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Abstract

This note describes the design of the RF-MUX and Synchroniser, a VMEbus module to generate timing
signals for the closed orbit display (CODD) of the CERN PS machine. Based on the machine revolution
frequency, a pick-up signa and timing inputs, it produces a beam-synchronous reference frequency and a number
of acquisition triggers, as needed by the remainder of the CODD system.
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1. Introduction

The RF-MUX and Synchroniser is a VME module implementing part of the CODD synchronisation
system [1]. In combination with a separate DDS PLL, a few TG8 modules and 10 BLR & Gate Generators, it
produces al timing and RF signals needed for orbit acquisitions and calibration. CODD isinitially synchronised
with the reference frequency of the injecting machine. After injection, it uses a pick-up signal to deriveitstiming,
and during calibration, alocal calibration source is used. The RF-MUX selects the appropriate frequency source,
according to the measurement mode, and provides synchronisation and acquisition triggers, whenever necessary
during the PS acceleration cycle.
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Fig. 1 Block-diagram of the VM E RF-M UX and Synchroniser

The PS-RF input, normally the revolution frequency, is multiplied up by the machine harmonic number to
recreate a signal at the RF bucket rate, which must lie between 2 and 10 MHz (Fig. 1). It is followed by a
programmable phase shifter, to align the bucket clock with the PU signal and allow a smooth transition. The
block labelled DDSPLL is not part of the RF-MUX and consists of a set of NIM modules in a nearby crate. Its
function is to produce a clean version of the PS machine’s RF frequency, based on a look-up table plus a
correction derived from its input.

The output signal, Fgn, which can be either the DDS signal or a calibration clock, is distributed over 12
outputs to the BLR & Gate Generators [2], which in turn produce the appropriate gating signals for the analogue
orbit acquisition hardware.

The RF-MUX and Synchroniser uses TG8-timing information to select the source signals: calibration-RF
between Calibration Start and Calibration Stop, PS-RF thereafter, and the PU signal following Injection.

The re-synchroniser is used for harmonic number changes. During such operations, the system
momentarily looses synchronism. When the situation has stabilised on the new harmonic, the RESYNC trigger
initiates a sequence which aims to lock on the first non-empty RF bucket detected.

A pulse on RESYNC marks the end of RF-Gymnastics. The re-synchroniser must be loaded with ppm
information related to the final harmonic number, prior to reception of the RESYNC trigger.



1.1. Operation

The RF-MUX and Synchroniser can be
roughly divided into three functionally distinct
sections. Thefirst is a state-machine (Fig. 2), driven
by three of the input triggers, which switches one of
three RF sources to a common output. The second
section, in the top half of the block diagram, is the
RF switchyard. The third section synchronises the
triggers with the appropriate RF and passes the Calibration start
result on to the appropriate outputs.

Referring to Fig. 2, the normal sequence of
states is that which traverses the three states in the
clockwise direction. Initially, the PS-RF input
signal, multiplied by h, is passed to the output.

When an injection trigger is received, and after a Fig. 2 The RF-MUX state machine
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The SYN output trigger serves to Table 1 Input vs. output triggers

mark the instant a bunch of particles first

traverses the first PU after the injection point. In doing so, it marks, as it were, a bunch as being the first. Since
the injection orbit is to be measured at all times, the ADCT, which triggers an orbit acquisition, is also generated.
The EXT output is used for all other orbit measurements during the acceleration process. It merely requests a
measurement to be made within the next millisecond or so, the fine timing being the responsibility of another
module, the BLR & Gate generator [2]. During bunch merging or splitting operations, or during harmonic
number changes, colloquially known as ‘RF gymnastics’, the tracking of the first bunch fails. The RESYNC input
tells the RF-MUX to accept any bunch to pass through the PU it’s looking at as being the first and to convey this
information to the BLR & Gate generators by means of the SYN output. No acquisition is desired in this case,
hence the absence of ADCT.

