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" APS RF BPM System Upgrade
(monopulse)

« BPM System Overview / Scope of Upgrade
* Present specifications
» Performance to date / performance limitations

» Desired specifications
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APS Storage Ring
Operational Parameters

* RF Frequency 351.93 MHz nominal

» Circumference 1104 meters

e Harmonic number 1296 = 24 * 3™M

* Revolution period 3.6826 microseconds

* Revolution frequency 271.55 kHz

* Max. average current 100 mA (now) - 300 mA(future)

» Max. single bunch current 20 mA
» Typical single bunch current 1to 3 mA

« Bunch length 17 to 60 psec rms
« “Standard” fill pattern 6 + 25 triplets or singlets

w/ 400 to 1000 ns dead time
o “Desired” fill pattern 36 singlets or triplets

equally spaced @ 100 ns
» Four-Button pickup types 4 pF, 1 cm & 4 mm diameters

* Number of sectors 40
 BPM stations per sector 9 now, 11 w/ Bergoz upgrade
 BPM cabling 2" SI02 @ button; 0.25” Heliax

Andrews FSJ1-50 -->upstairs
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4 APS RF Beam Position Monitor Block Diagram
Signal conditioning o |
and digitizing unit (SCDU) . Gate from |
' Monopulse Timing
Filter / Comparator 1 Receiver Module (270 kHZ)u
T |
(inside tunnel) | /Yy ¢ 12 bits |
352 | Delta X, | MUX [AD L
MHz | |
| SZO PS Gated '
I I
10 MHz| Delta Y1 =09 integrator EPIes
BW : SUITL ' AD _:_
Sum | |
" Peak |
| Detector |
| Backup |
. %St/ | * Trigger :
Capacitive 9 L _ToAD, '
Pickup | Integrator
Electrodes ' Trigger |
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Advanced Photon Source
\_ ASD Diagnostics
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BPM / Orbit Correction Data Flow
Memory Scanner | 32 Sample Eeacllgimke
™ Boxcar Averager, Raw Data | Boxcar Segt o n";‘C
4 to 2048 samples Averager y
¢ 10 Hz
: EPICS |« EPICS I0OC
Sﬁ.DU /S »| Process Averaging
(Nine Variables .02 - 50 Hz
Sector ) Correction
_ _ Bandwidth
Sub-micron resolution
(.05 Hz BW)
Fast Beam
History Y
Module
Y S Steering
Beam Machine \(/)V%rllt( g’ éartﬁgcr}i or? ased Corrector
Position Protection Algorithms Power
Limits System -Fast Supplies
Detectors Beam Abort
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RF BPM Averaging (os,fl,jc -3/12/98)
X ly ¢
<<+ — -ADC Sampling Rate (s.r.) = 135.8 Khz
ADC - SCDU
(BPM) scduRaw.X,Y.Rval in counts
Serial Link - — — *¢ - — — - scdu:X,Y.VAL in mm
Box Car Averager
(FDBK)
For serial link (Ave = 32)
bit rate = 18.4 Mbits,
signal BW=1Khz. 4—1 Y
for fdbk system Box Car Average'r
(MS-BPM)
(Ave=2" with
n=2to 11) _ _
¢¢ — — — —(signal BW < 33.2 Hz, with n=11)
MS-XY  EpICS I0C sample rate = 10 Hz
Box C(a}E)AC\)/erager (60 Hz on demand - slowBH)
(Nominal Ave=10)
< — _ — _ (signal BW < 0.5 Hz, if no aliasing)
¢ msAve:x,y (mm)
lIR Filter
(10C)
(N. Filter constant=0.1)
¢¢ — _— __(signal BW < 0.05 Hz, if no aliasing)
mswAve:x,y (mm)
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Specifications
Present Filter / Comparator Front End
* Input pulse amplitude 0.2 to 200 Volts
 Input pulse width 30 to 60 picoseconds
* Input power 5 W avg, 1 kW peak
« OQOutput center frequency 351.93 MHz
* Output bandwidth (3 dB) 10 MHz nominal
e QOutput envelope pulse width 100 ns @ 1/2 amplitude
 DJ/S time domain -45 dB min., for Dx & Dy,
cancellation ratio for equal input amplitudes
o D/S linearity +- 0.5% for D/S from

-1 to 1, for the input pulse
dynamic range

e Time domain spurs and 60 dB min
sidelobes rejection
» Total insertion loss 14 dB max @351.93 MHz

e Output phase Sumvs. Delta 0 or 180 deg., +- 2 deg.
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System Performance / Limitations

» Experimental determination of noise floor vs. intensity
» Experimental determination of long-term drift

» Measurement / correction of intensity dependent offset
» Measurement of offset relative to quad centers vs. time
« Bunch pattern dependence

« Comparison of monopulse and switched receiver sys-
tems

« Comparison of monopulse and x-ray bpm
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Experimental Arrangement for
Determination of Receiver Noise Floor

PPL Pulser B L

2 ns width » Filter / - »| SCDU

4-way
ig {(/Ic_)lﬁsr[e;%afue | Splitter s Comparator—-

-
sddsstatmon Memory Scanner
software -« EPICS - Boxcar%lé\verager,

4 to 2048 samples
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SCDU Noise Floor Results

