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Abstract

We have recently reducedthe sue of multichannelanalyzers
(MCAS) and have implemented more features in hardware to
relieve software requirements, We built and tested a spec-
troscopy grade, 4096-channel MCA. Exclusive of amplifier
and pcrwx supply, it fits on two boards each approximately 7
by 15 cm, ‘his paper discussesthe features and performance
of the analyzer and somereasonableapplications of thesetech-
nologies,

1. INTRODUCTION

The applications for multichannel analyzers (MCAs)--and
safegti instrumentationm general-am growing in number,
and requirementsfrom some existing applications are evolving
rapidly. We see many new rcquiremerts being answered by
versatile, well-engineered building blocks with resident intell-
igenceinstead of stand-alone boxes, which have been used in
the past, We also prefer a “bus independent” interface to these
building bbcks. For this interfme we use the common seriat
port, It has great versatility, but the limited data uansfer rates
of someserial transfer media can be a drawback. However, the
resident intelligence of the building block can usually be used
to solve this problem.

We usedths conceptwhen we were asked to build a minia-
ture MCA to replace an existing Ml MCA system, We were
given a needslist from which we developed specifications,The
unit we provided was to receive signals from an external linear
shaping amplifier and was to control an amplifier and high-
voltage systemprovided by a commcrciat manufacturer, The
unit itself was to be controlled by a computer program running
in sn MS.DGS machine miks away from the MCA in a very
unfriendly environment.

Credibility was given to the “building block” upproach
when the unit just described was interfaced to a completely
different application by a potential user in lessthan I day,

The size of the circuitry usedfor ‘$c miniatureMCA build-
ing block was kept small by trading off pcrforrnancc against
hardware components and by using a vcrsutilc single chip
miwoprowssor with on-board Capibilitiw for communicahons,
tin,.ng, and analog to digital (A/D) conversion, ‘llw processor
. mcmcnts the conversionmemory through software insteadof
by hurdwarc.dkcct memory tscccw, Most of the hardwsrc logic
was implcmcntod using u programmable, Wplication+pccif ic,
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digital integrated circuit (ASIC). The ASIC not only reduces
the size of the circuitry, but lends great versatility without re-
Iayout of the circuit boards.

We are using theseASIC techniquesin a design to enhance
the high-count-rate throughput of the portable MCA used
extensively in safeguards,

11. NEEDS

We needed to upgrade an existing Nal system design to
provide high-resolution spectral (HRG) data. The size of the
new cimuitry was to be the same asexisting cirvuit boards(7 x
15 cm).
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The necessarycapabilitiesare summarizedas follows:

@!&channel pulse-heightresolution;

24-bit counting capmity per channel:

Low noise to allow analysis to below 17 keV;

Control lines for selecting time constants for Nat and
HRG-type detec~

Control lines for selecting fixed-gain ranges to allow the
study of spectra up to 0,4,0,8, 1,6, and 3,2 MeV;

Puke-height analysis gated by a second, shorter time-con-
stant analog inpuu

Serial-communications rates up to 9,6 k baud, (The [,wal
interftwc was to use RS-232 signal Ievcls,);

Peak-position stability in the range of 0.05-0,1% of full
scale for a 4096-channel (4-k) spectrum. This is specified
over a 2. to 4-hour period after a 2-hour warmup,); nnd

[ntcrfw, capabilitiesas follows

Turn on/off the bias supply (binary control)
:: Set amplifk gain (binary control)
3. Turn on/oCf power to an auxiliary circuit (binary

control)
4, program the bias set point (analog control)
5., Monitor bias setpoint (anaJogread.back)
6, provide operational status(on/off) of tic bias supply

(binwy mad+ack)



AuxIhary tqupmenl uscuwItn tms appmauon createsneat
and vibration in the housing in which the electronics are
moumed.

Commercial vendors are providing the NaI detector ek-
tronics, the HRG detcctcx bia?, and signal shaping and ampli-
fwtwicmcircuits.

111. HARDWARE

A. Features

Arudo&to-DiI@tdConverter (AK)

The ADC is a 12-bit Wilkensun t~ with a clock speedof
40 MHz.