2. Address map

The address space covered by the module extends over 16 words, mapped into the VME short 1/O space,
but only 9 of them are actually used. Both supervisory and unprivileged access (AM = 0x2d or 0x29) are
accepted [3]. All registers can be read or written using 16 bit word operations. The base address of the module is
set using three coding switches: S1, S2 and S3. The LSB of switch S3 is ignored. The switches are connected to
the VME address lines according to this table:

A15 | A14 | A13 [ A12 [ A11 ] A10 | A09 | A08 | A07 [ A06 | A05 | A04 | A03 [ A02 [ A0 [ A0O
Slg | Sla | S1p | S11|S28|S24 | S22 | S21|S38 | S34 | S32| —~ | - | —~ | —~ | —

The addresses of the internal registers, as byte offsets from the base address, are given below.

Offset Register name
0 RF-Phase




2 Status/Control

4 Trigger

6 Resynchroniser

8 Threshold

Oxa Interrupt vector
Oxc Interrupt control
Oxe ADC trigger delay
0x10 Harmonic

Based on the above description, a possible C-language structure definition mapping out one module can
be written as follows:

typedef struct {
unsi gned short phase, /* RF phase */

ctrl, /* Control and status */
trig, /* Trigger register */
resync, /* Resynchroni ser delay in half-buckets */
t hreshol d, /* Bunch trigger |evel DAC */
vector, /* Interrupt vector */
ictrl, /* Interrupt control */
atd, /* ADC trigger delay */
har noni c; /* Har moni ¢ nunber */

} mux;

3. Detailed register descriptions

3.1. The RF-Phase register (Offset 0)

The PS-reference frequency can be aligned with the injected beam by writing to this register. The phase
can be adjusted in steps of /s, of a bucket period. Only bits PhOO to Ph0O4 are used. The remaining bits are
ignored and read back as “0’.

D15 [ D14 [D13[ D12 D11[ D10 D09 [ D08 [ D07 [ D06 [ D05 [ D04 | DO3 [ D02 [ DO | D00
phese| - | - | - | - | - | - | - -1 -1 -1 - [rnoa|Pno3]|phozPhot|Phoo

3.2. The status/control register (Offset 2)
The status register informs about and controls the state of various sections of the module.

D15|D14 | D13 | D12 | D11 | D10 | D09 | D08 | D07 | D06 |DO05|D04]D03| D02 | D01 | D00
ctrl - - - - - - |MRP| LOCK | RFdet | PS-RF | PU |[CAL]INT| PP | CS | SS

The SS bit selects the source of the reference frequency. When set to “0’, an internal 10 MHz signal is
used. When set to ‘1', PS-RF is taken from the front panel input. Similarly, the CS bit selects the source of the
calibration RF. When set to ‘0", an internal source is used. When set to ‘1’ the signal from the CAL-RF front
panel input is used instead.

The particle polarity is selected with the PP bit (‘0" for positive particles and ‘1’ for negative particles).
This bit controls the polarity of the circuit used to detect the passage of the first bunch of particles after a
resynchronisation trigger.

D03..D06 are the image of the corresponding front panel LEDs INT, CAL, PU and PS-RF. They indicate
the origin of the RF signal available on the FSYNCH outputs. The INT bit is set when the signal from the internal
10 MHz source is active. The CAL bit is set during calibration (between Calibration Start and Stop). The PU bit
is set when the signal from the PU input is active. This is normally the case after injection. The PS-RF bit is set
when the signal from the PS-RF input is active. This is normally the case between Calibration Stop and injection,
provided SS is set.

The RFdet bit is set when a reference frequency is present, either from the PS-RF input if SS is set, or
internally generated if SS is cleared. The LOCK bit is set when the RF-Phase Shifter internal PLL circuit has
locked onto the reference.



The MRP bit should be set to prevent the calibration generator from being enabled during MRP
measurements.

