive base offsat: 6060934
Figld base offsat: 3154.4322

avity field, K =0
LLRF drive, K =0
Cavity field, K=c_
LLRF drive. K=a,_

o0 100

Time {usec)

Issues associated with digital systems

N &

AN

SPAEEMIUH H[lIIEDH SOURCE

Examples:

*Digital gain <->amplified bit flicking in
output - inherent

-Data scaling <->quantization error
- mathematical /planning

*HDL synthesis — real life

x 1.\ Closed Loop Amplitude
T T T T T

XST
Synplify

L Illi“'J |l|'|f|pﬂ1!,1 My
L

A A A S o A A AT o M Ay P e

200 1000 1100

Acce

lerator Systems Division
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SNS LLRF: System characteristics

LLRFO5

AN

SPALLATION H[HIEDH SOURCE

Transient response to step change — NC cavity

Transient Response of SNS LLRF to 12. 5% Step Function Change in Set-Point Input

600

400

1800 - \ \ \ 7
‘ «— Der tlme (delay from DAC to ADC) = 1 0728 usec
—~ 1600 - ‘ ‘ -
/|
.
1400 - ‘ “\ ‘ Field overshoot peak level = 22.5589 %, measured i
| Field overshoot peak time = 3.295 (us), measured *12.5% Step to SP input
‘ Vo ‘ Control bandwidth o, = 167.9263 kHz @£=0.707
1200 - | Total Loop Gain K = 10.0809 forg=0.707 | «FWD PWR @ 500kW
‘ | | \ Settiing time Ts = 4.2705us, measured, 95% rise
| Cavity pole Kc = 16.6579 kHz . : .
wol 11 Integral zero Ki = 12.6 kHz i Cavity BW: 16.7kHz
ﬂ . | «3dBCntrl BW: 167kHz
/ \\ )
800 J 71 <Loop gain: 10

—— Cauvity field, £=0.707

200 System ID: DTLLLRF:FCM1:

—— LLRF drive, £=0.707

Amplitude of cavity field and LLRF drive changes(ADC counts

‘ 3 FWD power: 500kW — Cauvity field, £<<0.707
0 ’ ) LLRF drive base offset: 2523.1627 - LLRF drive, £<<0.707 -
| Field base offset: 5185.4878 —— Cauvity field, £>>1.0
‘ LLRF drive, £>>1.0
-200 | | | | | I I I
0 10 15 20 25 30 35 40 45 50
Time (usec)
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LLRFO5 SNS LLRF : System characteristics

N

SPALLATION REUTRON SOURCE
> @

N
Transient response to test pulse - SC cavity

Transient Response of SNS LLRF to 20% Step Function Change in FF Input

Transient Response of SNS LLRF to 20% Step Function Change in FF Input

12000 T T 800 T T T T T
4« Dead time (delay from DAC to ADC) = 1.519 usec.
I I‘h‘
600~ \u" ‘ ‘\‘" |
|
10000 V‘L Field overshoot peak level l"%QMOS %, measured
\ Field overshoot peak time = 113.0633 (us), measured
400 | ‘ Control bandwidth op = 592564 kHz @£=0.707 B
™ ‘V‘ Damping factor & = 0.7634| used for test
§ | Total Loop Gain K= 104. 081‘For =0.707
- 8000 38 | | ‘ Settiing time (95%) T, =3 :é‘p@ 6 (us), fo£=0.707
£ Q 200 - | \ Canity pole Kc = 0.56538 VTHZ | b . :
| I
Q < I | ~
o - \ n )
jﬁ Al
8 \ 8 N L
< 6000 N £ O i B
() ) ot
k-] |\ E Wﬂ,‘m Pl A
2 [\ < AW I
=3 N\ = R Ih
3 | \ o -200 - \ I b
< g i )
4000 ‘ S I | Il
‘ | 3 ! ‘ i
\ | | ) _ _ e |
“x/\qu\?@df««mm\ . m@% 400 ‘ \“\ ‘ M‘\ |
| V ‘ [ System ID: SCL, LRF:FCM12g:
‘ - g‘x
\ P System ID: SCL LRF:FCM12a: | 600 - I\ | i
/,, T Caity field I Field gradient base offset: J1n420.5685 — Cavity field
\ Y, Field gradient: 9 MV/m — Forward wave )\ Reflected wave base offset] 3334.4912 —— Forward wave
N4 — Reflected wave L Forward wave base offset: Q349.7845 —— Reflected wave
— -800 L L L 1 I
th 500 1000 1500 0 20 40 60 80 100 120

