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Timing Distribution Overview

* RS485 drop nets distribute ttmmg around the

CERN accelerator complex

* Long distance transmission over optical fibers

* One ttiming network for each accelerator

* Hundreds/Thousands of timing recetver
modules distributed around the complex

e One timing generator drives one timing network




Timing Frames

Millisecond Millisecond

*  Timing trames ate Manchester encoded at 500kbit using a IMH?z clock.

* Each trame carries 32 data bits, parity, stact and stop bits.

*  One frame transmitted each 125us, 8 per mullisecond.

e The trame data 1s broken into bit tields

4 Bits Accelerator [A]

4 Bits trame Type ['T] . U SUinE SeiD
8 Bits Code [(:(:)DE]

16 Bits Payload [PAYLOAD]

* Some trames are recognized by the hardware and cause special treatment

Two UTC trames carty the tume ot day i theuwr payload
Millisecond frames are i’ll\Vﬂ}-"S sent 1 pllﬂSE‘ with the PPS
Telegmm trames are stored i double butters

Event frames cause counters to be loaded and tuggered and may produce bus
1111’61'1‘111)1’5
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Reflective Memory

LHC Timing generator A s—y LHC Timing generator B
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Multitask Timing Generator MT'T

* Hardware multitasking for 16 tasks
— 32 local registers per task
— 218 Global registers
— 0 Memory mapped [O registers
» Timing frame out register

» WVME FZ in register ...
* Host processor access to all registers

* Implements general purpose CPU
— Dp codes are triadic: AND SrcREG,SrcREG,DstREG — AND 0x7, VIMEP2, TMP
Arithmetic and logical
*  Mowve indexed, literal, register
*  Wait value, relative

+ (Conditional branch

*  Intermupt host
e  Tasks detimed from host via Task Control Block
- PC
—  PC Offset
—  Processor Status Word

. Command and status registers allow host access to nuuung tasks




MTT hardware module
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See: The LHC central timing hardware implementation
P. Alvarez, J. Lewis, J. Serrano CERN, Geneva, Switzerland
$hi$ conference



MTT External Events Task

SErps % Start program and interrupt survey task
MoV TaskBtTsRUNNING LEegTASK BTATUS % Say we are running
Mo ConsNOT SET LRegParRUN COUNT % Run forever
int 2 % Notify survey we are running
cont: % Wait for the VME P2 bits and send out events accordingly
— worv  ConsVMEPZ BITS VME P2 % Wait for VME P2 bits
movr VMEERZ FegVme P2 % Copy reg and clear bits
tdmpl : % Test for dump ring 1
andywv ConsHE OMFDL BIT RegVmeFzZ LRegTEMPE % Test dump 1 bit
beq tdmp2 % Go check for dump 2 bit
Mo ConsHX OMPDL EVOUT %2 Send dump 1
mowvyv ConsHE ENBPM1 EWVOUT % Re-enable after a dump

\

tdmp2 - \\h% Test
andv

beg

| {{LORTATS
[ {{ORTAYS

for dump ring 2

ConsHE DMPDZ BIT RegVmePZ LReg TEMP
ting

ConsHE OMPDZ EvVoUuT

COHSHX_ENBPMZ EvVoUuT

o ot oo ol

Test dump 2 bit

o injection warning bit
Send dump 2

Re—-enable after a dump

tinj: \\‘% Test
andwv

beg

/mow

for LHC injection

ConsHIX FW BIT ReqVmeFZ LRegTEME
trml
ConsHIX FW EvVouT

[= =B =]

Test inject bit
o check for BM ring 1
Send injection forewarning

trml: K\*% et
andw
beg
//!movv

for post mortem bit 1

ConsHE PM1 BIT REegVmeFZ LReg TEME
trpma
ConsHEZ PM1 EvouT

Test BM ring 1 bit
o check for BM ring 2
Send BPM-1 trigger

trme: % Test for post mortem bit 2
andwv ConsHZ PMZ BIT RegVmsPZ2 LEeg TEMP % Test PM ring 2 bit
beg cont % 3o check for BM ring 2
MO ConsHE PM1 EvVoUT % Send PM-1 trigger {(not PM-Z2)
Jjmp cont % Go wait for next PZ interrupt
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Safe Machine Parameters Distribution

If length = 5m

SMP @ 10Hz
16Bit 10" Events, UTC, & Flags TTL
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LLSA and FESA

* The FESA API s implemented on the LHC timing
gateway

* Accesses timing generators across retlective memory
* Implements

— Load or Unload event table

— Get running tables list

— Set event table run count and synchronization event

— Stop or Abort event table

— Set telegram parameters

— Send event
— Read status of tasks and MT'T module




N
\\7}\ Event Table Processing

EVeNt Ly start-Ramp 1.01 0x5

LSA AdbPIE HX Start-Freq O  Ox05

FESA AP

v

waitr MSFR,1001

.. Table Compiler ovv 0x14020005 EVOUT
Translation J "' 514030005 EVOUT
Translate

and Merge _,
Table Task
Assemble |
task
Assembler
Obiect Co d Reflective
- Memory

— Hot Standby

Event Table
template
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Conclusion

— Event tables model LHC machie processes.

— Reuse of existing timing boards was tacilitated by

using FPGAs and writing new VHDL.

— The LHC timing 1s monitored by hardware.

— Retlective memory has increased reliability.