3.3. Thetrigger register (Offset 4)

D15| D14 | D13 | D12| D11 | D10 | D09 | D08 | DO7 | DO6 | DO5 | DO4 | DO3 | DO2 | DO1 | DOO
trig | - - - - - - - - - - | Cd | Stop| Start | Sync| Ext | Inj

To simulate external timings such as injection trigger, external trigger, resynchronisation trigger,
calibration start, calibration stop and calibration trigger, software triggers can be produced by writing ‘1’ to the
associated register bits: Inj, Ext, Sync, Start, Stop and Cal. Thisis a write-only register. The effect of multiple
simultaneous triggers is undefined. The Cal trigger switches the Fsynch outputs to the 2.5MHz calibration
frequency. Start enables an external calibration generator that simulates the injection of a single-bunch circulating
beam. Stop ends the calibration period and set Fsynch back to h*Frev. Sync is used to resynchronize after RF
gymnastics.

3.4. Theresynchronizer register (Offset 6)

Only bits ROO to RO5 are used. The remaining bits are ignored and read back as ‘0. Thisregister tells how
many RF buckets should pass after detection of the first bunch following RF gymnastics, before a SYN output
must be produced.

The value in this register is interpreted as a number of half-buckets. This alows sufficient resolution to
keep the synchronisation trigger at a safe distance from the active edge of the BLR and Gate Generator clock.
The value to be written here would normally be two or three half-buckets short of h, so that the first bunch to
trigger the bunch detector after a RESY N trigger is designated to be the new ‘first’” bunch one turn later.

Setting the Injection Trigger Delay (ITD) bit retards the effect of the injection trigger by one RF cycle to
palliate the lack of resolution of the PIX.SCODD timing, which always runs at h=8.

D15| D14 | D13|D12| D11 | D10 | D09 | D08 | DO7 | DO6 | DO5 | D04 | D03 | D02 | DO1 | DOO
resync| - - - - - - - - - |ITD | RO5 | RO4 | RO3 | RO2 | RO1 | ROO

3.5. The threshold register (Offset 8)

The bunch detection threshold level, used to detect the first bunch after RF gymnastics, is set with a 12-bit
word. The remaining bits are ignored and read back as ‘0’. Referred to the required absolute trigger level V1 at
the PU input connector, the value to be written into this register should be N=1000(2.5-V+1/2). Values of N>2500,
corresponding to negative values of V+, do not yield useful behaviour. The correct sign of the detection threshold
is set with the PP bit of the status and control register (0 for positive particles). V:=100mV, i.e., N=2450, has
proved to be agood setting for CODD.

D15|D14 | D13|D12|D11| D10| D09 | DO8 | DO7 | DO6 | DOS | DO4 | DO3 | DO2 | DO1 | DOO
threshold | - - - - |D11| D10 D09 | D08 | D07 | D06 | DOS | DO4 | DO3 | DO2 | DO1 | DOO

3.6. The interrupt vector register (Offset Oxa)

The interrupt vector is an 8-bit value that will be applied to the bus during VMEbus interrupt acknowledge
cycles. This register will not be cleared by /SYSRESET. Its value upon power-up is undefined. Unused bits read
back as‘1'.

D15|D14|D13| D12| D11 | D10 | D09 | D08 | DO7 | D06 | DO5 | D04 | DO3 | D02 | DO1 | DOO
vector| - - - - - - - - v7 | v6 | VB | v4 | v3 | v2 | vl | VO

3.7. The interrupt control register (Offset Oxc)

The interrupt level can be written to bits L[0..2]. Only levels from 1 to 5 will result in interrupts being
generated on the VME bus. Levels 6 and 7 are accepted, but are not put on the bus. Setting these bits to zero
effectively disables interrupts. The whole register is cleared upon power-up and /SY SRESET.

D15| D14 | D13| D12 | D11| D10 | D09 | DO8| DO7 | DO6 | DO5 | D04 | DO3 | DO2 | DO1 | DOO
ictl | - | Icd |Istop] Istrt |Isync| lext | linj | Ecal | Estop | Estrt | Esync | Eext| Einj | L2 | L1 | LO




When set, the Einj, Eext, Esync, Estrt, Estop and Ecal bits enable the generation of the corresponding
interrupts upon detection of Injection, External trigger, Resynchronisation, Calibration Start, Calibration Stop
and Calibration trigger. The linj, lext, Isync, Istrt, Istop and Ical bits are read-only flags, set when the associated
triggers are the cause of an interrupt. Interrupts can be cleared individualy by momentarily clearing the
appropriate Exxx bit.