Time (usec) Time (usec)

SCL-12a @ 9MV/m response to test rectangular pulse to FF input
*Closed-loop control bandwidth:=59kHz for critically damped, cavity BW: 0.56kHz

*Total loop gain tested:= 89, 104 required for critical damping

Hengjie Ma, Oct. 10, 05 ORNL‘
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LLRFO5 SNS LLRF : System characteristics ﬂﬁ NS

Amplitude (ADC counts)

12000

10000

8000

6000

4000 |

2000

Transient response to beam loading

Transient Response of SNS LLRF to Beam Loading

SPAEEMIUH H[lIIEDH SOURCE

Transient Response of SNS LLRF to Beam Loading

SCL-12a @ 9MV/m response to 10mA/300us beam pulse

Beam rise time: =

10us, feedback action delay time: ??7?
*Settling time of proportional feedback control: =19.5us

T T 1500 T T T
Rise time :11.0092 us
Settlling time :19.4495 us
. Field dip-peak :0.29167 %
I \H»‘wa“\j‘\ Field dip-residual :0.11954 %
L B 1000 \ M\‘\M v M““\W \ Beam Curren} 10 mA
il W“v Y "’W“W M ’“f\\ s M "
L Il St s,
— {\“‘4“ Field trace magnification: x 10 !
g % Field gradient base offset: 11387.064
- - 3 500 / Forward wave base offset: 3410.0756
2 “/ Reflected wave base offset: 3251.8126
8 N System ID: SCL LRF:FCM12a:
P |
P /
i ] ki
| g
- ‘ €
<
L c
\ : L\ °
AN \ = \
I\ s‘ \ A § -500 \
\ | | S ““\
\ ‘ﬁnmnmmxcxrwc‘mmmwmowz{ "w\ ‘
‘ Wi N oin ) ‘\’w.‘\«‘”“‘ \U '
PSSO V\;"\“J\V“ " AN T \ ‘\w» Wﬁ/w h MVIN WY
N WO A
= | R -1000 - CU ¥ AT
\ /J System ID: SCL, LRF:FCM12a: ‘ (R
\ / — Cavity field — Cavity field
/ Beam Current: 10 mA —— Forward wave —— Forward wave
/ — Reflected wave — Reflected wave
L —— -1500 L L 1 1 I
0 500 1000 1500 0 20 40 60 80 100 120
Time (usec) Time (usec)

*Damping ratio: 0.76 ; Peak field error: 0.3% ; Residual error right after settling : 0.12%

*AFF for beam loading compensation ?

Accelerator Systems Division
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L LRFO5 SNS LLRF : Data buffers facilitate studies and operations NS

SPMEMIOH H[IHEDH SOURCE
Example 1:

Scanning field gradient setting to observe the “2kHz" ringing of medium-beta
cavities which becomes prominent when the cavity is run at a gradient much
beyond the designed 10 MV/m

(note: half gain)

x 10 Cavity 2kHz resonance vs. field gradient - full view

1.12 % total

4L 14MV/m
T | ‘ —

Amplitude of cavity field (ADC counts)

10MV/m
1L ‘ System ID: SCL LRF:FCMO7a: — 1.5 MV/m H
/ — 12MV/m
12.5 MV/m
— 13 MV/m
— 13.5 MV/m
i — 14 MVIm ||
0.8 J‘ | | | I I
100 200 300 400 500 600
Time (usec)

Accelerator Systems Division 11 Hengjie Ma, Oct. 10,05 ORNL



LLrros SNSLLRF: Databuffers facilitate studies and operations

Example 2:
Scanning loop gain to see its effectiveness on controlling “2kHz” cavity ringing

Cavity mechanical resonance vs. Loop Gain (0 ~3.32) Cavity mechanical resonance vs. Loop Gain (3.32 ~24.07)