4 N
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4 Long Term Drift Data N
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Horizontal Position Averaged at High Dispersion Locations
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Monopulse vs. Switched Receiver Comparison
4 (Vertical) N
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Monopulse vs. Switched Receiver Comparison
4 (Vertical cont'd) I
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Monopulse vs. Switched Receiver Comparison
4 (Horizontal) N
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Monopulse vs. Switched Receiver Comparison
4 (Horizontal cont'd) N
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Monopulse vs. Switched Receiver Comparison
4 (Horizontal cont'd) N
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‘Comparison of X-ray BPM and RF BPM Data, Beamline 2-BM )
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APS Horizontal and Vertical
Beam Position Stability History (DC - 30 Hz)

Specification
—_— v v (/ —_— 1
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Specifications
Front End Upgrade - System
» Center Frequency 351.927 MHz

» Button interface output power 0.5 W avg, 800 W peak
e Matching network impedance 50 Ohms

* Return loss into network 25 dB (30 dB design goal)

* Return loss into BPF 25 dB (30 dB design goal)

* Insertion loss ALARA

« Standard bunch pattern 352 MHz tone burst < 20 ns
evenly spaced 102 ns apart

* Max. single bunch current 20 mA

* Min. single bunch current 0.2 mA (normal operation)

0.05 mA (derated operation)
« --> Dynamic Range (Intensity) 40 dB
» BPF Time Domain Side Lobe -50 dBc @101 ns

Rejection
 BPF Amplitude Match (4 units) +- 0.2 dB across pass band
 BPF Phase Match +- 5 deg. across pass band
 BPF Ring Down Time -50 dB in 100 ns
e Cancellation Ratio 40 dB ( 200 microns offset)
(Boresight Null)
\ /
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Vertical Mean PSD at Insertion Device Source Points
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	Specifications
	Present Filter / Comparator Front End
	• Input pulse amplitude 0.2 to 200 Volts
	• Input pulse width 30 to 60 picoseconds
	• Input power 5 W avg, 1 kW peak
	• Output center frequency 351.93 MHz
	• Output bandwidth (3 dB) 10 MHz nominal
	• Output envelope pulse width 100 ns @ 1/2 amplitude
	• D/S time domain -45 dB min., for Dx & Dy,

	cancellation ratio for equal input amplitudes
	• D/S linearity +- 0.5% for D/S from

	-1 to 1, for the input pulse
	dynamic range
	• Time domain spurs and 60 dB min

	sidelobes rejection
	• Total insertion loss 14 dB max @351.93 MHz
	• Output phase Sum vs. Delta 0 or 180 deg., +- 2 deg.


	Specifications
	Front End Upgrade - System
	• Center Frequency 351.927 MHz
	• Button interface output power 0.5 W avg, 800 W peak
	• Matching network impedance 50 Ohms
	• Return loss into network 25 dB (30 dB design goal)
	• Return loss into BPF 25 dB (30 dB design goal)
	• Insertion loss ALARA
	• Standard bunch pattern 352 MHz tone burst < 20 ns

	evenly spaced 102 ns apart
	• Max. single bunch current 20 mA
	• Min. single bunch current 0.2 mA (normal operation)

	0.05 mA (derated operation)
	• --> Dynamic Range (Intensity) 40 dB
	• BPF Time Domain Side Lobe -50 dBc @101 ns

	Rejection
	• BPF Amplitude Match (4 units) +- 0.2 dB across pass band
	• BPF Phase Match +- 5 deg. across pass band
	• BPF Ring Down Time -50 dB in 100 ns
	• Cancellation Ratio 40 dB ( 200 microns offset)

	(Boresight Null)

	System Performance / Limitations
	• Experimental determination of noise floor vs. intensity
	• Experimental determination of long-term drift
	• Measurement / correction of intensity dependent offset
	• Measurement of offset relative to quad centers vs. time
	• Bunch pattern dependence
	• Comparison of monopulse and switched receiver systems
	• Comparison of monopulse and x-ray bpm

	APS Storage Ring Operational Parameters
	• RF Frequency 351.93 MHz nominal
	• Circumference 1104 meters
	• Harmonic number 1296 = 2^4 * 3^4
	• Revolution period 3.6826 microseconds
	• Revolution frequency 271.55 kHz
	• Max. average current 100 mA (now) - 300 mA(future)
	• Max. single bunch current 20 mA
	• Typical single bunch current 1 to 3 mA
	• Bunch length 17 to 60 psec rms
	• “Standard” fill pattern 6 + 25 triplets or singlets
	w/ 400 to 1000 ns dead time
	• “Desired” fill pattern 36 singlets or triplets

	equally spaced @ 100 ns
	• Four-Button pickup types 4 pF, 1 cm & 4 mm diameters
	• Number of sectors 40
	• BPM stations per sector 9 now, 11 w/ Bergoz upgrade
	• BPM cabling 2” SiO2 @ button; 0.25” Heliax
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