SPEAR 3 Timing System
R. Hettel

* Injection timing intervals and sequence
* Injection and gjection energy windows
« Timing system configuration

» SPEAR 3 and Booster RF frequency choices

RF signal and clock frequencies

RF stability and resolution requirements

Master oscillator

Booster RF Generator and Timing Modulator
Bucket select using 1/Q modulation of RF

Injection rate reduction
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SPEAR 3 Injection Timing Intervals
» Timeinterval between Chopper and Booster RF cavity isfixed:

T(Chop-BOOTrf) adjusted using analog ver nier input to Coincidence/Vernier

» Timeinterval between Booster RF cavity and 1 SPEAR RF cavity is fixed:
T(BOOTrf-SPrf) adjusted using SPEAR RF phase control (LLRF)

» Timeinterval in Booster (measured at RF cavity) = M X Tgqq,,, M = integer
Booster bucket will be aligned with SPEAR target bucket every 7 Booster

revolutions = 4 SPEAR revolutions

» Timeinterval in Booster can be delayed or advanced by an integer number of SPEAR
RF bucket periods using 1/Q modulation of Booster RF

* Injection and gection energy windows can be detected and used to gate RF-sync'd
triggers
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SPEAR 3 Injection Timing Sequence
Sequence of events needed to inject beam into a given SPEAR bucket:

 Detect first SPEAR revolution timing fiducia occurring within injection energy
window

timing fiducial repeatsat fop, o1 Topray = 280 Tgoorf
P proper timing to hit Booster RF bucket is maintained

 Trigger Linac klystron modulator and S-band drive amplifier
~2 s macr opulse width; ~100 ns timing accur acy
 Trigger Booster Injection Kicker
~0.8 nswidth; ~10 nstiming accuracy

» Trigger Linac beam Chopper to permit 3-5 S-band microbunches to enter Linac
and Booster

~200 pstiming accuracy with respect to Booster RF cycle

» The above three triggers must occur within a Booster injection energy window
of + ~0.1% for effective beam capture

~112 MeV + 0.1%
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Booster Injection Timing Acceptance  [Time acceptan ce deter mined by momentum accep tan ce:
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SPEAR 3 Injection Timing Sequence - cont.

» Delay or advance the timing of bunch in Booster during acceleration so that
proper SPEAR bucket will befilled

» Trigger Booster Ejection Septum supply ~15 ms before beam extraction

» Trigger Booster Ejection Kicker and SPEAR Injection kickers after accelerating
beam in Booster for ~36 ms, during a Booster revolution when the bunch is
temporally aligned with the target SPEAR bucket

~0.8 ns width; ~10 nstiming accur acy

» The above kicker triggers must occur within a Booster gjection energy window
of ~0.1% for effective SPEAR beam capture

3GeV +0.1%
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Kicker Timing
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| njection/Ejection Timing and 10 Hz White Circuit

lgej = 44.5 n|1$
| L < l,=645A
600 - 625 A ejection
White Circuit:
500 - — 485 Apk | = e - |, cCOSWt
RS ejection
400 - ‘. sepum W, =2 p x 10 Hz
! ‘\ current
. For 3 GeV:
é 300 -~ l,c =310 A
5 l,c= 335A
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Binj
100 -
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White Circuit magnet and pulsed Ejection Septum current waveforms for
112 MeV injection and 3 GeV ejection.
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Maximum Ejection Timing Window
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Ibc = 300.313 A
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Ejection energy window is maximized when peak White Circuit current is set 0.1% higher
than gection current. Current stability must be a small fraction of 0.1%.

R. Hettel

SPEAR 3 Timing System

Sept. 18, 2003



White Circuit I njection/Ejection Timing Windows

| njection energy window:

DE/E = DI/l = 0.1%
P Dtgjy =£25n8 (=+~3SPEARTevs)
Dlgi =+ 0.1% x 25 A = £ 0.006% | 5

P need peaking strip to detect Ugin;

Ejection energy window:

R. Hettel

DE/E = Dl\yc/l\yc = 0.1%
P Digg=+88nms (=% ~115SPEARTevs)
Dlgg =+ 0.1%x 625 A

P could dead-reckon to tg;; if have 0.1% power supplies,
but use WC current transductor (Danfysik) to detect | g
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Injection and Ejection Timing Triggers
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White Circuit Current Regulation and Timing