AN

SPMEMIBH H[lIIEDH SOURCE

%10

2
g @
=15 E]
O
2 2
g £
s g
= Tna. %{4
=05

x 10" Cavity field at 14Mv/m, loop gain = 83
Cavity mechanical resonance vs. Loop Gain (24.07 ~83) 2 T T
1.8+ -

pk-pk variation: 0.56%

Field Amplitude (ADC counts)
Amplitude (ADC counts)
T

o
o
T

o
o
T

o
N
T

1500

|
0.21) — Cavity field 1

—— Fwd wave
— Rfl wawe
Loop Gain 00 % 500 1000 1500
P Time (usec)

Time (usec)

Accelerator Systems Division 12 Hengjie Ma, Oct. 10,05 ORNL



SNS LLRF : Data buffers facilitate studies and operations

AN

LLRFO5 |
Example 3: sgywnn'ﬁiﬁo\usaum

Scanning loop gain to observe the coupling of “2kHz” cavity ringing between field
phase and amplitude in association with gain value.

‘ "2kHz" cavity resonance on amplitude vs. Loop Gain . "2kHz" cavity resonance on amplituce vs. Loop Gain

—

Field Amplitude (ADC counts)
Field Amplitude {(ADC counts)
!

1500 1500

60 0w

o
2 500
00
Loop Gain Time [usec) Loop Gain Tirne {use)

"2kHz" cavity resonance on phase vs. Loop Gain "2kHz" cavity resonance on phass vs. Loop Gain

90

do
=
!

[£=]
<
I

g

Field FPhase (deq.)
=
L)
!

Field Phase (deqg )
é‘ .
!

105+ 105+
10 110
4 100

1500 150

0 500

500

Loop Gain Time [usec) Loop Gain Tirne {use)

Accelerator Systems Division 13 Hengjie Ma, Oct. 10,05 ORNL




SNS LLRF : Data buffers facilitate studies and operations

LLRFO5

AN

SPALLATION H[lIIEDH SOURCE
| i @'H

Example 4:

Observing effectiveness and learning speed of FF buffer data for compensating

“2kHZz” cavity ringing.

i 2kHz" cavity ringing compensatatlfa_n. wlth FF (148Vim gain: 55 ) X 104 Effectiveness of FF on compensatging "2kHz" cavity ringing
0 x 10 1.845 \ I \ \ \ I
< — lternation: 1
g 2~ — lternation: 10
Q 184+ —— lternation: 60 |
015~
L
g -
| 1.835+ g
EO.S - .
< < atend of AFF learning
L ‘ g1m | f
n 1501 o \‘
<
200 —1.825( \ R
0 0 o U‘ INAYaY An \‘r n /\/ \/\ A\ \AS ) |
@ TRy [
tteration number Tirme (usec) < I/ N j
= |/ |
System ID : SCL, LRF:FCMO07a: > 182 v ( i
o el
- -
=
~ -85 31815 |
g g at beginning of AFF learning
g 1.811 4
[in]
=
o
3 1,805 1
.
150 18- System ID: SCL LRF:FCMO7a: 1
500 ! \ ! ! ! ! !
0 0 200 400 600 800 1000 1200 1400
teration number Titne (usec) Time (usec)
Accelerator Systems Division 14 Hengjie Ma, Oct. 10,05 QORNL



L LRFO5 SNS LLRF : Data buffers facilitate studies and operations ” ”Z SNS

Example 5: 5@”‘&?"““@9{50““
Using DSO Zoom/Pan feature of data buffers to observe 5/6pi mode over time
in closed-loop.

5i6pi mode component over time during a RF pulse ;: Feedback On

*Insignificant
A e T amount of 5/6 pi
1 - SRR Ll mode observed at
T 1 T RF turn-on and off

"o 215/6 pi mod«:;1|
ecays rapidly
7o and is furtﬁ
significantly

=
=

reduced during
flat-top when
feedback is turn
on.

Mormalized spectral magnitude

Il “lﬂ

\||I "\I

. m"lHrl;ili'i'i',!::'l-':w\ *Moving window
RF off f’* bt =25us,
o L B *Sampling rate =
SMHz.

FE on

REon =0 05

Time {us) Frequency (MHz)

Accelerator Systems Division 15 Hengjie Ma, Oct. 10,05 ORNL



L LRFO5 SNS LLRF : Data buffers facilitate studies and operations ” ”Z SNS

Example o: swtw?u'ﬁi‘lglsnum
Using DSO Zoom/Pan feature of data buffers to observe 5/6pi mode over time.

in open loop.

