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MAIN RING RF TIMING

The subject which is dealt with in this write-up is the {iming at main
ring RF. However, since this is-intended fo be a part of an overall dis-
; cuésion on the lo§v level system it is appropriate to maI%e mention of how
the components which comprise the timing‘serve the low level system.

Referring to the low 1eye1 systefn block diagram, the timing components
are seen to be the 'Main Ring RF Timing Controller' and the 'Universal Logic
Chassis Card.' The timing information that is required by'the low 1e§re1
system is seen to be in the form of four pulses which are sent "co the GATE
7 GENERATOR module (see fofthcoming write-up of this module for descripﬁon
- of its functions) and one gate which is used by the GATE AND FAN OUT |
‘DRIV’EAR. Since the advent of the curves MAC theré is algo some timing in-
formation which is independent of the Timing Controller. . Through'the curves
MAC and its associated pulse generator card,pulses at specified energies are
available; and it is one of these pulses that is used for transition. timé. This
pulse is used by the GATE GENERATOR Iﬁodule. Through these two sources
the low level system receives all the timing information it needs.

I will now discuss the components which on the block diagram are
labeled MAIN RING RF TIMING CONTRdLLER and the UNIVERSAL LOGIC -
CHASSIS CARD. |

These units are instrumentalin deriving the 'pulse\s and gates which con-
trol the RF systems. An additional service which is provided by the timing

controller is that the WATCHDOG system uses it to turn off the RF in event

of a failure.




The timing con’créller containg a clock., It is seleqtable to eithér 5 kHz‘v‘
or 10 kHzr and it presently runs at 5V kHz. Any réference tvorthis cl&ck will
be in MCP (Main Ring Clock Pulses). This clock ﬁeeds to be referencéd to
the rest of the accelerator, and two signals are used to do so; The‘fir'st is
- the T¢ pulse,i which is derived from the -MR‘PhaSe Reversal Clock and is used to
reset the clock. The seconci reference soufce ish’a‘:he booster clock which is
sent to main ring RF. Any reference to this pulse train will be in BCP
(Booster Clock Pulses).

From these two sources, Main Ring Reset and the Booster Clock,' the
necessary synchronization is obtéined. - There are four timing éhannels
calibrated to the Booster Clock. Tﬁese are called Injector Timing ChannelsA
(ITC) and are in units of Booster Clock Pulses. There are 16‘tim.ing chan-
nels synchronized to Main Ring Reset. These are known as Main Ring
Timing Channels (MRTC) and are in Main Ring Clock Pulses. From these
timing channels four gates are derived, Also contained in the timing con-
troller are three special purpose timing registers which record the count of
the Maiﬁ Ring Clock counter at Various times.

-As a first step in understanding the MRRF timing each of the ITC's,
MRTC's, GATES and registers will be indix}idually discussed.

ITC1 - This timingvchannel also has the name BEX1. Its purpose is
.to provide a pulse that indicates beam is coming to main ring., It does so by
providing a puls.e after the first 8-GAP from booster, after a T-(D pulse,

The amount of time after the 8-GAP until the BEXl pulse is controllable

through the main ring 530 with a parameter called BEX1 (units are BCP).



In other words if BEX1 is set for 35080, the BEX1 pulse on ITC1 will occur
35080 Booster Clock Pulses after the first 8-GAP "chat has occurred since the
las’F T¢ pulse (main ring reset); This .'pulse is used ’ce generate some ef the
other pulses éiscribed below and is vsent out to the gate generetor medule.

'ITC2 - Also called BEX. This provides pulses similar to BEX! except
that it does so on eVery 8—GAP.' Thus, during normal main ring operation
there'vs.rill be 13 pulses on ITCZ per main ring cycle. It is available as a
scope trigger at the RF building.

| ITC3 - Th1s chann‘e,l is also known as EBEXLf Ite only known use is in
scope triggering. Its value will be that of BEXI mlnus an'offset that can be

" entered on the bottom of subpage 2, page 18 on the Main Rihg XSSO, If a

negative number is entered on page 18, EBEXI1 will be set to 1. Therefore

' EBEXl will normally occur at the same time, or shortly before BEX1. It

AN

1s therefore known as Early BEXl
ITC4 - This timing channel is a spare although it can be controlled
from subpage 2, page 18 of the 530 where it is called a genei'al purpose

trigger.

MAIN RING TIMING CHANNELS
MRTC1 \— RFON: This pulse is used to start the RF and DC gates. It is
generated in such a way so that when the number of booster pulses changes
er booster- pulses' are sﬁifted a cycle earlier or later, the RF on time will
change automatically. To do so the tirning controller monitors the BEX1

pulse (ITC1) and records this time in MCP in a special purpose register.