3.8. The ADC trigger delay register (Offset Oxe)
This 16 bit wide register specifies the delay to be inserted between the generation of an output SYN or
EXT trigger and the associated ADC trigger. This is necessary because the BLR & Gate generator can wait for a
programmable number of turns after receiving atrigger before actually producing a gate. The delay is specified in
RF buckets, i.e., h times the number of turns. This delay is in addition to the hardwired delay of 24 pus which
allows the analogue hardware to settle before A-to-D conversion.

3.9. The harmonic register (Offset 0x10)

This 5 bit wide register specifies the harmonic number. Only bits D04..D00 are used. The remaining bits
are ignored and aways read back as ‘0’. The input reference frequency, PS-RF, normally at the revolution
frequency, is multiplied by the harmonic number to reconstruct the bucket frequency, which must lie between 2
and 10 MHz. The value actually written to this register should be h-1.

D15| D14 |D13[D12[ D11 | D10] D09 | D08 | D07 | D06 | DOS | D04 | D03 [ D02 [ DO1 | DOO
hermonic | - | - | - | - | - | - | - | - | - | - | - |ho4|ho3]ho2|hoL|hoo

The frequency multiplier isimplemented as a phase locked loop. About 2 ms are needed to achieve lock.



4. Inputs, outputs and indicators

The RF-MUX has numerous 1/O connectors, with many different electrical specifications
and, sometimes, confusing names. Enumerating them as they appear on the front panel from top to

bottom:

PU
RFO
ADCT
DDS

GEN
RESYN
TRIG-EXT
TRIG-SYN
CAL_RF
CAL_EN

INT
CAL
PU
PSRF

TRIG-INJ
TRIG-EXT
CAL-START
CAL_STOP
PS-CAL

PS-RF

F.SYNCH

LOCK
RF

SYNCH
EXT
ADDRESS

LED
LED
LED
LED

out (12)

LED
LED

LED
LED
LED

Terminated into 50Q. Protected from overloads with clipping diodes.
1Vpp into 50Q. Back terminated.
TTL compatible. May be terminated into 50Q to GND.

800mVpp into 50Q (100Q to GND and 100Q after a coupling
capacitor.)

TTL, low true. With internal 4k7 pullup resistor to +5V.

TTL, low true. With internal 4k7 pullup resistor to +5V.

TTL compatible. May be terminated into 50Q to GND.

TTL compatible. May be terminated into 50Q to GND.

TTL compatible. May be terminated into 50Q to GND.

TTL compatible. May be terminated into 50Q to GND.

Lit when the internal 10MHz clock sourceis active.
Lit when the RF-MUX isin the calibration state.
Lit when the pick-up signal is selected.

Lit when the clock source is taken from the PS-RF input.

TTL, high true. With internal 50Q terminator to GND.

TTL, low true. With internal 4k7 pullup resistor to +5V.
TTL, low true. With internal 4k7 pullup resistor to +5V.
TTL, low true. With internal 4k7 pullup resistor to +5V.

800mVpp 50Q ECL (100Q to -2V and 100Q after a coupling
capacitor. No clipping diodes.)

800mVpp into 50Q (100Q to GND and 100Q after a coupling
capacitor. No clipping diodes)

ECL into 50Q to -2V.

Lit when the internal PLL has locked onto the reference source.

Lit when an RF signa is present, either from the PS-RF input or from
the internal 10MHz source, according to the state of the ctrl-SS bit.

Blinks when a pulse is applied to the TRIG-INJ input.
Blinks when a pulse is applied to the TRIG-EXT input.
Blinks when the RF-MUX is addressed over the VME bus.

The TTL inputs are protected from overload by Schottky clipping diodes and will function
correctly with the application of PS ‘standard’ impulses, (+30Vp, 1us). The PS-CAL and PS-RF
inputs will likely not survive such treatment.