5i6pi mode component over time during a RF pulse : Feedback Off

*5/6 pi mode is also
greatly reduced at
and during the flat-
top time EVEN
S WHEN FB IS OFF.

04-f.

o
o
. /

*Cancellation effect
from FF pattern ?

Mormalized spectral magnitude

25

Flat-top begin - = 1
RF on — T 05

Time (us)

Frequency (MHz)

Accelerator Systems Division 16 Hengjie Ma, Oct. 10,05 ORNL



L LRFO5 SNS LLRF : Data buffers facilitate studies and operations ” ”Z SNS

Examp I e 7 - Swlwbﬂﬁl@{mum

Accelerator physicists are successfully using LLRF buffer
data to implement a new _method for calibrating field probe
and setting up RF for hi-beta cavities.

Details, see “Calibrate Pickup” Probe of SC Cavity and Set
Synchronous Phase with Drifting Beam, ” by Y. Zhang*, I. Campisi,
P. Chu, J. Galambos, S. D. Henderson.

To be published 1n Nuclear Instruments and Methods.

i L
182 |

Legend
Field

— Phase

147

111
76

40

Beam Signal

-31

-57

_1G3:""|""|'"'|'"'|""|""|""|""|""

5.4 101 14.4 19.6 24 2 291 228 i85 43.3 48
T (us)

Accelerator Systems Division 17 Hengjie Ma, Oct. 10,05 ORNL



LLrros  SNS LLRF: Operation modes — RF turn-on & cavity filling

AN

SPAEEMIUH H[lIIEDH SULIR[[

Mode 1: RF turn-on in P-1 control only. %

Pros — simplest.

Cons — unconstrained overshoot, undesirable large-signal
response behavior.

FCM Control
Feed Forward Tl E
: } RF Gate - 1000.2 us
Amplitudes J 10Hz | :
- p Gl -
Idle Time 0.e 0.e 1300
20000 -200 BE 200 [usec] | o
Bl =
15000 ADC Warmup 0.1 0.1 g0
15 1300 [usec] |
10000 Start
Feed Fwd. Time 0.1 101 1300
o 1000 1300 [usec] [
5000 End
o P - Feedback Time 0.1 985.0 1300
oo U U U e usec |
0 200 400 GO0 BOD 1000 1200 Feedlbas: loar leeed
6.308 Decay Time 0.1 60.0 60
200 — AP e e P [vser _________mm
3 -z00 0.0 Z00 Inhibit Retrigger & 3 Z6
1003 Phase I — L] |
D—:: Sain 0 Z7E2Z  3ZVET Wait 0.0004 0.0 26
Ell Gain Rot.Cale  [M3] |
—mn—: - ong 1066 deg DDs
E Gain Rot. -_ Auto-Set CW pass i) 10.00000 kHz
E Offset Raw
R o o e e e By B e ey e | Intearal 1] 23,000 93.4688 400 d 0.00000 kHz
i Z00 400 BOD 800 1000 1200 g N 70
T 5 (horizonial axes | Forwarg | Gain Ramp
Avg. | 4d Start | D us in microsecs) - - -
Gavity Diuration I“U'U us Initial I;D Croop |0 deg
Amplifierf
Averages Start Duration  Fleld Ampl.  Error Field Phase Error OutPhase Peak Error Attenuator
Fil' Samples 81 us 1.0us 0151 My/m 9760 %  -7i0deg  710dey -1218dey 044 % 1 Bt Bk
End Samples  333ius | 1.0us £.290 My/m  029% 01 deg 01 dag 1571 deg /R

Accelerator Systems Division 18 Hengjie Ma, Oct. 10,05 ORNL



LLrros  SNS LLRF: Operation modes — RF turn-on & cavity filling

AN

SPALLATION NEUTRON SOURCE

Mode 2: RF turn-on in P-1 control only with behavior

modified by using a linear set-point ramping.

Pros — simple, works well
Cons — not a solution for

for NC cavities.

SC cavities.

