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Abstract

The TRIGGERCLOCK/SYNC (TCS) distribution system foexperimensg at the Thomas Jefferson National
AcceleratorFacility (TINAF) 12 GeV upgrade [2is described. The TCS system distributes readout trigger
(TRIGGER) system clocKCLOCK), andsystem synchronizatiof5YNC) signals for the DAQ system. The TCS
system also includes system status monitoriige TCS distribution systemincludesTrigger SupervisofTS)[3]
printed circuit boardPCB), Trigger Distribution(TD)[4] PCB, Trigger Interace(TI)[5] PCB, Signal Distribution
(SD)[6] PCB, VXS crates [[fand optical fibres. The TS is the main hardware interfacing between the trigger
systeni8] and Data Acquisitiorsystem(DAQ)[9], and it is the sources for tlieadouttrigger, systemclock ard
system synchronizatiosignals The SD and TDmodulesare the main fan out hardware. Theig the main
hardware interfacéetween the DAQ and the front end electroniBsindled optical fibresndthe dedicated high
speed point to point connections BKS connectorare used for signal tramsssion

Field Programmable Gate Arrays (FPGA) are utilised on all boards in the system to provide programmability.
The praluction hardwarevas intensively tested on the bench. small scale of the TC8istribution systemis
installed in one experimental hall for DAQ development. The full system will be implemented by the end of the
year.
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|. INTRODUCTION

The Trigger/Clock/SYNC TCS) distribution system iglesigned fotthe experiments fothe Thomas Jefferson
National Accelerator Facility TINAF) 12 GeV upgrade The accelerator consists of a pair aparconducting
radiofrequency LINACdinked by recirculation arcs for up to five acceleration passes. It sEuesxperimental
halls withcontinuouswave beamsata final energy of up té2 GeV.

The triggersystem usethe detector characters to select the interesting beam target interaction eMeats
pipelined trigger will be formed every 4ns with trigger acceptance rate up to 200TkidZinal trigger signal (up to
200 kHz rate) will initiate th detector information readout bye Data Acquisition (DAQ) system.

The DAQ system is built on théME ReadOut Controller (ROC). The ROC uses the VME bus to readout the
data from front end madesvia VME bus Because of the readout overhead, it is more efficient to group the data in
blocks of triggers (events) for readout, especially at high trigger rates. Each ROC has a fraction of the detector data.
The online computers will assemble ttieta from all ROCs, ahform event, which includethe full detector data.

The DAQ can further select events, and save the data to permanent storage.

TCSdistribution systemis the hardwareinterfaceto bridgethe triggersystemandthe DAQ system. The TCS
system receives trigger decision from trigger system, and initiate data readout for the DAQbsyslistributing
the readout trigger (TRIGGER) signalln addition to the trigger distribution, distributes auniversal clock
(CLOCK) of frequency of 80 MHz to pipeline the systemit distributes an encodedsynchronousignal (SYNC)
for the system synchronization. The front end electrdsizdus is monitored biye distribution system, and n&d
sure the smoottata readout of thexperimens. The TCS signals are sent from TS to Tl, while the fiemd DAQ
status is sent from Tl to TS. Figure 1 shows a diagram of the distribution scheme.
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Figure 1 Diagram of the trigger and clock distribution system

The main hardware of CS distribution system includea Trigger Supervisor (TS) board, Signal Distribution
(SD) boards, Trigger Distribution (TD) boards, Trigger Interface (TI) boards, VXS ceatésoptical fibres.The
TS board one SDboard and up tosixteen TD modulearelocated in the globalTCS distributioncrate. One TI
boardand one Shoard are locateth each front endrate.
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The electronics boards are custom designed and prodoc#ite 12 GeV upgrade. Field Programmable Gate
Arrays (FPGA)are used foflTCS generation, control and decoding Optical Fibresand high speed differential
backplane connectiorse used to transmit signals at high speed and long distance.