Fig. 3 Front pand

RFMUX
SYNCHRO

LOCK

SYNCH
EXT
ADDRESS

PS 630-2063-350




PU

RFO

ADCT

DDS

GEN

RESYN

TRIG-EXT

TRIG-SYN

CAL-RF

CAL-EN

TRIG_INJ

TRIG-EXT

CAL-START

This input receives a signal from a pick-up. About 10us after injection, this signal will provide
the phase reference to the DDS frequency |oop.

Prior to injection, this output carries a reconstructed bucket frequency, at h times the revolution
frequency, derived from the PS-REV input, the value of the harmonic register, and the setting of
the RF phase register. About 10us after injection, it produces a copy of the signal applied to the
PU input. This output goes to the input of the DDS synthesizer, which creates the reference
frequency for the whole orbit measurement system.

This output triggers the MPV908 ADCs of the acquisision system. It is produced at a minimum
of 24ps after an INJ or EXT trigger. It can be delayed further by writing into the ADC trigger
delay register.

This input receives the reference frequency produced by the DDS synthesizer, which is
distributed over the Fsync outputs outside of the calibration period.

CAL_RF_ON in the schematic diagram. Thisinput trigger sets the Fsync outputs to produce the
2.5MHz calibration reference frequency derived from the internal quartz oscillator. Thisinput is
not currently used. Instead the RT software simulates it by writing to the appropriate bit in the
trigger register at ELFT. This gives sufficient time to the BLR & Gate generators to lock.

Thistrigger input is used to resynchronize the BLR & Gate generators after RF gymnastics. It is
fed through to the TRIG-SYN output after having been resynchronized to the bucket and
revolution frequencies, and having been delayed by the number of half-buckets prescribed by
the resynchronizer register.

This output signals a C-measurement request to the BLR & Gate generators. It is fed through
from the TRIG-EXT input in the lower half of the module after having been resynchronized by
the bucket and the revolution frequencies. It will also cause the generation of a pulse on the
ADCT output after a programmable delay. The duplicate name is unfortunate.

This output signals the instant of injection of a beam into the machine. It is passed to the TRIG-
INJ output after resynchronization to the bucket frequency. In case the source of the injection
trigger has insufficient resolution, this signal can be optionally delayed by one additional bucket
period by setting the ITD bit in the Resynchronizer register. It will also cause the generation of
apulse onthe ADCT output after a programmable delay.

This output produces a permanent 1.25MHz signal for the use of the calibration system. It is
coherent with the 2.5MHz frequency produced by the Fsync outputs during the calibration
period.

This output enables the calibration generators. It is produced from the CAL-STRT input after
resynchronization with the calibration bucket frequency, and remains set until calibration stop.
Setting the MRP bit in the control register will prevent CAL-EN from being set.

This input receives the injection trigger, currently named PIX.SCODD. After resynchronization
with the bucket frequency, it will be fed through to the TRIG-SY N output and it will also cause
an ADCT pulseto be produced after a programmable delay.

This input receives C-measurement triggers from the accelerator’s timing system. After
resynchronization with the bucket and revolution frequencies, it is fed through to the TRIG-
EXT output in the top half of the module. An ADCT pulse will aso be produced after a
programmable delay. The duplicate name is unfortunate.

A pulse on this input starts the calibration period. If the Fsync output hadn’t been switched to
the internal 2.5MHz calibration reference frequency yet, it will switch with this signal. After



synchronization with the bucket clock, the CAL-EN output will be set, and a TRIG-SYN pulse
will be produced. If the MRP bit in the control register is set, CAL-EN will not come out, but
the other events described above are unaffected.

CAL-STOP A pulse on this input terminates the calibration period. The Fsync outputs are switched to the
reconstructed bucket frequency derived from the PS-REV input, the harmonic and RF phase
registers. If CAL-EN is cleared asynchronously.

PS-CAL This inputs accepts a calibration reference frequency from an external source. It replaces the
internal 2.5MHz signal if the CS bit in the control register is set.

PS-REV This input accepts the reference revolution frequency, if the SS bit in the control register is set.
It is used to reconstruct the bucket frequency, according to the settings of the harmonic and RF
phase registers.
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