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1 Introduction

The Trigger Interfac€Tl) moduleis beingdesgned for the Jefferson Lab 12GeV upgrade, mainly for
HallD [ (Collaboration G. , 2009)and HaliB [ (Collaboration C. , 2009) with other @&perimental Halls|
(experiments, 199p)compatibility. The Tl boards are located in data acquisition frontend crates, and are
responsible for providg a lowjitter system clocksync signalsind fixed latency trigger signdisr theFrontend
readoutboards in thecrates. The modules also merge the framtd crate status and generate a BUSY signal to
requestthe Trigger Supervisor (TSp pause the trigger.For the detailed description, refer to the Trigger
Distribution sysem design document [Trigg@&istribution]. Figure 1a shows the placement of the TI modules in
the global trigger distribution scherireexperimensetup Figure 1b shows the crate level diagram
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The Tl shares the same PCB design as the Trigger Distribution (TD) bdéel.TI boardhas simple
Trigger Supervisor (TS) functions built in.The Tl can act as a subsystem trigger supervisor when used
independently. The Tl board can have optionally edgitic fibers populated, and distribute Trigger/Clock/Sync
to another 8 (eight) Tl boards. shbsystem with up toine cates can be setup withauteal TS module The TI
also has the flexibility to select the trigger and clock inputs from centrgletrigystem or local (stdystem)
trigger system.

2 Purpose ofthe module

Tl board ispositioned in thdast slot of thdront-end data acquisition cratendconnects to a D module in
the global trigger distribubin crate. This is done using four channeldull-duplex fiber link,which provides a
gigabit trigger link, global 250MHz clock and synchronization link to phase lock the traggkinitialize the
system The triggerlink uses a reference clock derived from the 250Mdibal pipelineclock allowing a trigger
word to be distributed every 4 global pipeline clock cycleéspending on the trigger word type the Tl can issue a
crate level trigger conditiothrough the VXS switch port.Brhe trigger bits are sent to a Signal DistributionSD
module that distributes these signals to all fremtl modules in the crat€he Tl also acceptstatussignak from
the SD module, which is the logical OR of thtatussignals fromall the otherfront-end modules. Thse status
signak can be transmitted back to the TS through the fiber linkldav down orinhibit further distrilution of
triggers until the statusas been resolved-or now, he status includes a BUSly. When theBUSY is set, the
front endboards are requesting foigger inhibit. The assertion of atatussignal will create a deatiime in the
data acquisition system which should be a rare occurrence since the data acquisition is being designed to handle
the full trigger rate that eaoccur from the physics event$he dead time will be monitored and recorded by the
Trigger Supervisor board.



The Tl canalsoperform simple Trigger Supervisor functions. In test setupommissioning setup, the Tl
can perform as &l Master (TM) In this case, it catake inputs fom its front panel andenerate trigger/clock
like a TS, it carsend the trigger, clock, and SYNC to the backplane (PO and P2) like a Tl, and it can send the
trigger, clock and SYNC to the front panel fibers like a TWith the TM, a test setupan incudeup to nine (9)
crates. Figure 2 shows the setupkrigure 2b shows the crate level diagram.
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The Tl FPGA firmware is compatible with the TImaster mode and the standard Tl mode. The firmware
senses the TI clock setting. tiife T1 clock source is set to onboard oscillator or front panel ECL input, the Tl is in
TM mode, or else, the Tl is in standard mode. For the TM mod@&@RESYNCused in thd' M is similar to the
TRG/SYNC sent in the optical transceiver.heTTRG/SYN islooped backwithin the FPGAand decodedhe
same way as a standartboard. Some registers are valid on thé/Tonly, as these registers are specific to the
TS function. The TM can be used by itself in the setup. It can also drive another up to eightfid setup
needs be expanded.

When the Tl is irstandardl'l mode, it can have two HFBR924 modulesstuffed. In this case, one can
receive trigger from system TS, while the other can receive trigger from-aystém TS. One TID can be
located in any payload slots in a freemnd crate, and configured as a subsystem TS. This configuration requires
an extra opcal transceiver on th€l module, and an extra TID board be configurechasibsyster'S with fiber
outputs Each optical transceiver modutestsabout $800. For a subsystem with eight crates, the extra cost is
about$1K (extra optic fiber included) The benefit is that the subsystem can have independent control without
affecting the other subsystem. Tl&f lot of flexibility: independent subsystem control, independent subsystem
calibration etc This is called a luxury optionRefer to figure & for the setup.Figure 3b shows the crate level
diagram
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There is another direaonnection between thid and switch slot A board (CTP or GTP) and switch slot B
board ED). This link can be used to transfer data between the Tl board and the switch slot boards. It is natural to
implement the link at250 Mbpsusing the system clockgr 500 Mbpswith DDR technique. If the Data
acquisition function is built in the SD, tl#D cancollect andassemble events at the trigger by trigger hasis
which provides aedundant data readout patfihe SD/CTP can send their data to the TI, and ttembines the
data with its own data event by event. The data can be readout through VME (there is no direct VME access to
the switch slot A and switch slot B)

With a mezzanine board, the ® backward compatible withrifger Supervisor Rev2 module. &1
with the mezaninecard will behave the same way as TI_Rev2 (produced in the year of 2001 withaadided
functionality.

For norVXS crate(or norVXS data acquisition modulesthe TI will send trigger/clodisyncto RowC
on VME P2 connector. Withka fan out board the triggefclockSYNC are distributed to thefrontend data
acquisition modulesQAEN VX1290 TDCfor example) and the BUSY from tre modules are summed in the
fan out module, and sent back to the TI.

