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ADbstract

A pipeline CAMAC controller with PC/104-Plus single board computer
has been developed. The architecture of the pipeline CAMAC controller
Is completely different from that of traditional CAMAC controller. The
pipeline CAMAC controller adopted truly pipelined command and data
paths from/to computer memory to/from CAMAC. The pipeline method
enabled the controller maximum speed of CAMAC, approximately up
to 3 MB/sec with 24-bit data. The controller also has a DAQ function

such as event numbering for co-existence with other equipment such as
VME.

Not only the functionality and the performance but also the pipeline
architecture and the design concept are described.



Overview of Pipeline CAMAC controller
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PC104plus PC board computer
PCM-9370's Crusoe TM5400,
Memory, Flash Disk, Ethernet,
USB, ...

ALTERA FPGA for PCI
ALTERA FPGA for CAMAC

The pipeline CAMAC controller consists of a PC/104-Plus-based single board
computer, PCI interface (PCI control) and CAMAC interface (CAMAC control).



Overview of Pipeline CAMAC controller (cont.)

The PC/104-Plus is a standard PCI specification for
embedded systems. Many PC/104-Plus based single board
computers are available.

The PCl and CAMAC interfaces consist of an ALTERA
FPGA, respectively . Those VHDL codes for the interfaces
have been also devel oped.

The board computer adopted is Advantech PCM-9370, 3.5
Inch (145 x 102 mm) Transmeta Crusoe 500 MHz processor
single board computer including TM 5400 processor, 320 MB
memory, two IDE UltraDMA33 (with 512MB flash disk),
LCD/CRT controller, 10/100 Mbps Ethernet controller, two
1.1 compliant USB ports, mini-din connector for keyboard,
PS/2 mouse and so son. The power consumption istypically
10.7W.




Architecture of CAMAC control

There are a CAMAC Executor, a CAMAC _ Altera FPGA

LAM Handler (CAMAC Interrupter), aDAQ  ci CAMAC

Executor and a DAQ Trigger Handler (DAQ ' | cauac L | J82 Ao
Interrupter). The Executors accept a packet C[interru pter]-tg s
Including at least a command frame or more Iroag %:: REPL Y

from CPU via PCl, execute them and then sor” | executor :I:ELFI FIFO

send reply framesto CPU. The frameisan o tDAGt

unit of CAMAC access. e

The pipeline CAMAC controller can execute CAMAC command with small
overhead continuously by getting the command frames from a computer memory
and then sending the reply frames to the computer memory, via PCl bus. The
command FIFO and the reply FIFO have the size of 256 frames each. The
Interrupters generate a packet including areply frame and then send to CPU.



Frame format

Command and reply frames have 64-bit fixed-length. It consists of an 8-bit
header and a 56-bit payload. The payload for basic CAMAC command frame
contains CAMAC station number N, CAMAC sub-address A, CAMAC
function F and data to be written if necessary. That for the reply frame
additionally contains CAMAC status such as Q & X and read data if the
CAMAC function isread. That for CAMAC LAM includes 24-bit LAM
pattern and that for DAQ Trigger includes 32-bit event count. DAQ executor
can clear Busy-out signal while next event trigger is disabled.

G4-bit fixed-length

TX Basic CAMAC function

cmd| N | A = 24-bit DATA
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Architecture of PCI control

There are, TX/Rx FIFO, Tx/Rx engines Altora FPGA
and PCI multiplexer for Tx/Rx. Tx and TX TX
Rx engines work independently while “ FIFOM  rame
) CAMAC/
PCl multiplexer manages the PCI DAQ o1 PCI
usage for Tx and Rx engines. Tx/RXx : JRx| | R
FIFOs have the depth of 256 with 32- " |Enaine
bit width each.

PCT logic

The pipeline CAMAC controller sends multiple command frames, which
Include N, A, F and data If necessary, via Tx I/O registers. On the other hand,
the controller receives multiple reply frames, which also includes N, A, F,
status (Q and X) and data if necessary, viaRx |/O registers. The operations to
Tx and Rx are done concurrently, independently, or asynchronously. If DMA is
used in both sides, the throughput reaches maximum speed.



Operation and PCI 1/O registers

The PCI 1/0 register map includes three kinds of registers. Oneisfor Tx and
another isfor Rx. The other is system register. Those registers are located in
PCI 1/0 space and the size of those registersis 32-hit.

'O offset address

Register name

Description

00k TxDatal Tx datal register
I n prograrT'lmm I/O, datal ar]d dmaz 04dh TxDiata? Tx data? register
. 08h TxControl Tx control register
reQISterS for TX ar]d RX are used for 0Ch TxStatus T status register
. N s 10h TxAddress Tx memorv address register
Sendl ng Command frames and recel VI ng 14h TxPresetCount Tx preset count register
2 13h TxAcmalCount Tx actual count register
repl y frames’ reSpeCtI Vel y' 1Ch TxFifoCount Tx FIFO count register
20h FxDatal Ex datal register
. 24h RxData? Rx data? register
In block 1/0, memory preset count register s RxComrol | R control register
- 2Ch RxStams R status register
represents the number of framesin quad- ReAddress | R memory address register
34h RxPresetCount R preset count register
WOrd (8 byteS) tO be tranSf erred 38h FxActualCount Rx actual count register
3Ch RxFifoCount Rx FIFO count register
40h System Svstem register

After the transfer isinitiated by setting DMA-start flag, the actual count
register counts the number of frames in quad-word (8 bytes) transferred

actually.



Software

A Linux distribution kit tailored for the pipeline CAMAC controller is
Implemented on the PC/104-Plus single board computer while Linux is Open
Source Software / GNU products, a commodity Open Source Operation
System for PC compatible hardware.

The device driver and the library for the pipeline CAMAC controller have
been developed. CAMAC and DAQ command frames are generated and then
stored into aframe buffer by the frame generator. The command framesin a
frame buffer are executed by Programmed |/O routines, Block 1/O routines or
the combined routines in same manner. The reply frames are stored into
another frame buffer as result of the command frame executions. The reply
frame includes CAMAC status and data. The extractors of the status and the
data from the reply frames are provided. The wait routines for LAM interrupt
and Trigger interrupt are also available.



Design Concept

The pipeline CAMAC controller St
adopted truly pipelined command Object
and data paths from/to computer Controller
memory to/from CAMAC.

The pipeline method enabled the controller maximum speed of CAMAC access,
approximately up to 3 MB/sec with 24-bit data. In the pipeline method, the
multiple command frames and the multiple reply frames are processed
asynchronously, independently or concurrently. The pipeline method is best for
the speed up of 1/O throughput. The method is generally usable, namely, asthe
access method to 1/0O object controller, which includes not only CAMAC but
also readout equipment such as Flash ADC.



Performance

CAMAC executor executes a
CAMAC command framein Busy
1.04 usec. The horizontal
axisistiming inunit 1 usec.
Each CAMAC cycleis
continuously donein 1.04
usec The speed was
achieved by the DMA
operation.

In fast mode which ignores
CAMAC 32 timing signdl, it
executes the command frame
In 0.72 usec.
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Conclusions

> A pipeline CAMAC controller with new architecture has
been devel oped.

» The CAMAC access speed reached up to maximum speed
of CAMAC, approximately 3 MB/s with 24-bit data.

» The pipeline method will be useful for not only CAMAC
controller but also other controller, generally, 1/0O object
controller.
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