1000

100 Booster current (A)

50 60 70 80 90 100
time (ms)

N

IVt = 0.1% DI/ | in %

0.01 -

White Circuit current stability as a function of time in a 10 Hz cycle, assuming
the DC and AC power supplies each have 0.1% stability. The gection current

stability is <0.1% at t,;, implying the gjection time can be dead-reckoned.
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|njection Energy Gate - Peaking Strip Processor
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10 Hz Clock and Energy Gate Timing System
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SPEAR 2 RF-Synchronized Timing System
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SPEAR 3 RF-Synchronized Timing System
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10 Hz inject trigger

10 Hz eject trigger

——» eject kicker 1
——» eject kicker 2

——» SPEAR kicker 1
——» SPEAR kicker 2
——» SPEAR kicker 3

Sept. 18, 2003



SPEAR 3 Kicker Trigger Enable/Disable
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SPEAR 3 and Booster RF Frequency Choices

Table1l. Harmonic number, rf frequency and circumference options for SPEAR and the
Booster assuming the use of either SPEAR 2 (~358.5 MHz) or PEP -11 (~476 MHZz) rf cavities.

h | factorsof h fis (MH2) C (m) constraints
280 | 2*.5.7 358,53 - 358.60 234.08-234.15 | SPEAR circumf. limit?
SPEAR | 371 7-53 475.00 - 475.15 234.08-234.15 | SPEAR circumf. limit
372 | 22.3.31 | 476.28-476.43 234.08-234.15 | SPEAR circumf. limit
160 2.5 358.48 - 358.60 133.76-133.80 | cavity freg. limit°
212 22.53 475.00 - 475.35 133.70- 13380 | Booster circumf. limit’

cavity freg. limit®

Extended Booster circumf.

Booger | 212 2%.53 476.33 - 476.43 133.40- 13343 | limit% samefreqash = 372
SPEAR
213 3-71 476.89 - 477.00 133.87 - 133.90 Eiv?ie{rggfﬁnm{@"m“;
Extended Booster circumf.
213 371 476.33 - 476.43 134.03 - 134.06 limit®; same freq ash = 372
SPEAR
hgs = 372 = 2-2-3-31 C = ho/ fre
9 symmetric fill patterns: Cops = 2341421 m b f;gp3 = 476.3 MHZz
2-, 4, 6-, 12, 31-, 62, 93, 124- and 186-bunch CB00 = 4/7 CSP3 = 133.7955m b frfBoo = 358.505 MHz
hBOO =372 =2-2-2-2-2-5 frfBoolfrfSPB = 70/93
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SPEAR 3 RF Signal and Clock Freguencies

SPEAR RF: fops = 372 X T, = 476.300 MHZ

SPEAR revolution freq: fopre, = 1.2804 MHZ

Booster RF: fo = 160 X f5o0re= 70193 X fr = 358.505 MHz
Booster revolution freq: faoores = 14 X fopre, = 2.2407 MHZz

BPM LO: flo=359x%fg,, = 459.655 MHz

BPM IF: f,F— 13x fgp, = 16.645 MHz

| F digitizing clock: ledk—SOxf = 64.019 MHz

Streak camera clock: foo = fpi/4 = 983 X f o, = 119.075 MHZ
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SPEAR 3 RF Clock/Signal Generator (wenzel)

476 3MHz —

SPEAR
MASTER
OSCILLATOR I

T 476.3MHz

4

:“-4 119.075MHz

ey nz2

199 . 7hiHe
¥13 nz

T 1. 280376MHz

354 1MHe
w25 ]

C 16.64488EMHz

MIAER

SPEAR RF:

feprr = 372 X fprey = 476.300 MHz

SPEAR revolution freq: fq, =1.2804 MHz

Booster RF:

Booster rev freq:
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o= 160 X faoopey = 358.505 MHz
faoorey = 714 X fore, = 2.2407 MHz

RF

|—W
R

CAMITY FILTER

BPM IF:
| F digitizing clock:

Streak camera clock:
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——L "y 459.6551 1 MHzZ

