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VITA-meeting in july:

har-bus® HM Board (with/without integrated shielding):

Test setups and devices under tests

• 50! stripline-traces resulting in

100! ! differential-impedance

•  identical trace-lengths

• 3 identical boards: 2 boards with

integrated shielding plates

(with/without grounding row C); 1
without.

Goal: Informations about row/column influence, crosstalk-effects, pin-pattern and
row-position on the signal-integrity. Basis are multilayer-boards and commercial

bus-transceivers
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Summary

 The measurements performed so far on differential routed edge-coupled coplanar
microstrips with ground-plane indicate that:

• the bare connector influence is marginal even at extreme datarates like 5 Gbps

• no significant effects due to counterboring (i.e. backdrilling) could be measured

• a nearly perfect differential signal-source like the used differential TDT is the

necessary basis for a proper “de-embedding” of the connector

• the tests are in line with the former tests (VITA-july: multilayer-boards, TLK-
drivers, PTH-SMAs): row A is the worst

The har-bus® HM connector shows good performance in
applications, where the differential data-rate approaches the 2.5

Gbps-region and higher !
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In equation 1 Vmin is the voltage where the FADC would register full scale and n is the number of
bits of the digitizer. For this study, three values of Vmin were used, -1.25, -3.0 and -5.0 V. 8 and 10
were used for n.

Figure 2: A) The simulated response of an 8-bit, 250 MHz FADC generated from a typical pulse by
the method described in the text. B) The FADC response transformed by eqn. 2 and an illustration
of the method used to find the 50% crossing time.

Examination of the pulses in the pulse library led to the observation that the leading edges of the
pulses were nearly Gaussian in shape. This suggests a transformation that turns a Gaussian edge
into a straight line,

S′
i =

√
− ln

(
Si

Sp

)
(2)

where Sp is the value of the peak sample, Si are other samples and S ′
i are the transformed samples.

Note that Sp is transformed into zero. Shown in figure 2b is a typical pulse after this transformation.
Given any two transformed samples, the slope and intercept of a straight line connecting them can
be calculated. This line, in turn, determines where the pulse achieved any particular fraction of its
peak value. Let m and b denote the slope and intercept then

mTp + b = 0 (3)

gives the time of the peak and

mT50 + b =

√
− ln

(
1
2

)
(4)

gives the time of the 50% crossing.

Finally, an amplitude slewing correction was found to be required. This correction was taken as
linear and is given by eqn. 5.

t′ = t + qVp + d (5)

where q and d are determined from the data.
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CDC  processing:

! dE/dX ∝ average pulse height?

	 leading edge time
	 trailing edge time!

FDC cathode  processing:

	 charge only?
	 position algorithm?

non-calorimeter PMT processing:

charge only?
timing?
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Abstract

The ESRF control system is in the process of being mod-

ernised. The present control system is based on VME,

10 MHz Ethernet, OS9, Solaris, HP-UX, NFS/RPC, Mo-

tif and C. The new control system will be based on com-

pact PCI, 100 MHz Ethernet, Linux, Windows, Solaris,

CORBA/IIOP, C++, Java and Python. The main frontend

operating system will be GNU/Linux running on Intel/x86

and Motorola/68k. Linux will also be used on handheld

devices for mobile control. This poster describes how

GNU/Linux is being used to modernise the control system

and what problems have been encountered so far1.

1 INTRODUCTION

The ESRF control systems control 3 accelerators and 32

beamlines. They have been built using the same technology

and are completely compatible. They were built 10 years

ago based on the state-of-the-art technology ten years ago.

This included VME, 10 MHz Ethernet, OS-9, Solaris, HP-

UX, NFS/RPC, Motif and C. Most of these technologies

have not evolved over the last few years. In our search

for better tools, support, ease of programming, and overall

stability and quality we have put all our old technologies

to the test. Our main criterium was which technology or

tool will allow us to offer users a better control system. A

better control system means one which offers more features

to users without losing any of the present good features.