The analog input will accept unipolar or bipolar pulses.
The full-scale conversion is 4.(D6 V. The input signal can
be amnuated by a fxtor of two.

A sepate analog f’-channc! input is provided so the fast
chanrwlcan b jumper connectedto either this spcial input
or LheIIormid analog inpuL

llrc upper- md Iowcr-kvel discriminatorsand fmtdmsmel
thresholdscan be set from the sdlwarc. The zero Ievcl is
manually adjusted.

Circuiuy for two wparatc ramp currentsis pfovidedm

Application-Spccifii, Digital Integrated Circuil (ASIC)

Logic in an ASIC digitally controls the analog ADC cir-
cuitry, The Wilkenson counter is included in h ASIC.
Ilrc ASIC also conwolsall conversion-addressadjusuncnts
for spcarum sizes from 25o to 4096 channels, The
adjustedccmversionddmss outpul hasa singk-stage buffer.
1 he prcccssoris intcrruptod when data is available in this
buffer. In responseto this intcmrpt, h processoi incrc-
menLsthe appmpiatc channel in the conversion memory.

Micrqmxcs.mr

The processor,a Motmola MC68HCI 1A, has an odmard
UART, H-channel, imalog multiplcxct with an N-bit ~
convcncr wrd timer functions, which arc uw.d in this appli-
cation, It runs in the cxpundcdaddrc.ssmode with upprox-
imutcly 32 kbytcs of EPROM, or nonvolatile RAM, and
M Icwt 24 kb~[cs of available RAM in its memory mup.
A Ifi-!tbytc, AIX-convcrsiorr mcm~ resides in the pm.
ccssor memory map, and Ihc pmccwror incrcmcnLs the
channels, The capacily of each channel is 32 hits, The
serial commur,italions will run f’mm I 5010 96M) huudm
The serial fxm intcrf~c supportsa long BREAK reset,

software

All functionsof the building block w configured and c(m.
Irollrxl hy rmidcm sollwarc. (’ommandx may hc used m
cull u selectionof swdard MCA “mum” funcmms. Surial
pm inlcrnJpL~drive [he comn~’miuuion [Km softwure.

.

.

Auxiliary Device Interface

Analog and binary command and rcd-bxk capabilities are
provided 10 conlrol amplifier gains, turn on power sup-
plies, delmninc bias set points, and read bias and tcmpa-
lures.

Diagnostics

The 5 V, *12, mains supply, and bias vohagcs; detector
leakage curren~, and titer and ambient electronicstem-
paturcs are all monitored. A digital pulse string is pro-
vided to drive a testpuke inpuL

B. Performance Goals

The performance requirementsfof Ibis application were not
SLringent.We w the following goals.
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When interfaced to an Ortec 572 amplifier and an HRG
detector, which does not &grade the following spccitica-
tions, lhe MCA will meet w exceed the following specif-
ications:

1. Maximum peak tifl opcmting from O“C to WC ah
a 2-hour Pried and al counting rates up to 10 k/s
should be 0.05% to O.1% full scale for a 4-k spco
trum,

2. Maximum differential nonlinearity should bc <5%
over h mitile Xl% of the ADC range.

3. Deviation from Iincarity should b <0.05% of full
scak over the middle 90% of the ADC range.

Ali cxtcmal control and communication occurs over a
3-line R5-232 seriul link operating at 9600 baud.

The electrrmic operating-temperature range for binary c(m-
wol and read-~k of ~ digital circui~-will h -20° C to
5(PC. The analog operation is specified ovti the range of
O“ctoWC.

C. hnplenuntalion

Figure I is a photograph of the circuit buardx. Onc board
is for the Pwer supply. The microprocessor board contains
the memory, ASIC, und cxtcmal digital intcrfrwc. The ADC
hnad contains the analog circuitry for the AIX, the digital-o
tinalog curivcmrs for discriminators, thresholds, and the bias
programming Voltagcm?Rc hoards plug together 10eliminate
cublcs. A prototype awcmhly is shown in Fig, 2.

