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Abstract Ourdevelopment goals are

We have developed a new spectroscopy-grade, 4096- • to provide a set of software and hardwarebuilding
channel multichannel analyzer (MCA) for use in the blocks that would allow one to quickly, economi-
domestic nuclear industrywith application in domestic and caily, and reliably configure instruments for solu-
international nuclear safeguards. It is based on a building- lions to safeguards and domestic nuclear industry
block philosophy (hardware and software). The oversized applications;
"blind" prototype for theminiature andmodularMCA fits in
a box 10 by 20 by 9 cm including bias supply and batteries. • to provide as general an interface to this system as
Its low power consumption is a third unique feature. Our possible that has minimal requirements for hard-
goal is to provide MCA hardware and software building ware interfacespecifications;and
blocks that people not technically knowledgeable of the

internal detailscanuseto build solutions to a wide varietyof * to create a software toolkit forMS-DOS

problems independent of computer platform or operating computers to allow programmers to create
system, application-specificsoftwarewithout knowledge of

the technical operation of the interface to the
building blocks.

The purpose of our work is to develop a set of tools to
be used by the Safeguards Assay Group to solve safeguards To attain our goals, we have made extensive use of
and domestic nuclear industryproblems as well as problems advances in hardware and software since our last MCA de-
requiring similar hardwareand easy-to-implement software velopment activitiesover a decade ago.
for environment, defense, or other areas of national and
international interest. The currentdevelopment was begun 2. The System We Are Develooine
when problems were encountered for which solutions were
becoming more and moredifficult to implementusing exist- Our system contains a basic building block composed
ing hardwareand software, of hardware and firmwareplus a software librarythat pro-

The firstphase of thecurrentdevelopment began when vides an interface between high-level languages and the
we were asked to replacean existing, small Nal pulse-height buildingblock. We call the basic hardwareand firmwarethe
analysis (PI-IA)and control system. The replacement was _ andmodular MCA (M3CA).
necessary because the old unit was too noisy and high-reso- The M3CA provides general supportto applications, lt
lution capabilities were needed. The application required must inclqde the necessary hardwareas well as control for
only low count-rate capability. This development is thehardware,and it mustprovide general functional support
described in a paperentitled "Miniature-MCA Technology for applications. Figure I schematically shows the M3CA
Developments" /I/. where the processor hardware, amplifier, analog-to-digital

Tightened regulations for material holdup at a DOE convener (ADC), and power and bias supplies are held
facility thatmeasured u_mium holdup was the impetus for together by the fumware.
the present round of development/2,3/. Partsof an existing
holdupn_tsurement sy.qtemwere broughtto Los Alamos by The firmware in the M3CA is divided into three basic
the developer and were. interfaced to the PHA system just areas:
described. A couple of hours after the developer arrived,

regiL_n-of-intere_t(ROt) information was being transferred • Setupand control,
bert/ecn his data logg_'andthePI-IAsystem. The success • Generalmeasmement functions, and
of this interaction and (liacussions with other facilities and • Communication.

groups lead to the present multichannel analyzer (MCA)
development program by the Safeguards Assay Groupin In general, anything that is accomplished by setting
Los Alamos. bits in a hardware register is termed setup and control.

Examples of setup and control are setting coarse gain or
•Thisworkii suplxl_d by theUSl_ent of Energy,Officeof amplifier polarity. When theprocessor is used to move bytesSafeguanbandSecurityandbytheUSDept_n_mtof _, Officeof
ArmsControlandNonpmliferstim,SystemsandTechnologyDivision o!"make calculations we say it is doing a general function.
m/the _ fafesmntsDivisi_ Examples of the general functions are ROI activities or



Communications H_wm Features

_;, The hardwareis arrangedon (96 mm
four mainboards

•,,_,,;......... .,,, ,,:_;,,,:,,,,_......,:,.. by 198 mm) as shown in Fig. 2. The top boardis the ampli-
_,:,;[;_;J ,,'._] tier board, under which is the ADC board. The processor_v:,v: :_:_,;,:Processor