The result of this technology survey was 100 MHz Ether-

net, VME (for the existing hardware), CompactPCI (cPCI)

and PCI for new hardware, Linux as the main frontend op-

erating system, Windows for commercially supported hard-

ware and software, Solaris and GNU/Linux as the main

desktop operating systems, CORBA/IIOP as the new net-

work protocol, C++, Java and Python as the main program-

ming languages.

2 WHY GNU/LINUX?

What does GNU/Linux offer that other systems don’t?

1. FREEDOM! Freedom in this context means access to

all the source code so that it can be compiled, under-

stood and improved. An additonal freedom is the free-

dom from supplier pressure and fees.

1work supported by J.Klora, J.M.Chaize and P.Fajardo

2. Technology we know well (Unix) and which is con-

ceptually simple to understand and program. This is

an important feature in our case because we need to

develop device drivers. In addition to being easy to

understand it is well-documented.

3. A rich set of software packages. Almost all known

sourceware packages have been developed or ported

to GNU/Linux.

4. It is easy to manage in a network environment and has

excellent support for all network protocols. Because

our control systems are distributed over the network

this played a strong role in our choice for GNU/Linux.

3 LINUX/M68K + VME

The ESRF has over 200 VME crates installed. This repre-

sents an investment of millions of Euros as well as many

tens of years of work in hardware and software develop-

ment. Any modernization project must take this invest-

ment into account. The modernization foresees two ways

to do this: using the Motorola CPU’s (MVME-162) to run

GNU/Linux directly, or replacing the CPU with a bus ex-

tender which allows the VME bus to be controlled from PC

running Linux/x86. This section describes the first option.

The bus extender solution is discussed in the next section.

For Linux/m68k we use the Debian distribution 2.1. It

can be downloaded from the Debian website2 and is avail-

able in source code and binary format. The standard kernel

(we are running kernel 2.2.10) includes the support for the

Motorola CPU port (originally done by Richard Hirst3). We

run all our Linux/m68k crates without hard disk (diskless).

The root disk is NFS mounted readonly. In addition there is

a RAM disk for /etc, /dev, /var and /tmp. This means crates

can be switched on/off without risk of losing data nor do we

have to do fsck’s. We have rewritten device drivers for all

our main VME cards. For many of them we subcontracted

the driver writing for the first version to Richard Hirst (later

Linuxcare). Maintenance and further development is now

done in house. Client programs communicate with the hard-

ware via the network using TACO/TANGO device servers

(cf. below). We use the GNU tools for compiling and de-

bugging (g++ and gdb).

2http://www.debian.org
3rhirst@sleepie.demon.co.uk
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Our experience with Linux/m68k compared to OS-9 (the

commercial operating system we were using previously) is

that it is at least, if not more stable, the TCP/IP implemen-

tation is more efficient and robust and it is easy to add new

features to our software using standard techniques like mul-

tithreading.

4 LINUX/X86 + BUS EXTENDERS

The modernization project of the instrument control at the

ESRF using GNU/Linux supports two main hardware plat-

forms: PCI/cPCI and VME. The former provides access to

the most recent interface boards developed for a highly de-

manding market, and hence, with better performance/price

ratios. The latter is needed for a gradual transition between

the current VME instrumentation and the PCI technology.

VME boards can be controlled from a Motorola MVME

CPU or from a PC through a PCI/VME bus extender, both

running GNU/Linux as OS.

As it was said before, the modernization project also

includes the cPCI platform, which, in combination of

PCI/cPCI bus extenders, notably increases the flexibility

in the hardware configuration. It is well known that due to

the dynamic resource configuration in the PCI specification,

identical boards are only distinguishable by their slot posi-

tion in the bus. Most of the drivers available for PCI boards

enumerate the boards in the same order they are found by

the BIOS / OS at boot time. This means that the board iden-

tification number will change when a similar one, situated

before in the PCI bus structure, is removed. Moreover, if we

apply the same logic to slave cPCI crates, their bus num-

bers will change when another is removed. To solve this

problem a differentiation between physical numbers, those

used by the drivers, and logical numbers used by applica-

tions is made. The mechanism responsible for making this

mapping keeps track of the boards present in the system and

detects any change in the bus configuration. Any non-trivial

change is informed to the user, avoiding wrong addressing

to the boards. The position of the boards are presented to

the user in terms of chassis and slot, which are translated to

PCI device numbers by hardware specific mappings.