The TCS distribution hardware will be discussed time next section. The system synchronization will be
discussed in the third sectiohe TCS distribution system initialization and setup procedure will be discussed in
the fourth sectionAnd thecurrent status will be brieflgiscussed in the last section

[l. HARDWARE DESCRIPTION

A. Trigger SupervisdiTS

1) TSBoardOverview

The TS boardis the very top PCB module in tieCS distribution system.It is the hardware decision making
module for the Data Acquisition (DAQ) systerihe TS generates TCS signals, arttiribttlesreadoutriggerwhen

the DAQ isBUSY. The TS board is designed as a VXS crate payload slot #18 board with a physical size of

6Ux160mm. Figure 2 is a picture of the TS printed circuit board (PCB).
’ ot = LD
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Figure 2 picture of Trigger Supervisor (TS) printed circuit board

2) TSDesign

The TS accepts level one triggers from the trigger sygpencesses the trigger signals, generatent readout
triggers andevent types, and sends the event readout triggers (or accepted ttimgerto the Trigger Interface (TI)
modules through Signal Distribution (SD) board and the Trigger Distribution §6BXd to initiate data acquisition
process.The TS receives three sets of trigger inputs simultaneodsie. first set of trigger inputs B0 level one

3
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trigger signals from the I@bal Trigger Processor (GTP) boarttiroughthe VME P2 connectouser defined pins via

a VME P2 backplanelO card. The input signals are level shifted from LVPECL to LVDS Bxas hstrument
SN65LVDT100differential receiverso go into the FPGA The receivers also serve as FPGA input protection and
isolation. The second set of trigger inputs 3 source synchronous trigger inptiisoughTS front panel These
input signals areeceived byMaxim MAX8602 discriminator chipsso the inpug arecompatible with almost any
differential signal levels.The discriminatoroutput is+2.5V LVPECL signals, which eadirectly connect to the
FPGA. The third set id5 asynchronous trigger infgufrom the generic front panel connector.

The TS supplies a 250 MHz system clock for trigger system and data acquisition system. The trigger system and

the front end data acquisition modules are pipelined on the 250 MHz clock. The TSecisfront panelclock

input as the system clock. iEkexternal clockcancomefrom a clock generator, or the CEBAF synchronized clock.
The TScan also use its einoard oscillator as the system clock. HBystemclock source is selected by a hardware
switchto be fexible, butless prone to problems. The clock is distributed to the FPGA, front panel outputs and VXS
PO backplandy an OnSemi MC100LVEP111 differential clock driver. The VXS PO backplane clock is received
by the SD and further fanned out to the Thert to the Tl and the front end electronic3¥hen theCEBAF
synchronized clock is used #® system clock source, the readout trigger, which is synchronized with the system
clock, could be used as TDC start time or stop time.

To be compatible with earlietesignand facilitate the DAQ test, there are sixteen gerdifferential inputs
(could be trigger, busy or inhibigtc), twelvegenericdifferential outputs, and ten generic singled outputs There
are also 24 outpufsom the FPGAgaing directly to thesix quadpackLEDs. SMA connectors are mounted on the
front panel forthe exterral clock input and outputUsing the same front panel space as the SMA connectors, two
QSFP optic transceivers can be loaded. Through tvesdransceivers, the TS can connects to Wdoards
directly bypassing th& CSdistribution The TS can also be configured to drive the VXS PO as a Tl. The TS is very
flexible in configuration. It can be used in a large system with up to 128 fidrdrates, or a small system with just
one crate or several crates.

As a VXS payload boardhe TSis compatible with VMEG64x. It has VME A24D32 registers for board setup
and monitonmg. It supports A32D32, blo¢cknd2ESSTdata readout. It can even benfigured asa VME master
board. Figure3 is the functional diagram of the TS.
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TS board block diagram
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Figure 3 TS functional diagram

3) TS FPGA Design

The main functiors of the TS FPGAare event readoutrigger andevent typegeneration SYNC signal
generation, and readout trigger throttlingdditionally, the TS FPGA has two VME tC engines and two VME to
JTAG engines. Each of théd engines is connected to one switch slot in the VXS crate, to serve as a bridge
between the VME controller anddtswitch slot electronics. The JTAG engines connect to the FPGA JTAG port
and PROM JTAG port. The ports can be used to load the PROM, readout the chip identification codes and user
programmable code. The TS PROM user code includes the TS board sem@rnand TS identification
information. The TS FPGA user code includes the firmware revision information.