[.";,;_,v:![__,:.:;:_.i_,,.,.ii_[';;,_/1 board is between the ADC board and the power supply,_......_,,,,_,,_,,_,,:,_,,,,,_,_........ ,;. board. The bias board is a piggy-back board on the lower

Iii,,,'!]_':'_:' [_,,,il,,i,,_ sideofth_powersupplyandshamsthelowerspacewiththeAmplifier internalbattery.Theboardsareseparatedaccordingto func-
[:_i_ii:.".l',,.,-.",-,,,.,':.,',,',.,".....,-........,':,,;:_!iii,'_'_Fig.I.Conceptualdiagramof.............:,,...........................,,: tion.Thisallowsnew boardsto beexchangedwithoriginal
[,'._i_,,.'_,,_:!:_,A,_,/_,_,/:._Fi.rmwBr._!_i_basicM3CAbuildingblock.
E',';_:i""........................._'-_'I boardswhendifferentfeaturesarerequired.Aliboardshave

ADC 8-bit readable ports that may be used for board IDs or for
...._t ._!,,
_,?,,:,,,'/;,,i:,_;;,: configurationsenseswitches.Inaddition,allboardsexcept
:,v,_....................................:,, .fortheprocessorboardhaveswitchedpowerinputs.The

Power and Bias p.mc_ssorboardgoesinto low-power mode when the pro-

[_)!] (:essorchip ii placed in the sleep mode. The featuresof the,:............................................ individualboardsaregivenbelow.

umUfax
dumpingdam.One communicationspackagehandlesreceiv-
ingcommandsandsendingresponses. • Two selectabledifferentiationandintegrationdme

Thechoiceof generalfunctionsto be implemented in conIm
the M3CA is somewhat arbiu'ary,but we usethe principle • 4-pole Gaussian fdter
that a function should be generally usable in a number of • Coarse gain settings: I, 2, 4, 8, 16, 32, 64
applications. Anydung that is application specific doesnot • Fine gain settings: 409514096 to 114096with 12-
qualify as a generalfunctionin theM_.A. bit resolution

Forthe mostpart, interfacing detectors to the M3CA is • Gated base-line restorationwith automatic thresh-
straightforwardand numerous people can handle this task. old
Lackof such experience is generally not a significant impe i- • Pile-up rejection with automatic threshold in fast
iment to using theM3CA for an application, channel

The user interface requirementsatc rapidlyandfund_- • Adjustablepulse-width-rejection
mentally changing. In the past, MCAs have generally bee_ • Additional 12-bit fine gain setting for digital gain
used in manual applications where the user was present ant_ stabilization*
tasks were accomplished using standard front-panel
features. We feel that more and more applications w.ip. ADC
require specialized user programs, some of which _Till
involve remoteorunattended operationor both. • 100-MHzWilkinson ADC

To enhance the M3CA's applicabilityand adaptability, * Conversion ranges of 4096 k and512 channels
the end user must be able to effectively and efficiently • Programmabledigitalpedestal
develop specialized application programs. To this end, we • Hardwaredifferential nonlinearityreductioncapa-
also provide a software libraryso the programmerdoes not bility
need technical knowledge of the operation of the M3CA.
This libraryis easily used with Microsoft's MS-DOS higher- *Not implementedin the lh'stprototype.
level languages.

Supp_

_Battery Modul_

Supply

Rg.2.BmrdconfigurmionofbmicM3CAbuildingblock



• Programmablelogic arraysused to providegreater The hardwarewill be controlled by commands issued
funcdonalityandreducesize by a controller through the processor board's serial

• First in first out buffering between PHA circuitry interface. The firmware on the processor board contains
anddirect memoryaccess storage "macros" to control ali the parametersthat can be set by the

• Two individually addressable conversion user. If the userinterfaceof thecontroller requiresa display,
memories the controller must provide this capability. In many

• Processor and PHA circuitry with concurrent, applicationstherewill be no needfor a frontpanel,hence no
interleavedaccess to conve_on memories classical front panel is shown in Fig. 2.

