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lSI~ll l>liCROC011PUl'ER~BASED Dl-'_TA ACCUISITION SYSTEM 

FOH AN OE-"nCAL MULTICHJ\:,\'NEL f\.l,JALYZER 

Abstract 

By J. r.. Chao and C. B. Harr 

Department of Chemistry ancl 

)\ii.aterials and Molecular P-.esearch Division 

Lawrence Berkeley LJJ)Oratory 

University of California 

Berkeley, Californ 94720 

A microcornputer based or:;erating system for progranming and 

data acguisi tion from a two a imensional target optical multichannel 

analyzer used for high~sfX2ed W/visible spectroscopy is described. 

'Ihe hardware and software il'ltc;rfacing re0Jirements for such a 

system to prov1de dedicated real tbe data acquisition is 

considered. It is foL.nd that a relatively sirnp.le paralle-l 

interface to an inexpensive microcomputer can be properly 

configured to perform adequately for high-s-p2ed ir.,arJe processir,g. 
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(OW\) as 

h/o d irncnsional tronic imaging has a 

ily on 

i::don vidicon tc~cbnology 1 program:r.able 

bas been enhanced to provide both 

tivity (200~·800 nm) as well as 

0%) • 'I'he ability of 

to record al information 

an in 

iaJ.ly one cons:tders tlx· 

in the p:::r area o'" L h dig 

like use of a de:'l 

LSI···11 to provj(ir> n"'nl data Cr·~J\ 2 cz:~:i ::;.al 

packaged to be sufficientJ.y multichannel The sofbvare 

simple, yet comprehensive, and is ar:pl to anyone with access 

to one the family corrr:;uters, in rx:::rticular for 

rs I ~11 microprocessors or:er ating under the Digital E.quir:-lfnent 

Corporation (DEC) 1 disk orerating 

vJh the inter inLJ of d 1 rumentation to computer::-o 

for control stra 

inter fo.ce the Cf·1J~ to an I:S rc·ouires some rather 

ial considerations. Because of rather rigid constraints 



related to image processing, 

I/O c;:;n be r tr te. 'Ihrou9h 

ing reau 
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ts for 

ing of 

both can to 

successive buffer addit.ionr.;; within the time limits, thout tbe 

need to build SJX:cial hardware s. 

Since written J:V and in l1ACFO··ll 

language 1 it can mcx'le to run other 1 

operating system (RSX·~-11, R3TS, etc.) no modifications with 

the possible exception of necessary 

ref1ect particular system configuration 

address changes to 

device handlers and 

specific file mm1agement Ci'\LL 

'l'he opbcal rnu1 analyzer system conf~ists of 

1.) the Princeton ied P2S€arch Corporution (P~>:.c:C) 1 

SI'l' detector 2.) the PJl,RC 1216 Detector Controller and 3~) DEC 

IEJ :r ... Jl ccrr:put:er. 'Jhis isi tem PAre 
1215 o:·1l~ 2 Console, 'l·vhich usee:; a software p.:::ck •.,lr itt(~n tn 

FOP.TB larYJuage. 5 r
6 The:: software operatinc; is 

totally written in tlle high~level F'ORTP.Z\N IV, except 

several FORTRi\N~callable, assembly~Jevel I/O routinc::s. 

'Ihere are several advantages for of this 0"1!\ 2 

Data Acquisition SysterJ ,B in our laboratory. The rr.ost imr:ortant 

COr:i[I:Jti.bi.Jity tb a.n existing (and more 

DEC i.ts 

software capab ities. Cur RT-11 disk rating not only 

supports an LSI-11 based network tern (RE1'10I'Ed·],J) if but numerous 

peripheralc: including th 
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is built 011 any 

to efficiently 

use computer for many other li:horatory functions, a c ,_, 

for progr needs of ta reduction and Fur tbermore, 

custom mcxJ user::; ific icat.ions are 

s n~ore universally accepted 

prog r a:rruning language t..l-Jan FORTE. 