SPEAR 3 RF

Bim 5|n1 apa Jitter
d 5013

B Outputs +
BolHz =

10d
| Moise floor-1410

STREAK CAMERA CLE
"2 Dutputs +10dBm Sin 1.9p5 Jitter
I Maoise Floor-1490dBciHz = BOfS

SFEAR 3 Rewolution
| 4 Dutputs AC ECLEpRS Jitter
' Moige Floor-150dBefHz = 5.8pS

IF BPM

4 Dutputs +10dBm E|n1 ] EJmer
| Moise Floor-150dBciH 41ps

64.01881TMHz

2 0utputs +10dBm
Maoise Flaar-150dBcH

BFM ADC Sample
n1 EEFS Jitter

Lo BPM

4 Dutputs +1I:I|:|Elm Sin 1.5p8 Jitter
4TH 3MHz -80d

fLo= 359 X fpg, = 459.655 MHz
fie= 13 X fgpye = 16.645 MHz
firak = 50 X fgpre, = 64.019 MHz
sc= fopild = 9B X fopre, =

119.075 MHz
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SPEAR 3 RF Clock/Signal Generator (wenzel)
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SPEAR 3 RF Stability and Resolution Requirements

* Df;e causes change in path length and horizontal beam position in dispersion
regions (e.g. dipole source points):

Dx =- Ny Dlee 0.01s, =1.6nm for dipole source
a fee
a =0.00113 h, =~0.1m

p Deeqgx10° b Df o <9Hz

RF

Phase noise:

Dl _ 0.06°

for = 2
ng

max
RF

n, = synchrotron tune = 0.007 for SPEARS3

Df - causes beam ener gy shift; to maintain <104 - 10-> undulator photon
energy stability:
DE _ 1 Dfy Df

e <5x10°05x10°% b —RFE < ~5x10%t05x10°°
E a fgr fee

b Dfg<~2-20Hz  Df,_, <~001-0.1°

m
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SPEAR 3 Master Oscillator

I
I

w
[=]

.
=1

m
[==}

10Hz 100Hz 1kHz 10KHz 100KHz 1hiHzZ 10MHz

OFFSET FROM CARRIER

» 1-500 MHz, DDS-based * Stability: 3x10%day, 10%/yr, +108/0-50°C
need 476.3 MHz + 50 kHz » 0.057° integrated phase noise, 0.5 Hz-15 kHz
0.2 Hz step resolution « GPIB control

» Phase-continuous frequency switching
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Phase Noise Measurements: PTS-500 vs Wenzel Plate - 40kHz
Fesolution Bandwidth: Freg/step = 0.076

SSB spectral density (L(f)) Integrated phase noise
it 5SE Spectral Desity dBc/Hs _ 058, 0 Trite d Phace Hoise (Degrees
gl
L
I 1 frlel(lil;(HZ) L-1F -1 J.Ill:;-ll-l]

£2 = c2L(f)df
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SPEAR 3 Booster RF Generator and Timing Modulator

476.3MHz from
Distribution Chassis

Divide by 93

|| Divide by 16

4T6.3MHz > /®ﬁ
FhaseIn D—‘

()

f ooodffigps = 70/93D  f e = 358.505 MHz

R. Hettel

&G MOD
Divide by 93 — Times 7 Times5 [— Times 2
35.85MHz
Divide by 16
Divide by 7

SPEAR 3 Timing System

3200941z

476 3MHz

Bucket Cycles

476 3MHz

<1 [INPUT

QINPUT

358 SMHz

2 24MHz

3200941z
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SPEAR 3 Booster RF Generator and Timing M odulator