This therefore is merely BEX1 time in main ring clock pulses and is called
BEX1M. The RIFON pulse is derived from the value in the BEXIM register
plus a value entered by an operator through the 530 called NRFON (nominal
RFON). In addition there is a software offset of 41 MCP programmed into
the system. The final value of this pulse, which is then displayed on thé 530

CCI as RFON is:
RFON (MCP) = BEXIM (MCP) - 41 MCP + NRFON (MCP)

This timing channel is used internally by the timing controller in the forma-
tion of the RF and DC gates, which will be deséribed later.

MRTC2 - RFOFF: This timing channel is used in ’_che formation of the
RF and DC gates to turn the RF off. Its value is determined directly by an
| operator through the main ring 530.

MRTC3 - SCPTRG: This timing channel is used to triggerrtnhe,scbpe’ at
the RF building. Its derivation is similar to MRTC1 in that it is referenced
to BEX1M. It can be offset by changing NSCTRG on the MR530, and the actual

time will then be displayed as SCPTRG.

SCPTRG = BEXIM (MCP) - 46 MCP + NSCTRG (MCP) .

MRTC4 - ACCSW: This pulse is used by the gate generator module in
the formation of the injection gate and the Radial Position Enable gate. It is

‘originated by an operator through the main ring 530.



MRTC5 - Not used at the present time. In older documentatibn it was
called RVRTRG.

MRTC6 - SCPINT: Supplies a pulse for intensified scope trigger. FEntered
 directly through MR530. |

MRTCT7 - ‘MACINLT: This pulse is’shipped directiy back to the MAC
where it o;[ue:uesAinterru;St 1eve12for sampﬂngthe MRRF MADC JIt also.i‘si’i; -
en’ﬁered direcﬂfy through MR530.

MRTC8 - This timing .channel is not used at thié time. In older docu-
mentation it was called ATSMPL. | |

MRTCY - PDP8GO: Presently used as the start time for the PDPS8
memory feedback.

MRTC10 - PRFON: This timing channel is used to‘ turn the RF on when
a past pulse. is injected into main ring. The value of PRFON is entered directly
through the X530. The pulse sent out on this timing channel is hérdware OR'd
with MRTC1 so that either timing channel can control the GATES.

MRTC11 - PRFOFF: This is the past pulse RF off timing channel. It‘
is hardware OR'd with MRTC2 so that either timing channel is .capable of turn-
ing the RF off. |

MRTC12: SDON: Sﬁper damper on time.-

MRTC13: SDOFF: Super damper off time.

MRTC14 - BDON: Beam dampers on time.

MRTC15 - BDOFF: Beam dampers off time.

- See appendix for update list. v




MRTCM - This is the manual channel in that it can be locally changed
at the RF building without putting the timing controller into manual. It's

available on the front panel of the timing controller for general purposes.

TIMING REGISTERS

BEXIM - This register contains the number of Main Ring Clock pulses
that have océurfed between clock reset time (the T¢ pulse from the ﬁtility
crate belof;v the HLU and the BEXi pf}ulse on ITCI1.

o MAXCP - The contents of this register is the number of clock pulses
that occur befween T‘¢‘.SV(Ma-i:n‘ ng Resets)Thls r'e-gi;ste'r@‘:‘énp?t con’cama

number greater thanr65535, which is 13.107 seconds v%}hen the clock rate is
5 kHz. Should the main ring cycle time exceed 13.107 seconds this register
will contain the value 65535 and be displayed in red on page 18 of the main
ring XSSO. Any attempt fo .set a timing channel to a value greater than
MAXCP will result in that‘ timing channel being set to the value of MAXCP.

GEN INP - This fegister is connected to a BNC input on the front of
the timing controller énd contains the number of MCP between-T¢ and what-
everApulse is connected to the general input. Atv_the present time the input
is connected to a pulse that occurs at transition time, and this register

therefore contains transition time.

GATES
GATE 1 - DC GATE: This gate is turned on by MRTC1 and turned
off by MRTC2. There are several other conditions for this gate which will

be mentioned below. This gate allows the anode program to pass to the

high level equipment.



