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Introduction

The control systems at NAL extend over
distances in excess of 10 miles. 1In order to
synchronize machine events, not necessarily
time related, it 1s essential that the same
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Various methods of implementing a timing sys-
tem which would provide accelerator event ref-
erence times were considered. In our applica-
tion, a single line clock transmissicn system,
using a serial encoding feature, proved to be
the most economical and practical. It is easy
to implement, reliable, and provides versati-
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lity while maintaining a degree of simplicity.

All that is required to transmit this encoded
clock to different areas of the accelerator
are clock repeaters and a single cable. 1In
general, the encoded clock is connected to
either computer or manually controlled timing
modules which act as preset counters. The
serially encoded information is selectively
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ator event reference times. Any one of 14
reference times can be used as a tlmlng pulse
or as a start signal to the module, which then
produces a pulse delayed from the selected
reference by a predetermined amount of clock
ccunts.

ity

acceler-

and
allG

+haaa modulesg

neead ag
chese moau.ies as

Master C

i
o]
2}
=

The Master Clock which is used
source for the encoding process is a nominal 1
Megahertz cscillator which is synchronized to
the 60 Hertz line wvoltage provided by Common-~
wealth Edison. This feature is necessary
since the accelerator is operated directly
from the line and this clock is used to pro-
gram the Main Accelerator power supplies.

The Master Clock is composed of a counter
/A (digital to analog converter) and a VCO
(voltage controlled oscillator), as shown in
Figure 1. The clock cperates in a closed loop
where it receives update information synchro-
nized to, and at a 60 Hertz rate. Since the
clock is slaved to the line pericd, its fre-
guency will chanqo if the pericd of the line
freguency chan . the period changes,
error ccunts will be strobed into the D/A at
the 60 Hertz update time. The analcg voltage
ocutput ¢f the D/A changes the freqguency of the
cscillator by changing the voltage at the in-
put tc the VCC. the ccunter is not
cleared, and the counts shown in Figure 1 for
neminal 1 Megahertz operation remain the same,
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l’ch driven toward zero by the 60
uodate. The effoct of this type of op-
is that over long periods of time no

are lost. As the line period changes
cd response of the loop slowly and
1y maintainsg the nominal 1 Megahertz

frequency .

Phase Reversal Cencrator

The method used to serially encode infor-
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mation into the Master Clock pulse train is
termed phase reversal ceneration. PRIMET
(Phase Reversal Interval for Machine Event
Timing) is used to encode up to 14 phase rever-
sals (P.R.'s) or reference times into the
Master Clock pulse train. This type of encod-
ing is not limited toc 14 but was chosen
practical as well as technical reasons.
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A reference time having three phased re-
versed cycles of the clock is shown in Figure
2a and 2b. As can be seen in these figures,
the clock signal consists of +10V bipolar puls-
es. The negatlve pulse is generated 250 nsec
after
The 2 Megahertz pulse rate is used to shorten
the detection time. One cycle of the clock is
defined as one positive pulse followed by one
negative pulse. Using this definition the
clock can be thought of as havinag a frequency
of 1 Megahertz. The timing modules which use
this clock actually count only the p031t1ve
Pulses providing a maximum resol

Lsec.
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Figure 2Za shows the normal pulse train
just before and just after the three P.R.'s.
Figure 2b is an expanded view of Figure 2a.
The second adjacent negative pulse, shown in
Figure 2b is the start of the P.R. time inter-
wval Tha
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following three cycles

termed a P.R. of three. The second adjacent
positive pulse shown in Figure 2b signifies
the end of the P.R. interval, after which,
normal clock generation is as shown in Figure
2a.

Detection of this particular reference
uses the second zﬂﬂahpn+ npna+1vp nn?qp

to enable a counter. The positive pulses are
then counted until the second adjacent positive
pulse occurs, disabling the input to the coun~
ter. At this time a count of three exists in
the counter. At the end of the P.R. interval
the number in the P.R. counter is compared
with a number stored in a latch and an output
pulse is generated if an equa11+y exists. The
S ame method iz used to detect all other refer-

ence times.
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A block diagram of PRIMET is shown in
Figure 3. A 15 input latch is connected to a
rriocrity enceder which Jevelops a BCD code cf
the input. All 15 inputs act as interrupts to
the P.R. generatcr. The highest priority P.R.
is the one P.R. interval. If two or rore in-
puts occur simultaneously the one serviced
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first will he the lowest numbercd.

The T.R. counter 1is loaded with the BCD
from the priority generator by the strobe
frer the OR gate. This starts the generation
of the selected P.R. When the proper nunmber
of P.R.'s have been executed, the end of P.R.
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generation pulse will test for any existing
interrupts and clear the previous interrupt
just serviced. If no other interrupts exist
the generator outputs the clock with no P.R.'s.

There are actually two modes of operaticn
used in the generator because of certain Main
Accelerator cycle reference times. A typical
Main Accelerator waveform is shown in Figure 4.
Tl through T6 are reference times which mark
particularly important reference times in the
cycle. They also correspond to the number of
P.R.'s that are generated at those particular
times. These reference times are very impor-
tant and cannot be affected by any other time
reference produced as a P.R., hence the two
modes of operation.

