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Abstract 500MHz bandwidthand Bessel Lowpass Filter (40 MHz
bandwidth) (Fig. 2). This signal goes to the Signal
A new beam position monitatigitizer module haveen Amplifier (OA1, gain 5)and to the Trigger Amplifier
designed, testedndtuned atSLAC. This module, the (OA2, gain 2). The S/Cacceptsthe calibrationsignal,
electron-positron beamposition monitor (epBPM), S/C3 assepts signal from the stripline electrode “X-".
measures position of single electron and positron
bunches for the SLC, LINAC, PEPII injections lines and ",
final focus. The epBPM has beelesigned toimprove
resolution of beam position measurements with respect to__
existing module and to speed feedbackorrection [1].  caweraron [y
The required dynamic range isfrom 5x10%o
10" particles per bunck46dB). The epBPM input signal  «
range is front2.5 mV to£500 mV. The pulse-to-pulse
resolution is less than @m for 5x10° particles per Figure 2. The Signal Processing and Digitizing Circuit -
bunch for the 12 cm long striplinespvering 30° at 9 X+ channel.
mm radius. The epBPM module has beprade in
CAMAC standard,single width slot, with SLACtype The Signal Amplifierfeeds a 27 ns delajne (74

timing connector. 45 modules have been fabricated. MHz bandwidth). Delayed signal goes to twofast
sample-and-holdmplifiers analog inputs S/H_AX+ and

1 INTRODUCTION S/H_BX+ (14-bitsaccuracy, 30 nacquisitiontime, +2
mV/us droop rate). The delay line compensates
propagation delay of the S/H triggering pulse through the
Trigger Circuit in order tohold the S/H input signal
ﬁ)eeak. The'A” and “B” sample-and-holdoutput signals
go to amplifier OA3and OA4 (gain 2), respectively.
Those amplifiersnarrow signal bandwidth to 4 MHz to
I%eet ADCbandwidth(1.5 MHz). The ADC has 14 bit
resolution (13 bits plus sign), 400 ns acquisition time,
2.9 s convertion time, serial data output.
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The epBPM module has four inpahannelsX+, X-,
Y+, Y- (Fig. 1), named to correspondith coordinates
of four striplines - two in horizontandtwo in vertical
planes, processing signals to the epBPM inputs. T
epBPM inputs are split for eight signal processing
channels to catctwo bunches, first - the positron, then
the electron bunch in one cycle of measurements. T
epBPM has internaland external trigger modes of
operations. The internahodehas two options - with or
without external timing, catching only first bunch in the
untimed mode. The epBPM has an layard calibration 3. CALIBRATOR CIRCUIT
circuit for measuring gain of the signal processing The Calibration Circuigeneratesipolar pulses like
channelsand for timing scan of programmable digital POsitron orelectronsignals from the stiplineslectrode.
delays to synchronize the triggand the epBPMinput The Calibrator is used for the signal processictiannels
signal’s peak. There is a mode for pedestal measuremei@gin measurementand for the calibration of the
The epBPM has 3.fis conversion time. programmable digital delays in the trigg;r pulse chain.
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/ / Figure 3. The Calibrator Circuit.
TIMING CIRCUIT / CAMAC INTERFACE
_ _ The calibration start pulse (CAL_GOpropagates
Figure 1. The epBPM module block diagram. through gates and generates two short pulsesdaaged
from the other by 4 ns (Fig. 3). The multiplexslects
2. THE SIGNAL PROCESSING AND which pulse will be first at thdlifferential amplifier OA5
DIGITIZING CIRCUIT (gain 2) inputs. If the first pulse goes to positive input

The input signal from the striplinelectrode “X+” andthe delayedpulse goes to negative input - the OA5
propagates through the Splitter/Combiner S/C1 (5MHzeoutput pulse will be positron-like, if the first pulgees
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to the negative input anthe delayed one - to the measurements the second bunch caddbeyed from the
positive, it will be electron-like pulse. OA5 output signalfirst by time delays between 60 ns (minimum) and 400 ns
feeds two buffers. The buffers output signalsdrive (maximum), so the S/H_A starts twld signal earlier,
programmable attenuators, 30 dB dynamic rargeh than the S/H_B. The ADCs start convertion signals for
attenuators have the same ingldata. The Calibrator's channels A and B is held off until 400 ns (ADC aquisition
attenuated signal supplies tv@&IC (channelsX+, X- and time) after the B channelsare held. This prevents the
Y+, Y-). The Calibrator's output signal maximum noise due to start converti@nd data clocking out pulses