Setups based on the PCI architecture have been mounted

using both a desktop PC and an industrial PC that imple-

ments the PICMG standard. Remote VME crates are con-

trolled through SBS Technologies PCI/VME bus extenders,

and cPCI crates are directly linked to the main PCI bus

by means of National Instruments MXI-3 PCI/cPCI/PXI

bus adapters. These adapters expand by a large factor the

amount of hardware that can be managed by a single host.

Furthermore, both MVME and PCI GNU/Linux can inde-

pendently control boards in the same crate, providing even

more possibilities for the VME - PCI transition.

5 DEVICE DRIVERS

In order to use the same device driver codes in both sys-

tems, an interface layer was implemented to manage I/O

addresses and IRQs, taken from the module parameters at

load time. In the bus coupler configuration, this interface

does the necessary PCI to VME address mappings during

the initialization of the VME board drivers, allowing boards

on different (remote) VME buses to be controlled from the

same host as local. This interface also exports automatically

the state and configuration of each board to the virtual file

system.

In experiment automation it is often very useful to record

the value of several magnitudes when an event occurs. Such

an event can be generated by a hardware signal or by a

software condition. To provide this functionality a buffering

mechanism was developed in the kernel, named “hook” after

a similar facility developed at the ESRF for OS/9 drivers,

which hooks data on hardware interrupts. The values to be

written in the buffer are run-time configurable by specifying

the driver name, the board and the channel to be read. Each

driver that can export its channels will register with the hook

module during initialization. When an application wants to

read one of its channels, the hook asks for the necessary

actions to be done. If the actions are just simple register

read/write operations (one single read is very common),

they are returned in the form of a "program". Otherwise,

if the process is more complicated, a pointer to a function

is saved. One source of hook events is a timer provided

by the hook itself, which attaches to the system software

timer, and hence has a minimum repetition period of 10 ms

on standard installations. Higher rates can be achieved with

hardware interrupts generated by counter/timer boards like

the ESRF VCT6.

Not all the boards allow a fast reading of their registers,

and the system should not wait in an interrupt handler (actu-

ally a bottom half handler). This problem can be overcome

with an asynchronous buffer write, as long as it is done be-

fore the next event arrives. Finally, the hook buffer can be

filled in linear mode, which stops acquisitions when the end

of the buffer is reached, or in circular mode for continuous

measurement.

6 DEVICE SERVERS

The device drivers are the first layer in our control system

architecture. The second layer is called the device server

layer and provides transparent network access. This means

hardware can be shared transparently between geograph-

ically separated parts of the accelerator and/or beamline,

thereby adding a layer of flexibility which would other-

wise not be available (except by recabling). The device

servers at the ESRF are of two flavours. The original

flavour called TACO4 uses the ONC/RPC network proto-

col and is a lightweight protocol. It has the advantage that

the ONC/RPC runs everywhere where NFS runs. The sec-

ond flavour called TANGO5 is based on CORBA and uses

the IIOP protocol for the network layer. CORBA is slightly

more heavyweight than ONC/RPC but offers more high-

4http://www.esrf.fr/taco
5http://www.esrf.fr/tango
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level services. Both flavours of device servers offer syn-

chronous, asynchronous and event-driven communication

paradigms and a database for permanent storage. A large

number (hundreds) of device servers have been written at

the ESRF and other sites (FRM II, Lure, HartRAO). Refer

to the websites for more information.

7 ADMINISTRATION

The challenge we are facing with the modernization of the

control system is we must be not only able to provide the

best combination of operating system+hardware, but also

to be able to do the system administration of the system

installed all over the site. Administration means two impor-

tant things:

• quick recovery of a system after a failure.