These two modes are termed Normal and
Protected. The Normal mode is one in which
the reference time is not one of prime impor-
tance. The Protected mcde, used for reference
times as shown in Figure 4, delays both the
start of P.R. generation and the test for new
interrupts by 32 usec. This is done to pre-
vent the shifting in time of a protected ref-
erence 1if a normal P.R. other than that shown
in Figure 4, is being generated when the Pro-~
tected P.R. interrupt is received. Wwhen a Pro-
tected P.R. interrupt occurs during a normal
P.R. the delay counter is started. Since the
longest P.R. generation time is 14 usec and
the counter delays Protected P.R. generation
for 32 usec, a conflict of time cannot occur.
Overlapping operation of Normal P.R. genera-
tion and the start of the delay counter for
the Protected mode, prevents time jitter of
the protected reference times. There are 8
Protected reference times out of the 14. The
remaining six can be used as general purpose
reference times. An interrupt can occur at
any time and the reference time will be gener-
ated according to the previously stated pricr-
ity.

The clock is transmitted as a bipolar
pulse train using transformer coupling at all
repeating and receiving modules. Transformer
coupling is used for isclation and to improve
noise rejection on the clock lines.

The hardware involving the generation of
the P.R.'s is shown in the photograph in Fig-
ure 5. The P.R. generator uses a two wide pa-
nel module in the CAMAC crate. Complete test-
ing of the generator can be done from this
front panel. A hexidecimal display shows the
gap just produced. The panel above the CAMAC
crate is the input trigger panel into which
timing pulses (interrupts) are connected to
produce P.R.’'s. This affords complete freedom
ir the assignment of P.R.'s with regard to
number and priority.

General Operating Features

The reference times as shown in Figure 4
are encoded in the clock at specified times
either by real time interrupt triggers, or by
interrupts generated by machine operation.
The recal time triggers are obtalned from tim-
ing modules which use the 1 Megahertz line-
locked Master Clock. Examples of protected
reference times which use real time triggers
wculd be the Main Ring reset {(highest priori-
ty), start of Rectification, Flattop, ctc. as
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shown in Figure 4.

A requirement for a reference time which
is not time related, is one which must be gen-
erated when the Main Accelerator and Injector
are in synchronism for beam injecticn. The
beam mcomentum in both machines must be the
same, Injector beam must be in the proper ra-
dial position and the selected empty buckets
in the Main Accelerator must be in position te
accept Injector beam. When all these condi-
tions are met, the synchronizing electronics
provides an interrupt pulse to the P.R. gener-
ator. This reference time can then be detec-
ted and used to initiate the injection of beam
into the Main Accelerator.

Another application of a reference time
is one in which a variable time trigger is
connected to produce a specific phase reversal
anywhere in the accelerator cycle. As this
trigger is moved from a reference point, say
M.R. reset, the encoded phase reversal also
moves. An operator, by twirling a knob on a
Main Control Room console, can move a rhase
reversal through the entire Main Ring cycle.
This type of operation could be used where a
general reference time is needed when the ex-
act time of an event is not known.

The clock is distributed throuchout the
beam lines using pulse repeaters located in
CAMAC controllers. Manual or computer control-
led modules in these controllers are used to
detect the reference times and produce timing
pulses. The modules can be used to detect any
of the 14 reference times. Once a timing pulse
has been produced from a module it clears it-
self and will not produce ancother pulse until
the reference time that had been selected occ-
curs again. It is possible that a particular
reference time will not be generated every
machine cycle. This could, for example, cccur
when a reference time is used to indicate whe-
ther or not beam is being accelerated. In
this case the detection of the reference time
would trigger equipment only when beam was
actually available.

Beam Line Egquipment

There are three types of timing modules
used to detect reference times in the bean
lines. The CAMAC clock fanocut, the CAMAC tim-
il’lg module and the PREDET are shown in Figure
5. Each module receives and decnces the in-
comina clock as previouslv explained under the
headines "Phase Reversal Cenerator".

The clock fanout module receives the in-
coming bipolar clock and generates thrce buf-
fered outputs. It is used to provide multiple
outputs at a control station. It detects all
14 reference times, of which 4 can be sclected
as outputs on the front panel. A LED assccia-
ted with each output indicates the presence of
an output pulse.

The CAMAC timing module is
trolled. The computer writes a 24-bit word
into a register of the module. The most sia-
nificant 4 bits are used to zelcct one of the
14 reference times. Writing a zero into the
reference time register will inhibit both the
time reference and the delavyed outputs. A
front panel irhibit switch 1s also provided
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for this purpose. Writing a one into the ref-
erence time register allows an external pulse
from the I,/0 connector to be used as an exter-
nal reference. The remaining 20 bits specify
the desired time delay at 10 usec per count
with respect to the reference pulse. There is
a buffered bipolar clock output available for
daisy chaining modules.

The PREDET is a manually settakle timing
module which can be used either in a CAMAC
crate or in a NIM crate. There are four inde-
pendent sets of 5 digit thumbwheel switches
which are used to set the time delay from the
selected reference. A l6-position thumbwheel
switch on the front panel selects INHIBIT, EX-

15 Hz TO BOOSTER MAGNET POWER SuUPPLY

TERNAL pulse reference, or any one of the 14
reference times. A 3-vosition switch selects

1 vsec, 10 usec or 100 usec per count of delay.
Three LED lites are provided for displaving

the current selection. All pulse ocutputs can
pe hardwired to either NIM or logic or T°L lo-
gic levels. The output characteristics in ei-
ther case is a pulse 1 psec wide driving 50
ohms.
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