I. D!-'1'l'A AC(}JISITIO~J SYSTl:-::1'1 CAPl'\BIT.T'I'IES 

Use the opt mul t ichc:nnsl in conjunction wi tl1 a 

d ~~ive monochromator a1low~3 one, in to d itally 

pro.::::c!'3S an entire linesbape tion shnultaneously. 'l:his not only 

relieves one necessity 

interest 11 makes 1 

to 

stud 

scan the frcquE::ncy reg 

ly accessible 

of 

for 

transient optical signals$ 

'lbe user of the optical wu1t.ichannel cinalyzer interactively 

routines fro;:l a Tektronix 0 ics terminaJ. runs a scr ies 

connected to aD. LSI~11 computer is 

configuced to operate under DEC 1 s V3B otx:ra system vlnich 

also sup1;orts a hardcopy terminal, a hardcopy g plotter, as 

ns bJo c1 iq i tal~ cr::; convc·r ter s (D!£) ., 

the first t the progr<-cTn, the user selects sca11 

parameters for a particular scanning routine, which are then 

translated into instructions for the 1216 ~1ul tichannel Detector 

Controller. 'These scan parameters include region(s) of the 

target to be scanned, the c1wel1 tiroe any particular , and 

the total number of scans to accu~ulated in memory. 

A 14~bit analo~;·-to-·digit:1l converter present~; the datD 

synchronously to a 16·-bit 'ITL bus wbicb is then ac"lded into memory 

by the computer. A singl~ended handshake was built the 

interface to improve system integrity. 

'Ihe user alsc collects a backgrounc! scan, in order to ~:;ubt.ract 
'-./ 

any effects of concomitant k current. At jX)int, 
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or stored 1n 2 

a; 1ook at a previously 
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Lowl level 

delay target int.egration 

substantial fraction of 

Ti\ay roe 
me 'c.lJod s • 

certain conditions, one can reduce 
4 I l I JY COCL the detector to 

to 
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on a ph screen or 

ta file on a floppy 

data file 1 t tbe 

ne. 

clt::tected by using ext-enoc'('J 

Since dark current may a 

detected by the Oi"lA under 

e 
c by 

current by as much as 

means of a .1 iqu id 

r;;:te on tbe for a 

tllen read off Hi th a. w.uch 

higher ratio. ~rations in ex tended delay require 

the ISJ 1 C0:1!j)Uter to 1/16 Hul 

fC:; tl1e tarr;et for optimDl '. rec;omg 

effie 

vJe have develor;;ed this O};.erat.ing system so a~ t.o offer tbe 

user the ity to easily impler::ent other scanning features as 

applications might req-uire. Such features which we have 

implemented include multiplE'~ date> collection and time 

re~:olved tron of C\!11', c:::tectoJ? r 10 ' ll , ich 

t.ben allow us to elec tronicalJ.y recorcJ more than one t a 

transient ext:J2r irnent simul ta.r:eously. 
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Check for DATA VALID 
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r the ::e lo~pc r.:1us t: 

Double precision 2:dd 14 bib> of de:ta to buffer 

Clear f'.J\'f,ZJ,, VALID 

:i.caUy 

or:;er ations, as in extended delay target 

integration and electron detector gating. Reliability tested 

for at the of eacb scan One shoulcJ note that the 

1216 preEx:nts the c1ata synchronously ancJ the l1and~::h2ke is 

ly only a single--2ndc:d one. Furthermor(~, intcrru(?ts are no1: 

generated, nor is I'l'!A re;-:3-uired~ instead, tbe proces::_:or p:)l1s 

status addre::.;s for a D./CI,TA :RECUEST signal. 



7 

11. OPTICAL MUL'TICfil\NNEL 1\:t'-il\LYZER Dl\TA l',C('JJISI'l'ION S~YS'J'Et·1 

I!V!PLEI1E:NI']\'l'ION 

A. Th1TERFACE CO~JSIDERATIONS 

Tbe interface for tl1e PAl{( Model 1 6 r·Jul I)etector 

Controller is providcd thrOlXJh a 16-lJit: DEC DRVll para.llcJ. 

interface board by nieans of processor control. 'I'nis interface 

provides both scan instructions to tl1e 1216, as well as real time 

data acquisition from the detector controller. The digitized data 

from the Q'flJ\ Controller collected and surnmed in real time 

through a 16~bi.t para1lel tnrf~•C'' ::ot un J-o ?5 K , ;,.,J-r'ls/sec·or'·d ·- ~ .. Q t ... (:, .:..:·· \.. ~ .,! •• '0:\J .. .,.t._, > ! "' 