amplitude ist1.5 Vpk-pk, 4 ns between peaks. from corrupting the B channetiatabeing held After the
signals convertion, all ADCglata areclock out (16
4. TRIGGER CIRCUIT pulses, 5 MHzfrequency) tothe CAMAC interface

registers, then the S/H driving circuit resatelthe S/H

4.1 Trigger mode selection and timing adjustment circit amplifiers switch to sample mode.

The programmable delays DL_3 to DLaf used for
he epBPM internal timing adjustment - to match S/H
Hold” pulse and S/H input signal peak. Aindividual
delay is usedfor each signal processing channel.
Calibrated delay data is stored in programmagéelonly
?‘nemory (EPLD). Every module has individualhyrned
rr,I?JDLD. Delay dataloads automatically at power on or at

odule reset.

The delaysDL_1 to DL_6 output signaturation is

50 ns, programmabledelay value could varyfrom O to

The epBPM module has thregtions for triggering the
S/H amplifier synchronous with the epBPM input sign
peak. The sources of triggering pulsa® - external
gates, coming from the SLAC timing distribution
system, internal trigger pulse or combination of th
external gateand the internal trigger pulse.Those
triggering modes are called - External Trigger, Gated a
No Timing. In the External triggemode there is an
option to fire a pedestal trigger pulse calibrating zbe
offset of the signal processing and digitizing channels.

HOLD. Ax+ 9.8 ns with 38 ps step, digital data 0 to 255 respectively.
TIMING INTERFACE
MUX1 A A | HOLD_BX+ . . . .
_— A Lot oL, A 4.2 Pedesta | trigger processing circuit
GATES ¢ > 7 HOLD_BX- . . i
wuxe s —— Timing channel 15 is reserved for pedestal
“’,D;, ﬂ B measurements. Pedestal trigger follows the same chain as
o | Horo_Ar- external gate. Synchronous wipedestatrigger the S/H
PEDESIALIRIG, - — . . . .
AﬁCHSELECDJ HOLD_BY- stores the input signal value with no beancalibrator
B_CHSELEC|, ——— . . .
o TR SHDRIVING pulse present. The ADC returns this value, which is the
— . . « age w
zero offset of the signal processingand digitizing

Figure 4. Trigger Circuit block diagram. channel.

4.3 Internal trigger circuit

Timing interface is a 16-channels bus. The first signal ) ) )
(A) gate channelare 0 to 7 andhe secondsignal (B) The mternal_ trlgger_ pulse is thefgre_nce‘or the S/H
gate channelare 8 to 15(Fig. 4). Multiplexers MUX1 “Hold" pulse in Gatingand No Timing modes of
and MUX2 select specific Aand Bchannels respectively. OPeration. The Internal Trigger Circuilerives a trigger
MUX1 and MUX2 outputs go to trigger inputs of the pulse from the zero crossing of the epBPM input signals.
programmable delayBL 1 and DL_2. The purpose of oM TRIGGER AP
those delays is to compensate external gate cables x-
mismatch. i

DL _1 and DL_2 output signals (gate “A” and gate “B"cH_y- SOMMING AVIP.
respectively) andthe internal trigger pulse go twmigger POSITIVE THRESHOD
mode select gate (TRIG SELECT). The TRIG SELECT NEGATIVE THRESHOL|
output pulse is gatéA” or gate“B” in the External ) o
Trigger mode, or internal trigger pulse ®ated or No Figure 5. Internal Trigger Circuit
Timing mode. Theselectedsignal comes to the input of ) N )
programmable delay®L_3 to DL_6. Delays DL_1 - _ The Summing Amplifier (gain 1/2 - onehannel)
DL_6 feedthe S/H driving circuit, distributingnputs  (Fig. 5) output signal is the sum of the signals frioor
signals according to the selected mode of operation.  trigger amplifiers (Fig. 2). Its outpueedsthe Limiter

In the External Triggemodethe S/H*Hold” clock is input. The limiter amplifier output signal range is limited
synchronizedwith the externalgate, in theGated mode - 10 +1V. This increaseghe dynamic range of the internal
with the internal trigger within thexternalgate, in the trigger circuit. Limiter output goes through tBeiffering
No Timing mode - with the internal trigger. Amplifier (gain 2) to the Data Qualifier. Thdata