3 Functional Descriptions

3.1 Genaal description

Figure 4shows the block diagram of the Thodule, indicating the major components used in the design.
The HFBR7924 is the multichannel (4 Rx, 4 Tx) fiber link that the TIrfa out/receives a loyitter (<3ps RMS)
250MHz global pipeline clock, serialized 16bit trigger words, asgresignal used in producingsynchronized
trigger. The AD9510 is the main clock driver and gets synchronized lower frequency clocks. The Xilinx



XC5VLX30T is used to encode/date the trigger words at 16ns, to interface with the VME, to control the
working mode etc. The PO is compatible with the VXS payload slots, which matches with GTP, CTP, SD

positioned in switch slots.

Figure 4: Trigger Interface Block Diagram
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Tl board block diagram
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TI FPGA block diagram
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3.2Fiber links

The HFBR7924 is the multichannel (4 Rx, 4 Tx) fiber optic link for the Tl. Feome Tlmaster boardall
the eight HFBR7924 transceivers will be installed, so each can supmaothereight front end data acquisition
crates. For thestandird Tl in the front end crates andalpal trigger crate, One (maybe two) HFBR24
transceivemill be installed, to receive the trigger/cldskncfrom central triggefand subsystem trigger

The HFBR_7924 is chosen over the HFB834, because the HFBP®24 is about $100 cheaper per piece,
and there is no visible performance degradation comparing with HFEBR. [GU, 2010]

The first pair (TX/RX) is used ttransfer trigger words from TD to TI, and status from Tl to TD. The
second pair is used to transrtie 250MHz clock from TD to TI. The third pair is used to transmit the SYNC
from TD to TI. The Tl to TD links on second pair and third pair are not used.

The fourth pair (TX/Rx) is looped back on the TD for fiber length (latency) measurement. The fiber
numbers #2, #3, #4, #6, #7 and &8 Timasterare looped back by a short trace on the PCB between the HFBR
Tx and Rx pads. The fiber#1 and #5 aomtrolled by the FPGA For Timaster, the FPGA loopsack the
signals; for standard TI, the FPGA generatgsulse and receives the loopback pulse. By measuring the delay,
the fiber delay is measured.

3.3: Clock Distribution

10



Oneofthe T s maj o sis thepipelinedockrdistribution. There ar@ur possible sources for the
250MHz <cl ock: 6onboard oscillator6, 6external cloc
central trigger HFBR# and oOopt i cal f i b e rHFBR#® urhe fife clacksowscasbndl hes t e m
multiplexed There will be only on€250MHz clock running on the Tl The clockis multiplexed by a
MC100EP57chip andgo to the AD9510CLK1 input, and the output of the AD951dYives all the outputs.In
TImaster modeThe clock is fanned out by the MGALVEP1112:1:10 clock driver to the optic transceivers.

Three clocks (with frequencieof 250 MHz, 125 MHz,and 31.25MHz) are distributedto the PO
backplane. On®nS e mi conduct orasdtwoNNBELTR&reIBeM to switch the closkso thatthe
switch slot#A and switch slo#B can gettwo clocks. Each clock could be aony the threefrequencies The
NB6L72is also used as a levaiifter from CML to LVPECL.

The clock is also distributed to ttieont panelconnectors via ECL rotwisted pair cableand VME P2
backplanauser defined pintor VME ADC or TDC moduleswhichareNOT VXS compatible

The CAENV1290TDC will get a synchronized 41.67MHz clot¢krough TID P2 connector via a faut
board in the cratdénstead of the nominal 40MHz onboard oscillat@quency becauseherewill be too much
effort involved to generate a systevide synchronized 40MHz clock, and the V1290 can be calibrated to accept
the 41.67 MHz clock.

An eightbit on board switch will be used to select the clock sources exceptef@d9510, which will be
set by the switch, but the setting can be over written b¥ @A firmware(andsoftware)

Figure5 shows the TID clock distribution diagram:
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The cbck is distributed in (LVP)ECIevels to keep the low jitter and low skew (faster propagation). The
LVDS clock is used to drive the FPGA for easy termination.
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Theglobal 250MHz clock signal received over the filbens the L1 trigger pipeline electronics and nearly
all of the fronterd modules. Several fromnd modules requirthis clock to havdow-jitter and so theclock
signal isbufferedwith components that contributew-jitter, including the fiber driver and receivdfigure 3
shows ameasurement of the jitter contribution rinathe fiber driver/receiver paimcludinga small increase in
clock jitter (roughly 1.6ps additive jitter frothefiber driver/receiver with 150m of fiber between thdm)GU et
al. [ (GU, 2010). Cardul component selection, signaling, and layout techniqareemployed to minimize
overall clock jitter. The SD board can further clean up the jitter by its PLL chips.

Figure 6: Global Clock (250 MHz) Jitter
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3.4a TImaster trigger generation:
Figure7a shows the triggegeneration as Tlmaster. This logic is similar to the trigger generation on TS.
The loopback trigger is used on TImaster, which is dealt similarly as the fiber inputs on Tl boards.
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Figure 7a: Tlmaster trigger generation

3.4b Trigger distribution:

Figure7 shows the trigger distribution on TIThe TI receives the trigger signal by the optical fiber and
decoded by the FPGA. The trigger is sent to theofainbuffer then to the PO backplane and other connectors.
When te Tlis in TImastermode the TM takes the trigger from the front panel input and send to the SD in
gigabit serial mode (encoded) pulse modeand it also sent to the fiber in encoded format, though the HFBR#1,
#2, #3 and #4 are identical, and HFBR#5, #6, #7 anaré¢&entical. (Surely, these two groups can be the same
too). The independent choices of the trigger enable the versatileofhmof the Tl

Figure 7, Trigger distribution
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