Since thr::: data must th'2n be stored in real t.in:.~ 1 UK: computo 

must ncguire the ta our ing the dc;ta vaJ icJ iod of the channel 

dwell tirne. The user may choose dwell times/channel of bebveen 

20··140JLSec. The timing sequence is shovrn in Figure L 'J'he v,urst. 

id :fX:: r ioJ is I_< .• ,. 
\..-J.Atl-.....•-" 

~ . . C 

Unfortunately, the LS 1/2 CFO cannot bancilr::' the necessary 

instruction executions within these time constraints. Thus for 

operation of the Oi'lA 2 in this system, 40 microseconds/channel 

tile minimum dwell time allowable. In almost all applications, this 

represents a very minor limitation. 
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ticbannel 
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2) is t:er faced 

to the L.S microcomputer through a 16~bi t 

Any suitable video monitor or CR'I display. 

parallel I/O card. 

used to provide a 

of the ta Pl\I<'C 1216 1'1u1 tic~hann~~l D2tector 

Contro]JN 

prov 

dig 

op co:Jc::::.> 

r 

ct {SI"l') 

the t;car~n routinc~s ancl also 

to the 

1 

a uv ~;c 1utor coatin9 to 

into the UV •. target a 500x500 

channel silicon diode array with irnate dimensions of 10 5xL 5 

an. To reduce dark current{ the detector can be optionally 

enclosed in a dry ice cooled bousing, which we l.;.ave modified into a 

clo&-::d ~3ystem Iic:rJid ethanoJ. miL R~r als for 

La acqul~d. 

terminal 

.::.;ystern j 

'l" plOttN- L an l\Dc'\C Co 

multiph:xed 11/D and Dtll,C, a DEO.vr 

dual f1oppy disk unit from Data Systems resign:P 

is used to obtain a real spectrum display. 

t 

ke a 

An oscil 

A typical I.SI~-11 backpl;;:ne configurc'C'J in our laboratory 

contains the foJlowing rocomputer ule components. f:l..x1 

r.sr~ll/2 CPU card ancl K memory c2.rd (Monolithic Systems) 

the first two slots in the (rbus. A DPVll, used to provide 
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dlc:l I/0 to 1216 r•:ul D:::tector g 

a high iori daisy chain posi. udes a 

d:i. interfacf.? card as well as DLVll SN I/O cards to 

'lr.;ktronix console termixBl a~> we1J. as a DECwriter 

ISI11 canJ 16 

s \vi th two prograrrrnable in c1 i.g 

tiplexed .1.\/D 
converters is 

included to provide monitor and otber laboratory dig 
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C. SOF'I\~ARE 

l\ ffiC[POry. 

tnay b(~ shor. tenec depending on user requ i.re::; <:1ll of tl1e 

features of the system" t'\1f'D, one can e ... zpand it ea~;iJy th 

use of overlays Q 

It is written in FOHTRI\N IV except some input/output 

routlnes v.r.dtten 1 1.:mguage. [J::.;er.'3 c;:m 

th little trouble E:s Lhe Hie 

Fir:;ure 3 shm,r:; inter 

on t}-!(2 DRVJ 1 

to test for the DJ\'.t'i\ V!iLID 

soft>.'c'•n: is wd tten 

t"• 

'·' { 

funcl.ionc1l ity 

rc: 

lNTEHPUPT ENABLES A 

generation. CSRl 

B are set at 0 to inbibi t vector internJf?t 

used the EXTERNAL EVENT FfAG which can be 

used for ication:::; requiring EX?ERHIENr ST!\f:.T triggers, or 

tagging data events. 

DROUTE.UFF' fL; a read/'<'~;: i te buffer area for input to the 121G 

con'cro1lcr. 'I'nes:,~ bits 

switches on tbc~ 1216. DHTNBOFF 

the synchronous data from each 

tl1e controls for tl1e input 

DRCSR are v<'rit.ten KZ\CRo-11 for 

panel tc.~gle 

only buffer containing 

as t.he 0:"1A scans. All of 

DIUNBL1ff and status register 

and simpl i ty. 