The FPGA built in Digital Clock Manager (DCM) is used to generate the 125MHz and 62.5MHz lower speed
clocks for trigger word serialization. The @eated clocks are also used to keep the system synchrotkizpde 4
is a functional diagram of the TS FPGA.
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TS FPGA Block diagram
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Figure 4 Function diagram of TS FPGA

3.1Readouflrigger Generation

After receiving the 75 trigger inputd)e TS pe-scales andenablesachinputs independently. The TS generates
the readout trigger and event type through a multilevel lookup table, which is implemented with the FPGA built
block RAM. The TScan also generate triggers by VME command for system té&sis. TS formsa trigger word
using the readout trigger and event type every 16ns. The valid readout trigger has to pass the trigger rule check and
trigger throttling logic. The 16bit triggerwor ds ar e seri al i zed -bigabittTlaresceiretBEGAd s b
(MGT) at 62.5MHz, that is, every 16ns. The trigger is generated on 250MHz clock and has a time resolution of 4ns.
Thefine trigger timing information (which quadrant of the 16ns)smt as part of the 16it trigger word Table 1 is
the trigger word definition:

Table 1 Trigger word definition

Bit 15 | Bit 14 | Bit 13 | Bit12 Bit11 Bit10 Bit 9-0 comment
1 0 0 1 Quadrant timing | Event type GTP major trigger
1 0 1 0 Quadrant timing | Event type Ext major trigger
1 0 1 1 Four TS partiti ol TSparttoning(4,3,2,1)
0 1 1 0 Quadrant timing | Trigger source/ TImaster legacy Trigger /
Event type (TS) VME trigger
1 0 1 Trigger command/Control VME command
0 1 0 0 TS timer (TS time bit(13:2)) T1 Sync check
1 1 1 Trigger content Additional trigger info
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As the TS and TI are using the same 250MHz system clock, the elastic buffers inside the MGT are not necessary.
The MGT phase alignment is used to byphsstransmitter elastic buffete keep the serializer/deserializer latency
at theirminimum. The timing on the receivsignal is not as critical, so the receiving elastic buffer is used for easy
clock domain transition.

3.2 SYNC generation

The TS genettes andistributes the SYNCsignal The SYNC is an encoded four bits serialized command
transferred at 250 Mbps/nchronized with the system cloclormally, theserial SYNC line stays at logic high (or
6106) . When transf err i ngoesato & ME forconenbit dhendfollowednby thdsiy N C
command code. After thebkit SYNC command, the SYNC goes to logic high again. There is a minimum of four
60106s bef aycle begits &he @ldtxxdammand is phase aligned to the 62.5 MHxklused for the trigger
word transfer. This phase relation is used to synchronize the slower clocks on the Tl to the 62.5 MHz clock on TS.
This also limits the two consecutive SYNC command to no less than 64 ns apafacilitate the AC coupled
optical transceivers, the SYNC is Manchester encodethemS, and Manchestedecoded on the Tl Table 2
shows some SYNC command codes.

Table 2 SYNC command codes

4-bit SYNC code SYNC action

0000 or 1111 Invalid codes

1101 Frontend crate reset, trigger link realignment

0111 Trigger stop/trigger link disable, and trigger FIFO write counter reset
0101 Trigger start/trigger link enable, trigger FIFO read counter reset

0100 Reset the TI GTP status register

0011 AD9510 resync, that is: slower clock phase-sync

0010 System clock resynchronization, AD9516sync, DCM reset, MGT reset
0001 T1 VME clock DCM reset, then full reset

Others To be assigned

4) TS FPGA programming

The TS utilizes &Xilinx XC5VFX70T-2FFL136 FPGA, whichneedsabout 27Mbit of uncompressed data to
configure. AXilinx XCF32P PROM is used in serial mode to configure the FRGAstore the configure file when
the power is fi. When the FPGAonfigurationbits are compressed, the PROM can hold two versidrikeo
firmware. This two versiosdesign makeswitching the TS operation masieery easily.

