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This note briefly summarizes the discussions about the LAr ROD archi-
tecture which were held on October 1-2, 2001 at Nevis Labs during the
visit of Julie Prast and Guy Perrot. The discussions focused on possible
implementation of a PU utilizing the TI C64x DSP, though some of the
points discussed are more general in nature. Many of the main outcomes
of the discussions can be seen in Figure 1, which presents an architec-
tural block diagram of a double PU using two C6414 DSPs. Our discus-
sions and conclusions are summarized in this note to serve as input to
the ongoing discussions within the broader LAr ROD community.

Figure 1:   Architectural block diagram of a double PU using two C6414 DSPs.
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Input stage

At the G-link output, FEB data are available at 16 bits @ 80 MHz. The
input stage is the interface between the G-link output and the DSP input,
where the data stream has a width and frequency dictated by the DSP.
The input stage then functions as a FIFO.

OBSERVATION It is assumed that this FIFO is implemented as FPGA EABs (embedded
array blocks). The same FPGA is used to adapt the input data format as
needed by the DSP algorithm. To allow full flexibility for data rearrange-
ment with no dead time, the input FPGA must provide buffering of (at
least) two input events in the DSP format. FEB data words are written to
arbitrary EAB locations (as needed by the DSP) to one buffer, while the
DSP reads the data in a FIFO mode from the other buffer.

The input FIFO (FPGA) read port is tied to the DSP external memory
port. This interface should be able to run at as high a clock frequency as
possible, to make best use of the DSP bandwidth.

The above features require the input FIFO (FPGA) to be situated on
the PU mezzanine board.

C64X IMPLEMENTATION For the C6414 DSP, the DSP input port will be EMIFA, 64-bit wide, run-
ning in synchronous mode at a targeted frequency of 75 or 100 MHz. The
input FIFO (FPGA) will use ECLKOUT2 as the read clock.

The input FIFO (FPGA) is fed with FEB data 16-bit wide at 80 MHz. The
PU connector is not a problem, since the clock and data travel in the
same direction, and the input FPGA will be placed as close as possible to
the connector. The 80 MHz clock and data should be provided with
reflective-wave termination resistors at the emitting end (on the mother-
board).

The input FIFO (FPGA) could be fed directly from the G-link output.
However, a complication arises due to the staging requirement. In a
staging scenario, the input FPGA will be fed with FEB data from two (or
more) G-links. This can be done in two ways.

In one case, the PU mezzanine is provided with twice the number of
connector pins dedicated to input data, than would be needed for nor-
mal running mode. The G-link chips associated with “staged” PUs (e.g.
4 out of 8 G-links per ROD board) are provided with 1:2 active fan-outs
which allow the FEB data to be diverted to the non-staged PUs. This
solution has the disadvantage of over-dimensioned PUs.

In the second case, the ROD motherboard is provided with switching
logic in form of one or two FPGAs between each pair of G-links and the
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associated PU mezzaninea. Vertical interconnects will be provided, on
the motherboard, between these FPGAs to allow diverting the data to
the non-staged PUs.

The second staging solution, with additional FPGAs on the mother-
board, is preferred.

OBSERVATION All FEBs send the data quasi-simultaneously. Therefore the staging
FPGAs must be provided with buffering for at least one event per pair of
G-links.

OBSERVATION The average trigger rate is reduced to 50 kHz in a staging scenario.
However, an option of the DSM SCA Controller allows to have an
instantaneous trigger rate which is not affected by staging (no dead
time). Triggers are still accepted at the nominal rate, but digitization of
SCA analog signals only starts after a programmable delay after the pre-
vious event has been digitized.

OBSERVATION The size and cost of the staging FPGAs depends on the maximum event
size to be handled in a staging scenario. Being able to handle 32 samples
with staging may be an expensive option, to be documented.

OBSERVATION It is suggested that the FEB data be re-synchronized to the local TTC 80
MHz clock as early as possible, i.e. in the staging FPGAs.

Output stage

The PU mezzanine output port should behave like a virtual FIFO 32-bit
wide, with a read clock provided by the ROD motherboard. The clock
may be the 40 MHz S-link clock.

If the PU is implemented with two DSPs (each processing data from one
FEB) then the merging of the two output data streams is to be imple-
mented on the PU.

C64X IMPLEMENTATION For the C6414 DSP, the DSP output port will be EMIFB, 16-bit wide, run-
ning in synchronous mode at a targeted frequency of 100 or 150 MHz. At
the receiving end, on the PU, there will be a burst FIFO (may be imple-
mented in a FPGA) which will use ECLKOUT2 as the write clock. This
burst FIFO (or FPGA) is read by the ROD motherboard, through the con-
nector. The bulk of the output event buffering is provided by the DSP
internal memory. The size of the burst FIFO (or FPGA) will depend on

a. Throughout the discussion, we have assumed that a PU serves two FEBs.
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the EDMA response time to a synchronization event from the FIFO
(almost-full flag going off). The burst FIFO should be large enough to
provide a continuous data stream.