IV, SOFTWARE

“rhc software for the miniamrc MCA is wriucrr in the C
Iun#uagc,‘Ilc miniahn’c-MCA Imcrfacc to Uw mn..idc world is
u scriul pow no front lmcl is required, This ,wrial port CM hc
conncclcd 10u computer, a programmable date lo~gcr or hur-
codc rdcr, or simply a terminal,

The sot’lwarc~rfmrrs the following funct.iorw



● 1[ rcspmds to tic conwolling computer’s commands thiu
lhc scriul pon reccivcs. The commands can do IJiC hdlow-
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Fig, 1, Miniawe-MCA prototype,

Fig. 2, Miniumre.MCA bourd se{,

h imcrfaccs directly wilh lhc hurdware w murol tic gain,
di.scrimimuor Icvcls, high vulurgc, [CMpulscr, ctc, II UI.W
red+ lhe slalu and rnunilors Ihe inlemal vohagcsand Ma..
and cxlcrrud inpuls with H-bit precision.

II Wquires s~ua in [k wrvcrsion memory for Ms~ifked
period of lime,

h dumps im wx.luircdspectrum 10 Lhcdcvicc uunncclcd m
lhc wriid purl. II hw the ubility IU [runsfcr unc sptmrum
whik it is ticqulring unodwr spccINIn,

II imcrt’uccs10 tic limcr hurdwureund rcgiwers, und it uun-
IN)INIhc AIX” twquiw[ion tinlc,

II prrsxsscsinlcrrupls ~oming from AI K’-conlrul cltx’tr(m-
ics. k’uuw COUIIIrum rCqIJlrCnlcnL\ure qullC Iuw, !q’kllru
urc uccumulutcd In Ihc SOIIwrIrc-incrmncctcd rmmtcrs in
convcmitrnmcmury on cauh inrcrrupt.

II scrvicc~ un imcrrup[-drivrn wviid-prm driver, which
rvccivcs uommonds Irwn ;md srmls rrslmnscs Iu the wrml
port.

ing:

;:
3.
4.
5,
6,

7.

8.
9.
I0,
Il.
12.
13.
14,
15,

Wan/stop tic single acquisition
SLu-t/slopcontinuous=quisilions
Scl count lime for Mquisition
Select onc of four gains
Sclccl tic conversionmcmmy SIZC
Sckt which conversion mctnory group 10 usc for
zquisilicm
Transfer a spxuum to tic serial pon in either ASCII
or hinary formal
Report MCA SUttUS
Rcud MCA and auxiliary device vohagcs
Respond10a softwarwlrardwamreset
SCLbaud rate for serial pon
Turn high vohagc On/off
SCIhigh-voltage operating point
Tum auxiliary device o~off
Wan/slop msl pulser

The miniature MCA communicates wirh the r.wL$idcworld
using a simple protocol ordy tirough its serial port. All
commands consist of two ASCII characters lcrminatcd by a
camiagcreu,rm[crl, When a command is successfullyreceived
by the miniature MCA, the command is echoed back lo tic
serial port, In addition to the echo, some commands’
responsesinclude additional information. All responsesare in
ASCII cxccpI for a binary specmm dump. All responsesare
lcrminalcd by a carriage rcmrn and iincfecd Icr][lf], If an
inwdid command is mcived, the rcsponw is ??,

Becausemmsmiwion of full 4-k spwra over M serial port
is a requirement, tic transfer time was a design consideration.
If each chwmel of Ma is 4 bytes deep imd tic information
(16384 bytes of claw) is wansfcrred in ASCII at 96(XI bcud, it
would tic a minimum of 25 s for each spc-ctrummmsfcr,
Bccausc25 s between uplates is not ~ccputblc in many cam,
two mcttmds were u.wd m reduce !he sprmrum lransfcr lime,
First he spcura wc uansfcrred in binnry format, not ASCII,
This CUISin half tic number of bytes w bc trrmfcrre.d, ml
hcrwc he transfer time is approximately 12 s, The sccmd
mclhnd rrunsfers1,2, or 4 bytes per chrumcl,dependingun the
mtiximum numkr of hyIcs the dam in any unc chimncl
requires. If the mu~imum number of cuunl~ in any chirnncl’s
Mu is Icss lhun 256, Lhcnonly I hylc for euch chtinncl IIccds
m trc rrurrsmiucd, This can rwh.wctic numlwr of byks t,rwrw
fcrcd for a 4-k spectrum m 4096, rmd lhc Inmsfcr lime (in
hinury format) Iii +6(M) hultd lu 4,33,