The PROM can be loaded remotely by VME command. A user defined address modifier (AM) code 0x19 is
used to load the XCF32P PROWY a discrete logic VME to JTA@ngine This loadingdoes not depend on the
FPGA andworks on a bare board from the assembly house. This processolwadit of PROM data per VME
transfer. To increase the efficiency of VME transtbg second VME tdTAG engineis implemented insidthe
FPGA With theFPGAIinternalJTAG engine, 3its are loaded into the PROM per VME commaridhis process
is much more efficient thatiat ofthe discrete) TAG engine, but itvorks onlywhenthe FPGA is programmeahd
working.

B. Signal Distribution(SD) board
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SD isdesigned a¥XS switch slot#B (as physical slot#12 in the &lot VXS crate)module with phygal size
of 6Ux160mm. Figure & a picture of the SD card.
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Figure 5 The Signal Distribution Module

The SD cardreceives TS signals from the VXS payload slot#18, and fans out the signa&X® payload
slot#1-16 throughVXS PO connectors using high speed differential signatsthe global trigger/clock distribution
crate, the payload slot#18 hosts B&rd andpayload slot#416 host TDboards. In the front end crates, the slot#18
hosts a Tl board, and slot#6 host front end electronit®ardg¢Flash ADC,TDC, etc.)

The SD also receives the BUSY status signals from payload slétBtards and merges the BUS&gnalsand
sends to the payload slot#fh8ard This BUSY status is used to thretthereadoutrigger sent from TS to keep the
DAQ systenfrom getting out of synchronization

The SD has the option to clean up the clock jitter using SiliconLab SL55B&d&hponent. The jitter cleaned
output clock can also be phase delayed. This gives the option of alignimgrtherfd crate clock phaseafter the
jitter cleanup, the clock jitterof SD clock outputis about ps which is close tothe measuring linti of our
equipments.

C. Trigger Distribution (TD) board

The TDis a VXS payload module with a physicte of 6Ux160mm. Its main function is to fan out @S
signalsand to collect the front end crate status informatising the optical fibres. Figur@is a picture of the TD
board.
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Figure 6 Trigger Distribution (TD) board.

The TD receives th& CS signals through th&XS PO connector from TS via Sfan out Thetrigger signal is
resampl ed usi ng tAD&28@5md . L5Ghps Dleck and adatm éecovery ITheTCSis fanned out
to eight gtical transceiver AVAGO HFBR-7924). Each optical transceiver driveeset offibres and connects to
one Tl boardn the front end crate.

The TD receives the status from eight Bbardsthrough the optical transceivers. The status words are
deserialized by the FPGHBuilt-in MGT modules. The status words include the front end crate (the crate that Tl
resides) BUSY, readoacknowledge, trigger received et&¢he TD merges the BUS¥gnals from eight Thoards,
and sends to the SEhe SDmerges the BUSY ansendgo the TS. The TD can assert the BUSY if thenber of
events buffered at the freenhd crate which is thedifference between the number of triggers it fans out and the
number of readout the froeind crate performeds over apreset limit. This is used to limit the number @&vents
buffered on the front end electronics,the buffer usage on the front end electroni€be special case is the event
locking readout moel when the preset limit is one.

The TD board tilize a Xilinx XC5V LX30T-1FF665FPGAand aXCF32P PROM When the FPGA bits anmot
compressed, the PROM can hold two versions of RR&A firmware. When the FPGA program bits are
compressed, the PROM can thébur versions of the firmware. Thigsultiple versions design makes switching the
TD operation mode very easily.

The PROM can be loaded remotely by VME commafitie mechanisnis the same as that implemented on the
TS. For the details, refer to the T®glgn description. Though the TD and TS are residing in the same crate, the TD
and TS are in different slots and they have their own geographic addassdefined by the VMEG64x protocol,
there will be no confusion between TS and TD in the VME operation.



