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I. ABSTRACT
lll. CLOCKS
We report on the progress of thew NSLStiming

system. There are three types of requirements for NSLS The figure 1 provides the block diagram for clock
timing system:clocks, synchroization and trigger otuits. generating circuits. The storageg harmoniccounters are
All ring revolutionfrequency clocks are generated using EClree running andgenerate UV revolution clock (uvrf/9) and
and high speed TTL logic. The synchronization circuité-ray revolution clockxrrf/30). Theboostering harmonic
allows to fill both storageings withany bunch pattern. The
triggers are generated by using commercially available di

delay generatorsThedelay unit's outputs are ultrastable, wi  uv =9 > REVOLUTION
a resolution of 5 ps, and are programmed by computer R -0 ' CLOCK
IEEE 488 interface. Thblock diagrams, description of al yy rr
major timingcomponentand thepresent status aggovided SYSTEM
in this paper. XRAY
RF CLOCK =30 e
XRAY |
II. INTRODUCTION RF SYSTEM < |
Electronsare irjected intothe NSLS $orage rings s?&%r_’ ° nggé
from a 750Mev boostesynchrotron fed by 420 Mev linac
[1]. Each injectiorcyclepopulates one bunch into theoster, gogsrer l
which then is extracted into either storage ring. T RF SYSTEM ' SYNG
multibunch  fill is achieved by sequencing tt BOOSTER -5 BOOSTER
injection/extraction cycle to all bunches, one bunch at a tir RF CLOCK REVOLTION
TheNSLStiming system was commissioned in 19° v’
[2], which did not include the contrdbr thesingle bunch X i
transfer. In 1982, this function was added as an adc o rar e =~:) PROGRAVNABLE
timing system (single bunch transfer system [3]) which
controlled by its own microprocessor [4]. Although, tt | —
hybrid timing system has provided single bunch trans 4
operation, routinely, but thasbecome compleand difficult FINE #2 E?é?%
. . . . . DELAY :iﬁ PROGRAMMABLE
to maintain. The reliabilithas been poaand,occasionally, CONTROL DELAYS REVOLLION
the timing jitter has been high.
The new timing system is simple and integrated; ¢ ' lsg’g&
is described in the following sections. Following data
useful in understanding the timing system: -~ 1000 BOOSTER
CLOCK

UV rf frequency = 52.8856 Mhz
X-ray rf frequency = 52.8875 Mhz
Booster harmonic number =5
UV harmonic number = 9

X-ray harmonic number = 30.

Figure 1 - Block Diagram for Clocks Circuits

counter generates booster revolution clock (brf/5) which is
synchronized to the storaging bunch marker (brf/90) by a
sync reset signal. This synchronization, discussed more later,
is necessary because when a new ring is selected to fill
(changing the rf clock to the counter), the sync is lost.

* Work performed under the auspices of the U.S. Dept. of
Energy
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Tphasel, is synchronized with the storaigg bunch marker
Next, this clock ( sync brf/5 ) is sent to tlferf/90), as welbks, with the linac bunctiock (phased brf/5).
programmable delay (# 1) which provides 5 equally spatieéd generates a massmcsignal, which isised tdrigger all
delays. Eachdelay step is equal tine rf time periodand it other triggers as described tine "TRIGGER' section. This
allows to select all five phases of brf/5 clock, precis@psures that all trigger output are in phase with the linac
Further, this clock is fine tuned by another programmble délaych.
(#2). Theseting resolution of thisdelay is ~ 1 nsec, which
allows to tune the phased brf/5 clock to the linac. The storage ring bunch marker clock (brf/90), is
generated as shown in the synchronization circuits.
The last counter (/1000) generates ~ 10 khz clock,
which is used by booster ramping power supplies. Figure 3 showthe relative timings adibove described
signals and theequence of events occur as follovlse Trep
clock generates a flag ftihe computer, signalinghat it has
IV. SYNCHRONIZATION next 20 msec for loading any new delay values into the
injection delay units. Also, during this time, the booster bunch
The synchronization circuitonsist of one delaynit iS selected, when computer selects one of five programmed
DG535, few flip-flops and gates, as shown in figure 2. THlays in delay # 1 shown the figure 2. Sync resesignal,
delay section A generates injection repetition clock (Tré§erated by Tphasel is used to reset the booster counter. The
with time period selectable increment of 1/60 sec. A 60 hpastersync sgnal, sequenced by Tphasejsal, isused to
line signal triggers this delay section, while the delaytrigger all delay units described in the TRIGGER section.
programmed téew msec lesthandesired repetition rate. Two
additional clocks, Tphasednd Tphase2, agenerated fron e N/60 SEC -
Trep. Tphasel clock, delayed by ~ 20 msec from Tre |
synchronized with the storage ring bunch marker (brf/ TREP
generatingyncreset. Tphase2 clock, delayed by ~ 1msec 1

|
N
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L
PHASED
R /s BRF/S V. TRIGGERS
O
All triggers are generated by ultrastable, low jitter
XRRF/_9 BRF/90 programmable delay units. These delay units ( DG 535 -
Stanford Research Systems) are available, commercially, and
RING SELECT the output delays can be set via IEEE 488 interface. Each
> delay unit is programmed to triggdrom an external signal
and provides upto four independent programmable outputs
Figure 2 - Synchronization circuits (A,B,C and D). The output jitter is lower than 0.5 ns and each
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delay can be set with a resolution of 5 psec, if needed. VIl. ACKNOWLEDGEMENTS

Figure 4 shows thiayout of 6 delay unitsyhich are We wouldlike to thank G. Fishie for castructing
grouped based on functionshe mastesyncsignal, generatedind testing prototypes. He will also be involvednistalling
by synccircuits, triggers the toplelay unit generating threghe completetiming system. Also, we would like tihank E.

START triggers: start of linac (TSOL), start of boosi@eier for assisting in the design of the fast trigger distribution
(TSOB)andstart of ejection (TSOE). TSOL output triggersplifier.

group of two delaynits providing signalsised forinac gun,
klystronsand linac tabooster injection bumps/kickerg.SOB
output triggers one delay unit providing signals for starting
ramps for booster power supplies. TSOE output triggers
another group of two delay units generating all trigger timi[‘sﬂs
for ejection bumps and kickers.
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Figure 4 - Triggers block diagram

VI. STATUS

The computer interface tour delayunits hasbeen
tested with an update request rate ¢fz2 Thetesthasbeen
successfuandhave demonstratetthat all delays, required for
injection/ejection, can be updated in less than 20 ms. The
synchronization logi@and clock circuits have been built and
are being tested. The fast trigger distribution amplifiers are
under construction, which will be used for driving triggers at
their locations. The preliminary test on themplete system
will start within a montrand it isexpectedhat the new system
will be operational soon after that
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