The signals from the Calibrator come to the S/H_ARualifier consists of twothreshold comparatorand one
and the S/H B at the same time. In theeam Z€ro crossing comparator. The thresholds ledetermine
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the level of the lowest signal whiaould be "seen" by The measuredbunch peak voltage from theinac
the Data Qualifier. Potentiometerare used to adjust stipline electrode, connected iseries with theS/C and
threshold level. TheData Qualifier generates aingle Filter is 200 mV at3.8x10'°particles per bunclgppb)
trigger pulse synchronous with zero crossing event, 30 f& the beam in the center. For this numberpafticles
durationtime. After generation ofone pulse theData per bunch the resolution is0.9 um. The required

Quialifier is ready for the next zero crossing event. resolution, specified at 5x10°ppb is the 5pm, the

calculation gives 0.7um. The calculatedresolution for

5. TIMING CIRCUIT AND CAMAC PEPII 5x10%ppb (minimum) is 65um andfor 10'ppb
INTERFACE (maximum)it is 0.5 .

CAMAC instruction decoding, timing distribution and ~ Benchtests give less than 3sm resolution of the
data conversionare performed in & ield-Programmable beam position with the Calibrator pulserresponding
Gate Array (FPGA). The following blocks are to 1.52x10ppb. This is worse than thejn estimated
programmed in the FPGA: CAMAC instruction decodingfor this value, but better than 16m, derivedfrom the
power startup (toload calibrated delay data)Calibrator required 5um. The resolution limitingfactor is the
control - to send CAL_GO pulse, to set attenuators valued#fference of the propagation delay between pak zero
and toselect pulse polarity; ADC control - teaddata crossing for electrorand positron- like pulses in the
from the ADC, to reset the S/H driving circuRgdestal Internal Trigger circuit. The result is -different
Trigger control - to starpedestalcalibration; Trigger programmable delaygalues for the pulses witHifferent
Modes control- to select trigger mode; Delay control - tpolarity of the first peak. Tachievethe best resolution
load data to delalpL_1 - DL_6. Dataandtiming signal for both pulses, an average delay value is used.
aredistributed over the epBPM module \8abits local The measured dynamic range the ExternalTrigger
bus or individual traces. A crystal oscillator, 30 MHzmode with external pulser is 68 dB (pulsetynamic
ferquency, is used as reference for the internal clock.  range), in the Internal Trigger it is 4. In the Internal

Trigger and Gated mode dynamic range is ited by
6. MODULE SPECIFICATION AND BENCH noise, coming from the digital part of the epBHidard
TESTS RESULTS and from external sources.

The estimations of the epBPM module resolution and
dynamic rangeare based on accuratalculations of the 7. SUMMARY
circuit noise level. The ADC signal-to-noise plus The Two-Bunch Beam Position Monitodesign and
distortion ratio(SINAD) is 78 dBusing a 50kHz input specifications have been discussed. The bench tests results
signal, 300 kHz sampling rate. Thffective number of have beendescribed. Comissioning of the epBPM

bits (N ) from the SINAD: modules has beeplannedfor May, 1997, so the tests
SINAD -1.76 results may be available at conference time.
Neff = T =127
So the quantization errog is: 8. ACKNOWLEDGEMENTS
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where qis the ADCquanta’ssize, N,y - ideal ADC BrooksCollins, Bob Noriega, Bob Traller, Ray Larsen,
number of bits. Thug = 610 uV, or 434pV rms. The Tom Himel, Alan Fisher,Vern Smith for fruitful
OA3 (Fig. 2) input noise in 4 MHbandwidth is 22uv  discussions, useful advices, help in prototygesugging
rms, the S/H noise is specified as|8& rms, OA1 input and modules tune up.
noise in 100Mhzandwidth is 251V rms. Total noise Work supported byU.S. Department of Energy,
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generated byesistors, is 544V rms or 15.4dB, refered

to 50 Ohms resistance noise value in 100 Midnd. The REFERENCES
signal processing channghin is 10, so thequivalent
ADC input noise is 54QtV rms [2]. [1] “epBPM Manual’, Roberto Aiello, work note,
The dynamic range is6.5x10%r 76 dB (the ratio SLAC, 1995
betweenthe ADC maximum input signahnd circuit [2] “epBPM Noise, Dynamic Range, Resolution
noise at the ADC input). Resolutio)X) is [3]: Estimates”, Evgeny Medvedko, work notl, AC,
M= i 1996 N o

242 'V, [3] “Beam Position Monitoring”, Robert EShafer,

where V, - is the rms noise value at the OAbut,V,- AIP conference proceedings 212, Accelerator

is the bunch peak voltage for the beam in the ceateis Instrumentation, Upton, NY 1989

the half of beam pipe aperture (9 mm).