• new release of the system.

Our present control system is based on VME / OS9 disk-

less systems. These OS9 systems are served by BOOTP

servers which give them an identity and then downloads the

kernel onto the VME crate at startup. The VME crates then

all mount the same remote file system using NFS. Thus,

for example if a CPU fails we have just to change it and

press the ON button. This type of action takes less than 15

minutes.

With the modernized control system, the BOOTP tech-

nique is replaced with DHCP which is based on BOOTP but

has more powerful features. In this way DHCP allows for

dynamic allocation of the network address.

The compact PCI crates that are being installed are

equipped with a hard disk. It is inconceivable that numerous

systems that will be running in the future have each their

own configuration. In that case it would be almost impos-

sible to do the system administration and to provide a good

service to the users of these systems.

The decision was taken to do a base system and to dupli-

cate it as many times as it will be needed. This technique is

also called "cloning". The ESRF has bought a commercial

product called REMBO (for REMote BOot). This tool is

able to deal with DHCP technology to give a network iden-

tity to a client that broadcasts a DHCP request. Moreover

this tool can be used to make a base image of any system

(Linux / Windows) and to upload that image on a computer

on which a Rembo server has been installed. REMBO is a

cloning tool and a backup utility as well. The administration

of the Compact PCI can be improved with the capability of

REMBO to do differential image. We use this feature to

manage different hardware configurations starting from a

base system. For example the crates dedicated to vacuum

and the crates dedicated to the front end system have the

same base hardware (same crate, same CPU , network card)

and therefore will have the same base image (same operat-

ing system, network drivers, etc.). But since these crates do

not have the same I/O boards installed a differential image

for each type of hardware configuration will be made. In

case of failure (crash of the hard disk) the tool will be able

to rebuild the whole system from the base image and the

differential one.

8 HANDHELD DEVICES

We have long had the need for handheld portable controllers

for motors, and other hardware which need local tuning far

from the control room. Enter the new generation of hand-

held devices, wireless Ethernet and Linux. We have used the

iPAQ from Compaq running GNU/Linux and an X11 based

client (Labview for example) to control motors remotely

using a simple one-click interface. The fact of choosing

GNU/Linux makes the task of network and graphical dis-

play much easier than if we were using Windows CE for

example.

9 REALTIME

“Linux isn’t realtime”. This is true therefore we do not

claim to do any realtime with GNU/Linux. However we

have found that for our applications we need little or no

realtime. Most realtime needs are delegated to hardware or

DSP’s. Where we do need soft realtime (i.e. 99% guarantee)

we use interrupt routines in device drivers. We measured an

interrupt response time of < 50µs for Linux on 68k and x86.

Using a driver interrupt routine we achieve a soft realtime

response of 500µs for a function generator (providing we do

not recompile the kernel at the same time!). For the rest of

our applications “as-fast-as-possible” is good enough. And

for that GNU/Linux on commodity hardware is surprisingly

good.

10 PROBLEMS

GNU/Linux is not without problems. The main problems

we have identified so far are:

• the standard GNU/Linux distributions are not easily

adapted to running on diskless systems

• most commercial hardware does not have GNU/Linux

drivers but Windows drivers

11 CONCLUSION

There is a viable alternative to Windows 95/98/ME,

NT/2000/CE/XP for building control systems and it is called

GNU/Linux! Linux is sufficiently mature for the task and

even offers some advantages i.e. it is easier to program, is

better adapted to distributed control and is free of commer-

cial pressure.
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EMBEDDED NETWORKED FRONT ENDS - BEYOND THE CRATE
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Abstract

The inexorable march of Moore’s Law has given engi-

neers the capability to produce front end equipment with

capabilities and complexity unimaginable only a few years

ago. The traditional standardized crate, populated with

off-the-shelf general-purpose cards, is ill suited to the next

level of integration and miniaturization. We have reached

the stage where the network protocol engine and digital

signal processing can, and should, directly adjoin the ana-

log/digital converters and the hardware that they monitor

and control.