Twu Iypcs uf spccual wquisiti(ms ure wqqmrtcd, The uudi.
tiomd Iypc of MC’A acquisition is the single uuquisilion fur
which dum urc cullcclcd fur u predelcrmincd umourrl of lime,
After Ihc uquisition lime has clupsod,lhc acquishlun is huhcd
und Ihc MCA waits [[w another cummnnd. ‘1’hcsccund Iypc,
cuminuous ucqui~iliun, wns imfrlcmcn!ed tu UI1OWIhc M(”A
10rrunsfcru prcviously collmlcd spxxrum whik u smwndSIN
mum is hcin~ colktcd, In lhc~c ucqui~iliuns Ihr suflwnrr
shrew duur in orrc rc~ion of conversion mcnmry, Whvn Ihr



acquisition time has elapsed, the software switches to anolhcr external compuwr can give when it has finished digesting a

conversion memory region and begins a second acquisition. spectrum: Lhiscommand indicates lhe compuler is ready 10

The software lrarsfers data from the fust memory region receiveanodw spXrum.
through tie serial pm while k second memory region M The commands and implemented responses arc shown in
bing filled. To keep both tie MCA and cxrernal ccrnputer Table 1.
sysms synchronized, we had 10 include a command that the

_TABLE I: Minialure-MCA Commamls and Resumes

Command Respcmsc Definition

BDXXXX
CN
CF
CM
Dc Xxxx
DD

M X.ux
EC
ES
FC

HE
LLxxx
MA
MB
MM
PN

:F
QP
QM

g
QR

$

g
RS
,, “

Sc
Ss
TH XXX
T1 Xxxxx
[JL XXX
Vsxxx
SR XX yyyy
rm

RR XX

(“R
[m

BD
m
CF
CM
De
DD .

m
EC
ES
FC

HE
u
hfA

MB

MM

PN
PF
QF OX.XX
QP OXX.X
QM .XX.X
QA OXXXX
QS OXX.X
QR 00XXX
QI f.)xxyy
QL 00XXX
QT a)xxx
QV 00XXX
RS

Sc
Ss
TH
TI
UL
Vs
SR

RR

(’R
m?

Sef baud raw (xxxx is either 96MI or 4fW).
Tum auxiliary ON.
Turn auxiliary OFF.
Ckar MCA conversia memory.
SeI the number of dam channels (4096, 2048, 1024,512, 256).
Dump a spccmun from deteclor to campum basedon speclfum transfer mode set by
MA or MB command. The responseis Utespectrumdump.
Sti detector gain where xxxx is 1,2,4, or 8.
End continwus speclrumacquisib.
End single spmxrum~quisition before k MCA hcom.
The command sat by k controlling processorto the MCA to sign! lhal it is ready to
rcccive anotherspcclrumin cominufmsrnotk.
Print a menu of all available camands to serial pt
Set the Iow-kvel discriminator to a value from Oto 255.
Set rhe spectrum-uansfermode 10ASCII.
Set k s~mm-lransfer rnalc to binary,
Exit the MCA progsamand go m the rnonim mode.
Turn the test @er ON.
Turn the tesI pulsa CWF,
Query - serd ~k 5-V rwling.
c)ue~ - send IJeKk+12-V reading.
Query - Sendtwk -12-V nxading.
Query - Send Imk ckctiics environment tcmpmmure.
Query - Send hck power-soumevohage.
Query. Send back perccm live time.
~. Interrogm he rkmclm slauss.
Query - Sendkk leakageC~l (O-255),
Query. Send-k cryslal Icmprwre (0255).
Query - Send Imek dM high-voltage reding (O-255).
Software resetof deleclof-all valuesarc setto their defauh vahws
Hardware resetlong H (+ 12 V for 64.200 l,M). Same effect aspowti m. rcscL
SmrI cnntinuuus.spcdrumacquisilinn and amo daIMsemi,
Clcsr memory and SUMIsingle spccuum collection,
SCIthrwhold IO a value (0-255).
SCI Icngth of time fiK dam collection ( 1.32767).
set u~r.kvcl diwriminamr (0-255),
Set M high vr)llagc (0-2!35).
Set a region of interem (ROl) where xx is Ihe ROl number (1.99), yyyy is tic
heginningdarmel number, ond ZYYZis Ihe ending-hannel numtwr. The rcspnnxe is
just tie who of he SR,
had ROls. The responseis to Iiwl onc or all of lhe ROls wilh Lhcir beginning. awl
ending-channelnumlwm in additiot, w lhc ROl sum.
t’lear all the Ilol .xcltin~s(m] IK)Is tw ddined uflcr his command Is cxmxmd),
Prinl currcnl Wllnus. ‘1’hcresponse pfinLY Ihc wrcnl slulus of xevcnd htirdwurc
rrgislerxand .wne sdlware pnmrws,