Merging of the data streams from the two DSPs can be implemented
with “glue logic” (typically part of the output FPGA) which controls the
synchronization signals to the two DSPs, allowing them to write to the
burst FIFO.

OBSERVATION There may be one output FPGA per PU or one output FPGA per DSP.
The necessity of one or two dedicated external FIFO(s) was not
excluded, but should be avoided if possible.

The PU drives the Event Available flag (or EF) to the ROD motherboard.
If active, this signal indicates that one event (with output data from two
FEBs) can be read from the PU in one continuous burst at the S-link
clock frequency.

Host port interface (C64x implementation)

The PU output FPGA acts as the host port master for the two DSPs. The
DSP host port interface should be configured as HPI16 (16-bit wide). The
host port data signals of the two DSPs can be bussed. The host port
interface will be used for booting the DSPs and may be used for other
non-realtime transfers (for example, reading histograms).

A bidirectional serial port (McBSP) of each DSP should also be con-
nected to the output FPGA. This communication port can be used for
simple message passing. The DSP is master of the McBSP transmitting
channel, so it can send data through that channel at any time.

TTC information

The TTC information consists of the BCID, L1ID, followed by the trigger
type which arrives later. Between the BCID and the trigger type of one
given event, there may be more BCIDs for other events.

C64X IMPLEMENTATION The TTC information should be provided via one or two serial ports
(McBSPs). One possibility is to align the prompt and delayed informa-
tion (may be done in the input FPGA, or even better on the ROD moth-
erboard for all PUs) before the data are serialized and sent to the DSP
serial port. The second possibility is to send the prompt information to
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one DSP serial port, and the delayed information to another DSP serial
port; in this case all synchronization will be provided by the DSP.

OBSERVATION The C6414 DSP has three serial ports (McBSPs).

OBSERVATION The TTC information for one event consists of 48 bits of data. Sending
the data serially at 40 MHz takes 1.2 µs which is sufficient.

S-link interface

On the ROD motherboard, there should be an FPGA between the PU
output and the S-link input. This FPGA could have a DRAM attached to
it, and would be useful for “spying mode”. This FPGA would allow
VME event readout, as an alternative to S-link readout.

OBSERVATION Another possible implementation of “spying mode” (VME event read-
out) could be provided by the PU itself. Events may be stored in the DSP
memory and read out at low priority using the PU to motherboard
“VME-like” interface. This is similar to histogram readout. However this
solution would not allow standalone (i.e. without the S-link) testing of
the complete output stage.

Communication between PUs and the motherboard

It is proposed to use point-to-point connections for the various inter-
faces between each PU and the VME motherboard, rather than busses as
used in the ROD Demo. The VME interface would run off the 40 MHz
system clock.

One possibility would be to have a synchronous write link and a sepa-
rate synchronous read link for each PU. Each link consists of a frame or
data valid line, and of one or more data lines. The number of data lines
for each direction could be adapted to the respective bandwidth.

The second possibility would be to have a four-bit wide host interface
with a CS (PU select), one R/W signal, one control signal (select address
or data), and one PU ready signal. In absence of a “nibble select” signal,
all transactions would consist of 2 or maybe 4 bytes.

The PU should have a master reset input, and a general interrupt output.

The PU should have a JTAG connection to the motherboard, to be used
for FPGA configuration.
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Tentative connector pin count

A tentative connector pin count is shown in Table 1 and Table 2. The
actual power consumption of the PU mezzanine is not known at this
time.

TABLE 1. Input connector

Pin count Function

32 FEB input data, 32 bits @ 80 MHz

1 80 MHz input clock (from the 40 MHz LHC clock)

2 Frame + serial data for TTC BCID and EVTID

2†

†. Optional. The TTC BCID, EVTID and Trigger Type may also be
synchronized on the motherboard before the data are serialized and
sent to the PU.

Frame + serial data for TTC Trigger type

1 40 MHz clock for serial TTC data

1 PU BUSY to the LVL1 trigger

2 (4‡)

‡. For staging

Link status from G-link chip

2 (4) Link error from G-link chip

2 (4) Link reset to G-link chip

5 JTAG

56 Total

28 Power pins left (assuming 84-pin connector)

TABLE 2. Output connector

Pin count Function

32 Output data, 32 bits @ 40 MHz

1 40 MHz S-link read clock

1 Read enable

1 Output enable

1 Event ready or empty flag

4 PU configuration address/data

1 PU select

1 R/W

1 Control address/data

1 PU ready

1 40 MHz system clock

1 PU interrupt to VME

1 PU reset input

47 Total

37 Power pins left (assuming 84-pin connector)
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