In the 0:1l\ 2 Data i'l.cquisiUon Syst.2m, the user interacts at 

the terminal console. A flow t for data acquisition 



'Jhe prognm is loaded LrCXtl a flo;:;py diskette U[X:Jn V.Jhic}J time 

several quer;t:ions arC:' asked about th2 u~;c:r 's system configuration • 

.P.~.rter the initial iz(;l\::ion proce:.s is corr:pletecl, the us;er ha:: the 

oprJOrtunity to .::.:void the ta acquis5. bon fY.J?:tion of UJe software 

and may proceed directly to the LOOK subroutine in order to view 

and :r:;erforrn data massage of a previously collected data file a 

In normal O}x:rat:ion, a cHrectnry is presentcc1 to the u~:er f 

?J.lowin::;; him to cl1ans;e scan 

m:rrJ:;er of scans to sign.:1.l av•C>r 

instructions, he allov;ed to proceed to data collection. A 

ba.ckground collcc Lion of the a:::3:.~6cic dark current is colJ.ect2d 

collection 

aftE:r 'Which time the user is given the op;;;ortunity to subtract out 

the background and replace his signal data buffer with the 

signal~only norma1 ized data. 

At this r::cint, the user can perform any of the following 

routines. He may REPEAT the scan routine with or without first 

lJuffcr, SAVE the and its 

parameters, as \·.:-~.::11 as his ovm cor;Tnents a.bout the exp::::r1ment on a 

floppy diskette, or he can IOOI< at previously collected data stored 

in a data file. 

'Ihe user has the ability to LIST or PIDT the data .. Plotting 

inclu(1es the abilit):' to smooth the data and display th(:: spectra. on 
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the grar;hics terminal as histogams, line ~;;p::ctra, or I-JOint. 

spect-ra. Figure 5 sho~<~JS a typical plot genc:r;:;.t.ecJ by the grapbics 

plotter. 'The software used for grap.'l:ics is an assembly 1c·vel 

conaensed version of the Tektronix PWI'~le softv.'are package~ 

Pina11y u the user has the option to QUIT the progrc.m and return 

back to the RT~ 11 n;oni tor. 



It is becooing increasingly cl>::ar that electronic ima9ing 

tccrnology will p1ay an irTir;ortant role in manu scientific as ~t1ell 
~ 14 l 

as ccx11merc ial industr For ex<:~mple, in the medical 

instrumentation area, the c1evelorc~mt the x~ray Cl\'l' scanner for 

high~sr:eed medical diagnosis has proven to be an inva.luable tooL 

Secondly, the develop-r.ent of economic, yet powerful, 

microprcx:essors to form data aco,cli.si tior:s r pattern recognition 1 

and data stori:3.ge is equal 

which corr:bines bot.l-J the sta 

r.rhus 1 it in the arez~ 

t. electronic imaging as well 

as high~~:;r.:eed coinputer data. D2nir;ulation vJi11 the greutest 

potential be realizee. 

ln y, the 

s, reticon <U:T 

use for the control monitoring of ma'ly clinical and manufacturing 

proces~es. Pinal we hop:: that this re:port provides sufficient 

evidence that rather low-cost, Cledic.~ted microcomputers can bE~ made 

to perform quite favorQbly in mony ing applications. 
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Figure Caption:::; 

Fi9urc 1: rl'iming sequence for interface~ of 1216 rx~tector Controller to 

LSI·-11 through a processor controlled 16-bit parclllel port. 

Figure 2: Comp:ments of optical multichannel analyzer (O~t\A 2) cata acquisition 

system for sp€ctroscopic applications in a laboratory environment. 

Figure 3: 

Figure 4: 
Figure, s~ 

Interface Registers in PDP-11 for para11el port I/O to 1216 

HuJ.ticbannc1 D:::tector Controller. 

Flm; chart for G1A 2 Date< J\cguisi tion System software. 

'.Iypicz.;J optical trum col1c:ctcd using Extem3ed telay 'I'mget 
-1 

Integration., 'lnis is a high resolution (. ~1 em /channel) col.lccted 
" from re hollow cathode lamp at 3752 Ji .• 
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DATA VALID -~•·1"·-·---·---- ADC BUSY ____ ,.. 

·"·------- CHANNCL TIME: 20f1.5 TO 140ps---------

!~T A STOf~E D 

Figure 1 
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