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Low Level RF System

B Main function of LLRF systems.

I.  Stabilize the RF field (I&Q
Feedback) .

[1. Minimize the cavity input power

(Tuner Feedback).

1

B Closed-loop operation ( Feedback) is
required to stabilize the RF field.
B Requirement: 0.1% RMS for amplitude

and 0.1 deg. RMS for phase.
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Gain scanning (Definition of Gain)

B Gain-scanning: Scanning different proportional gain KP and integral Gain Kl to
find out the optimal gains.
M The scanning experiment was carried out at low RF field.

Definition of the KP and KI
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Gain Scanning (Delay measurement)

M In order to acquire some priori information about the maximum gain, we have evaluated

the loop delay at first due to there is a relationship between the loop delay and the
maximum gains.

B Loop delay is measured by exciting the OL system with square wave in the DAC output.
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Gain scanning (Critical gains)

M The Critical gain has measured by the KI=0, KP Scanning.
B If the proportional gain is larger than the critical gain, the loop would be oscillated.
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Gain scanning (Buncher)

M High gain is not available for Buncher cavity (NC) due to its large bandwidth

(QL=1.1e4).
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Gain scanning (Inj. 1}

M High gain is available for Inj .1 cavities (SC).
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Gain scanning (Inj. 2&3)

B High gain is available for Inj .2 (SC) and Inj .3 (SC).
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M Both Kl and KP have
an effect for Inj. 2&3.
M K| is also significant

due to there is an 300 Hz
component in the HVPS.
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Gain scanning (Conclusion)

Conclusions:

B The proportional gain KP plays
an much more important roles in
SC cavity and the optimal KP is
usually located in the %2 to %5 of
the critical gains.

® The integral gain Kl is
significant in normal cavity due to
the limitation of the critical gains.

Comparlson btw the optimal|gains and otger gains. ps 1;1,5500, ool
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B The performance would be best in the optimal

gain case.
B The amplitude and phase stability of Inj. 1
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RMS, respectively.
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Experiment on ML (ML1)

B The process of the ML1 gain scanning

Here KP is CSS input parameter (not real gain)!
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Experiment on ML (ML2 10T}

B Performance of the IOT in ML2.
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Experiment on MIL (ML2 )
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Performance (June)

» 300 Hz fluc. from HV . .
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Performance (Dec.)
i (V) i iE frAH
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Performance (Screen Monitor@June)

M The beam momentum is measured by screen monitor and determined by the peak

point of the projection of the screen.
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Momentum was determined by the peak point
of the projection of the screen.

Attention: Vector-sum error would influence
the beam momentum jitter greatly! Thus the
phase error btw inj. 2 and inj. 3 should be
optimized at first!
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Performance (Beam energy)

4o CgEVan op

Change Camera

« _thange cam?
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Summary

Summary

B Construction of the RF system for cERL was finished.

W Optimal gains has been determined in the operation for Inj. 1.
B |OT has some oscillation.

B \ery good beam momentum.
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Question?

Thank you very much for your attending

LLRF (2013), F. QIU
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Back up

20
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Performance (300 Hz Fluctuation)

M The 300 Hz fluc. at Inj2&3 and Buncher cavity during CL/OL operation. This 300 Hz
fluctuation would influence the system performance.
M The Inj. 1 LLRF system doesn’t not has evident dominant components.
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Performance(300 Hz fluc. suppression)

B The Power supply is the main source of the 300 Hz component.
B The RF fluctuation agrees well with the PS fluctuation (suppose 10 deg /HV%, then
the 20mV fluctuation in PS will lead to 10 degx(100x25mv/15V) = 1.67 deg ).
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;)0 50 100 ‘I‘! 200 250 300 350 4(;() 4‘:}0
’ / frequeéy [Hz] o ’

. . FB2: Pf . ) ‘ . IFB} ]’ioklup (('Iu<eld) . .

: 200 (1] el Clear to see that the.
s " Closed-10oDp - 300 Hz component 1s
E | I Open-loop 1.6 deq. - . 0.5 degq. suppressed by CL
R [Peak : (300 Hz, 0.51 deg.) .

03 | operation.

0 100 200 300 400 500 ( 50 100 o)
frequecy [Hz] requecy [Hz]

Cavity input (OL) Cavity Piok up (CL)  Study at cERL (2013), F.GIU




Magnitude[dB]

Gain scanning (300 Hz suppression)

B The 300 Hz fluctuation would be suppressed by higher gains.
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SA/A

Performance(300 Hz fluc. suppression)

M The 300 Hz component is suppressed by high gains.