SMA LNPDM-93-0-8-0-B LNPDM-16-0-B-0-B
i 0dBmin: AC ECL 0dBmin: ACECL
476.3MHz from faB T S = o 55 NRearPanel o o
Distribution ! Divide by 93 Divide by 16 1 320084Hz Spear
Chassis
ZFSC-4-1 Sy
476MHz SLAC -6dB N Front Panel
Phase Sift
N Rear Panel Ao S lRitE 72 ] 476.3MHz 0 dBm
4763MHz > /®ﬂ D 7 dBm SMA
odBmin 1t 1008
| LNBA-0 ﬁ\rsmE]; 0-476 ZFM-2 ‘ g1 NFront Panel
0Bmin- 15 dBm out 7 [ DucketCydes 70myp
ZFM-2 T A
ZFSC-4-1 4 e
BNC Isolated ZFSC,Q,QJ LO<RF, ZFSC0.2 J3 N Front Panel -10 dBm.
Rear Panel = . 7 dBm <] 476 3MHz Shifted
Phase In ZFM-2 7 dBm L |
J14 - A %
P SMA
’ LMBA-0-15-B-0-476 2008 SMA BNC Isolated
0dBmin: 15 dBm out 2008 J12 Rear Panel
<1 1INPUT 1Vpp
BNC Isolated
J13 Rear Panel
AC ECL is 0.7Vpk-pk n <1 QINPUT 1Vpp
1 2mW 1dBm e 1V / 500hm = 20mA
20mA x 15V = 0.3W

15V / 20mA = 750 ohm

LNPDMN-83-0-B-0-B
0dBmin: ACECL out

Divide by 93

LMNOM-5.12-7-10-15
10dBmin: 15 dBmout 35.85MHz ZFSC-2-2

TP | e M

Amp +10dE +17dBm ?dBm
Set 50 output of
5.12MHz i

attenuator is from
1 ohm 1 MHz = 0.16uf +14dBm to +15dBm

24mwy to 32mi

SWA

N Front Panel

J4
1008 1 3585MH 10 dBn
4{ Times 5 H Times 2 } D < % I S
J10 ear Pane 1048
LNOWM-35.85-5-10-10 LNVD-179.3-10-1 Amp ZFSC-2-2 358.5MHz 1
10 dBmin: 10 dBm out 10 dBmin: 10 dBm out LNBAOAEB.0.476
0 dBmin: 15dBm out
g5 N Front Panel
224MHz 3 dBm
o ZFSC4-1 -
10dB LNPDON-16-0-B-0-8
) 0dBmin: AC ECL out 10 dBm g6 N Rear Panel
i R 2 24MH
% Divide by 16 |l> iz 3 dBm
Amp +10dB +17dBm 77  NRear Panel
2.24MH:
2.24MHz SMA <] Z 3 dBm
-3dB
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N Rear Panel 0 dBm
7% Divide by 7 <] 320094Hz Booster
Ja

LMNPDN-7-0-B-0-B
0dBmin: ACECL out
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SPEAR 3 Booster RF Generator and Timing M odulator

T -

I S Ty
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Injection Timing with 1/Q Modulation of RF

cosf ()

L oin

COS(Wxet)

cos(Wget + (1))

T

modulating phase shift:
f ()= av_dt = 2pN
N = number of modulating
- . waveform cycles
N=3 N=-3 = bucket number
f ()0 -6p (N =-185to +186)

AN e — NN
VoV f o =w_/2p =13 kHz

90°
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Booster RF Phase Shift Timing

lge = 44.5 ms
start phase shift |
600 1 @ 43 ms - N x 0.0769 ms end phase reset
@ 77 ms
500 -
14.3 ms 14.3 ms
400 max max
end phase
= 300 - shift @ 43 ms
(o8
% start phase reset
= 200 1t @ 77ms - N x 0.0769 ms
inj
100 -
0 T T T T T T T T T 1
10 20 30 40 50 60 70 80 90 100
1(-)0 - time (ms)

1/Q control frequency = 13 kHz
1/Q control period = 0.0769 ms
time for max phase shift of 186 buckets = 186 x 0.0769 ms = ~14.3 ms
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SPEAR 3 Chopper Rate Reduction

for Booster radiation dose control

SPEAR 2
Injection Triggers

non-retriggerable
delayed pulse generators

v
S-band amplifier
10 Hz
injection
trigger modulators

—>| trig delay |—<

injection kicker

beam chopper

GPIB interface |
| |

SRS 535 Delay
Generator

GPIB control

10 Hz
injection
trigger

SPEAR 3

Injection Triggers
reduced chopper rate

— S-band amplifier

— modulators

— injection kicker

delay A =(N-1) x 0.1 sec +d
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SRS 535
out A
out B
» trig in
out C
SRS 535
» trig in
out D
35v

rate D = 10/N Hz
N=1,2, ...

|

— beam chopper

GPIB delay control
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