Examples of external controllers are intelligent data
processor loggers (Fig. 3), palm-top computers (Fig. 4), or personal

computers---MS-DOS compatibility is not required. Any
• MC68HCl 1 single-chipmicrocontroller device capableof issuing ASCIIcommands by a serialinter-

- Asynchronousserialport(12.5k baudmax.) facecan be used as theexternalconm311er.
- Synchronousserial interface(1 M baudmax.) For those applications where a classical frontpanel is
- 8-bitADC with 8.channelmultiplexer needed, an additionalboardcould be internally interfaced to
- 256 bytes internalRAM the M3CA by the serial port (Fig. 5). By using soft keys
- 512 bytes electricallyerasableread-onlymere- defined by the fiquid-crystal display (LCD), a powerful

ory (EEROM) interfacecan be implemented with a limited numberof but-
- Power-down modes tom (Fig. 6). With present day technology, the processor

• Application-specific programmablegate arrayfor for such a boardwould be a "DOS processor." By this we
control anddeccxiing mean one of the very large scale integration circuits that

• Bm interface contain not only the processor but standardDOS interfaces
- 8-bitmultiplexed_s/datalines as weil. Figure 7 shows the front of a commercially
- Thee external select lines
- One interruptline
- One resetline
- 3-line synchronousserialinterface
- Two system clock signals

• Unique, processor-readable48-bit serial number
• 128 kbytes of RAM organized in 64 kbytes for

system memory with four additional 16-kbyte
pages.

• 128 kbytesof ROMorganizedas a "ROM DISK"
• 1 kbyte of EEROM for nonvolatile parameterstor-

age
• Additional UART for"system" serialcommunica-

tlons (Maximum datatransferasynchronousrate 1
M baudtimes 1 mode)

• Battery-backed-up real-_ne clock Fig. 3. Intelligent data logger used with prototype of early braiding
• Ambient temperaturemonitor btock_
• Power supply monitors
• 12-bitbufferedbinaryoutput
• 8-bit binaryinput
• One _ output
• +5-V power supply

• +12-V anal+74-V low-voltage powersupplies
• standard9-pin connector pinout .....:
• +5 V

• 200--1200-V positive-bias supply with 125-pA
capabilityand SHV connector,

• 300-3500-V bias supply"
• l-figh-nmebanery charger

• Quickly _-placeable Ni-MH2.2 A-h 12-V

Fig. 4. Array of computers that are early interfaced to bmtc bml_ng
• Not implemented in the lh'stprototype, block.
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pllfler

Supply

_Battery Module

Supply

Fig.5.Basicbuildingblockplusananachedfrompanel

available implementation of a DOS processor and a credit-
card-sized memory module that plugs onto the back of the
board. This implementation contains standardDOS video,
LCD, keyboard interfaces, bus and PCMCIA interfaces,
bias, and memory. A clear advantage to this approachis that
software for this fi'ont-panelboard would use the software
libraries developed for the larger DOS-based computers.
This software could be developed and debugged on the
lm'gcrcomputersand then downloaded into the front panel.
The hardwareadvantage includes large memory maps and

r77] _ _ _ existing interfaces to DOS devices and to the PCMCIA
Fig, 6. Conceptuallayoutof a devices such as mcmory cardsand modems.

I limited frontpaneL The rich array of macro commands virtuallyeliminates
the need for total spectrummmsfer except for spectral dis-

_ r'_ ["] play. lt is clear that lhc real-dme display of an accumulating
[_ _'] _ [_ spectrum will not be seen with this system. With this sys-

tem, I-2swouldbeexpectedtoupdatea512-channelspec-
num.However,thereareveryfewnonlaboratoryapplica-

tionsthatrequirea real-dmedisplay.
At thedmeof this writing, the first prototypes arejust

, beingtested.While notestresultsflora thisnewsystemare
available,we expectthe amplifierand AUC to performas
well as the Davidson 2056-SA and a Canberrasystem com-

posedof a 2020 amplifier and 8075 ADC (Fig. 8).

Software Features

There are two levels of software associated with the
M3CA. ThefirstissoftwarecontainedintheEPROM onthe

processorboardthatcontrols the hardware.The secondis a
library that runs on any IBM-PC-compatible computer to
provide the application _mer with C functions that
perform the most commonly u_''= sed functions. This library
handles all the dining and communication protocol of the
interfacebetweenthePC andtheM3CA.