The current generation of Field Programmable Gate Ar-

rays (FPGAs) is an enabling technology, providing flexible

and customizable hard-real-time interfacing at the down-

loadable firmware level, instead of the connector level. By

moving in the direction of a system-on-a-chip, improve-

ments are seen in parts counts, reliability, power dissipa-

tion, and latency.

This paper will discuss the current state-of-the-art in em-

bedded, networked front end controllers, and gauge the di-

rection of and prospects for future development.

1 THE CRATE AGE

For decades, CAMAC[1] and VME[2] crates have

formed the basis for new designs of accelerator front end

equipment. These designs still make a certain amount of

sense when 100% of the desired functionality can be as-

sembled using off-the-shelf boards.

Crates have their origin in the times when no single

board had, or could have, enough interface gear to run a

piece of equipment. It was reasonable to line cards up in

a crate to get enough digital inputs, digital outputs, analog

inputs, and analog outputs to meet the needs of a system.

As a natural consequence of Moore’s Law[3], the

amount of functionality available on a board has risen pro-

gressively. Last year’s system fits in today’s crate, last

year’s crate fits on today’s circuit board, and last year’s cir-

cuit board fits on today’s chip.

A side effect of this progression is that, for the fixed form

factor of a crate, the number of connection points to a board

is larger, so more wires are involved. To justify having the

large cost overhead of a crate, people are motivated to “fill
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it up.” This in turn leads to unmaintainably large cable bun-

dles leading between each crate and patch panels that act as

antennas for crosstalk. The cables and patch panels are in-

evitably hand-wired and not self-checkable. Worse, from

a software perspective, is that unrelated systems are often

grouped in one control computer, aggravating problems of

coordination.

2 NETWORKED FRONT END CONCEPT

It’s always true that developing circuit boards (including

assembly, debugging, and calibration) is more expensive

than buying a ready-made board. Hand-wired transition

assemblies between the connectors as provided on ready-

made boards and those on the equipment that needs inter-

facing, however, is even more expensive and notoriously

unreliable. People therefore put such transition and signal

conditioning equipment on circuit boards. From there, a

slippery slope begins: the extra effort to add Analog/Digital

conversion chips to the board is fairly small, and places

complete control over the analog system performance in

the hands of the engineer. The resulting large, and difficult

to test, number of wires between conversion chips and the

control system logic can be managed by connecting them

directly to an FPGA. Finally, computer gear is sufficiently

small and well understood that it makes more sense to think

of the computer as an add-on to the custom hardware, than

vice versa. Each integration step reduces the number of

connectors, a perennial weak link in accelerator reliability.

It also reduces the number of unrelated clock domains.

The familiar block diagram of figure 1 represents in most

general form the resulting structure of modern control hard-

ware. The FPGA provides a consistent (and small) latency

digital feedback path between the ADCs (analog to dig-

ital converters) and DACs (digital to analog converters).

Different applications have varying requirements for the

speed, resolution, and channel count of ADC and DAC

hardware.

While analog electronics has not shrunk as dramatically

as digital, it has proved possible in many cases to simplify

the analog signal path by pushing functionality into the dig-

ital domain[4]. This is an important step in bringing down

the total hardware complexity, since the digital processing

involves no additional chips.

Low speed housekeeping hardware normally involves

at least a multi-channel ADC for power supply moni-

toring (including the current drawn by the FPGA core),

plus temperature and electronic serial number. Commu-

nication between the FPGA and such housekeeping hard-

ware normally takes place over bit-serial interfaces such as

SPI [5], I C [6], or 1-Wire [7]. While some might

http://recycle.lbl.gov/~ldoolitt/icalepcs2003/WE601.pdf
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While analog electronics has not shrunk as dramatically

as digital, it has proved possible in many cases to simplify

the analog signal path by pushing functionality into the dig-

ital domain[4]. This is an important step in bringing down

the total hardware complexity, since the digital processing

involves no additional chips.