A. Peflormance

Spectwn

A qxcbum from a sample of 93% enriched’% is shown
in Fig. 3. The low-energy cutoiT for lhis specuum was well
bdOW10 kcV.
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Fig. 3, Urw”wn-235 spectrum.

Resolution

The resolution obtained al e count rate of 5 kls using a

planar detector and an Ortec 572 amplifier is 0,68 keV at
122 keV and 0.’?6 kctV at 186 keV, Al higher count rates, the
absenceof u pulse-pileup @@or is evident fran the obsavcd
high.awrgy Lailing,

Meanly

Wc measum.dIhe Iincarily of he sy~lem using a planar
dcteaor and an Ortec S72 amplifier. Tabk 11 shows the
deviations of the peaks from a Iincar fit to the peak psilkm vs
merg;’, The maximum deviation from channel 300 to I Ikumel
3995 waq 1,69 channels,

The diffcrcntid nonlinearity was c~timated from a Il(N6-
chamwl Nal spocttum in a region where the statistical crrurs
wcm a small fmction of u percentand the qmtrunt was chang-
ing slowly The obwvcd differential nonlinearity was Nrm.
ally less than l%, hut cvcv I.!th ml Ifith channel Iud a hi~h-
Io- low variuticmof between 1.5% and 2%. The differential
nonlinearity seems w he a (’unction of the Actcl chip uwd,
Spectra gathered whh other chips wem more than a factm of
Iwo WW!4C.

Table 11. MeasuredLinetuity

16.2 300.3 302.0 -1.69 -0.041
25.65 485. I 486.6 -1.48 -0.036

53.24 1025.5 1025.5 0.0I O.(KMI
84.21 1631.9 1630.4 I .47 0.036

143.76 2795.0 2793.7 1.3fl 0.034
185.72 3613.0 3613.2 .0.22 -0.005
205.33 3995.0 3996.3 -1.27 -0.031

High-count-rate losses

We Icoke.dat the area of the 186keV ~ in a uranium
spectrumas Ihe count rate increaaedfrom awximately 10 Ids
to 15 k/s. We colkcted s~n in both a miniature MCA and
a Davidson Portabk Multichannel Analyzer (PMCA). Ile
ratio of h miniature-MCA area to lhe PMCA area was 0.84
in both casea. Hence we have demcmatratcddut the processor
can increment the conve:siom memory at a rate of at least
15 k/s. By counting program cycles in the rou~ing that
accomplishes the incrementing, we feel that the proces~or
should Iw abk to handle throughput rafes of approximately 30
k/s. However, this limit has not yet bm tested.