The embedded software on the processor boardis
written in C; we use the InurolC-68HCI I Cross Compiler
System. Software is developed on an IBM-PC-compatible
computer, downloaded into the system RAM chips for test-

Fig.7. A commerciallyavailable*DOSpcocessxboardwithvideo ing, and fmaily programmedinto EPROM for the t'ma]sys-
andLCDinterface,memory,keyboardinterface,bias,andPCMCIA tem.The functions for the PC-based libraryare wnnen in
inuaface. Mien)softC andtheseC functionscanbeeasilycalledfrom

*ProducedbyDoverEleclronics,L.ongmomLColorado.



only, commands whose response must be calculated and
oooooo sent back, commands with no response, and commands

with unique responses. Thecommand set allows the user to
set or read all the usual MCA parameters such as high-
voltage discriminators,and ROls; it also contains the conmol

loooo commands to startand stop the acquisitions and dump the
spectraor ROls only. Thecommand set has thecapability to
calculate the centroid of any ROI and commands to

10o compensate for gain-cb'ifrthrough software. To compensate
for the non-real-time nature of the display, M3CA can
continually acquiredamin one memorygroupwhile the dam
in another memory group atc being sent to the external

controller--there is no pause in the acquisition while the
spectra are being transferred to update the external

Fig.8. PMCApile.uprejectiontests controllcr's display. At the present stage of development,
57Cosource: countrate= 60000counu/sinput over 100commands aredefined.
Top trace: CI2020w/2ItsTC,8075ADC Because most controllers will probably be IBM-PC-
Boaomtrace: PMCAPPRT= 105 compatible computers, we provide a libraryof C functions

that communicatewith the M3CA (Fig. 10). This relieves the
applicationprogrammerfrom having to decode ali the serial

any other Microsoft language such as BASIC or portcommands and responses. The libraryconsists of about
FORTRAN. 13 functions; these provide the capability to set up the

Ali communications with the M3CA are throughthe M3CA, startan acquisition, check if the acquisition is com-
serial porx (Fig. 9); the M3CA responds to commands rc- plete, stop the acquisition, and read the spectrum from the
ceived from externalcontrollers and ali responses are sent M3CA. The library contains an I/0 control function that
out the serialport. The M3CA acts as a slave in the system allows the programmerto access any of the 100 low-level
and only responds to commands from the master (external commands defmed at the serial portlevel. The libraryhart-
controller). The M3CAparses each command, sets or reads dies the communication protocol between the PC and the
the appropriatehardwareto execute the command, andthen M3CA; thus the applicationprogrammernever has to worry
sends the appropriateresponses to the serial port. Normally about the actual format of such things as the strings and
only external controllers interact with this level of M3CA time-outs. We believe that with this set of tools the applica-
communication; typically, the user interactswith the special tion programmer should be able to fairly easily build an
program in the external controller. For diagnostics, it is application. The application programmer needs to
possible to interactwith the M3CA througha terminal. The understand the functionalityof an MCA but does not have to
protocol for the serialcommunication is well defined; it was specifically learnhow thatfunctionality is implementedfor
designed to be a simple, straightforwardinterface so many this specific MCA.
types of external controllers could easily interface to it. The To do the checkout of the blind unit we have
external controller is only required to have a serial port;no developed an MCA emulation program that runs on a PC.
special interface cardor operating system is required.Com- This program allows us to read and set ali M3C A
mands are entirely ASCII strings and consist of an opcode, parameters; acquire spectra in either single or continuous
optionally followed by one or more arguments and termi- acquisition mode, transfer spectra to the PC, and save in a
nated by a carnage return. Ali responses except the binary Canberra S100-compatible DOS file; plot spectra fromthe
spectral dump are also in ASCII. The commands logically M3CA or disk file and performstandardMCA front-panel
fall into five categories: commands for parametersthat can functions such as expand, move the cursor,set ROIs, make
be set and readback, commands for parameten thatare read energy calibrations, change vertical scales, and print hard

copies of the spectra; load specna from a disk file into the
M3CA and from the M3CA into a disk file; and adjust the

t RS 232 _ Firmware

User ASCII Macro

Prog_m_.._d_ Coat,ands an,

• Hardware

,' u., I M_A RS232 Firmware

, ProgrtLm_.__itL._Lj_.___- "--'-------- and
External Controller s M3CA Hardware

* Building Block
(pc,am,mss_,r,temm_)