Low speed housekeeping hardware normally involves

at least a multi-channel ADC for power supply moni-

toring (including the current drawn by the FPGA core),

plus temperature and electronic serial number. Commu-

nication between the FPGA and such housekeeping hard-

ware normally takes place over bit-serial interfaces such as

SPI [5], I C [6], or 1-Wire [7]. While some might

it solves: at GB/s rates, even workstation-class CPUs get

overloaded, so modern high speed NICs (network interface

cards) are evolving into dedicated network co-processors.

“The cheapest, fastest and most reliable components of a

computer system are those that aren’t there.”[13]

The flexibility and end-to-end integration of an FPGA-

based SOC make it plausible to use Ethernet with a hard

real time mind-set that is inconceivable using a CPU and a

conventional MAC. Frame preamble and header informa-

tion can be sent down the wire while results are still being

acquired from the hardware.

There is not necessarily any hardware difference be-

tween approaches A and B. Approach A is more likely to

work without the external memory chip, in part because of

its simpler scope.

5.1 Soft CPU Cores

When the CPU is built with the FPGA fabric, just like the

rest of the chip’s functionality, it is called a soft core. Many

such designs are published and/or sold, some of which are

listed here.

name source bits 4-LUTs MHz

PicoBlaze[14] VHDL 8 152 40

SLC1657[15] VHDL 8

gr0040[16] Verilog 16 257 50

xr16 schem 16 392 65

MicroBlaze[17] N/A 32 1050 75

NIOS-16[18] N/A 16 1100 50

NIOS-32[18] N/A 32 1700 50

LEON SPARC[19] VHDL 32 4800 65

Aquarius[20] Verilog 32 5506 21

or1k[21] VHDL 32 6000 33

None of these cores have an MMU (memory management

unit). The speeds (and, to a lesser extent, the 4-LUT count)

are only approximate since they depend on the speed and

capability of the underlying FPGA. A ‘N/A’ in the ‘source’

column indicates that the source is not published, limiting

the core’s utility in a research context.

The advantages of a soft core are more competition, va-

riety, and adaptability to the actual problem at hand.

5.2 Hard CPU Cores

When the CPU is built by the chip manufacturer on the

same die as the FPGA fabric, it is called a hard core.

CPU core chip bits MHz

PowerPC Xilinx Virtex-IIpro 32 250

ARM9 Altera Excalibur 32 200

80C51 Triscend 8

The first two of these designs include an MMU. Al-

though less customizable, these cores have theoretically

better cost/performance and speed-power product than a

soft core. In today’s FPGA generation, hard cores with

external SDRAM are probably required for type A SOC

implementations.

6 NETWORK CHOICES

At some point in the chain from hardware to operator,

standards (as published by sanctioned standards bodies) are

essential for communication between hardware built by dif-

ferent people at different times.

There are many historical standards for parallel bus at-

tachments of peripherals to computers: CAMAC (IEEE-

583), VME (IEEE-1014), VXI, GPIB (IEEE-488), SBUS

(IEEE-796), ISA/AT, ATAPI (ANSI NCITS 317-1998 and

later), PCI/cPCI. At the time of this writing, all are consid-

ered obsolete or dying, in many cases explicitly replaced

with a serial equivalent. PCI sees extremely wide use, but

is also very political, and many commercial interests ap-

pear eager to upgrade or replace it soon. Modern serial

buses include Ethernet (IEEE-802), Firewire (IEEE-1394),

Fibre Channel, USB, CAN (ISO 11898), SATA, and ATM.

Ethernet is both the oldest and most vibrant. It is in

the heart of the wireless storm. Power Over Ethernet[22],

which provides up to 13W for peripherals over the same

CAT5 cable as the network, is just taking off. Fiber and

twisted pair transmission speeds are set for another jump in

speed and/or availability. It’s very hard to imagine any dif-

ficulty connecting Ethernet-based gear to the Internet any-

time in the next two decades. The same cannot be said

about any of the other listed protocols.