FCM Control

N

FCM FF
Feed Forward | Feed Forward
Zero )
Amplitudes 1003
25000 2 Ampliuce .00 ! 3
0=
dui -200 BB 200 =
Phece e mN| || [ -1003
15000 =
15 1300 2003
10000 Start 3
3003
5000 i] 1000 1300 3
End _4DD = T T T T | T T T T | T T T T | T T T T |
F——T—r Feedback L. ] s00 1000 1500 2000
0 200 400 600 800 1000 1200 cedback Loop
o 5305 20 | Ampliude 2001 L Farwd
S Phases Amplituce -_ p | Covrect!
-
3 - ) Phase
DE Phase on 00 =00 [ mm (N 0818
E N T Ratio -
3 0 15 1300
03 Gan e EEERE SEET || SRy
:?E | Droop | 000 deg/ns
3 200 63 200 || End 0 1000 1300
’mDE; Gain Rot. e | 0.00 degyns
-2003——— L L | Integral 23.000 99,4538 Car.
0 200 400 600 800 1000 1200 9
: ) 14000
Avg. Ir Start [0 s %@;ﬁggféz:)es Forwara | Gain Ramp 120003
i oo itial |0 E
Cavity Cwration I us Initial I mggg___
8000
Averages Start Duration  Field Ampl.  Error Field Phase Error Out.Phase Peak El EDDD::
Fill' Samples 0.0 us 1.0us 0.047 M¥dm 9925 %  -4.2 deg 42deg  -1118dey 069 % 40003
End' Samples 983l us  1.0us B103 MY/ 325% 0.0 deg 00deg  -156.6 deg 2000
U = T | T | T | T | T | T |
0 200 400 600 8OO 1000 1200
(heizantsl svas in mfaornsans)
(] T
1
Accelerator Systems Division 19 Hengjie Ma, Oct. 10,05 ORNL



SNS LLRF : Operation modes — RF turn-on & cavity filling

LLRFO5

AN

PALLATION NEUTRON SOURCE
L TS

Mode 3: RF turn-on in P-1 control only with a set-poin

curve from SP table.

Pros: flexible.

FCM Control FCM FF
Feed Forward Feed Forward
Zero Ll
Amplitudes . i] 0.001 1 100
25000 B Amplitude [ 3
03
20000 -200 56 200 3
Phase s | | -1003
15000 3
0 15 1300 2003
10000 St
-3003
5000 i] 1000 1200 3
Eli m LR o o I B B B B e A B e L B i I e e |
IF—TT——TT T E— 0 500 1000 1500 2000
0 200 400 GO0 8O0 1000 1200 eedhack Loop
0 5308 20 | Ampltude 1 o081 ! Fafwd
= Phases Amplitude : P | Comectf
| 200 0.0 200 | Phase EE zn [Lcustom ot |
1003 Phase __ N Ratio B 0.918
E 0 15 1300 -
03 Gan e R T | —
::L Droop | 0.00 deg/ms
3 200 B3 200 || End 2 100t LEEE
'mD_:; Gain Rot. N I 0.00 deg/ms
-200———— L L L O B B B B Intearal 0 23,000 99.4656 Cav. /.
0 Z00 400 OO0 800 1000 1200 g I N
: . 14000
avg. [B3 Start [Dus (fio;f;gféjées Forward | Gain Ramp 12000
jon |i0.0 tial |0 3
Cavity Duration | us Initial | 10000
80003
Averages Start Curation Field Ampl.  Error Field Phase Error COutPhase PeakE BDDD—_:
Fill' Samples 0.0 us 1.0 us 0140 My/m 9778 % -3.5 deg G5dey 1111 deg 044 % 40003
End' Samples 9831 us 1.0 us 6102 My/m 327 % 0.0 deg 00dey  -1564 deg 2000
D_‘|'|'|'|'\'|'|'|‘|"|'
0 200 400 ROD 8OO 1000 1200
fharizantal sxes in minrnsens)
I~ I
Accelerator Systems Division 20 Hengjie Ma, Oct. 10, 05



LLRFO5

Mode 4: Cavity filling 1in in open-loo
then turn on Ffeedback contro

SNS LLRF : Operation modes — RF turn-on & cavity filling

N

with FF_first and¥™ "
during flat-top.