Pedk &@ w a@tction of tcrnpcrature

Over an ambient electronics tempature range of -2(PC m
MOT, the drift in @ fmsition was found to b approxi-
mately constam at - I channe~ fcwa peak al ~oxirnalely
channel 34X) in a 4096 channel spxrum,

8. Otkr Applicatiotu

i’MCA upgrades

The programmable logic of the Acte1° chip used in our
diwclopnwnt also has great potential in the design of higher
prformancc rystems, Two Actel chips have repkxl the digi.
MI logic in the IAEA PMCA*O in a rocemtdesign, one chip is
a Aight modificalkm of the chip usd for the miniature MCA;
ON!olher is rsed to implement the direct-mcm~.acccsx wur-
ag: of data from tlw pulw.height conversion, The chips will
he p intcrfacc a high-performance, pluumium.isou~pic.grade
art plificr, which has hecn devclopd and implcmcntd in

-.4.- . ..—.,--. .-— .
●A:tc! CqmraIiun, 955 FJMIArques Avenue, Sunnyvale, [“A
V4(M,
‘*I), S, Davidson, 19 Itcmhard Road, North 1Iavcn, (*T
06473,



rhc PhlCA, 10 rhc pulse-hcigh[-conversion circuitw. llc
Actel chi~ we significan~ SpMX and sJlow additional cinwirry
to be inc Iudcd to cnhancc the tiroughpr.u at high-counting
rmcs. h is anticipated lhal uniLswiti lhis upgrade should be
operating in rhc fnt quarter of I 992.

DOE f2ili~ holdup meawrements

AL tic Martin Maricua Energy Systems Y-12 plant at Oak
Ridge, bcre arc proceduresfor roudnc and direct verification
thal quantitiesof fissilc holdup in ducts satisfy the safely crite-
ria. To accomplish this, bar codes arc affixed 10 designated
mcasurcmcn[ points [hroughoul the plant. A radialion-
monitoring instrument equipped with a Nal(Tl) detector is
imerfticed to a bar-code reader/dala !ogger to obtain inte ml

Jgamma-ray count ratcs almve a lhreshold set for the 2 ‘U
pulse height sp!ctsum[ I ]. The operator uses the bar-code
readerward of thedat~.logger to read the Iocuion bar code at a
given measurement point. The program in the data logger
storesthe bar code and then prompts lhe operator to position
thedetector for the mcasurcmcnt. Afrcr a fixed delay, the data
Ioggcr automatically starts and stops data acquisition by tie
radiation-mmitoring insrrumcntand transfersthe me.mremcnt
results to the data Ioggcr. The gamma-ray count rate resulls
arc stored in tic data Ioggcr memory, along with the date,
time, location code, radiation meter number, and operator
identificaticmnumtcr,

Becauseof increasedrequirementson h quality, rcliabil-
ily, and vcrifmbility of the holdup mcasurcmcnts,count rite
dam from multiple ROIS, rdlhCr than integral count rate data,
wc required of the Y. 12 mcasurcmcnts. The staff from Y-12
brought Weir dah Ioggcr [o Los Alamos, interfaced it to a
miniakrrc MCA (see Fig, 4), and were collecting ROI-type
data in Ic.ssIJIanhalf a day. They rcprogrdmmcd the bar-code
rmdcr 10 issue the commands to and rrxcivc data from the
miniuhwe MCA. Implcmcntwion of the miniature MCA in
this application will require w.lding an Ntd-bias supply and a
simple amplifrcr m our prc.scr,tdesign.

Fig. 4. Portable holdup tneasuremefit syst~m.

Sqfeguar& measurements

The IAEA and EURATOM safeguards authorities need a
very small, hand-held portable instrumeruthat will wquirc and
display spectm. The miniature.MCA technology can be rcti-
ily adapted to their needs. The portable instrument would not
have a built-in detector, but the unit would provide all support
(amplif~r and bias) for a detector. This unil could h o~rated
by hand or by computer, for example, the HP 95LX palm top
or a Pwerful 4Mi machine. It could be set up by computer
much Iikc the Y-12 pcoplr do with their present insrsumcnt,
and if bar codes could be designed into an inspxlion, a bar-
code reader with a serial pm interface could also be intcrfmd
directly to this unit. Data could be collemd during irnd off-
Ioadcd at the cnd of an inspection directly into a database,
which could aid in the analysis and preparation of the inspec-
tion report.

Such an instrumcm could bc used for both DOE plant
holdup mcmn’cmcnts and safeguards measuremcrrts, To log
data as is done at Y-12, Iargc amounts of battery backed-up
memory curteasily be provided,
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