Example of Macro Command to PC M3CA
Set High Voltage to 1500

Command: lS 1500 Example of LIl_rary Command to Sign Acquisition
Response: 3S mmm_begin_lk_lukre (mca. clellr_daig, preset time)

Fig. 9. Interface to M3CA at lowest level; user must implement the Flit. 10. Recommended interface to M3CA at library level, details of
ASCII macrocommandsandresponse& M_CAN_ im_ar, c arc invLsibk to applicationsprosrammcr.



specuacountsbasedontheenergycalibrationandnomudize • Forallsystems
thecountsineachchannelsotwospectracanbeoverlapped
for analysis. This program can be used to perform some of - The ruggedness and reliability of this system
the more standard MCA setup functions; the actual should be greater than larger systems because
application would be written separately. We are working of the use of high-density low-powered pro-
towardmaking the spectraldisplayand its associatedactions grammable logic arrays.Lower operatingtem-

. a funcdon thatwould be callable fromanotherprogram;this peraturesresulting from the low-powered cir-
wouldrelieve theapplicationixogrmmner of having to write cuitryshould also increasereliability.
these"f_ont-panel"typemutineL

We hope that when a fi'ontpanel is needed we can use - This system has a powerful set of software
the same MCA emulation programthatcurrentlyrunson the tools to make writing application programs
PC with a palm-top computer.The limited display andkey- comparativelysimple. We hopethe commercial
board capabilities of another type of a front panel might implementation will be competitive with or
require some minor modifications to the emulator program, cheaper thanexistingcommercial systems.
By keeping the front panel a DOS-compatible device, wc
believe a broad range of programmersshould be able to • For facilities where both high- and low-end appli-
develop application-specificprograms, cations exist, a system that covers the total spec-

trum
3. FutureVis/oas

- Minimizes the number of systems on which
In mid calendur-year1993, we will begin shrinkingthe usen mustbe trained.

size of the elecaonics boards for new applications. The utr- - Minimizes the number of systems on inven-
get size is 60 mmby 150 mm. Tiffswill be done thronghthe tory,
development of hybrid analog circuiu7 and the use of sur- - Minimizes the numberof systems which must
face-mount technologies. A lower-powered, combined low- be supportedby maintenance,and
end amplifier and _ boardcould be developed to replace - Allows a single software interface to be used
the existing high-endamplifier and ADC boredpair. Sucha for all applications.
board would be useful in environmental and some safe-
guards applications. • For remote or unattended operation or both that

New approaches to gamma spectroscopy can be easily nequims uninwrrupdble,stand-aloneoperation,the
adapted to this building block. For example, a boardthat low-power and internal batteriescoupled with an
appliesdigital signal processingtechniquescould replace the intelligent fnmt panel with a user function provide
existing amplifier and ADC boards without changing the a small, self-contained nucleus thatcan execute a
package or theconnectors andwith very little change to the functionwhile theunit is temporarilyisolated from
basic building block software. _ andcommunicationwith a centralcomputer

With the existing neutron coincidence/multiplicity system.
countingelectronic technology, itis suralghtforwardto add a
neutroncoincidence/multiplicity boardto thebuilding block A question that is invariably asked is why would one
set. This would allow ali the necessary information for a use such a system in a high-performance applicationwhere
plutonium meter to exist in a small, self-contained, stand- ac power is readilyavailable.Ouranswer is given in therea-
alone package. Replacing the PHA elocuouics blocks with sons above.
the neuuronboardwould result in a coincidence/multiplicity
counting package thatis rugged, self-contained, and stand- • Forfacilities with only high-end applications and

_ alone, butmost imponandy the resulting package would be plenty of ac power--why not?!
able touse the protocol philosophy developed and refmed
for theM3CA. 4, References
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