Suppression of 300 Hz component
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Magnitude[dB]

Fluctuation at 300 Hz (Source)

W According to current controlling parameter (K1=10, KP=0), the 300 Hz component
Is suppressed by ~10 dB (~3 times), not enough.

disturbing suppression

— Buncher

| —mnj2&3
O,
l 10 dB suppression |
@ 300 Hz (with KI=10, KP=0
Lok #00.77 [Hz], -10.21[dB] )| - i RN
o007, 032481} Fluc. @ 300 Hz Inj2&3 (VS)
-15 e
| AAIA -43.5 [dB] -46 [dB]
Bt I163 I1(|)‘

Frequency [Hz]

0.9 [deg.] 1.6 [deg.]

Closed loop AAJA -54 [dB] 56.5 [dB]

(K1=10, KP=0)

A6 0.3 [deg.] 0.5 [deg.]
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Performance (Vector-sum controlling)

B \\e have used the vector-sum controlling for Inj. 2 and Inj. 3 (see page 4&S5 in this
report).

M For vector-sum controlling, the measured vector-sum (M+N) which is seen by the
FPGA or DSP is different from the true accelerating voltage which is seen by the
beam (m+n).

M The calibration (phase or amplitude) error would result of vector-sum error

——» Vector seen LLRF (Meas.)
— - — - »  Vector seen by beam

—_n— —>
"‘-\. :T\ C.
m.—" i Open Loop
.- M — o ..
44/.‘\— Fl N \
Detuning alibration factor
Phase Calibration Error
g =M+n
/[y =M +N :— M+ AelRe i
A
. 7y Notsame
————————— /
. el Pc2 - - e
am - Closed loop
. - —_—— ., -
feTpr— M =" N >
ad T T T — s - - )
T—— Same point
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Performance (Vector-sum controlling)

M Suppose the detuning comply with 1 deg. RMS Gauss distribution, similar with the
measured result, then the 45 deg. Phase calibration error would result of 0.47% RMS

1/Q verctor sum

0.1

-0.1

-0.2

-0.3

-0.41-

03 T2 nj2 (Meas.)

0.6F —InJ:B (Meas)
Inj2 (Beam)

Vector-sum Error A N
075 Inj3 (Beam) , NP

Perfect FB

' deg.

+ Beam Seen Vector-sum
08 \ I I I | i i i I
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
0 Detuning of Inj. 2=1.07 [deg. RMS] W0 ‘ Dﬂ“"jj‘g of Inj. 3*0—96_ [deg.] . 0,60 ZO()m!
35 About 1 deg .
-0.695- 7
30 30
0.7~

25 2 o
2 £20 < 070"

z o
15 15 0.71}
10 1 07150

2 2 4 K - 0

2

0 1
a0 [deg.] 80 [deg.]

Distribution histogram of the
detuning, similar with Gauss
distribution.

3

4

ont About 0.47% RMS amplitude error -+,

07 67

I
1.68

amplitude vector-sum error.

45 deg. calibration error
would result of 0.47% RMS
vector-sum error!

Inj2:detuning=1 [deg. RMS], Inj3:detuning=1 [deg. RMS]
Sum-Error: 3A/A=0.469[% RMS], 8¢=0.004[deg. RMS]
\

>

. Inj2: BA/A=0%; 3¢=0[deg]
Inj3: 6A/A=0%:; 6¢=-45[deg]

1 I i \
1.69 1.7 1.71 1.72 1.73 1.74 1.75
11+12
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Gain scanning (definition)

M Gain scanning: determine the optimal controlling gains (@ 2MV).
B Definition of the integral and proportional gains .

I.  FPGA input parameter KP and KI. _
. : : Gains | Integral Proportional
I1. Digital Gain Kp and Ki. - i

I1l. Analog Gain kp and ki. FPGA
V. Real Gains: Aset/(Aset-AMeas.) Dig.  Ki=Kl/218 Kp=KP/27
o l/ o) 7y o Ana.  ki=Ki/T® kp=Kp
4%% _________ Real =~ki*G,,? ~ kp*G
KP(FPGA) @~ — e o
’ jisininuink I 2 2
‘ |

KI(FPGA) [ ' | kp(analog)
\

X
KI&KP (FPGA) vs. Ki&Kp (dig.)
ki(analog) / \\\
Ki(digital) b I
%H <> »D» j > s :' pol
v | e delay ’,“
ki(analog) / /
Ki (dig.) vs. ki (ana.) “ 4‘
" Kly/IOT

ki&kp (ana.) vs. real gain Aset/(Aset-AMeas.)

1 .T is FPGA sampling clock period (Ts= 1/162.5e6 in CERL LLRF system)
2. G, is the open-loop gain (Gains from FF to SEL(Fil) during the open-loop operation. For the Inj1 and Inj2&3, G,, = 1 (0 dB).) 28
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50 W

100 W

200 W

The Spectrum of the 10T (50 W to

ADC1:0.39128%rms

ML2 IOT test

ADC1:0.82762des.