Pros — effective for SC cavities. Chance to observe cavity
Cons — Requires a perfect transition from FF to FB.

FCM Control
12000 Amplitudes
10000
5000
6000
003
2000 ' ‘
D_'|'|‘|'|'|'|'|'|'|'|'|' L L |
0 200 400 GOD BOO 1000 1200 1400 1600
200 Phases
100 = |
0 L.
-1003
=200 T T T T T T
0 200 400 BOO0 B0O 1000 1200 1400 1600
] E5 127 ] 0 3276

Avg, I | Start [

(horzonial axes in microsecs)

Feed Forward

. ] 031z 1
A | O
—z00 13 Z00
Phase | e
Start ] 300 1300
] 1300 1300
End
=]
Feedback Loop
. ] 9,000 Z5
Amplitce e e
—z00 949 Z00
Phase e S
. ] 0000 aAE7ET
A
Gain Rat. —z00 -1G6 Z00
] 1.500 3
T SN
Forweara
Cawity

Galn Slope

IED a0 %ms
ID deg/ms

Gain Rot.Calc
-15.7 deg

Alto-Set
Offset

|§205.D deg

D[=1E3)

Timing [Dieg [ FF[HAW [
FF Gate 1300.2 us
Idle Time 0.z 0.z 1300
[usec] =
ADC Warmup 0.7 0.1 B0
[usec] [ A
Feed Fwd. Time 0.1 300.0 1300
[usec] I
Feedback Time 0.1 1000.0 1300
[usec]  Em
Decay Time 0.1 zoo0.0 800
[usec] T A
Inhibit Retrigger & 8 26
[ms] | i
W ait 0.0004 0.0 pad
[ms] o e
DDS
ot pES ] IED.DDDDD kHz
Raw

0.00000 kHz
Amplifierf 0 1000 2047

Attenuator | - A

Averages Start Duration  Field Ampl.  Error Field Phase Error Out.Phase Peak Error
Fil Samples  297.0us = 30us 5995 My/m  0.02%  949dey  D0dey  -444deg 040 %
End’ Samples  1037.0us 3.0us B934 My/m 007 %  S947dey  DZdey  -3.2deg
1
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SNS LLRF : Operation modes — RF turn-on & cavity filling

LLRFO5

AN

SPAEEMIUH H[lIIEDH SOURCE

Mode 5: RF turn-on/cavity filling with FF + SP curve
Mode 6: RF turn-on/cavity filling with FF + SP curve +

gain ramping

Currently under testing.

Accelerator Systems Division 22 Hengjie Ma, Oct. 10,05 ORNL



LLRFO5 Characterization of SNS LLRF System ~ M :SNS

SPALLATION NEUTRON SOURCE
| i (/U

summary

e System performed well and met the needs during the
commissioning runs.

e Hardware platform has flexibility and capacity to
allow further expansions.

e Strong software support has offered ease and
convenience of operations.

e An immediate focus i1s on the development of an
effective adaptive feed forward for beam loading
compensation.
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	Characterization of SNS Low-Level RF SystemHengjie MaMark Champion, Mark Crofford, Kay Kasemir, Chip PillerLawrence Dooli
	SNS LLRF :  digital hardware
	SNS LLRF hardware: firmware development systems
	SNS LLRF: System characteristics
	SNS LLRF: System characteristics
	SNS LLRF:  System characteristics
	SNS LLRF : System characteristics
	SNS LLRF : System characteristics
	SNS LLRF :  Data buffers  facilitate studies and operations
	SNS LLRF :  Data buffers  facilitate studies and operations
	SNS LLRF :  Data buffers  facilitate studies and operations
	SNS LLRF :  Data buffers  facilitate studies and operations
	SNS LLRF :  Data buffers  facilitate studies and operations
	SNS LLRF :  Data buffers  facilitate studies and operations
	SNS LLRF :  Data buffers  facilitate studies and operations
	SNS LLRF :  Operation modes – RF turn-on & cavity filling
	SNS LLRF :  Operation modes – RF turn-on & cavity filling
	SNS LLRF :  Operation modes – RF turn-on & cavity filling
	SNS LLRF :  Operation modes – RF turn-on & cavity filling
	SNS LLRF :  Operation modes – RF turn-on & cavity filling
	Characterization of SNS LLRF System