With ubiquitous CAT5 cable, 100BaseTX and

1000BaseT Ethernet will reach 100m. On a fiber

physical layer, 100BaseFX in full-duplex mode will reach

2000m, and 1000Base-LX on a single mode fiber will

reach 3000m[23].

While not normally thought of as a hard-real-time link,

point-to-point Ethernet does have deterministic latency.

Direct links between networked front ends could take ad-

vantage of that to implement wide-area feedback and inter-

locks.

7 FIELD PROGRAMMING

FPGAs are an enabling technology. Their reconfigura-

bility is an essential feature, allowing bugs to be fixed and

features to be added to the hardware at a later date. This

flexibility comes with a hardware price: some means of

“booting” or “configuring” the FPGA must be included,

and (to avoid losing the very feature that is so attractive)

a mechanism must be included to make that configuration

remotely updatable. When a conventional networked com-

puter is part of the equation, the solution can be relatively

easy: connect four JTAG leads to the computer’s general

purpose port, and have the FPGA activate only after the

computer goes on line. This avoids dedicated Flash mem-

ory chips and all other hardware and software complexi-

ties. Normal software configuration control can place new

FPGA configurations on a network server, where it will

take effect on the next chassis reset or power cycle.

When interlocks are implemented with an FPGA,

the equation changes: it has to be treated as a non-

programmable device, and changes in functionality have
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reach 3000m[23].

While not normally thought of as a hard-real-time link,

point-to-point Ethernet does have deterministic latency.

Direct links between networked front ends could take ad-

vantage of that to implement wide-area feedback and inter-

locks.

7 FIELD PROGRAMMING

FPGAs are an enabling technology. Their reconfigura-

bility is an essential feature, allowing bugs to be fixed and

features to be added to the hardware at a later date. This

flexibility comes with a hardware price: some means of

“booting” or “configuring” the FPGA must be included,

and (to avoid losing the very feature that is so attractive)

a mechanism must be included to make that configuration

remotely updatable. When a conventional networked com-

puter is part of the equation, the solution can be relatively

easy: connect four JTAG leads to the computer’s general

purpose port, and have the FPGA activate only after the

computer goes on line. This avoids dedicated Flash mem-

ory chips and all other hardware and software complexi-

ties. Normal software configuration control can place new

FPGA configurations on a network server, where it will

take effect on the next chassis reset or power cycle.

When interlocks are implemented with an FPGA,

the equation changes: it has to be treated as a non-

programmable device, and changes in functionality have

to be accomplished by returning a unit to the bench, re-

programming with specialized hardware, and the result re-

tested before returning it to the field.

When the host computer is inside the FPGA, the con-

figuration step involves a chicken-and-egg problem: the

very computer (or computer-free network stack) that is

needed to download FPGA configuration is implemented

in the very hardware that needs configuration! FPGA ven-

dors provide small and expensive Flash chips that can self-

configure an FPGA at power up, but the infrastructure to

reprogram these and restart the board (while leaving fail-

safe options in place) is not easily understood. Since the

chip count of an FPGA-based control board is normally

very low to begin with, it seems imbalanced to add com-

plex and fragile boot hardware.

8 CONCLUSIONS

Networked front end hardware has tremendous opportu-

nity to make accelerator electronics simpler, cheaper, more

featureful, better understood, and more reliable. By dis-

tributing the hardware closer to the gear it controls, field

wiring becomes quieter and more maintainable. Standard-

ized high speed network communications between front

endmodules and the global control systemmaximizes short

and long term flexibility, and minimizes installation costs.

Since so much of the intellectual content of the devices

will reside in its programming, it is appropriate to suggest

widespread Internet-based collaboration within the com-

munity, as exists now in the SNS project and the EPICS

collaboration. This “many eyeballs” approach can drive up

quality and drive down costs compared with the “lock it in

the desk drawer” approach.

Many more changes are on the horizon. Even with the

demise of Moore’s Law looming in the next few years,

imaginative applications of programmable digital circuitry

will continue to enhance the performance and capabilities

of front end hardware.
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