-40 5
Fealc 300,03 [Ha, 61A=-45.6 (]|
g = !
el i
= =
s o
3 © o5
—120 . i ; i ; 0
100 200 300 400 500
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ADC1:0 286 1%im:
-40 T Ea SUU DI THEL OrjA=-47 6 [\:IE]| 1
- 08
= 06
o
=
@
o
02
_140 ; i A L A o
100 200 300 200 500
frequecy [Hz]
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i 08
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!
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i :
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04t
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04L--

&a/a (48]

YENEEE)

&4 (8]

200 W)

ADC2:1 5247%rms ADC2:0 4580 1deg rms
-20 . 08 : .
Peak 20003 [Ha], BajA=—326 [45]] :
N I e Pesk: 300.03 [Hz], 88435 3 [mdez]
: 06} =
i
Boalnin B
fesd
L]
02k H
L i i i i o A - :
100 200 300 400 500 ) 200 300 400 50O

frequecy [Hel

ADC2:1.6814%rms

frequecy [Hel

. g ADOZ:0 5795530 p5300 03 [1iz], 56791 5 [mdeel
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=40 b I S JON [
E
2 o4l
€
o
02
—120 i i i i i o |
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frequecy [Hz] frequecy [Hz]
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2
] 02 : : L § ]
20 ; ; ; ; ; olh i i - ;
00 200 300 400 500 0 W00 200 300 400 500
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500 W 300 W

800 W

ML2 IOT test

The Waveform in the worst 10T output case (300 W to 500 W)

ADC1E2169% ms ADC 1:1690%deg rms ADC2E.T64 2Mems ADC22638 1deg rms
T T T T T T T T T T

4000

4000

7600 |- TEOO |-

Tono 7000 P | T Y L -1

G600

G600

i i i i H 1 1 i
3500 4000 0 500 1000 1500 2000 2600 9000 8500 4000

5000 i i ; L L i i -12 i i H L L i i 5000 i : H | i T
1] 600 1000 1500 2000 25000 2000 3500 4000 1] 500 1000 1500 2000 2500 3000 3B00 4000 0 600 1000 1500 2000 2500 &000
ADC1LET07 2% ms ADG 1:15065dee rms ADC2EA523% ms ADC 22847 7degrms
8500 - . , - . -3 ; 10000 - - . . -2 -
an00 500 :
-8
9000 {f-
8500 -8
8500
: ! : : -10
8000 aooo k.Mt B I B T A RPIR "I. M o
500 A S T S T S 1 A S S N S S 500 A W ; u PR S L S S
0 500 1000 1500 2000 26500 9000 9500 4000 0 500 1000 1500 2000 2500 @000 8500 4000 0 500 1000 1500 2000 2500 8000 9500 4000 0 500 1000 1500 2000 2500 4000 8500 4000
x 10* ADC1AE108% ms ADC111612degrms x 10t ADC2E 345 7 me ADC226637degrms
118 - . - 0 . - . 12 . - . 0 - -
ol
1
-4
L] PR TS R P A ) |FRE) JS B - N A AU -5
gl
1
TR S A S
095 i i ; H i i H - i i i ; L i i .95 i i ; ; i i H -12 i ; i ; H ; i
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1500 W 1000 W

1800 W

&/4 [4B]

aa/a 48]

&0 [dB]

ADCT 0 22623%rms

ML2 IOT test

10T (High power

] /\ ADG1:0.65079deg rms

case)

ADC2:0 8702%%rms

P=at 4050 IHel. 895483 mdee]

L i H i i
100 200 200 400 B00
frequecy [Hz]

|Feak 30008 [Hel, Bafa=-542 [6E]]

=3

=)

56 [dee]
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ADGZ:0 44882deg rms
08 T
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Q 100 200 300 400 500
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08 . .

100 200 300 400 500
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0 100 200 300 400 S00
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e 06t
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Foat---] <
-100 =z
&
120 02
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Noted that the 50 Hz component is enhanced from Pf to Pt !
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Dominate fluc.

Stabili

Experiment on ML (ML2 10T}

The dominated component in different 10T power

AT
10T fluc. ALAH
10T test
-20 4 T T
; B Pt (300 Hz)
................................................. : 0O Pf(300 Hz)
-30 ] o ....... Qi A pt(50H) |
— —_ ; A\ PF(50 He)
g -40p o g : & Pt (Other)
E o2 o T o Pf(Other)
D? _50 .............................. A .............. 'D:Cj ‘ .
. 1?‘ ......... & ‘ ................
4 =g &3 & @
70— i L Ogéﬁ n y_\ * A A
0 500 1500 2000 0 500 1000 1500 2000

500

1000
Pf Power [W]

2000

1000
Pf Power [W]
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FF

FB

FL: dasa [dB]

FIL: sA/A [dB]

ML2 (Spectrum)
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