GATE 2 - RF GATE: This gate is also turned on by MRTC1 and off
by MRTC2. There is, however, a delay in the turn on that is controllablé
from 0-15 MCLK pulses (hard-wire chaﬁge). It is presently set to 4- MCLK
as can‘be seen on subpage 2, page 18, X530. An external signal is also
applied to both of these gates. 'I:his is the WATCHDOG permit signal. When |
the WATCHDOG signal goes ‘to a logical '@’ the gates are turned off immediately
and ca.nnét be turned on again until the WATCHDOG has been ‘reset. In addi-
tion, both of these gates can‘be disabled by turning RFDRIVE 'Von_ page 21,
X530 to OFF. | |

This gate is sent to the GatAe and Fan-out Driver, the low level rf

systems which allows the rf signal to be sent to the individual station.

A brief schematic follows.
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GATE 3 - SUPER DAMPER GATE: This gate is turned on by MRTCI2
and off by MRTC13. It can be disabvled on subpage 2, page 18, MR X530,
and of course controls the on/off time of the Super 'Dam‘per.

GATE 4 - Not used, although at one time was used to control a feature
called RF SLOW OFF., It retains this nomenclature on subpage 2, page 18,
MR X530 where it can be disabled.

This concludes the discussion of the.basic functions of the timing con-
troller as it pertains to the operation of the RF. ‘One important operational
feature that has not been mentioned is PHLOCK. When phase lock'is turned
on or off three things occur. As mentioned in -PART I of the low level RF
write-up, a coaxial relay clolses when phase lock is turned off and sends
booster a RF signal directly from the reference oscillator.

The other things that happen when phase lock is turned off concern the
timing controller. Of primary importance is that ICLCK is\"disabl'ed._ In
~other words, the information from the injectpr timing channels (ITC's) are
ignored. Therefore BEX1M will be frozen to whatever value it is when
PHLOCK is 'turned off. The second thing that happens is that MRTC1 (RFON)
and MRTC3 (SCPTRG) are released from theii' dependence on BEX1M and can
be controlled direci;ly through the MR X530. The gold dasheé to the left of

“the line on page 18 will be positioned at RFON & SCPTRG ﬁvhen':PHLOCK is
off rather than at NRFON and NSCTRG when PHLOCK is on.

An addfcional parameter that can be controlled via page 18, MR X530
is VICD. Th:,is is the interrupt rate for PLOTM1 and PLLOTM2. The timing

controller queues the MRRF MAC on interrupt level 12 at the rate specified




as VICD. This is a very high priority level, and the task associated with
this level takes about 80 usec. VICD should therefore be quite a bit greater
than SO/LLSeC'OI‘ the MAC won't have time for anything else. Presently VICD

is set to 300 usec.



UNIVERSAL LOGIC CHASSIS

The UNIVERSAL LOGIC CHASSIS (ULC) has various functions depend-
ing on the needs of the rf system. The functkna'w&ﬁch concerns us here is
the Gate Enable Card.

The timing system operated as previously described for some time,
however, in order to provide' some protection the Gate Enable Card was
~added. The Gate Enable Card receivés several inputs: The DC gate, the
RF¥ gate, MRTC1, MRTC2 and the T ¢ pulse from the timing cqntroller just
described and the WATCHDOG permit from the WATCHDOG crate.

Recall that the DCGATE and RF GATE can be turned on ét any point
during the cycle by an operator. In the timing controller this changes the
state of a flip-flop causing the gate to go high immediately which would turn
the rf systems on. One of the functions of the ULC is to prevent the rf
from being turned on in the middle of the cycle. The other function is to
provide a crash éff capébility by either the WATCHDOG crate or the next
qu pulse.

In the following drawing and timing chart the gates from the timing
controller previously called DCGATE & RFGATE are referred to as GATEL1
and GATE2, respectively, to differentiate them from the output gates of the

ULC.



~ APPENDIX

Oﬁe of the problems with a write-up such as this is that things
change so quickly. Already the write-up as it ste;.nds is incorrect. How-
ever, I intended it to be a description of how the tirﬁing works and not an
exact documentation of timing channels and 'gateé. |

This documenfation aiready exists. Bob Ducar keeps a notebook in
the Main Control Room called RF SYSTEM OPERATIONS MANUAL in which
the timing channels and gates are listed. This notebook is updated regularlyv

and I suggest it be looked at regularly also. (The list of timing channels

- occurs near the end of the section called ASSIGNMENT SI—IEETS,) Also

included in the notebook are other write-ups including one on the timing
which can be used in conjunction with this write-up.

To bring this paper up to date I note the following changes:

MRTC5 RVTON/Start Phase Revert 41 ¢ debunchi
MRTCS RVTOFF/End of Phase Revert gse. 91”11“ .111?0 ng
Gate 4 Phase Revert Gate ur 1ng slow spill

MRTC10 Spare
MRTC11 spare
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